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Reframing the Ditch
Nicole Hersch

GENERAL AUDIENCE ABSTRACT
The Environmental Protection Agency, through the 
Clean Water Act, dictates what is an appropriate level 
of contamination in streams and rivers within the 
United States. Waterway impairment is a widespread 
issue affecting 83% of headwater streams in the Eastern 
United States. Improving the quality of headwater 
streams, the smallest parts of stream and river networks, 
is generally thought of as the first opportunity to 
improve water quality downstream. Reframing the 
Ditch suggests an alternate first opportunity by looking 
at how we can improve water quality by addressing 
design of the urban ditch. Urban ditches, mostly in 
the form or open channels or curb-and-gutters, collect 
and move stormwater runoff. Ditches, typically have 
little vegetation and work to more water as quickly and 
efficiently as possible. When we eliminate vegetation 
from urban ditches, we also eliminate valuable function. 
In natural stream processes, vegetation slows, filters, 
and infiltrates water, improving water quality, while also 
improving biodiversity and providing habitat. However, 
theses natural stream processes are dynamic and messy 
systems that are often not appropriate for urban settings. 

Reframing the Ditch
Nicole Hersch

ABSTRACT
Reframing the Ditch explores the application of native 
canopy using green street tools as a method to move 
beyond minimums and improve biological diversity of 
stormwater conveyances in a way that is consistent with 
visual landscape preference theory. Small stream water 
quality impairment is an issue found in 83% of stream 
headwaters in the Eastern United States. The Clean 
Water Act (1972), which regulates pollutant discharge 
into U.S. surface waters, mandates that municipalities 
create an implementation plan to improve water quality 
of their impaired streams. Water quality impairment 
is often exacerbated when headwater streams flow 
through urban areas. Urban areas are concentrations 
of human activity and as such bring concentrations 
of impermeable surfaces and stormwater runoff. As 
development increases, dedicated space for stormwater 
changes. Natural flow patterns that interacted with 
stratified layers of native vegetation often become 
constrained to ditches and pipes with little or no 
vegetation within the conveyance corridor. Reframing 
the Ditch creates an approach to help municipalities 
improve water quality of headwater streams by 
addressing water quality in ditches before water reaches 
the stream. 

The objective of urban conveyance systems is to move

stormwater runoff into waterways as quickly as possible. 
When we design these conveyances to simply minimize 
stormwater interference, we ignore the potential 
contribution this land has for our public urban systems. 
This project looks for an intermediary between 
minimums and maximums. Maximums, also known as 
restoration, allows for messy, dynamic systems that are 
not hydrologically or visually appropriate in most urban 
environments. 

This thesis reveals ditches as complex landscapes 
that require high preforming vegetation, which 
ultimately limits the number of native species suitable 
for such harsh environments. Additionally, the more 
impermeable an environment is and the farther a ditch 
is from the top of the watershed, the more stormwater 
runoff there is, and the more space is required to 
process water and improve water quality. Cost, lack 
of available vegetation and lack of space may limit 
the application of this design in most circumstances. 
However, there are appropriate landscapes where this 
design methodology can provide valuable insight for 
landscape implementation plans aimed at improving 
water quality, while also providing public space, 
enriching neighborhood aesthetics and highlighting the 
function of our urban drainage systems.

In order to define a design method that is appropriate 
for urban settings, Reframing the Ditch utilizes a green 
street toolkit to create a strong sense of place, while 
processing stormwater, within our public rights-of-
way.  By focusing on the application of native urban 
canopy within a drainage network, we can adhere to 
landscape preference and increase biodiversity. The 
design reveals that ditches are complex, context specific 
landscapes. While there is opportunity to increase utility 
of these spaces, there is complexity and cost to doing 
so. Layering utility into our stormwater conveyances 
is a valuable design strategy that serves individuals, 
neighborhoods, municipalities and watersheds. This 
project is an effort to help municipalities reframe their 
ditches, by providing ecological and social benefit, and 
ultimately improving water quality downstream.  
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Introduction
Reframing the Ditch looks at increasing the utility of the 
urban ditch. Ditches, or stormwater conveyances, are 
marginal landscapes, often existing in public right-of-
ways. Ditches are also dynamic thresholds between wet 
and dry. This area of concentrated water flow has the 
capacity to positively contribute to nutrient and water 
cycles (Palta, Grimm, & Groffman, 2017).  However, 
they are most often designed with four main goals 
for managing surface runoff: 1. Minimize erosion, 
2. Minimize flooding, 3. Minimize public danger, 4. 
Minimize capital and maintenance costs of the system 
(Urban Drainage and Flood Control District [UDFCD], 
2016).

When we design these conveyances to simply 
minimize interference, we ignore the potential benefit 
and contribution this land has for our public urban 
systems. This thesis utilizes a strategy to move beyond 
minimums. It is important to note that because we 
are looking to improve minimums, does not mean 
that we are looking to achieve maximums. Maximums 
would look to utilize the greatest increase in ecosystem 
services possible, this approach to landscape design 
is restoration (Riley, 2016). Not only is restoration of 
urban drainage ways practically unattainable, because 
of watershed change, but due to its ‘messy’ nature, it is 
often perceived as visually undesirable (Nassauer, 2007).

This thesis looks to find an alternative to the minimized 
strategy that is practical, culturally accepted and 
ecologically beneficial by utilizing: 

 1. Green street design strategies to manage 
 water quality and quantity within the public 
 right-of-way.
 2. ‘Cues to Care’ to address visual landscape   
 preference (Nassauer, 2007)
 3. Vegetation use and species selection and its  
 potential to contribute to biodiversity. 

In order to increase the cultural and ecological utility 
of these spaces, Reframing the Ditch utilizes a design 
strategy that addresses the human relationship to 
perceived landscape preference while increasing 
biodiversity within stormwater conveyances within the 
public right-of-way. 

