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Supertree Grove, Singapore; Alex Waltner

Whole Foods Market’s green wall located in Chicago’s Lakeview neighbor-
hood at the historic Ashland-Belmont-Lincoln 
intersection in 2017; LiveWall, LLC
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This report provides an overview of green infrastructure (GI), including types, benefits, 
challenges, costs, and more. This report is a resource for businesses, residents, and 
other institutions interested in learning about GI. The Dane County Office of Energy and 

Climate Change (OECC) is providing this resource so that local businesses, municipalities, 
residents, and other entities can determine which types and characteristics of GI may be the 
most beneficial for and add the most resilience to their properties and communities.

The report begins with an overview of GI to address questions regarding the ambiguity of 
GI performances and its definition. It is hard to define GI with a one-size-fits-all definition. 
However, it is definitely a multidimensional and cost-effective approach to reduce 
stormwater pollution and mitigate flooding events while providing multiple co-benefits. 
The United States Environmental Protection Agency (EPA) refers to Section 502 of the 
Clean Water Act which defines GI as “...the range of measures that use plant or soil systems, 
permeable pavements or other permeable surfaces or substrates, stormwater harvest and 
reuse, or landscaping to store, infiltrate, or evapotranspirate stormwater and reduce flows 
to sewer systems or to surface waters.” In other words, GI is largely driven by efforts to 
mitigate floods and reduce stormwater runoff. However, GI can be one of the most strategic 
plans in your community as it involves multiple co-benefits addressing the environment, 
health, societal, economic benefits, and overall quality of life. 

Interestingly, it is easier to find data on GI costs than benefits. The United States General 
Services Administration (GSA) has a great cost-benefit analysis of a green roof which is also 
known as a vegetated roof. This report suggests that green roof maintenance, installation 
and replacement costs are higher compared to those of a conventional roof. Offsetting 
those costs, however, are a multitude of green roof benefits including: reducing stormwater 
runoff, improving air and water quality, saving energy, enhancing biodiversity, reducing the 
urban heat island effect, and increasing property value.   

GI can be implemented with many creative and innovative designs as long as it meets the 
purpose of GI: making your community more resilient to and helping to mitigate climate 
change consequences. One of the innovative trends in GI is biosolar, which is the combination 
of a green roof and solar panels. Biosolar has already been implemented in Madison and 
Milwaukee at their public libraries. Biosolar shows the synergistic effect of a green roof and 
solar panels, showing how flexible GI design and landscaping can be. At the same time, this 
report also covers other innovative GI projects in the United States (US) and around the 
world, including Supertrees in Singapore, the Water Square in the Netherlands, green walls 
in Canada and Singapore airports, and biosolar at South Korea’s tallest building, The Lotte 
Tower. These examples demonstrate that GI can increase energy efficiency, water and air 

I. Executive Summary

Bisolar at Milwaukee Public Library; HGA
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quality, energy savings, reduce stormwater runoff, and provide aesthetics and recreational 
opportunities.

 The 2018 flooding in Western Dane County resulted in $154 million of damage to 
public infrastructure and buildings. GI is a smart and cost-effective solution to adapt to 
and help mitigate severe climate change events, such as Southern Wisconsin having more 
precipitation and higher temperature according to Dane County Climate Action Plan (2020). 
Implementing GI is a start to create a ripple effect, continuously bringing positive outcomes 
in Dane County. The collective engagement of residents, businesses, municipalities, and other 
entities to install GI in Dane County will bring another breakthrough to adapt to and help 
mitigate the climate change impacts that we face today.

Chicago City Hall Green Roof; Wikimedia Commons

Major findings
1. A green roof installation cost is about 

$100 per month less than that of the 
conventional roof considering their 
lifespans of 50 years and 20 years 
respectively. If you also consider the co-
benefits of a green roof, its Net Present 
Value (NPV), which is a measure of the 
potential profitability of an investment, is 
much higher (GSA, 2011). 

2. Employee’s health and productivity 
are strongly linked to the offices’ green 
environment with GI. Using smaller HVAC 
with higher energy efficiency, including 
natural lights and GI, such as a green 
wall and/or a green roof, employees are 
more likely to sleep well at night about 
46 minutes more, resulting in a higher 
productivity at work.

