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Rooftop gardening is an attractive and energy-saving alter-

native to a conventional rooftop.

Rooftop gardens can lzeep l)uilclings cooler, save energy,
extend the useful life of the roof, and add Leauty and

useal)le space.

The City of Chicago is using rooftop gardens, along with
light—colorecl coatings and rooftop solar panels, to replace

traditional black tar roofs and improve air quality. Rooftop

gardening, like greening on boulevards and in parking lots,
reduces dark, heat—trapping surfaces, which in turn lowers temperatures and

reduces air poﬂu’cion.
Any roof can be made more energy efficient with the use of light-colored materials,

and many roofs are suitable for some kind of garclening. This booklet is offered as a

guide to evaluating your options and clesigning your own rooftop garden.
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THE SEEDS OF A SOLUTION

AN INTRODUCTION TO ROOFTOP GARDENS
AND THE URBAN HEAT IsLAND EFFECT

Builcling owners have many great
reasons to install a roo{top
garden — adding beauty to their
property, pursuing a hol)l)y, or
lowering heating and cooling
bills. In addition, rooftop
gardens can actually help lower
air temperatures and improve air

quality for everyone.



Hot HoME CHICAGO

WHoHAT 1s THE URBAN HEAT ISLAND EFFECTY?

The Urban Heat Island Effect is the difference you feel when you go from an
asplqalt parlzing lot to a tree-shaded parlz on a hot summer clay. It is also the differ-
ence in temperature between a city and the rural area that surrounds it. Dark
surfaces absorb and radiate heat, raising temperatures as much as 6 to 10 degrees
Fahrenheit. The result is more than uncomfortable. It has consequences for our

environment, our checkbooks and our health.

If your rooftop is a dark color, you are paying too much for your air conditioning. But
you are not alone. In Chicago, about 60% of all roofs are dark colored. These dark
surfaces absorb heat, and so it takes more energy to cool the building’s interior. Not
only must your air conditioner work harder to keep your building cool, but power
plants, one source of air pouu’cion, must work overtime to keep up with the increased

demand for energy. The resultis higher prices and degraclecl air quality.

A high concentration of dark surfaces can raise air temperature in that area because
the surfaces trap heat. Higher temperatures help create more smog because
pollution—from vehicles, homes and factories —is magnified when chemicals in
the air react with heat and sunlight. Ground-level ozone is a component of smog
and a clanger to human health. It irritates the eyes, aggravates asthma, and causes

permanent 1ung clamage.

SKETCH OF AN URBAN HEAT ISLAND PROFILE
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GREEN HOME CHICAGO

REpUCING THE URBAN HEAT IsLaAND EFFECT
The ].zey to re(lucing the Urban Heat Island Effect is to reduce the total area of darlz,

heat—al)sorl)ing surfaces such as rooftops and pavement.

Dark roofs can be made cooler l)y coating them with reflective materials, similar to
the way 1ight clothes are more comfortable than dark clothes on a hot clay. Many
light—colored roofing materials cost about the same as dark-colored roo{;ing
materials. Solar panels are another solution. They help shade a roof in addition to

generating clean, renewal)le energy.

The use of vegetation on a roof is an excellent option. Plants reflect heat, provic].e
shade, and help cool the surrounding air through evapotranspiration. A roo{top
gar&en cuts the energy use within the ljuila,ing, especia]ly for coo]ing. The insula-

tion a garden provides helps conserve both heating and cooling energy.

Roo{top gardens absorb rainfall and reduce urban runoff that otherwise would
collect po”u‘cants and empty into sewers. A roof‘cop garclen filters and moderates

the temperature of any water that is released to the sewer.

In addition, plants actuaHy filter the air. Plants improve air quality Ly using excess
carbon dioxide to produce oxygen. On a 11eig}11)or1100c1 or regiona] level, tempera-
tures are lowered and air pollution is reduced when the overall area of dark surfaces

is reduced and the area of reflective and shaded surfaces is increased.

The layers ofa rooftop garclen protect the constructed roof from damage and can

extend both the warranty and the useful life of the roof.

A rooftop garclen can add usable leisure space to a property that is attractive not just
to people, but to wildlife such as birds and butterflies.



RooFTOoOP GARDEN TYPES

UNDERSTANDING THE OPTIONS

A simple roof’cop garclen can be created with planting containers or po‘cted plants.
This kind of garden is the most common for homeowners to construct because they
are relatively low in cost and easy to maintain. A container garden provides the
benefits of reflectivity, shade, and evapotranspiration. Compared to a green roof

system, it is not as effective at insulating or reducing stormwater runoff.