By combining research of what plant species can be 
used in these landscapes and utilizing a strategy on 
how to incorporate them, we can reframe the ditch as 
an opportunity for place-making that has the potential 
to host a myriad of other benefits such as habitat for 
wildlife, heat mitigation, recreation and enjoyment, 
carbon sequestration, flood abatement, water storage, 
groundwater recharge and pollutant removal (Palta, 
et al., 2017).  The consideration of these services is 
particularly important in urban areas where these 
landscape functions are typically removed during the 
development process. We can look to the stormwater 
conveyances as opportunities to incorporate ecosystem 
services into our urban landscape.
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As climate has changed in recent decades, extreme 
weather, including intense precipitation, have become 
more frequent and severe. As this trend continues, 
damages to flooding in urban areas will become more 
prevalent, making it imperative to think about how 
we treat and hold water in headwater, or “0” order, 
stormwater conveyances (RSCS).

Clean Water Act + TMDL

Flooding
Background : Green Streets

According to the EPA’s National Rivers and Streams As-
sessment, 2008-2009, only 17% of stream length in the 
Eastern Highlands is in good health. The remaining 83% 
of stream length is rated as fair or poor. Major issues 
are sedimentation, pollution and lack of riparian buffer.  
These issues are contributed to by urbanization of our 
watersheds and inherent disruption of the water cycle 
(Stream Assessment, 2017).

The Clean Water Act (1972) established the basic 
structure for regulating pollutant discharges into the 
waters of the United States and regulating quality 
standards for surface waters (“History Clean Water”, 
2017).

The Total Daily Maximum Load (TMDL) establishes the 
maximum amount of a pollutant allowed in a waterbody 
without harming water quality and stream ecology and 
serves as the starting point or planning tool for restoring 
water quality (Howard, 2003).

Water Quality Volume
At the center of green infrastructure design is water 
quality volume. Small storms are responsible for most 
annual urban runoff and likewise are responsible for 
most pollutant wash-off from urban surfaces. Therefore, 
the small storms are of most concern for water quality 
resource protection and reducing TMDL. For the 
Mid-Atlantic region, 90% of the annual average rainfall 
events should be captured and treated using a one-inch 
rainfall criteria (Claytor et al.,1996).

Green infrastructure is a strategy that works to mimic 
natural water cycles by processing stormwater at or 
close to its source through the use soil and vegetation 
which hold, move and filter water. Green streets are 
green infrastructure strategies utilized within a public 
right-of-way (ROW). Due to its road side location, 
it is important to think about green streets as visible 
components of a hydrological system incorporated into 
the aesthetics of the community (“Learn green streets”, 
2018).

The design and construction of a green street is one 
component of a larger watershed approach, also referred 
to as a treatment train. (site) It is a tool in a kit of parts 
employed in headwater conveyances to decrease urban 
flooding and improve urban water quality as it moves 
downstream. 

Trees for Stormwater Management 
Trees are a valuable tool in a green streets design 
strategy and add much benefit to most streetscapes, 
given they have a proper amount of space, both above 
and below the soil (“Soak up the rain”, 2018). Street 
tree canopy for stormwater interception provides the 
following utility:

Hydrological services:

• Transpiration
• 
• Interception
• 
• Reduced through-fall
• 
• Increased infiltration
• 
• Flood abatement
• 
• Groundwater recharge
• 
• Pollutant removal

Other Services: 

• Habitat for wildlife
• 
• Temperature mitigation
• 
• Air quality improvement
• 
• Improved aesthetics
• 
• Recreation + Enjoyment
• 
• Carbon sequestration

Hold
Water is detained. Tempo-
rary storage provides relief 
to low-lying areas down 
stream during large storm 
events. 

Move
Water flows, unobstructed, 
through channels.

Filter
Water is processed for con-
taminant removal, particles 
like sediment or debris are 
removed before it enters an 
outflow. 

Water Quality

Fig 1
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Background : Cues to Care

Song Birds
Can be addition of wildlife 
feeders, houses or songbird 
habitat as long as it is in keep-
ing with other care preferences.

Access
Indicate human intention with 
their crisp edges and landscape 
scale. 

Architectural Detail
Indicate human intention with 
their crisp edges and landscape 
scale. 

Mowed
Presence of mowing gives a 
clear sign of human inten-
tion. Can be strips of mowed 
pathways. 

Linear Features
Indicate human intention with 
their crisp edges and landscape 
scale. 

Trees
Trees are more appreciated than 
grass or shrubs. 

Current trends in urban stormwater conveyance design 
display human intention. Mowed open channel ditches 
reveal a space is cared for. Curb-and-gutter systems with 
linear curbs and repetitious inlets display thoughtful 
design. Mowing, linear features and repetition are all 
what Joan Nassauer calls ‘cues to care’ or “expressions of 
neatness and tended nature” (Nassauer, 2007). 

In Messy Ecosystems, Orderly Frames, Nassauer 
discusses the disconnect between “robust biological 
systems and public appreciation” (Nassauer, 2007). 

Background : Vegetation

Eco-Region
Vegetation native to the Mid-At-
lantic region provide the most 
support to other species. We can 
take that a step further a look at 
species native to the Ridge and 
Valley. 

Genus Selection
Genus selection creates the 
potential for ecosystem support 
through food chain contribution. 
Vegetation is a producer and 
foundation of the food chain. 

Phylogenetic
Phylogenetic diversity looks to 
include a diverse genetic back-
ground. One way to approach 
this is by including plants from 
different families. This increases 
resiliency. 

Species Diversity
Species diversity is a standard 
way to approach biodiversity. It 
looks to the species list to ensure 
variety, which could include the 
same genus, e.g. Quercus rubra 
and Quercus phellos.  

Functional
Functional diversity looks at the 
role plants play. Canopy, under-
story, ground cover, can be one 
division of functional diversity, 
or utilizing various types of root 
systems could be another. 

When we think about increasing ecological utility of 
stormwater conveyances one approach is to consider the 
biodiversity of these landscapes. In many open channel 
conveyances, turf is the primary landscape cover due to 
the complex requirements of stormwater conveyances 
and the resiliency of tall fescue. Conveyance vegetation 
must be able to withstand high velocities of water, 
periods of inundation and drought, saline soils and 
salt spray, be easily maintainable and easily sourced 
within the nursery industry. A curb-and-gutter system 
eliminates the vegetation and the need for these 
considerations. 

This thesis utilizes the work of an entomologist to 
borrow a methodology on how to increase the potential 
for biodiversity in our drainage corridors without 
sacrificing visual landscape preference. Doug Tallamy 
studies the presence of caterpillars (lepidoptera) on 
vegetation. Caterpillars serve as an indicator species of 
biodiversity potential, because of their foundational role 
in the food web.  

