2.2.22 Green Roof

Structural Stormwater Control

Description: A green roof uses a small amount of substrate
over an impermeable membrane to support a covering of
plants. The green roof slows down runoff from the
otherwise impervious roof surface as well as moderating
rooftop temperatures. With the right plants, a green roof
will also provide aesthetic or habitat benefits. Green roofs
have been used in Europe for decades.

KEY CONSIDERATIONS
DESIGN CRITERIA:
 Relatively new in North America
 Potential for high failure rate if poorly designed, poorly
constructed, not adequately maintained.

STORMWATER
MANAGEMENT SUITABILITY
P
S

Water Quality Protection
Streambank Protection
On-Site Flood Control
Downstream Flood Control

ADVANTAGES / BENEFITS:
 Provides reduction in runoff volume
 Higher initial cost when compared to conventional roofs, but
potential for lower life cycle costs through longevity
 Reasonably low construction cost
DISADVANTAGES / LIMITATIONS:
 Requires additional roof support
 Requires more maintenance than regular roofs
 Special attention to design and construction needed
 Requires close coordination with plant specialists
 Potential for leakage due to plant roots penetrating
membrane

POLLUTANT REMOVAL
85%
25%
95%
No Data

Total Suspended Solids

IMPLEMENTATION
CONSIDERATIONS
L

Land Requirement

H

Capital Cost

H

Maintenance Burden

Residential Subdivision Use: No
Hi Density/Ultra-Urban: Yes
Drainage Area: No restrictions
Soils: No restrictions
Other considerations:
 Hot Spots

Nutrients – Total Nitrogen Removal
Metals – Cadmium, Copper, Lead, and Zinc Removal

L = Low M = Moderate H = High

Pathogens – Coliform, Streptococci, E. Coli Removal

2.2.22.1 General Description
Green roofs (also referred to as ecoroofs, roof gardens, or roof meadows) are vegetated roofs used in place of
conventional roofing, such as gravel-ballasted roofs. They are used as part of sustainable development
initiatives, along with narrow streets, permeable pavement, and various infiltration devices. There are two main
types of green roofs. The first is what is called roof gardens or intensive green roofs. They may be thought of

as a garden on the roof. They have a greater diversity of plants, including trees and shrubs, but require deeper
soil, increased load bearing capacity, and require more maintenance. The second has been referred to as roof
meadows or extensive green roofs. The vegetation is limited and similar to an alpine meadow, requiring less soil
depth and minimal maintenance. Due to the considerably greater costs and structural design requirements, only
the second type of green roof, the roof meadow or extensive type is discussed in this manual.
The extensive green roof is designed to control low-intensity storms by intercepting and retaining or storing water
until the peak storm event has passed. The plants intercept and delay runoff by capturing and holding
precipitation in the foliage, absorbing water in the root zone, and slowing the velocity of direct runoff by increasing
retardance to flow and extending the flowpath through the vegetation. Water is also stored and evaporated from
the growing media. Green roofs can capture and evaporate up to 100 percent of the incident precipitation,
depending on the roof design and the storm characteristics.
Monitoring in Pennsylvania, for instance, showed reductions of approximately 2/3 in runoff from a green roof
(15.5 inches runoff from 44 inches of rainfall). Furthermore, runoff was negligible for storm events of less than
0.6 inches. A study done for Portland, Oregon, indicated a reduction in stormwater discharges from the
downtown area of between 11 and 15% annually if half of the roofs in the downtown area were retrofitted as
green roofs.
Green roofs also:









reduce the temperature of runoff,
reduce the “heat island” effect of urban buildings,
help insulate the building,
improve visual aesthetics,
protect roofs from weather,
improve building insulation,
reduce noise,
and provide habitat for wildlife.

As with a conventional roof, a green roof must safely drain runoff from the roof. It may be desirable to drain the
runoff to a rainwater harvesting system such as (rainbarrels or cisterns), or other stormwater facilities such as
planters and swales.
Significant removals of heavy metals by green roofs have been reported, but there is not enough evidence to
include removal rates at this time.