A more elaborate rooftop gar(len is one where the garclen actuauy becomes the roof.
In that case, specially &esigned layers separate the garden from the “hard” roof,
provicle clrainage, supply nutrients, and even add contours. This type of roof’cop

garden is referred to in the industry as a “green roof system.”

There are two types of green roof systems — “extensive” and “intensive.” An
extensive green roof weighs less than an intensive green roof. It generally has

shallower growing material and heartier plants that require little maintenance.

Intensive green roofs are the most like gardens on the ground—with deeper
growing material, more intricate or delicate plantings, and more maintenance

needs such as irrigation and pruning.

The type of rooftop garden you design depends partly on your interest in gardening
and maintenance, and on the environmental benefits you may wish to achieve.
Most importantly, you must evaluate the structural capacity of the building in order
to assess your options. The next section walks you through the steps of designing a
rooftop garden suitable for your building.

! "
PAINT THE TOWN GREEN

A RooFTOP GARDEN
DeEsiaN GUIDE

Going green is not as
complica’ced as it seems. The
following section will take you
step—})y—s’cep along the path toa
beautiful — and beneficial —

roo{:top gar(len.
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TorPiING OFF CiTYy HALL:
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INITIATIVE

A CASE STUDY
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Mayor Richard M. Daley’s vision of a green-topped City Hall is now a reality. After extensive
planning, construction on the 20,000 square—foot garé].en };)egan in April 2000. The Mayor planted
the first plant at a dedication ceremony on September 20, 2000. This garden is funded through a

settlement agreement between the City and ComEd.

The project is the first of its kind in the City of Chicago and will be a showcase of the possi]oili‘cies that can

grow out of plans fora green roof. The design includes both extensive and intensive systems, as well as

climbing plants.
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The green roof contains 20,000 plants in aﬂ, consisting of more than 100 varieties, illcluding shru]as,
vines, and two trees. Thousands will be able to enjoy the green roof from the many taller buildings that
surround City Hall, even t}long}l the rooftop will not be open to the general pul)]ic.

Scientists will monitor City Hall's rooftop gar(len for its air quality benefits. This includes en ergy use within
the lauilding and temperature readings on top of the roof. For comparison, the adjacent Cook County
building, which is the same height and area as City Hall but which has a black tar roof, will be monitored.

The City also will monitor temperature, rainfall, wind spee(l, and wind direction. This data will help
evaluate the garden itself and help the City advise other rooftop gardeners about what works best.



PLANNING A ROOFTOP GARDEN
Following are the steps for planning a garclen ona rooftop:

1) Consider:
* Condition of the Roof
* Structural Capacity of the Roof
o Access to the Roof

2) Determine:
* Weight of Garden
* Cost

3) Design:
* Special Design of a Green Roof System
* Irrigation
* Drainage
s Selection of Plants and Growing Media

* Maintenance

4) Obtain Permits
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CONDITION OF THE ROOF
The most cost-effective time to construct a roo{;top garden is when the roof needs to
be replaced or newly constructed. This way you can make JEea’cures, such as a water-

proof mernl)rane, aroot-resistant layer, or certain containers, part of the new roof.

Worlzing with an existing, intact roof is not impossible, but it will mean talzing into
account the roof’s {alllts, such as existing 1ea125, clamage, and ina]oility to resist roots

and standing water.

STRUCTURAL CAPACITY OF THE ROOF

Prior to designing and constructing your roo{top garclen, you must first determine
if your roof can support the additional weight of soil and plants. A licensed struc-
tural engineer or architect must be hired to conduct a structural analysis. The
purpose is to determine the amount of weight the roof can support at different

locations on the roof.

The structural capacity largely will dictate the type of roo{top garden that you can
build. Roofs with limited structural capacity may require lighter-weight techniques
such as containers or an extensive green roof system unless structural, and possibly
costly, reinforcement measures are instituted. New buildings can be designed with

adequate structural capacity for any type of garden.

ACCESS TO THE ROOF

An important consideration is access to your roof. In addition to access for the
people who will be constructing and enjoying your garolen, you will need to
transport materials for construction and maintenance, and may need to consider
the need for electricity. Typical access includes stairs or fire escapes. Genera]ly,

Chicago's Builcling Code requires two separate exit paths.