The resulting research study developed a list of ‘cues 
to care’, which are, “inclusive symbols by which 
ecologically rich landscapes can be presented to people 
and enter vernacular culture” (Nassauer, 2007). In 
Reframing the Ditch, these cues can serve as a set of 
design applications which we can utilize as a means 
of adapting more complex stormwater conveyance 
systems, with greater utility, to existing cultural 
expectations. Here we have organized them as design 
and vegetative cues. 

Vegetative 
Cues

Design 
Cues

Tallamy’s research makes a connection between quantity 
of caterpillar species and their vegetative hosts. The 
more caterpillar species a vegetative genus hosts, the 
more utility it adds to our ecosystems.  

In his paper, Ranking Lepidopteran Use of Native 
versus Introduced Plants, Tallamy reports that of 1385 
vegetative genus’ found in the Mid-Atlantic region, 
caterpillars resoundingly prefer woody plants over 
herbaceous plants and native plants over introduced 
plants. This is in a big way. For example, native Quercus 
are host plants to 557 species of lepidoptera, while 
the Zelkova, native to China, host zero lepidoptera 
species. In Reframing the Ditch, we utilize the results of 
Tallamy’s study as a method to increase the biodiversity 
of stormwater conveyances.  Tallamy’s results become 
a driver for vegetative species selection. This thesis also 
considers other tenets of biodiversity when making 
species selection. 

Other tenets of biodiversity

Tallamy’s tenets of biodiversity

Flowers
Utilize plants with larger, 
brighter flowers,
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Design Context
Selected Resources:

Hydrology: 

Claytor, Richard A.; Schueler, Thomas R. 1996. Design 
of Stormwater Filtering Systems. The Center for 
Watershed Protection. Ellicott City, MD. Chesapeake 
Research Consortium and the U.S. EPA, Region 5

M.M. Palta, N.B. Grimm, P.M. Groffman. “Accidental” 
urban wetlands: Ecosystem functions in unexpected 
places. Frontiers in Ecology and the Environment, 15 
(5) (2017), pp. 248-256, 10.1002/fee.1494

Riley, A. L. (2016). Restoring neighborhood streams: 
Planning, design, and construction. Washington, D.C.: 
Island Press.

Street, Inlets, and Storm Drains. (2016). In Urban 
Drainage and Flood Control District (vol 1, pp 1-60). 
Urban Storm Drainage Criteria Manual. Retrieved 
January 22, 2019, from https://udfcd.org/wp-content/
uploads/.../07_Streets%20Inlets%20Storm%20Drains.
pdf

National Rivers and Streams Assessment 2008-2009 
Fact Sheet. (2017, February 21). Retrieved January 10, 
2019, from https://www.epa.gov/national-aquatic-re-
source-surveys/national-rivers-and-streams-assess-
ment-2008-2009-fact-sheet

3. Nassauer informs us how we should apply vegetation 
in space to increase the potential for acceptance of a 
novel, more biodiverse landscape. 

Futhermore, 
1. Green streets literature emphasizes the benefit of trees 
in stormwater management
2. Tallamy’s work shows that native woody vegetation, 
namely trees, is more supportive of lepidoptera than 
other species studied. 
3. Nassauer’s work reveals there is a preference for trees 
and linear features within the landscape

As a result, the primary approach to design in 
Reframing the Ditch will apply allees of native trees 
strategically placed within the public ROW to utilize 
best management practices, to slow, hold and filter 
stormwater while creating public space.  

An open channel conveyance lined with turf or a curb-
and-gutter and without vegetation ignores the potential 
benefit to urban land systems that drainage corridors 
can provide. 

This thesis understands how to increase the potential 
for biodiversity in our drainage corridors without 
sacrificing visual landscape preference. 
We are able to do that through the synthesis of the 
following tools: 
1. Green streets tells us what the hydrologic tools are 
to manage water quality and quantity within the public 
right-of-way
2. Tallamy’s biodiversity research tells us what native 
Mid-Atlantic species have the potential to support 
biodiversity in a more substantial way than non-
regional species. 

Soak Up the Rain: Trees Help Reduce Runoff. (2018, 
October 30). Retrieved May 13, 2019, from https://www.
epa.gov/soakuptherain/soak-rain-trees-help-reduce-
runoff 

Learn About Green Streets. (2018, November 06). 
Retrieved Feb 9, 2019, from https://www.epa.gov/G3/
learn-about-green-streets

K. H. (2003). Stroubles Creek: A Local Implementation 
Plan In Progress (Rep.). Blacksburg, VA. 

History of the Clean Water Act. (2017, August 08). 
Retrieved from https://www.epa.gov/laws-regulations/
history-clean-water-act 

Preference: 

Nassauer, Joan. (2007). Messy Ecosystems, Orderly 
Frames. Landscape Journal. 14.

Biodiversity: 

Tallamy, Douglas & J Shropshire, Kimberley. (2009). 
Ranking Lepidopteran Use of Native Versus Introduced 
Plants. Conservation biology : the journal of the Society 
for Conservation Biology. 23. 941-7. 10.1111/j.1523-
1739.2009.01202.x.
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Local Hydrology

Local spring-fed waterways have always been important 
for local inhabitants. Local springs provided the 
foundation of the Town of Blacksburg, both spatially 
and economically. Overtime, people’s relationship with 
the local water vanished. As development increased into 
the 1900s, outbreak of disease was tied to the town’s 
water supply. Slowly, the perennial and ephemeral 
streams and springs were buried (Fig 2) and, in an effort 
to expand the University, the local water supply was 
moved to the New River. 

As the streams began to visually disappear from 
the public eye their waters have remain impaired. 
Stroubles Creek, a second order stream, was first 
listed as moderately impaired in 1996. In 2006, 
a TMDL implementation plan (IP) for Stroubles 
Creek identified the need for agricultural, stream 
channel, and stormwater best management practices 
(BMPs) to address the benthic impairment. (Parece 
et al). Although the Town and University have been 
implementing a TMDL IP, due to increased developed 
over the last few decades, Stroubles Creek remains 
moderately impaired today. 