3. A green roof increases solar panels’ 
efficiency to generate electricity by cooling 
solar panels’ micro-climate, ranging from 
3 percent to 16 percent.

4. Pervious pavements will decrease about 
77 percent of annual salt usage during 
winter maintenance. This will save cost 
and energy to get rid of salt from water, 
reducing water pollution; about $800 - 
$3,300 per ton of rock salt will be saved 
without infrastructure damages due to 
salt use.

As illustrated in the following pages, GI 
can play an important role in efforts to 
decarbonize, reduce stormwater pollution, 
and mitigate severe flooding events in Dane 
County.
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II. What is the Definition of 
Green Infrastructure? 
GI is a suite of tools and practices to build 
resilience to climate change impacts especially 
heavier precipitation and flooding, boost the 
economy and jobs, enhance community health 
and safety, and provide more connectivity 
across neighborhoods. GI does not have a single, 
widely-recognized definition, but the common 
themes are connectivity, multifunctionality, and 
smart conservation because GI brings people 
and nature together.
The United States Environmental Protection 
Agency (EPA)  defines GI as a “cost-effective 
and resilient approach to managing wet 
weather impacts that provides many community 
benefits.” It describes GI as having a purpose 
of reducing and treating stormwater in a built 
environment, and increasing environmental, 
social, and economic benefits. GI is a holistic 
and cost-effective approach to protect the 
environment, improve and protect public health, 
and improve the quality of life.

Due to climate change, stormwater runoff is one 
of the major causes of water pollution in a built 
environment, which contributes to flooding and 

contamination (eg. trash, bacteria, heavy metals, 
and other pollutants). Stormwater management is 
vital for public health, and to avoid environmental 
and social disruptions, such as damage to wildlife 
habitat, property, and infrastructure, leading to 
biodiversity and economic losses. 

The European Environmental Agency defines 
GI as a “strategically planned network 
of natural and semi-natural areas with other 
environmental features designed and managed 
to deliver a wide range of ecosystem services.” 
In other words, GI is a mechanism that 
promotes “multifunctionality,” and offers 
environmental, social, and biological/ecosystem 
benefits.  GI also provides tools to both adapt to 
and mitigate climate change.

There are a variety of types of GI and they can 
be applied to different scales, from houses or 
buildings, to the larger landscape. Rain gardens, 
pervious pavements, green roofs, and trees are 
examples of small-scale GI. The preservation 
and restoration of natural landscapes, including 
forests, floodplains, and wetlands, are examples 
of GI at the landscape level.

Open green space in New York City High Line; Iwan Baan
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1. Rain Barrel
What is a Rain Barrel and its 
capacity?
Rain barrels are containers that capture 
rainwater runoff from the roof and home 
or building gutter system. A rain diverter is 
inserted into the downspout to direct rainwater 
into the barrel. When the barrel is full, rainwater 
will continue to flow through the downspout.  
A spigot or hose connector lets the water flow 
out of the barrel when desired to be used for 
gardens or other purposes. Rain barrels are 
used as alternatives to using municipal water 
for irrigation and, through collective action, can 
help prevent flooding by reducing a significant 
amount of rainwater runoff entering storm 
sewers, lakes, and rivers, thereby reducing the 
amount of water pollution entering lakes and 
waterways. Rain barrels can also help keep 
rainwater runoff from entering crawl spaces or 
basements, though attaching a rain barrel is not 
guaranteed to keep rainwater out of basements 
or crawl spaces. Every inch of rain that falls on 
1,000 square feet of roof can provide about 600 
gallons of water. A typical rain barrel will hold 
about 50 to 55 gallons. This means your rain 
barrel is likely to fill up quickly, so it is  important 
to empty it regularly to maximize the amount of 
water you capture. If you want to collect more 
than that, consider attaching multiple rain 
barrels together in a series so that the overflow 
from one rain barrel will begin to fill the next 
barrel in the series.

How to install a rain barrel?
Learn more about how to install a rain barrel 
from LOWE’S and the Milwaukee Metropolitan 
Sewerage District (MMSD).