11



WEIGHT OF GARDEN

Weight considerations are at the heart of planning a rooftop garden of any type. You
must determine the weight of the garden you wish to plant and make sure it does not
exceed the structural capacity of your roof. With the structural capacity determined
ljy the licensed architect or structural engineer, an architect or 1am1scape architect

can design the garden.

To determine the weig}lt, you must take into account: what system(s) you will use to
store water, the growing media and plants you wish to use, the kind of containers you
may want, equipment for heating, ventilating and air conditioning, and snow loads.

Weight capacity might limit the number of people who may access the roof.

The fouowing are estimates you may find useful:
® Water stored in tanks weiglrs about 8 Ibs/, ga//on.
® Fxtensive green roo)[ systems weigh about 20-34 lbs/; ft2
® Intensive green roof systems weigh about 80-150 lbs/ft°.
® The City ofClzicago Municipal Code requires at least

30 Ibs/; ftg for the alesfgn snow load.

Cosrt

In addition to the cost of the structural analysis and clesign assistance, your
construction buclget should include any needed structural or safety improvements,
irrigation systems, garclen materials, maintenance costs, transportation, and fees

associated with any ongoing professional assistance and permits.

Container garclens can easily be aclap’ceol to fit your Ludget, (lepencling on the type
(wood, fil)erglass, ceramic, terra cotta, concrete) and quantity you use. Green roof
systems, asa general rule of ’c}luml), cost about 509 more than a conventional roof.
An extensive green roof system is generally less costly than an intensive garden.
Either kind of green roof system can increase the useful life of your roof by about
50% over a conventional roof because the green roof system layers protect the

“hard” roof from exposure to harsh weather.
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DESIGN OF A “ROOF GARDEN’

Typically, the cross section of a green roof l)egins (starting from the bottom) with an
insulation layer, a waterproof membrane to protect the building from leaks, and a
root barrier to prevent roots from penetrating the waterproof membrane. For the
waterproof membrane, look for proclucts that can withstand the effects of acids

released by some plant roots.

A drainage layer, usuaHy made of lig}ltweight gravel, clay, or p]astic is next. The
drainage layer keeps the growing media aerated in addition to taking care of excess
water. Since a green roof system covers the entire roof, drainage points must be
accessible from above for maintenance purposes. In some clesigns, and with certain
products, the clrainage layer can do double clu’cy, serving to store water for use by the
plants at a later time. On top of the drain age 1ayer, a geotextile or filter mat allows

water to soak tl'lrougl'l but prevents erosion of fine soil particles.

Fina”y, the top layers consist of growing media, plants, and a wind blanket. The
growing media is lightweight material that helps with drainage while providing
nutrients to the p]ants. A wind blanket is used to lzeep the growing media in place
until the roots of the plants take hold.

A COMPLETE GREEN ROOF CONSISTS OF MANY LAYERS.THESE
LAYERS MIMIC THE CONDITIONS FOUND IN NATURE, CREATING
AN ENVIRONMENT SUITABLE FOR PLANT GROWTH. IN THIS WAY,
ROOFTOPS CAN BE CONVERTED FROM DEAD SPACE INTO VIABLE
GREEN SPACE THAT WILL BENEFIT EVERYONE.

PLANTS

GROWING MEDIA
FILTER MAT
DRAINAGE LAYER
INSULATION LAYER

RooT BARRIER
WATERPROOF MEMBRANE

,//””//,/’;.j

Source: American Hy(élrotec]1, Inc.

RooF DEcCK

13



IRRIGATION

The City encourages landcaping with native plants as an environmentally benefi-
cial garden design. In addition to providing habitat, native plants usually survive
well on rainwater. Still, there may be times (luring the year when rainfall will be

insufficient to supply the water requirements of even clrougllt—tolerant plants.

You should plan for the need to supplement rainfall with irrigation. Examples of
irrigation systems inclucle, but are not limited to, rainwater storage tanlzs, clrip irri-
gation systems, moisture sensors to regulate irrigation needs, or hose-bibs for
manual watering. You will need to hire a licensed plumber or irrigation contractor

to design and install an irrigation system or new water connections on your roof.

DRAINAGE

The water draina.ge system is an essential component of any rooftop garclen.