[Blacksburg is] a piece of ground in a healthy climate, fertile neighborhood, with excellent 
springs theron, agreeably and well situated for a small town.

    William Black, 1798

Most urban areas of Blacksburg still coincide with its 
hydrologic network. Because of this, Stroubles creek 
watershed has suffered from flooding issues dating back 
over a century. The first order tributaries of Stroubles 
Creek, Webb Branch and Central Branch, flow through 
the most urbanized parts of downtown Blacksburg, 
while the adjacent land is becoming increasingly 
urbanized, exacerbating flooding issues. 

As the streams have been buried, forced into culverts, 
not allowed to expand, slow or settle. Issues with water 
quality and quantity continue to effect the Town of 
Blacksburg. 

Fig 2

Fig 3 Fig 4 Fig 6Fig 5

Site Selection + Analysis
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Local Conveyance Landscapes
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BMP Approach
This project addresses stormwater concerns that exist 
online, in “0” order conveyances, within the public 
right-of-way (ROW) and public open space. It is at 
these “0” order conveyances at the headwaters of all 
streams, that we have the first opportunity to positively 
contribute to nutrient and water cycles that were 
disrupted and impaired by development. Once the water 
leaves the “0” order conveyance and flows into first and 
second order streams the ability to resolve water quality 
becomes increasingly difficult. 

Additionally, by addressing water quality, using a 
green streets approach at the “0” order conveyance we 
design visible components of a system incorporated 
into the aesthetics of the community. We can begin to 
effect the vernacular culture of landscape conveyances, 
with the goal of fostering a community expectation of 
productive, beautiful land. 

Site Selection

• Roadside conveyances within the POW
• Headwater or “0” order conveyances and a simpler 

hydrologic system. 
• Presence of open channel, curb + gutter,  & 

detention conveyances
• Significant amount of open space available for water 

processing. 
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Fiddler’s Green Development 
@

Hoge Pasture

• Significant amount of simple vegetation, to allow 
increased complexity. 

• Conceptually interesting, this site abuts the ECD, 
a celebrated landscape in the Town of Blacksburg,  
with experiential + hydrologic implications. 

• Proposed trail means land is already vetted as 
desirable movement corridor by the Town.

Parameters for site selection
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Site Overview
Hoge Pasture and Fiddler’s Green is an 84 acre tract of 
land that has transitioned from a cow pasture to single 
family residential and a horse farm over the past decade. 

Views To + Views From

1927
1994

2005
2008

2011

Site History
Farm originally acquired by the Hoge Family
32 acres of the farm were placed in a 
permanent conservation easement by 
Katherine Estes Hoge
84 acres sold to local developer
Hoge Pasture was purchased for sustainable 
family-owned horse farm
Begin 52-acre development of Fiddler’s Green 

Around the Neighborhood

Residential Neighborhood Aesthetic

Mowed Turf

���������������������������
����������
��������
	������������������

�������������������������

�����
�������	������
�����
������������

������

Hold

Move

Many front and backyards remain primarily 
mowed turf. The simplicity of the existing 
vegetation reveals opportunity for strategic 
change. 

Mowed Turf

Mowed Turfopen channel curb-and-gutter

detention basin

Existing

“[Hoge Pasture is] Preserved in perpetuity in the 
memory of J. Hampton Hoge for the 

visual enjoyment of future Blacksburg citizens.”

-historic plaque
 

Mowed turf landscaping begins to be filled in 
around the neighborhood. Foundation shrubs, 
hedges, and swathes of easy to find, grow and 
maintain vegetation punctuates homes. 
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Site Hydrology
Watershed Overview

Fiddler’s Green : Curb-and-Gutter

Move : Some sediment settling occurs in 
junction boxes.

Hold : A detention basin is the designated 
holding place of the current system, holding 
is  temporary, allowing for the collection and 
slow release of large storm events, which helps 
to mitigate downstream flooding. 

Hoge Pasture : Open Channel

Move : Some sediment settling through 
overland flow.

Hold : Water is not retained or detained in this 
system.

[Discharge]

[Collection]

[Discharge]

[Collection]

Micro-Watershed Delineation

Hoge Pasture : Open Channel

Fiddler’s Green : Curb-and-Gutter

• One linear system. 
• Sheet flow enters open channel 

conveyance at every point. 
• Concentrated flow increases as channel 

moves down.
• Open channel exists in public ROW.
• Neighboring open space easement to the 

west.

• Flow is piped in two directions based on 
grade and converges at detention basin.

• Sheet flow is collected at distinct inlet 
points and piped underground.

• Concentrated flow increases within 
system.

• Open channel exists in public ROW.
• Curb-and-gutter exists in public ROW
• Flow is culverted below open space 

easement
• All flow enters detention basin, which is 

also open space. 
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Site Access
Making Connections Safe + Comfortable Access

Above: When we look at the viability of green streets 
as an investment, it is important to understand how 
creating access in a landscape can connect to the 
existing trail network. By creating a multi-use trail at 
this location we can connect the Huckleberry Trail, a 
much loved local rail trail, with the Eastern Continental 
Divide, an astounding view point. 

Right: An analysis of trail guidelines within the Town of 
Blacksburg helps in designing a trail that acknowledges 
local safety and spatial requirements. 
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Site Soil + Grade

Depth to restrictive feature: 
Natural drainage class: 

Runoff class: 
Depth to water table: 

Water storage in profile: 
Hydrologic Soil Group: 

> 80 inches
Well drained
High
> 80 inches
Moderate 
C

Groseclose-Urban land complex 

Properties + Qualities

Soil and grade analysis are important components 
of green infrastruture. Soil type, grade, runoff class, 
hydrologic soil group, and water storage profile all 
effect a landscape’s ability to process stormwater. BMPs 
applied in soils with hydrologic soil group C, like the 
ones present in this area of Blacksburg, require an 
underdrain due to slow percolation rates and high 
runoff class. Some green infrastructure practices 
are unavailable in areas with high grades. These are 
depicted in purple to the right and only impact a 
small percentage of the roadside conveyances in this 
watershed. 