Benefits
• Reducing the volume of runoff entering 

storm sewers
• Helps prevent pesticides, fertilizers, and 

other harmful chemicals from entering 
nearby bodies of water

• Provides residents natural rainwater to 
water the plants in their gardens

• Helps conserve water resources

Expert Tips
Rain barrels are excellent tools to keep landscapes 
watered and to help diminish rapid stormwater 
runoff from roofs. However, water collected 
and stored in a rain barrel should not be used 
directly on fruits or vegetables, or for human 
consumption since it may contain chemicals 
and microorganisms.  Certain roofing materials 
may contribute to contamination, therefore rain 
barrels are not recommended for homes with 
tar and gravel roofs, or roofs that are made of 
asbestos or treated cedar shake shingles. Special 
care should be used to ensure that mosquitoes 
do not lay eggs in the rain barrel. A fine mesh, 
wire screen (1/16 of an inch) should cover all 
the barrel openings, including the downspout 
into the barrel. Emptying the barrel weekly will 
help keep mosquitoes at bay and prevent water 
from becoming stagnant. Learn more about how 
to keep mosquitoes out of rain barrels.

Rain Barrels; MMSD

III.         Types of11 Green Infrastructure

https://www.lowes.com/n/how-to/buying-installing-and-using-a-rain-barrel
http://mmsd.com/what-we-do/green-infrastructure/rain-barrels/installation-care
https://www.glacvcd.org/2016/01/how-keep-mosquitoes-out-of-rain-barrels/
https://www.glacvcd.org/2016/01/how-keep-mosquitoes-out-of-rain-barrels/
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2. Rain Garden
What is a Rain Garden?
Rain gardens are watered by collected or pooled 
stormwater runoff that slowly infiltrates into 
the soil. Typically, rain gardens are shallow, 
constructed depressions that are planted with 
wildflowers and deep-rooted native plants, 
helping infiltrate rain channeled to them 
from roofs, driveways, and other impervious 
surfaces. The size, location, and shape of a rain 
garden should be based on the features of the 
landscape. Typical residential rain gardens are 
often between 100 – 300 square feet and three 
to eight inches deep for ponding area, which is 
in Figure 1. The rain garden can be located near 
downspouts to catch roof runoff, or on other 
areas of the property. 

Maintenance is similar to that of any garden; it 
requires regular weeding for the first couple of 
years, but after established, the native plants 
tend to crowd out most weeds. Rain gardens 
are one of the easiest ways for individuals to get 
involved in protecting lakes and streams.    

Benefits
• Filtering pollutants from runoff 
• Capturing and slowing stormwater runoff
• Fertilizer should not be necessary. Native 

plants are able to thrive by themselves.
• Enhancing property value and ecosystem
• Improving ecosystem services
• Increasing aesthetics and conserving water

Expert Tips
• Locate rain garden at least 10 feet from 

building foundation walls
• Size the rain garden correctly  
• Need to prevent erosion and sediment 

runoff during and after construction - the 
first year of the garden needs watering and 
weeding. Rain gardens are not maintenance-
free as they need weeding, re-mulching, and 
cleaning up.

• Consider underground utility lines - Call 
your utility company or local Diggers Hotline 
to make sure underground wires, cables, or 
pipes are not near rain gardens. 

How to
• USDA - Rain garden design 
• Rain Garden - A how-to manual for 

homeowners DNR
• Different sizes and shades of rain gardens 

with different suggestions of plant species - 
MMSD

• Multiple recommendations of plants and 
how to design the rain garden -MMSD

• To buy rain garden plants for 2020, visit 
Fresh Coast Guardians - All orders must be 
closed by April 6th, 2020

Figure 1 - Having rain gardens near 
downspouts helps promote infiltration 
through diverse plants. This image 
shows the details of the rain garden, 
such as where to put rocks and the rain 
garden depth. The rocks help diffuse the 
energy of the water coming through the 
downspout thereby reducing erosion as 
it enters the rain garden.; MMSD_Rain 
Garden How-To Manual