A 1zey environmental benefit of rooftop gar&ens is that tlley absorb rainwater and
reduce runoff to sewer systems. StiH, any excess water not absorbed l)y the growing
meclia, used l)y the plants, or stored l)y the water storage system must be effectively
drained from the roo{top. Failure to do this will create “bathtub” conditions that
may cause root rot and disease as well as add significant weigl'xt ljeyoncl the roof

design load.

Most gardens should be able to use the existing rooftop drainage system with only
minor modifications. Typica.l clrainage systems include gutters, downspouts, drains,
and screens or barriers to prevent erosion of the growing media and clogging of the

c].ra.ina.ge system.
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SELECTION OF PLANTS AND GROWING MEDIA

Since natural soils are heavy, particularly when wet, rooftop garcleners typica]ly use
lightweight growing media consisting of high-quality compost and recycled
materials. The purposes of these materials are to be water permeal)le, to retain water
and air, to resist rot, hea’c, ﬂying sparles, frost and shrinlzage, to provide nutrients
appropriate to the chosen plants, and to provic].e a rooting medium. Plants appro-
priate for extensive green roofs favor poor soils. Generally, the growing media
should be as cleep and have as greata volume as possiue within the constraints of
the structural capacity, in order to provide plants with sta]aility in wind and 12eep the

system from l)ecoming too clry.

Roo{:tops can be hostile environments for plants due to the effects of wind, lleat,
rain, and shadows. Extra insulation may be needed inside and/or outside of
planting containers to protect plants from freeze/thaw cyc]es in winter. A rule of
thumb is that wind speed doubles for every ten stories of Luil(ling height. Win(ly
conditions increase the loss of moisture from growing media and leaves, so
clrought—tolerant plants often survive best. Many plants, especiaﬂy native varieties,

are suitable and attractive options for rooftop gardeners.

The Chicago Department of Environment's web site,
WWW.CITYOFCHICAGO.ORG/ENVIRONMENT, contains a list of
plants to consider and information about their use on Chicago’s City Hall Roof.

MAINTENANCE

Rooftop gardens must be maintained just like any gar(len, for instance Ly watering
or wee&ing. The amount of maintenance will clepen& on the types of p]ants used
and the garden design. Larger plants, shrubs, and trees must be prune& to ensure
safety during windy conditions. Drains and gutters must be inspected and cleared

more {requently than without a garden, because of the plant material.
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PERMITS AND ZONING REQUIREMENTS

Before you begin constructing any kind of rooftop garden in the City of Chicago,
you will need to have the Chicago Department of Buil&ings review your plans, and
you will need to obtain the proper permits.

Terminology is important. A “rooftop garden” is presumed to mean it will be acces-
sible to peop]e. Thus there will be requirements such as ensuring proper barriers at
the edge of the roof, raising exhaust stacks on the roof, providing two exits, or calcu-
lating a higher garden weight to account for people. A “green roof” means the garden

will not be accessible to people except for occasional maintenance.

To obtain a permit, you will need (lrawings that document the design. If your homeisa
free-stan cling single—family house, you may draw the plans yourself. If your ]Juilcling
has more than one dwelling unit, or if the ljuilcling is commercial or inclustrial, the

plans must be preparecl ]ay an architect licensed in the state of Illinois.
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For most applicalnle permits, you will need to provide four sets of drawings
produced, certified, and stamped by a licensed structural engineer and/or architect.
These include:

* Drawings of existing roof conditions, including dimensions of all structures on the roof-

* Structural framing drawings.

. ‘Veiglrt capacity o][ the existing roo][. This includes calculations o][ snow load, snow
a]riﬁ load ifyour roo][aéul‘s a taller part aftlze Zmi/a’ing, and the weiglzf ofp/ant
material both wet and c]ry.

* Drawings of the proposed garden. This includes all plant, soil and subsoil layers, irri-
gation and c]rainage, a /am]scape a]iagram o)[ where p/ants will be and their growing
heights, and any changes being made to the roof such as raising exhaust stacks or
aa[a]ing guarc]mi/s.

There is a fee for a building permit, which includes a review l)y the Zoning
Department. The Builcling Department may return a correction sheet to you which
details any changes you need to make to your submittal before it can be approvecl for
a permit. After construction ]aegins, a lmilcling inspector also may visit your site to

assure that the construction conforms to the approveol plans.
The City of Chicago Department of Buildings web site,

WWW.CITYOFCHICAGO.ORG/BUILDINGS, hasadditional informa-

tion on ol)taining permits.
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