Green Streets & Sustainability

What is a Green Street?
Public roads are vital to the well-being of any community. They also create one
of the most visible signatures on the urban landscape. However, the massive
amount of impervious surface associated with roads and their proximity to
storm drains also makes them all too good at conveying large quantities of
stormwater runoff and pollutants directly into local streams and waterways.
Urbanization and the land use changes that accompany it are primarily
responsible for the stormwater pollution that is one of the leading causes of
water quality impairment. The past and continued conversion of undisturbed,

native land to urbanized land alters its hydrologic function and the manner
in which water moves through the environment. The volume of runoff from
roads is largely dependent upon the total area of impervious and compacted
surfaces associated with roads and rights-of-way. An investment into green
streets provides an opportunity not just to address environmental concerns
related to stormwater runoff, but to enhance or correct other factors, such as
pedestrian and road safety and quality of life issues.

BIORETENTION
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STREET TREES

Green Street
PERMEABLE PAVEMENT

Green streets integrate stormwater management techniques
into the right-of-way in order to mimic pre-development
hydrology.
By emphasizing the use of vegetated practices, green streets
enhance the local environment, aesthetics, and livability.
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Bioretention planters collect stormwater runoff and allow it to infiltrate back into the ground
Information provided by USEPA Office of Wetlands, Office, and Watersheds

C i t y

o f

C h a r l o t te sv i l l e

West Main Street

Green Streets
12/7/13

Nelson\Nygaard Consulting Associates
Bushman Dreyfus Architects
Code Studio
RCLCO
Schulze + Grassov
Sadler & Whitehead
Timmons Group
Low Impact Development Center

Green Streets Techniques
N
O
I
T
TEN

E
R
O
BI

PERMEABLE
PAVEMENT
Bioretention uses the physical, chemical, and biological processes
in plants and soils to absorb and treat pollutants and help
maintain the hydrologic balance of an area. The volume of
runoff is also reduced by infiltration and retention in the soils
and interception, uptake, and evapotranspiration by the plants.

in many regions of the country. The form of bioretention is flexible, and
may be designed either for collection with filtration and infiltration or
for filtration and conveyance. In-ground bioretention is typically in
the form of cells, rain gardens, or swales. Stormwater curb extensions,
urban planters, and bioswales use the principles of bioretention.

Bioretention is a term used to describe the physical, chemical, Removal of pollutants has been positively linked to the length of time that
and biological processes in plants and soils which absorb and treat the stormwater remains in contact with the herbaceous materials and soils.
pollutants. Bioretention systems have been deployed in the past decade
as stormwater tools to help maintain the hydrologic balance of an area

Stormwater Curb Extensions

Stormwater curb extensions are modified traffic calming devices that extend
the curb into the roadway to reduce traffic speed and pedestrian crossing
distance, both of which improve pedestrian safety. Behind the extended
curb section, bioretention soils and vegetation can be installed to provide
a vegetated area for stormwater treatment. This design allows stormwater
retention and treatment within the roadway and public right-of-way.

Permeable pavements contain small voids that allow water to pass through
to a stone base. They come in a variety of forms; they may be a modular
paving system or poured in place solutions. All permeable pavements
with a stone reservoir base treat stormwater and remove sediments and
metals to some degree. They may be configured to allow for temporary
storage of runoff to encourage on-site infiltration, attenuate peak flows,
or they may be configured strictly as water quality control devices.
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streams and aquatic life. Permeable pavement controls runoff volume
and peak discharge, filters pollutants, and may be used to recharge
groundwater by allowing rainwater to pass through the pavement and
flow through voids between the aggregate and into the ground. While
providing stormwater management benefits, permeable pavement
is also used to provide good surfaces for walking, biking and driving.

Trees are often one of the most economical stormwater BMPs
that can be introduced into urban right-of-ways. Tree canopies
intercept rainfall before it becomes stormwater and the tree
boxes into which trees are planted can be used to capture
and treat runoff. Trees also reduce the urban heat island
effect, improve the urban aesthetic, and improve air quality.

Permeable pavements offer stormwater treatment as well as other
Permeable pavement consists of open-graded asphalt or concrete that benefits, while providing a drivable surface. Permeable asphalt, pervious
allows for the infiltration of stormwater into the sub soils or stone aggregate concrete, and permeable interlocking concrete pavement are three
for storage rather than creating runoff. Conventional pavement causes forms that are being used by municipalities on a range of road types.
rainwater to run off, creating excessive costs for municipal stormwater
systems and excessive water quality problems, flooding, and damage to

Urban areas often lack significant tree canopy density, have a high
percent impervious area, and are home to some of the nation’s
most polluted waters. Water pollution impacts the beneficial
uses of receiving waters and represents a significant cost to cities
as they strive to meet stringent state and federal water quality
regulations. Impervious surfaces such as streets, rooftops, driveways,
and parking lots prevent infiltration of rainwater and increase

stormwater runoff volume and flow rates. Street trees can help
mitigate the effects of urbanization by detaining and retaining
rainfall volume, maximizing benefits of stormwater treatment,
reducing urban heat island effect, and improving aesthetics.
Trees can reduce runoff volume through evapotranspiration and
interception (capture and storage of rainfall on leaf surfaces). Planting
requirements are often overlooked and in many urban areas trees are
planted too close together or in an area that is too small to allow
for proper growth. The size and composition of the soil area for
street trees affects their canopy size. A dense urban canopy decreases
urban heat island effect, better infiltrates and evapotranspires
stormwater, and creates an aesthetically pleasing pedestrian street.

allows them to be incorporated with only a minor loss of on-street parking.