Rain Garden with the sign of 
“Our Yard helps protect Lake 
Michigan”; MMSD

https://www.nrcs.usda.gov/Internet/FSE_PLANTMATERIALS/publications/ndpmctn7278.pdf
https://dnr.wi.gov/topic/shorelandzoning/documents/rgmanual.pdf
https://dnr.wi.gov/topic/shorelandzoning/documents/rgmanual.pdf
https://www.mmsd.com/application/files/2415/5630/4675/RainGardenSamplePlansBkWEB.pdf
https://www.mmsd.com/application/files/2415/5630/4675/RainGardenSamplePlansBkWEB.pdf
https://www.mmsd.com/application/files/9815/5631/0257/RainGardenManual.pdf
https://www.mmsd.com/application/files/9815/5631/0257/RainGardenManual.pdf
https://www.freshcoastguardians.com/resources/rain-garden-plant-sale-2020
https://www.freshcoastguardians.com/resources/rain-garden-plant-sale-2020
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3. Green Roof
What is a green roof?
A green roof is a roof of a building covered partially 
or completely with vegetation, growing medium, 
water-proofing, and drainage system. The layers 
of a green roof product could be built-in as shown 
in Figure 2(a); or modular as shown in Figure 
2(b) where these green roof products/trays are 
combined to make a green roof. This is a great 
way to retain rainwater, reduce water pollution, 
save money on heating and cooling bills, and bring 
more people to engage and involve in a greener 
environment. Rooftop  plants absorb moisture 
and heat, which works as a system that provides 
waterproofing and drainage. Green roofs are acting 
as a filter and thermal insulator that reduces the 
energy to heat and cool the building, saving more 
on energy bills.

Benefits
• Extending the lifespan of the roof. The green 

roof can protect roofing material from external 
influences, including sunlight, rain, wind, and 
temperature fluctuation, extending the roof’s 
lifespan by 50 years or more.

• Reducing heating or cooling energy costs; about 
10  to 30 percent of heating or cooling energy 
costs are reduced by the green roof’s insulation 
effect, allowing the building to use smaller 
Heating, Ventilation, and Air Conditioning 
(HVAC) equipment (RAND Engineering & 
Architecture, 2019) 

• Increasing the value of the building
• Absorbing rain, reducing stormwater runoff 
• Reducing urban heat island effect and capturing 

carbon
• Increasing biodiversity in urban areas
• Higher productivity generated by maximizing 

employees’ and/or residents’ enjoyment in 
beautiful and greener environment

Expert Tips 
• Engineering tips

• Need to figure out how much weight 
(soil, plants, and/or water) a rooftop 
can handle, which will help determine 
between doing an extensive green roof 
or intensive green roof

• Need to search for companies with green 
roof expertise

• Need to consider the feasibility of the green 
roof:
• Existing roof condition and construction 

(roof slope, concrete vs. wood roof deck… 
etc.)

• Waterproofing ability, drainage, and 
electrical and water supply on roof

• Sun and wind exposure of the roof

Costs
• Green roofs generally cost about $25 to $30 

per square foot, including design, materials, 
labor, and installation. If roof repairs are 
needed, green roof costs may increase. The 
cost per square foot only applies to the roof 
area covered by the green roof. However, 
with higher demand for green roofs, costs 
are likely to decline.
• Through 2023, the demand for green 

roofs is expected to increase 11 percent  
per year, which will potentially decrease 
the price of installing a green roof, similar 
to recent declines in the cost of solar 
panels (Markets Insider, 2018).

Milwaukee Public Museum; MMSD

NYC High Line Semi-Intensive green roof; 
Mike Tschappat



8

Types of Green Roof
There are three main types of green roofs: 
extensive, semi-intensive, and intensive. These 
are all different based on cost, soil depth, plant 
diversity, and maintenance. More details are 
available in Figure 3.

1. EXTENSIVE GREEN ROOFS require a low 
watering effort, are shallow and usually 

less than 6-inches of soil, and have limited plant 
diversity. The soil holds plants that can thrive in a 
rooftop environment that has limited water and 
nutrients, and shallow roots. Extensive green 
roofs place less of a load on the roof compared to 
the intensive green roofs which are much deeper 
and heavier. Extensive roofs are self-sustaining 
and requiring less maintenance: checking roof 
drains, annual weeding, and fertilization. As 
extensive green roofs are lightweight and require 
minimum maintenance, they are commonly 
chosen.