2.2.22.2 Design Criteria and Specifications











For either new installations or retrofits, an architect or structural engineer should be consulted to
determine whether the building can provide the structural support needed for a green roof.
Generally, the building structure must be adequate to hold an additional 10 to 25 pounds per square
foot (psf) saturated weight, depending on the vegetation and growth medium that will be used. (This is
in addition to snow load requirements.) An existing rock ballast roof may be structurally sufficient to
hold a 10-12 psf green roof, since ballast typically weighs 10-12 psf.
Green roofs can be used on flat or pitched roofs up to 40 percent. Although, on a roof slope greater
than 20 degrees, the green roof installer needs to ensure that the plant layer does not slip or slump
through its own weight, especially when it becomes wet. Horizontal strapping, wood, plastic, or metal,
may be necessary. Some commercial support grid systems are also available for this purpose.
A green roof typically consists of several layers, as shown in Figure 2.2.22-1. A waterproof membrane
is placed over the roof’s structure. A root barrier is placed on top of the membrane to prevent roots
from penetrating the membrane and causing leaks. A layer for drainage is installed above this,
followed by the growth media. The vegetation is then planted to form the top layer. Details of the
various layers are given below.
Waterproof membranes are made of various materials, such as synthetic rubber (EPDM), hypolan
(CPSE), reinforced PVC, or modified asphalts (bitumens). The membranes are available in various
forms, liquid, sheets, or rolls. Check with the manufacturer to determine their strength and functional
characteristics of the membrane under consideration.
Root barriers are made of dense materials or are treated with copper or other materials that inhibit root
penetration, protecting the waterproof membrane from being breached. A root barrier may not be
necessary for synthetic rubber or reinforced PVC membranes, but will likely be needed for asphalt







mixtures. Check with the manufacturer to determine if a root barrier is required for a particular product.
The drainage layer of a green roof is usually constructed of various forms of plastic sheeting, a layer of
gravel, or in some cases, the growth medium.
The growth medium is generally 2 to 6 inches thick and made of a material that drains relatively
quickly. Commercial mixtures containing coir (coconut fiber), pumice, or expanded clay are available.
Sand, gravel, crushed brick, and peat are also commonly used. Suppliers recommend limiting organic
material to less than 33% to reduce fire hazards. The City of Portland, Oregon has found a mix of 1/3
topsoil, 1/3 compost, and 1/3 perlite may be sufficient for many applications. Growth media can weigh
from 16 to 35 psf when saturated depending on the type (intensive/extensive), with the most typical
range being from 10-25 psf.
When dry, all of the growth media are light-weight and prone to wind erosion. It is important to keep
media covered before planting and ensure good coverage after vegetation is established.
Selecting the right vegetation is critical to minimize maintenance requirements. Due to the
shallowness of the growing medium and the extreme desert-like microclimate on many roofs, plants
are typically alpine, dryland, or indigenous. Ideally, the vegetation should be:
o Drought-tolerant, requiring little or no irrigation after establishment
o Self-sustaining, without fertilizers, pesticides, or herbicides
o Able to withstand heat, cold, and high winds
o Shallow root structure
o Low growing, needing little or no mowing or trimming
o Fire resistant
o Perennial or self propagating, able to spread and cover blank spots by itself

Visit www.txsmartscape.com to look up plants meeting the above criteria.








A mix of sedum/succulent plant communities is recommended because they possess many of these
attributes. Certain wildflowers, herbs, forbs, grasses, mosses, and other low groundcovers can also be
used to provide additional habitat benefits or aesthetics; however, these plants need more watering
and maintenance to survive and keep their appearance.
Green roof vegetation is usually established by one or more of the following methods: seeding,
cuttings, vegetation mats, and plugs/potted plants.
o Seeds can be either hand sown or broadcast in a slurry (hydraseeded). Seeding takes longer
to establish and requires more weeding, erosion control, and watering than the other methods.
o Cuttings or sprigs are small plant sections. They are hand sown and require more weeding,
erosion control, and watering than mats.
o Vegetation mats are sod-like mats that achieve full plant coverage very quickly. They provide
immediate erosion control, do not need mulch, and minimize weed intrusion. They generally
require less ongoing maintenance than the other methods.
o Plugs or potted plants may provide more design flexibility than mats. However, they take
longer to achieve full coverage, are more prone to erosion, need more watering during
establishment, require mulching, and more weeding.
Green roof vegetation is most easily established during the spring or fall.
Irrigation is necessary during the establishment period and possibly during drought conditions,
regardless of the planting method used. The goal is to minimize the need for irrigation by paying close
attention to plant selection, soil, and various roof characteristics.
Installation costs for green roofs generally run from $10 to $25 per square foot, as compared to $3 to
$20 per square foot for a conventional roof. However, the longer lifespan of a green roof (reportedly
40 years or up to twice as long as a conventional roof) and lower maintenance costs offset this.

2.2.22.3 Inspection and Maintenance Requirements
Table 2.2.22-1 Typical Maintenance Activities for Green Roofs
Activity
• Watering to help establish vegetation

Schedule
As needed

• Replant to cover bare spots or dead plants

Monthly

• Weeding (as needed, based on inspection)

Two or three times yearly

• Water and mowing to prevent fire hazards (if grasses or similar
plants are used)

As needed

• Inspect drains for clogging

Twice per year

• Inspect the roof for leakage

Annually, or as needed

• If leaks occur, remove and stockpile vegetation, growth media,
and drainage layer. Replace membrane and root barrier, followed
by stockpiled material.

Upon failure

2.2.22.4 Example Schematic

Figure 2.2.22-1 Green Roof Cross Section (from City of Portland, Oregon)

Green Roof – end