Stormwater curb extensions can be installed mid-street or at intersections,
and at multiple locations or a single location along a street section, and they
provide an excellent opportunity for on-site stormwater management where
curb extensions already exist or are being considered for improved pedestrian
safety. They are relatively inexpensive and, when sized properly, are often capable
Stormwater curb extensions are both appropriate for new development of treating the entire runoff volume from the street on which they are located.
and offer an ideal retrofit approach for existing streets. They are suitable
for low to medium density residential streets, collectors, arterials, and the
street parking areas of commercial/retail districts. Their small footprint

Urban Planters
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Urban planter boxes are appropriate to use in well-drained soils or in
soils which have an underdrain installed to facilitate otherwise poor
drainage. They may be raised or set into the ground. In either case
they are designed to infiltrate, filter, and temporarily store stormwater
and allow it to exfiltrate into the subsoil or collect in an underdrain.
There are two primary types of planter boxes: flow-through and infiltration.
Flow-through planters have impervious bottoms or are placed on impervious
surfaces. Once the soil in flow-through planters is saturated, excess water is
collected in an underdrain and can be discharged to the conveyance system or
to other BMPs. Infiltration planters have open bottoms and allow stormwater
that has infiltrated through the planter to exfiltrate into the subsoil beneath.

REFORESTATION /
AFORESTATION

Infiltration planters are flexible street edge and building edge features along a
streetscape. They may capture roof runoff or street runoff. Raised infiltration
planters may also incorporate a seat wall for pedestrian oriented streets.
Planter boxes are becoming common components of municipal green
infrastructure stormwater programs. Planter boxes exhibit water quality
benefits similar to those of bioretention. In addition to improving water
quality and reducing runoff quantity, the locally-adapted vegetation
provides good tolerance of pests, diseases, and other environmental stressors.
Planter boxes generally capture and treat the runoff from impervious areas.

Bioswales

Bioretention swales, or bioswales, are modified swales that use bioretention
media beneath the swale to improve water quality, reduce the runoff
volume, and modulate the peak runoff rate. Bioswales are designed to
collect sheet flow of runoff from small lengths of drainage to help absorb
water and then convey the excess runoff from storms. The drainage
area to a specific swale should typically be less than 100 feet in length
and no more than 1 acre. These systems perform the same functions
as traditional grassed swales by serving as a conveyance structure and
filtering and infiltrating runoff. They differ, however, because the use of
bioretention media enhances infiltration, water retention, and nutrient
and pollutant removal. Bioswales may be used in conjunction with
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pretreatment BMPs such as bioslopes, vegetated filters, or other sediment
capturing devices to prevent sediments from accumulating in the swale.
Bioswales differ from bioretention cells in that they are designed
to be conveyance treatment devices. They may or may not require
underdrains, even in areas of high clay content in surrounding
soils due to the slope of the swale. Another difference between
bioretention swales and cells is the depth of excavation. Typically,
these are dug to a 12 inch depth and compost amended, rather than
entailing full volume replacement with an engineered planting media.

Reforestation is the replacement of trees lost in the construction
process. Aforestation is the planting of a new tree community.
Reforestation and aforestation refer to trees planted in groups in
areas such as parking lots, right-of-ways, parks, public lands, vacant
land, highway cloverleafs, and neighborhood open spaces. It involves
planting trees on existing turf or barren ground, either on dry upland
sites or wet areas along streams or other water bodies, with the goal
of establishing a mature forest canopy that will intercept rainfall,
increase evapotranspiration rates, and enhance soil infiltration rates.

to either increase resiliency (e.g., sites along existing forests), reduce
erosion (e.g., riparian applications), and buffer communities from
noise pollution and airborne particulates (e.g., along roadways).

Both reforestation and aforestation provide multiple environmental,
community, and financial benefits, such as increased shade and
stormwater retention, decreased urban heat island effect and runoff
temperatures,
improved
air quality, the creation
of habitat, and improved
What qualifies as reforestation varies by agency, but in general, the community
aesthetics.
minimum contiguous area of reforestation will likely be no less than
5,000 square feet. The most suitable locations for reforestation include
sites near existing forests, sites along waterways or steep slopes, and
sites along existing highways or other roads. Such situations serve

Bioslopes are bands of dense, permanent vegetation with a uniform
slope, primarily designed to provide water quality pretreatment
between a runoff source and another BMP. Bioslopes do not have
the capacity to reduce peak discharges or handle large velocities, so
they are better suited to smaller drainage areas and rural roadways
or parking lots. They are intended to treat sheet flow from adjacent
impervious areas and can be effective at removing sediments and
other pollutants. Because of their ability to decrease sediment loads,
bioslopes often serve as pretreatment for bioretention or other
BMPs. Bioslopes provide water quality improvement primarily
through vegetative filtering and infiltration. Reductions in runoff
volume from small storms can be achieved if soils are sufficiently

				

Information provided by USEPA Office of Wetlands, Office, and Watersheds
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pervious, sheet flow is maintained along the entire length and width
of the strip, and contact time is long enough for infiltration to occur.
Bioslopes and swales are intended to treat stormwater as it flows through
the system. They have been shown to be most effective at slowing
runoff velocity, trapping sediments, and providing some infiltration.
Bioslopes and swales may be compost amended to increase their
water holding capacity and improve their pollutant removal capacity.
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