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PurPose
Green roofs decrease greenhouse gas emissions caused by heating and 
cooling systems by making buildings more energy efficient through the 
installation of roofs with vegetation, soil, and membrane layers. 

In recent years, green roofs have gone from a horticultural curiosity to a booming growth 
industry, primarily because the environmental benefits of extensively planted roofs are 
now beyond dispute. Whether for industrial or governmental complexes or private 
homes, in urban or suburban settings, green roofs provide many benefits to buildings, 
neighborhoods and municipalities including:

 » Reduce stormwater infrastructure needs and costs by retaining 25 to 90% of 
precipitation (seasonally dependant).

 » Insulate buildings by reducing heat loss (winter) and heat gain (summer) 
through the roof.  

 » Provide new opportunities for urban agriculture, or the creation of community 
gardens.

 » Significantly reduce sound levels from sources such as traffic or airplanes. 

 » Protect roof membrane resulting in longer material lifespan and decreased 
maintenance and savings in replacement costs.

 » Provide amenity space for day care, meetings, and recreation.  

 » Provide aesthetic appeal, increasing property value and the overall 
marketability of the building, particularly for accessible green roofs. 

 » Reduce ‘urban heat island effect’ in the summer

understanding

Green Roofs
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in the Pioneer Valley
Communities can adopt local zoning incentives or provide financial incentives through 
municipal stormwater fee reductions, tax credits and grant programs to encourage the 
installation of green roofs on new and existing buildings. Examples of zoning incentives 
include density bonuses (typically in the form of floor area ratio (FAR) bonuses) or a 
reduction in parking requirements. Some cities in the United States have taken steps to 
mandate that all new privately-owned large buildings (typically over 50,000 sq/ft) meet 
LEED Certified standards, which require green roofs. Few municipalities actually require 
projects to achieve LEED certification. 

The U.S. is far behind other countries in adopting strategies to support the installation of 
green roofs. Germany has emerged as the world leader not only in developing green roof 
technologies and systems, but in passing federal and state legislation to mandate green 
roofs under specific conditions and offering economic incentives to install them. The 
state of Nordrhein-Westfalen, for example, pays €15.00 per square meter ($19.40/10.8 
square feet) to individuals who install them, while other states offer similar programs. 
(Snodgrass, 2006)

enVironmental Benefits 
Improved air and water quality are two important environmental benefits to green roofs. 
The plants and growing medium of a green roof absorb water that would otherwise 
become runoff, thereby reducing peak storm flows and reducing associated water 
pollution. Research indicates that peak flow rates are reduced by 50% to 90% compared 
to conventional roofs. The characteristics of the soil substrate have a major influence 
on the effectiveness of a green roof. The soil layer traps sediments, leaves and other 
particles, thereby treating the runoff before reaching an outlet. The water retention 
capacity of the soil is dependent upon both the properties of the soil substrate and the 
vegetative cover. For example: 

 » 1-inch deep moss and sedum layer over a 2-inch gravel bed retains about 58% of 
the water

 » 2.5-inch deep sedum and grass layer retains about 67% of the water

 » 4-inch layer of grass and herbaceous vegetation retains about 71% of the water

When incorporated into a combined sewer overflow abatement strategy, green roofs can 
reduce the need for sewer separation or storage projects required to reduce the volume 
and frequency of combined sewer overflows. (MA DEP and Low Impact Development 
Center)
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The insulation provided by a green roof improves the cooling and heating efficiency 
of a building. By reducing energy demand for these functions, green roofs reduce air 
pollution and greenhouse gas emissions associated with energy production. Additionally, 
by reducing roof temperatures, green roofs slow the formation of ground-level ozone. 
Vegetation on a green roof can remove particulate matter and gaseous pollutants 
including nitrogen oxides, sulfur dioxide, and carbon monoxide from the air. They also 
remove carbon dioxide and produce oxygen. (MA DEP)

Design ConsiDerations
What is the purpose of the green roof?
Identifying a green roof’s purpose and incorporating that into the early stages of planning 
and design is critical. All of the end uses may be compatible (stormwater retention, 
temperature management, community garden), but each requires different design and 
structural emphases and will significantly impact how the roof looks and functions, 
including what vegetation will cover it.

Load-bearing Considerations
Load bearing is the most critical consideration for any green roof. There are no regulatory 
barriers to building a green roof per se.  Structural engineers assess loads from two 
general perspectives: dead and live loads. Local building codes usually specify a roof’s 
required live load, which includes snow, water, wind, and safety factors required for the 
building’s performance. Live load also includes human traffic, temporary installations 
such as furniture or maintenance equipment, and anything else transient in nature. 
Dead load includes the weight of the roof itself, along with permanent elements that 
make up the roof’s structure, including roofing layers, any permanent installations 
for heating and cooling, and the projected wind or snow loads. Green roofs must be 
designed to withstand both live and dead loads. Additionally, because extensive                                                                                               
green roof systems must be evaluated while fully saturated – which adds from 15 to 25 
pounds per square foot – this must also be factored in. (Snodgrass, 2006)

Components of the Green Roof
The term green roof actually denotes a system of comprising several components, or 
layers, that work together to function as a single combined unit. While a green roof can 
be built on a variety of decking surfaces including concrete, steel, wood, and composite, 
the system is only possible when other components are added to ensure that the roof 
is protected against collapse and degradation and several other conditions are met. 
The basic components include: decking, waterproofing layer, and insulation layer, a root 
barrier, a drainage layer, a filter layer, and a substrate or medium layer. 
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Vegetation and Plant Selection
The act of growing plants under atypical conditions necessarily influences their selection 
and maintenance in ways that differ from considerations for ground-level plants. Selecting 
the right plants is one of the foremost challenges. For example, without irrigation and 
at least 8 inches of mostly organic medium, most green roofs in North America cannot 
sustain a wide variety of plant species that appear in traditional gardens. (Snodgrass, 
2006) Solar orientation will affect plant growth, and may be particularly important on 
sites with extreme slopes that have the potential to shade a roof.