2. SEMI-INTENSIVE GREEN ROOFS are 
about five to eight inches deep with more 

maintenance efforts, such as pruning, irrigation, 
and fertilization. However, the maintenance 
requirements are not more than would be 
expected for sidewalk landscaping. This type 
weighs about 25-40 pounds depending on the 
tray size, and there are more diverse plants than 
extensive green roofs, including sedum, moss, 
grass, herbs, flowers, and shrubs. With a higher 
maintenance level and diversity of plants, it costs 
more than an extensive green roof.

3. INTENSIVE GREEN ROOFS are more diverse 
and have several feet of soil. They are about 

eight to 30 inches deep and heavier weight 
compared to extensive green roofs. With deeper 
soil, intensive green roofs can hold diverse plants, 
such as shrubs and trees, as they have sturdier 
and heavier soil, requiring higher maintenance 
efforts.

To read more about different green roof systems, 
visit here. Products from Columbia Green 
Technology are made from 88 percent post-
industrial recycled polypropylene which is the 
safest chemical of all plastics.

Figure 2 (b) - This 1’ x 2’ modular tray for green roof, 
containing engineered soil and it is about 6 inches 
deep. Depending on the types of green roof, the tray 
size will differ. For extensive green roof, 24”x24”x4” 
size trays are commonly used, and for semi-intensive 
green roofs, 24”x24”x8” size trays are used. (Colum-
bia Green Technologies, 2019)

Figure 3 
- This chart from 
Archtoolbox clearly shows 
the differences between 
the three main types of 
green roof. If you want to 
see more details of green 
roof systems, visit here. 

Figure 2 (a); 
Gardenista

http://columbia-green.com/systems/
https://www.archtoolbox.com/materials-systems/site-landscape/green-roofs.html
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Examples
1. Madison Children’s Museum, Madison WI

2. Rockwell Automation Building’s Green roof, 
Milwaukee WI

Rooftop Ramble; greenexhibits.org

Rockwell’s Green Roof in Milwaukee; MMSD

Learn more about Madison Children’s Museum
• Green Guideline by Madison Children’s Museum 

• Pioneer Roofing has done the green roof at the Madison Children’s Museum
• Details of Madison Children’s Museum 
Madison’s Children’s Museum is a great example of showing the combination of rain 
barrels, worm composting, a green roof, gardening, educating children, and art. This 
shows the flexibility of GI and how GI generates a synergistic effect by combining two or 
more GI practices.

The Rockwell Automation building 
extensive green roof has a 48,500 
square feet of green roof with pavers 
on a 71,800 square feet space, which 
is the largest green roof in Wisconsin. 
It reduces greenhouse gas emissions 
with 12 varieties of sedum and native 
perennials, and diverts 500,000 gallons 
of stormwater runoff with a low 
maintenance level. The green roof also has 
a leak detection system that uses electric-
vector mapping; this measures deck 
temperature, green roof temperature, 
water moisture content, rain events, and 
estimated water retention. 

Rooftop Ramble 
“This green roof provides an example 
of possibilities for all the rooftops in 
our city. By building a green roof, 
or having plants on existing roofs, 
citizens and businesses can help 
manage rainwater runoff, decrease 
heat absorption, and moderate 
downtown temperatures.”

http://greenexhibits.org
http://madisonchildrensmuseum.org/wp-content/uploads/GreenGuide_Online.pdf
https://www.pioneerroofing.net/commercial-industrial-green-roofing/
http://www.greenexhibits.org/dream/exhibits_mcm_rooftop.php
http://www.greenexhibits.org/dream/exhibits_mcm_rooftop.php
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4. Biosolar

 Milwaukee Public Central Library; Scott Paulus

What is Biosolar?
Biosolar is a green roof with solar panels. The solar panels and the plants work together to enhance 
the effectiveness of both items. One of the benefits of a green roof is that it increases solar panels’  
efficiency; solar power and green roofs generate a synergistic effect. As the green roof decreases 
the temperature on the roof and eliminates small particles in the air, the efficiency of solar panels 
increases, reducing the building’s total energy costs and providing a quicker return on investment 
(ROI). Kessling et al. (2017) conducted a case study to see the effectiveness of having both a green 
roof and solar panels on the roof of the Activities and Recreation Center, which is about 118,800 
square feet, at the University of Illinois at Urbana-Champaign. Among different sustainable rooftop 
options, having both solar panels and a green roof, and having only solar panels, they indicated that 
the ROI was about 13 years for each option. Biosolar clearly shows a multitude of benefits: capturing 
carbon, reducing stormwater runoff, and generating clean electricity. 