Proposed Trail GradesExisting Trail Grades

Existing Trails
Proposed Trails
Major Roads

Profile
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Design Strategy 

Exploit the opportunities available within the 
stormwater conveyance corridor in the ROW along 
Graves and Palmer Ave. in order to: 

1. Collect, slow, filter stormwater using a variety of tools 
based on application context. 

 Water quantity
 Water storage needs
 Presence of road salts
 Presence of overhead powerlines
 Available space
 Existing soil and grade
  
2. Increase vegetation complexity through species 
selection and application.

 Water quantity
 Presence of salt
 Presence of overhead powerlines
 Available space
 Existing soil and grade
 Visual landscape preference
 Existing vegetation
 
3. Create place from marginal space by activating 
previously underutilized land. 

 Visual landscape preference tools
 Giving people access, permission to use the   
  space.

Questions to develop context specific strategy:

1. What quantity of water is anticipated? 
 Size of micro-watershed
 Ratio of impermeable surface

2. What are the space limitations for amending space? 
 Height, width, pedestrian

3. Is there currently access? Should there be pedestrian 
access? 

4. Is soil infiltration possible? 

5. Does grade limit the use of vegetation? 

6. Are anti-icing salts applied to roadways during the 
winter? 

Green street tools utlized to increase tree 
canopy in stormwater conveyances. 

Biofiltration Basin
Check Dam
Tree Check Dam
Side Swale
Bump-out
Tree Trench
Detention Basin

Design Strategy + Design
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2

3

3

4

5

6

7

8

9

1

1
2
3
4
5
6
7
8
9

Viewpoint Gazebo
E Continental Divide
Biofiltration Basin
Check Dam
Tree Check Dam
Side Swale
Bump-out
Tree Trench
Detention Basin

Proposed: Eastern Divide Green Streets Masterplan

1
2
3
4
5
6
7
8
9

Viewpoint Gazebo
E Continental Divide
Biofiltration Basin
Check Dam
Tree Check Dam
Side Swale
Bump-out
Tree Trench
Detention Basin

Hoge Pasture System

Fiddler’s Green System
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On the following pages you will see a series of green 
streets design applications utilizing the following 
format: 

Green Streets Tools: 

This section provides a description of the the tool and 
how and why it is applied at this moment in the project. 

Map Key: 

The map key highlights where in the system this tool is 
being utilized. As you go through each system, we start 
with the tool highest in the watershed. Each consecutive 
tool processes more water than the tool before it. 

Hold

Move

Filter

Eco
Region

Species 
Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed

Trees

Features

Hydrology

Biodivers
ity

Pref
ere

nce

Icons: 

The Hydrology, Biodiversity + Preference 
icons are turned on and off for each tool, 
depending on whether or not that specific 
application is taken into account. 

Figures: 

This section hosts a series of illustrations that depict:

1. Tool function 
2. How water is moving, being stored and/or filtered at 

that location. 
3. Vegetation application
4. Space use + activation

1243 Amelanchier canadensis

Rosaceae

Vegetation Selection: 

Genus + species phenological changes

plant family designation used to 
evaluate biodiversity

key

# of lepidoptera 
species supported 
by this genus (from 
Tallamy’s study)

How to use the design section: 
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Design : Hoge Pasture System
System Overview

Existing System : 

Design Objectives : 

Green Street Tools : 

Open channel conveyance

• Provide access to Eastern 
Continental Divide and open 
space vistas through multi-
use trail

• Process, filter + slow 
stormwater runoff

• Increase biodiversity and 
habitat quality of landscape

• Appeal to landscape 
preference and an accepted 
visual aesthetic

• Biofiltration
• Check dams
• Dry swale
• Tree check dams
• Side slope planting
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Biofiltration Basins

Biofiltration basins are depressions in the landscape 
sited to collect water. These depressions allow the WQV 
to collect and infiltrate into the soil to increase pollution 
removal and reduce velocity of overflow channels. In 
this design, biorentention basins are strategically located 
to take advantage of water that is already being collected 
within the existing conveyance system. Currently, 
water enters a drain and is piped below a driveway 
before being discharged on the other side. By using 
this existing collection point as an opportunity to slow 
and process water, we add additional layers of utility 
to the open channel conveyance system and increase 
landscape interest along the mutli-use trail.  

Hold

Move

Filter

Eco
Region

Species 
Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed

Trees

Features

Hydrology

Biodivers
ity

Pref
ere

nce

biofiltration 
basin 1

biofiltration 
basin 2

235Carya cordiformis

 Juglandaceae 
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Dry Swale + Check Dams

Check dams are barriers that span the width of an open 
channel conveyance. They are designed and located to 
hold a limited quantity of water for a temporary period 
of time in order to reduce runoff velocity, erosion, and 
channel gradient and to increase sediment retention and 
infiltration. 

Small volume storms are contained, while medium 
volume storms utilize the spillway, and large volume 
storms flow within the channel above the check dam 
system (Halssani and Beckham, 2013). 

Hold

Move

Filter

Eco
Region

Species 
Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed

Trees

Features

Hydrology

Biodivers
ity

Pref
ere

nce

check dams
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Tree Check Dam

Tree plantings within an open channel conveyance are 
placed in soil mounded 9” above the swale bottom. 
Filtration media below the soil swale detains the WQV. 
Tree check dams dissipate velocity and volume, increase 
evapotranspiration, increase pollutant removal and 
create an allee. Tree allees offer repetition and a linear 
aesthetic.

Hold

Move

Filter

Eco
Region

Species 
Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed

Trees

Features

Hydrology

Biodivers
ity

Pref
ere

nce

tree check dams
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16Taxodium distictium

Cupressaceae
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Side Swale Planting

Tree plantings on the side of swale can be utilized in 
either a dry swale or other conveyance channel. A 
benefit of the side swale planting is that no swale volume 
is lost, but many of the benefits, like shade and rainfall 
interception still occur. Longitudinal slope maxiumums 
should be 2%. In this application, the swale runs below 
an existing powerline and is receiving water directly 
from a road that receives winter salt. A successful plant 
palette in this location is limited.  