Jones Ferry River Access Center Green Roof, Holyoke, MA

This green roof includes is 13,000 square foot roof built to reduce and treat stormwa-

ter runoff, improve energy efficiency within the building lowering heating and cooling 

costs, reduces rooftop noise and improve air quality. The building was designed to 

accommodate the roofing system, including a sturdier roof framing, a thick EPDM 

membrane for waterproofing the roof.  

The six inches of growth media is an engineered blend of carefully selected materials 

designed to be light weight while providing superior moisture retention.  It’s superi-

or to regular soil because it is lighter, free from pathogens, undesirable insects and 

weeds.  The roofing system will weigh between 20-25 pounds per square foot saturat-

ed with water.  On an annual average, 50%-80% of all stormwater that falls on the roof 

is retained and not released to the storm sewer system.

In a completely dry state, the R-Value of the roof garden is approximately 6. However, 

the higher the moisture content of the assembly, the lower the R-Value, as thermal 

conductivity increases. Plants function as small water pumps operating at high pres-

sure and low volume. When materials experience a phase change from liquid to vapor, 

they absorb a large of amount of heat energy from the surrounding environment. In 

the case of water, every gallon transpired by the plants absorbs roughly 8,000 BTU’s 

of heat energy. As a result, during hot summer days, the roof membrane temperature 

is typically 5-10°F cooler than the ambient air temperature. The plants, mostly  

sedum acclimated to grow in this area, also stabilize the growth media and  

absorb stormwater.
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Portland, Oregon
The City of Portland offers a Floor Area Ratio (FAR) bonus to developers who build 
rooftop gardens or Ecoroofs in certain districts of the city. The ratio of the FAR bonus 
varies, depending on the percentage of the total building roof that the Ecoroof or rooftop 
garden covers. The City also funds up to $5 per square foot of an ‘ecoroof’ project through 
their Ecoroof Incentive Program, which runs to 2013. 

Chicago, Illinois
The City of Chicago’s “Green Permit Process” offers qualifying projects, such as green 
roof projects, an expedited permit process and possible reduction of the permit fees. 

Minneapolis, Minnesota
The City of Minneapolis charges property owners for management of stormwater based 
on the degree to which their property is covered by impervious surfaces. Property owners 
could qualify for fee reductions of up to 100% by establishing onsite water-quality and/
or quantity treatment systems, such as rain gardens, detention ponds and green roofs.

Toronto, Canada
The City of Toronto instituted a “green roof bylaw” that requires green roofs for all new 
development above 21,500 sq/ft. Coverage requirement range from 20-60% of the 
available roof space depending on the size of the development.

Acton, Massachusetts 
The Town of Acton adopted a zoning by-law allowing for a density bonus for buildings 
achieving LEED certification in the East Acton Village District.

Portsmouth, New Hampshire 
The City of Portsmouth adopted a density bonus for private projects that use LEED in the 
central business district by which a project benefits from a 0.5 increase in FAR if it meets 
appropriate open space requirements and build to LEED Certified standards.

Los Angeles, California
The City of Los Angeles requires all privately owned buildings in the city with more than 
50 units or over 50,000 sq/ft to meet LEED Certified standards. Additionally, all City of 
Los Angeles building projects that are 7,500 sq/ft or larger are required to meet LEED 
standards.
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U.S. GREEN BUILDING COUNCIL, GREEN BUILDING INCENTIVE STRATEGIES: 
www.usgbc.org/DisplayPage.aspx?CMSPageID=2078

TOWN OF ACTON ZONING BYLAW (SECTION 5.5B.2.2.D): 
http://www.acton-ma.gov/

CITY OF PORTLAND ECOROOF PROGRAM: 
http://www.portlandonline.com/bes/index.cfm?c=44422

CITY OF LOS ANGELES GREEN LA INITIATIVE: 
www.ladwp.com/ladwp/areaHomeIndex.jsp?contentId=LADWP_GREENLA_SCID

CITY OF CHICAGO GREEN PERMIT PROCESS
www.cityofchicago.org/city/en/depts/bldgs/supp_info/overview_of_the_greenpermitprogram.html

CITY OF MINNEAPOLIS STORMWATER PROGRAM: 
http://www.ci.minneapolis.mn.us/stormwater/green-initiatives/

CITY OF TORONTO GREEN ROOFS PROGRAM: 
http://www.toronto.ca/greenroofs/

Snodgrass, Edmund C. and Lucie L. Snodgrass. Green Roof Plants: A Resource and 
Planting Guide. Timber Press, 2006.

FOR MORE InFORMATIOn, PlEASE COnTACT

Pioneer Valley Planning Commission 
413-781-6045

60 Congress Street, Floor 1 
Springfield, MA 01104-3419

www.pvpc.org