Benefits
• Increased efficiency of solar panels with a green roof; plants reduce airborne pollutants and cool 

solar panels’ micro-climate, which leads to enhancing the efficiency of solar panels, ranging from 
3 to 16 percent (BuildingGreen, 2013).

• With green roof’s effect of cooling indoor air and insulation, it reduces energy use by 6 percent  
(Jaffal et al., 2012). 

• Generating an open green space for residents/employees/visitors (e.g. Milwaukee Public Central 
Library)

• The return on investment (ROI) of having both solar panels and a green roof is similar to that of 
solar panels alone, but installing a green roof also reduces carbon dioxide emissions and creates 
an open green space for community  - more environmental benefits
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Expert Tips
• Engineering tips

• Need to consider how much weight (solar 
panels, plants, soil, etc.) the rooftop can 
handle

• Need to know how much the building 
wants to cover its energy bill with solar 
power - Contact solar companies to get 
prescreening and proposals for details, 
including costs and the system size - on 
average, solar panels weigh 3-4 pounds per 
square foot and a green roof weighs about 
23-29 pounds per square foot 

• Need to research companies with green 
roof expertise - Columbia Green Technology 
participated in Madison Municipal 
Building’s green roof and Madison Public 
Central Library

• Consider the feasibility of the green roof:
• Existing roof condition and construction 

(roof slope, concrete vs. wood roof deck… 
etc.)

• Waterproofing ability, drainage, and 
electrical and water supply on roof

• Sun and wind exposure of the building roof
• Space to have solar system size

Costs
• The cost of installing solar energy per watt 

is different among companies and states. 
The average price per watt for solar panels is 
decreasing. To learn more about the decreasing 
cost of solar panels, visit here.

• Green roofs cost about $25 to $30 per square 
foot, including design, materials, labor, and 
installation. If roof repairs are needed, green 
roof costs may increase. The cost per square 
foot only applies to the roof area covered by 
the green roof and/or solar panels.
• Through 2023, the demand for green roofs 

is expected to increase 11 percent per year, 
which will potentially decrease the price 
of installing a green roof, similar to falling 
prices for solar panels (Markets Insider, 
2018).

There are more successful biosolar case 
studies in Chapter 6.

 Milwaukee Public Central Library; Scott Paulus

Example

The Lotte Tower, 
South Korea

This open green space/roof is at the 9th floor 
linking the buildings called Lotte Tower (123 
floors) which is the tallest building in South 
Korea. There are solar panels on the top of 

where people can sit and talk, creating a 
space for people to rest and increasing energy 

efficiency. The grass on the ground of this 
9th floor green open space helps slow down 

stormwater runoff and absorb rainwater.

http://columbia-green.com/
https://www.nrel.gov/news/program/2018/costs-continue-to-decline-for-residential-and-commercial-photovoltaics-in-2018.html
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5. Pervious Pavement 

Benefits
• Slowing down rainwater, preventing sewage clogging and flooding 
• Flexible application - Pervious pavements can be placed almost anywhere impervious pavements 

are used, including in parking lots.
• Improving aesthetics 
• Less salt and chemicals on frozen pavements during winter, reducing polluted water

• “About 70 percent of salt use will be reduced” - Roger Bannerman, an environmental specialist 
with the Wisconsin DNR (County Materials Corp, 2016)

Adding aesthetics with pervious pavements; Wikimedia 
Commons

Pervious pavement near the sewage help 
slow down stormwater runoff. Having 
different colors of pervious pavement also 
adds aesthetics. (South Korea)

Pervious pavement; MMSD

What is Pervious 
Pavement?
Pervious pavements infiltrate rain 
and melting snow into the ground and 
support stormwater management, unlike 
impervious surfaces such as asphalt and 
concrete which generate runoff. 