Hold

Move

Filter

Eco
Region

Species 
Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed

Trees

Features

Hydrology

Biodivers
ity

Pref
ere

nce

side swale tree
planting
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Planting Considerations for Open Channel Conveyance

Landscape Feature

Salt Presence

Hydrologic 
Function

Space Limitations

Stratification

Species List

Biofiltration

Minimal Salt

Inundation + 
Drought

No Height 
Requirements

Canopy
Groundcover

Appendix A

Dry Swale

Varies

Inundation + 
Drought

No Height 
Requirements

Groundcover
 

Not covered

Side Swale Planting

Salt

Inundation + 
Drought

25’ Powerline

Canopy 
Turf

Appendix C

Tree Check Dam

Minimal Salt

Inundation + 
Drought

No Height 
Requirements

Canopy 
Turf

Appendix B

15’

25’

50’

40’

Fig 8

Table of the scenarios 

canopy understory



3736

Design : Fiddler’s Green System
System Overview

Existing System : 

Design Objectives : 

Green Street Tools : 

Curb-and-gutter conveyance

• Provide access to Eastern 
Continental Divide and open 
space vistas through multi-
use trail

• Process, filter + slow 
stormwater runoff

• Increase biodiversity and 
habitat quality of landscape

• Appeal to landscape 
preference and an accepted 
visual aesthetic

Curb bump-outs + bump-ins
Tree trench
Baffle system
Biofiltration
Detention
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Curb Bump-outs + Bump-ins

Curb bump-outs are a method to add a green street 
tool where there is currently not enough planting space 
to absorb and filter stormwater and contain tree roots. 
Bumpouts are placed up stream of gutter inlets and 
intercept the stormwater to slow and process it before 
it reaches the stormsewer. The bumpout is designed to 
safely slow traffic, as well as maintain as many street 
parking places as possible. Bump-ins are used on the 
downhill side of the street and are planned within the 
POW. In this case, the bump-ins are used to provide 
stormwater and aesthetic benefit, when space is not 
available for a bump-out. In these bump-outs and 
bump-ins we use a large canopy tree with a groundcover 
to keep a simple maintainble aesthetic, while improving 
the streetscape. 

Hold

Move

Filter

Eco
Region

Species 
Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed

Trees

Features

Hydrology

Biodivers
ity

Pref
ere

nce

scale : 1” = 20’

Large storms predominately by-pass filtration while 
allowing for some quantity of water to be filtered. 

Small storms are filtered before entering the stormdrain.

bump-in bump-out
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Tree Trench/Seating Area

Tree trench is chosen here because of its ability to filter 
and store water. By adding a multi-use trail parallel to 
the detention basin, downstream, we lost short-term 
storage volume. We recoup that volume in a gravel 
storage area below the filtration media of the planting 
bed. One continuous planting bed along the whole 
block allows for maximum root volume for trees, while 
still close to the roadside powerline, medium stature 
trees that can handle salt are appropriate here. In order 
to reclaim some of the water processing space for place, 
we utilize tree grates with benches, which allow people 
to linger off the multi-use trail. 

Hold

Move

Filter

Eco
Region

Species 
Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed

Trees

Features

Hydrology

Biodivers
ity

Pref
ere

nce

side swale tree
planting

Fig 1

Fig 2

Fig 3

scale : 1” = 5’ inflow
outflow

large event 
system by-pass
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Tree Trench : System B
Side Swale Planting : System A

Parallel Systems

The Hoge Pasture open channel system and the Fiddler Green tree trench system run parallel to each other along 
Graves Ave. An existing forty foot open space easement makes it possible to design an series of trees adjacent to the 
Palmer Ave Park. Even though the size of the trees vary, the trunks are lined up to form an allee which provides a 
pleasing linear aesthetic. Additionally, the side swale tree planting buffers the multi-use trail from the road, but due 
to the overhead powerlines planting height is limited.  The tree trench processes water, provides shade and buffers 
the neighboring residences. 

2 tree trench

1 buffer
planting

3 side swale tree
planting

262 Nyssa slyvatica

1243 Amelanchier canadensis

2671 Acer rubrum ‘Armstrong’

Rosaceae

Sapindaceae

Nyssaceae
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Detention Basin

The detention basin was designed with in an effort to 
allow the primary function of the basin to continue, 
slowing and filter large volumes of stormwater, while 
still allowing for a more active use of the space. This is 
achieved by creating a recessed WQV area that contains 
the 1” storm. By containing 90% of rain events in one 
third of the half acre park, it allows for more frequent 
use of the space after wet weather. 

The programmatic intention of the space focuses on 
neighborhood gathering and play. Large boulders are 
placed for hydrological benefit, but also function as 
features for climbing, scrambling and sitting. A fifty 
foot natural log structure positioned against the basin 
slope provides additional space for play. A gabbion 
amphitheater nestled into basin slope provides seating 
for events like neighborhood movie nights and summer 
concerts, which take place on a poured-in-place 
concrete stage. 

The aesthetic intention is to create a neighborhood park 
that celebrates the surrounding pastoral feel and utilizes 
materials that are inexpensive, easy to maintain and 
consistent with visual landscape preferences, while still 
allowing for holding, filtering and moving of water. 

   

Hold

Move

Filter

Eco
Region
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Selection

Phylogenetic

Species 
Diversity

Functional

Song 
Birds

Access

Architectural 
   Detail

Flowers

Linear 

Mowed
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1   Park entrance
2   Baffle system
3   WQV area
4   Outlet structure
5   Dam overflow

6   Stage
7   Log + boulder play
8   Gabbion amphitheater
9   Backyard plantings

1
2

5

6 3

4

7

8

9
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Existing Photo

Existing Site
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Baffle System

A boulder baffle system is used at the detention basin 
inlet to deflect and slow water. The baffles are large 
boulders that are anchored in the ground within a 
recessed area filled with gravel. This gravel anchors the 
boulders and serves as a sediment filtration system, 
which captures sediment before the water flows into the 
turf portion of the detention basin. The boulders and 
the gravel serve as tools for nature play with or without 
the presence of water. The boulder theme is radiated 
throughout the basin providing additional opportunities 
for play as well as seating. 
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WQV Area, Stage

The stage, which can be used for movie night or 
concerts in the park, provides a buffer to the WQV 
processing area. This division of space allows for the 
park to be used shortly after 90% of all storm events, 
even while the water is still being held and filtered. This 
feature provides an opportunity for the community to 
see our water system in action. This design technique 
pairs public use and place-making with stormwater 
processing.

Amphitheater/Gabbions

Gabbions are used to create an amphitheater, which 
improve the space for enjoying events. By taking 
advantage of the standard bowl shape of the existing 
detention basin we utilize an approach that can be done 
in similar spaces. Standard 3’ x 18” gabbions filled with 
3”to 4” gravel were chosen because of their low cost and 
availability. 2” x 4” wood tops the gabbions creating a 
comfortable seat bench.  

gabion bench construction



5352

Planting Plan

1182 Cornus florida
‘Appalachian Spring’

1043  Viburnum nudum

2151 Ulmus americana 
‘New Harmony’

Adoxaceae

Sapindaceae

Cornaceae

265 Lonicera sempervirens

1246 Amelanchier canadensis

584 Rhus aromatica

Rosaceae

Anacardiaceae

Caprifoliaceae
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Table of the scenarios 

Landscape Feature

Salt Presence

Hydrologic 
Function

Space Limitations

Stratification

Species List

Bump-outs/Ins

Minimal Salt

Inundation + 
Drought

No Height

Canopy
Groundcover

Appendix B

Tree Trench

Minimal Salt

Inundation + 
Drought

40’ height

Canopy
Groundcover
 

Appendix D

Tree Buffer

No

Drought

Narrow

Canopy 
Groundcover

Appendix E

Detention Basin

Minimal Salt

Inundation + 
Drought

No height 

Canopy
Shrubs
Turf/Bulbs

Appendix A

No Tree Planting 
Within : ����������������������������������
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Planting Considerations for Fiddler’s Green Conveyance Design Summary
Hydrological services:

• Transpiration
• 
• Interception
• 
• Reduced through-fall
• 
• Increased infiltration
• 
• Flood abatement
• 
• Groundwater recharge
• 
• Pollutant removal

Other Services: 

• Habitat for wildlife
• 
• Temperature mitigation
• 
• Air quality improvement
• 
• Improved aesthetics
• 
• Recreation + Enjoyment
• 
• Carbon sequestration

The Eastern Divide Green Streets Masterplan utilizes 
green infrastructure tools, visual landscape preference 
theory and biodiversity to transform marginal land into 
activated space. Specifically this project: 

1. Collects, slows, and filters stormwater through use of 
the following green street tools: 
 Biofiltration basin
 Check dam
 Tree check dam
 Side swale plantings
 Bump-out
 Tree trench
 Detention basin
 
2. Increases vegetation complexity through species 
selection and application.

3. Utilizes landscape preference ideas as a method to 
create place and provide access. 

By focusing design within the public right-of-way we 
are able to layer ecosystem services into stormwater 
conveyances. These services, particularly hydrologic 
services, are magnified because of the design focuses on 
areas of concentrated flow. Services include: 
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Water quality impairment and biodiversity loss are 
ubiquitous across urban landscapes. Therefore, creating 
a design framework that allows us to address these 
issues within a manner that is consistent with a desirable 
urban landscape aesthetic and create valuable recreation 
space for our communities is ideal. Reframing the 
Ditch demonstrates that we can manage the quality of 
impaired watersheds at the very tops of our watersheds, 
the “0” order conveyances. Additionally, we increase 
biodiversity of urban landscapes, and address visual 
preference, by relying on native trees and green street 
tools, both of which can play complex roles. 

Layering utility funtions into our stormwater 
conveyances is a valuable design strategy that serves 
individuals, neighborhoods, municipalities and 
watersheds. It provides space for people to connect with 
the local water system, an oft hidden and ignored urban 
infrastructure system. In this case study, connection 
happens at a pivotal landscape moment, the Eastern 
Continental Divide. 

This project relies on the intersection of Joan Nassauer 
and Doug Tallamy’s work and applies their work 
through a green streets approach to design. Nassauer 
says, in order to increase biodiversity and maintain 
public preference we need to use visual cues to 
care. A concept that Nassauer discusses is the use of 
incremental increase. Incremental increase says small 
change is positive change. By making incremental 
changes to species richness, utilizing Nassauer’s design 
and vegetation cues, we can begin to change the

expectation of traditionally turfed landscapes. We can 
contrast this with ecologically rich and inherently messy 
landscapes.

Tallamy’s theory helps us build on this. He gives us an 
ecosystem performance tool to increase biodiversity 
while addressing visual preference.  Tallamy’s research 
confirms that not all plants provide equal ecosystem 
utility. His work looks at a way to potentially maximize 
an increase in biological returns by paying close 
attention to vegetation selection and application as seen 
through an insect indicator species. 

Nassauer provides us with a list of design cues to apply 
to the landscape. Tallamy provides us with a list of 
species and ranks them on their potential to contribute 
to the food web. Green streets literature provides us 
with a list of tools to redesign our ditches, so they make 
more effective contributions to downstream water 
quality. Reframing the Ditch combines those lists and 
showcases them in an applied design within the Eastern 
Continental Divide Green Streets Project. This case 
study is intended to serve as a tool to aid municipalities 
in increasing the function and the benefit of their 
stormwater conveyances. 

There are limitations to such a project. Two of the major 
constraints are physical space and species selection. The 
ability to design green infrastructure is limited by space. 
As impermeability increases the amount of stormwater 
runoff increases and the required volume of space also 
increases. Presence of available space limits 

Conclusion
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where a project like this might occur and how it might 
be designed. Green infrastructure relishes in the idea 
of a treatment train. A treatment train is a series of 
water processing solutions. We can think about a 
whole watershed within a municipality as a series of 
opportunities for treatment, starting at the ditches 
which feed the headwaters. By utilizing space where 
it exists, particularly in public rights-of-way and open 
space easements and requiring future development to 
set aside space to process stormwater, we acknowledge 
that any moment in a watershed can be part of a 
treatment train. 

An additional limitation is the diversity of trees that can 
survive in the harsh urban environment of a roadside 
stormwater conveyance system. When we use Tallamy’s 
genus list as a guide, we realize that there is not a large 
selection of plants that can perform all the utility 
that is required in such a complex landscapes as the 
urban ditch. Landscape plant selection itself is a very 
nuanced activity that functions within many realms. 
This dialogue of plant choice responds to the following 
questions:  
 What plants are visually preferred by the public?
 What is maintainable, how is that maintenance  
  performed and by whom?  
 What is nursery available? 
 What is being specified by designers or 
  municipalities?
 

Within this project, we can discuss solutions or 
approaches to this complex dialogue. One potential 
solution that follows Nassauer’s idea of incremental 
increase is to select a few species that work in these 
environments and provide valuable biological support. 
From there you can apply them readily in green streets 
design, making them available to municipalities, 
landowners and landscape contractors, to apply in their 
conveyances.

This also reveals the need for plant hybridizers to 
address this specific market of vegetation—that is 
vegetation that can handle inundation and drought, 
is native and salt tolerant, can be planted under 
powerlines, supports biodiversity, and provides seasonal 
interest such as blooms, berries and fall color. We 
should not think of plant hybrids as intrinsically bad. 
The more straight-species we can utilize the better, but 
we should also consider what can benefit our urban 
environments and then use science to inform design 
construction and maintenance deisions and actions

The Eastern Continental Divide Green Streets Project as 
outlined in Reframing the Ditch adds new perspective 
to the urban ditch, by applying native urban canopy 
using green streets tools, while addressing visual 
landscape preference and increasing biodiversity. By 
rethinking the approach to urban drainage design, we 
improve downstream water quality, neighbhorhood 
space and biodiversity. This project showcases a solution 
that is valuable, achievable and adoptable. 

List of Figures
Fig 5. Flood at Eggleston Hall on Virginia Tech campus 
[Photograph]. (n.d.). Special Collections, Virginia Tech 
Library, Imagebase, Blacksburg, VA. Retrieved May 15, 
2019, from https://imagebase.lib.vt.edu/image_viewer.
php?q=lh388.

Fig 6. F. (2019). FEMA’s National Flood Hazard Layer 
(NFHL) Viewer [Map]. In Blacksburg, VA. ESRI. 
Retrieved May 15, 2018, from https://hazards-fema.
maps.arcgis.com/apps/webappviewer/index.

Fig 7. Adapted from Claytor, Richard A.; Schueler, 
Thomas R. (1996). [Open vegetated channels]. Design of 
Stormwater Filtering Systems. The Center for Watershed 
Protection. Ellicott City, MD. Chesapeake Research 
Consortium and the U.S. EPA, Region 5. 

Fig 8. Adapted from G. (2017, April 13). [Planting under 
powerlines]. Retrieved May 15, 2019, from https://www.
sa.gov.au/topics/energy-and-environment/electrical-
gas-and-plumbing-safety-and-technical-regulation/
powerline-safety/planting-trees-near-powerlines

Fig 1. Image retrieved from: Lefrancois, C. (2017, 
January 4). Stormwater management [Tree 
contributions]. Retrieved Feb 20, 2019, from http://
www.diamondheadconsulting.com/blog/2017/1/31/
stormwater-management

Fig 2. Adapted from: Figure 5. Daylighted sections 
of stream. T. S., T. Y., T. P., & S. D. (2010). The 
Stroubles Creek Watershed: History of Development 
and Chronicles of Research (Rep. No. SR48-2010). 
Blacksburg, VA: Virginia Water Resources Research 
Center.

Fig 3. Duck Pond Road is closed [Photograph]. (2015, 
September 29). Virginia Tech Alumni Facebook, 
Blacksburg, VA. Accessed 18 Oct 2018.https://www.
facebook.com/virginiatechalumni/posts/duck-pond-
road-is-closed-due-to-flooding-and-some-are-saying-
this-is-only-the-se/10153224297737843/

Fig 4. Browns, C. Drillfield Flooding 1 [Photograph]. 
(2004, September). Accessed 15 March 2019. https://
www.flickr.com/photos/cipherswarm/29727387/
September 2004

All images by author unless otherwise sited.
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Ulmaceae  Ulmus  americana Elm   Birds   
215

Appendix  A  |  No Salt, No Height
Family   Genus  Species  Common Name Supports   Lepidoptera Rating

Juglandaceae Carya  cordiformis Bitternut Hickory Birds   

Cupressaceae  Juniperus virginiana Eastern Red Cedar Birds   
Rosaceae  Crataegus viridis  Green Hawthorne Birds   

Sapindaceae Acer   rubrum Red Maple  Birds   

215

42
215

Fagaceae Quercus alba  White Oak  Birds   
557

Appendix  B  |  Salt, No Height
Family   Genus  Species  Common Name Supports   Lepidoptera Rating

Fagaceae Quercus phellos  Willow Oak  Birds   

Fagaceae  Quercus rubra  Northern Red Oak Birds   
Fagaceae Quercus  palustris Piin Oak  Birds   

557

557
557

Appendix  C  |  Salt, Max Height 25’

Cupressaceae  Taxodium distictium Bald Cypress  Birds   
Magnoliaceae  Magnolia grandiflora Southern Magnolia Birds   
Cannabaceae Celtis  laevigata Hackberry  Birds   
Aquifoliaceae  Ilex  opaca  American Holly Birds   
Altingiaceae  Liquidambar syraciflua Sweetgum  Birds   

Rosaceae  Amelanchier canadensis Canada Serviceberry Birds   
Sapindaceae  Aesculus pavia  Red buckeye  Birds   
Oleaceae  Chionanthus  virginicus White Fringe Tree Birds   
Magnoliaceae  Magnolia virginiana Sweetbay Magnolia Birds   
Cornaceae Cornus  sericea  Red osier dogwood Birds   

21
16

39
35

Lepidoptera Rating
124

21
8

118

Family   Genus  Species  Common Name Supports   
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Appendix  E  | No Salt, Narrow Width

Adoxaceae  Sambucus canadensis Elderberry  Birds    
Adoxaceae  Viburnum dentatum Arrowwood  Birds   
Adoxaceae  Viburnum nudum  Possum-haw   Birds

Sapindaceae  Acer  rubrum Armstrong  Birds   
Fagaceae  Quercus  palustris  ‘Green Pillar’  Birds   
Altingiaceae  Liquidambar  styraciflua  Slender Silhouette Birds

Anacardiaceae Rhus  typhina Staghorn sumac Birds   

557

Lepidoptera Rating
287

35

Family   Genus  Species  Common Name Supports   

32

104
104

58

Appendix  C  | continued