Layers of stone or filter media below 
the surface create space to store water. 
Pervious concretes can be applied to: low-
volume pavements, residential roads, 
driveways, sidewalks, parking lots, patios, 
swimming pool decks, well linings, and 
walls (USGS, 2019). Pervious surfaces like 
pervious concrete or asphalt and pavers 
also reduce the urban heat island effect by 
allowing water to penetrate the pavement 
and absorb and store solar radiation rather 
than releasing it into the air. Pervious 
pavements also add aesthetic appeal by 
fostering vegetation, including grasses 
and shrubs. These pavements and plants 
provide beautification while capturing 
carbon dioxide.
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Pervious pavement between the plants 
and impervious pavement, slowing 
down stormwater runoff 
(South Korea)

Expert Tips
• Need to review and ensure local codes and ordinances allow for the use of pervious pavements
• Consider Permeable Pavement - Wisconsin Department of Natural Resources and Technical 

Standard
• Costs to change all of the pavement to pervious pavement. But, as shown in the image below, 

the whole pavements do not need to be pervious. Having a small portion of the pavement 
by the sewer helps slow the flow of rainwater. This will require engineering design from 
expertise. 

• Freeze and thaw cycles can lead to cracking and degraded pavement. The pavement needs 
to have a drainage system that drains water slowly, preventing ponding in the pavement 
structures. This will also require engineering expertise.

Pervious pavement at Hoffman 
Manufacturing Corp. parking lots

https://dnr.wi.gov/topic/stormwater/documents/1008PermeablePavement.pdf
https://dnr.wi.gov/topic/stormwater/documents/1008PermeablePavement.pdf
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6. Native Landscaping
What is Native Landscaping?
Native landscaping uses plants native, or 
that normally grow in particular regions, in 
landscaping around homes and buildings, among 
other applications. Native plants have deep 
root systems that can break up soil and allow 
more water to infiltrate into the ground, while 
improving soil health. This strategy captures 
water and creates healthy natural landscapes in 
urban habitat for local birds, bees, and butterflies. 
Along with supporting biodiversity, native 
landscaping also requires less maintenance, 
water, fertilizer, and pesticide treatment. 
Moreover, because the majority of native plants 
are perennial, there are reduced costs when 
compared to planting annuals every year. Once 
established, native landscaping requires less 
attention and provides beautification to your 
community thanks to plants with a range of 
sizes, heights, textures, and colors.

Benefits
• Beautification of the landscape
• Enhancing habitat for butterflies, bees, and 

birds.
• Less maintenance and cost
• Applicable for both residential and 

commercial properties
• Slowing down and absorbing rainwater, 

helping to reduce flooding
• Carbon capture

Expert Tips
• Need to review local codes and ordinances 

to ensure native landscaping is allowed in 
particular settings

• Design of native landscaping, especially if 
seeking to reduce maintenance needs

• Some weeding and watering are required to 
become established, and not all native plants 
are drought-tolerant

How to?
• Native Plants for Beginners by DNR
• Native Landscaping Care Manuals by MMSD
• If you are interested in getting free native 

plants for school and community projects, 
apply for Spring 2020 application - 
Dane County Land and Water Resources 
Department

Native landscaping on streets; MMSD

Native landscaping by houses; Formecology

https://dnr.wi.gov/topic/endangeredresources/documents/NativePlantHandout.pdf
https://www.mmsd.com/application/files/1815/6777/6556/Natural_Landscaping_Care_Manual_4292019WEBmin.pdf
https://lwrd.countyofdane.com/documents/pdf/Native%20Plants/2020-Native-plant-application-SPRING2020.pdf
https://lwrd.countyofdane.com/documents/pdf/Native%20Plants/2020-Native-plant-application-SPRING2020.pdf
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7. Bioswale

What is a Bioswale?
A bioswale is a long and channeled depression 
or trench with vegetation and large stones 
that partially captures rainwater runoff and 
infiltrates it into the ground. Bioswales often 
have mulch to slow water infiltration and filter 
out pollutants. With thicker and heavier grasses, 
bioswales are better able to filter contaminants, 
improving water quality by infiltrating, thus 
removing pollutants, from the first flush of 
stormwater runoff.

Bioswales capture dirty water from roads and 
parking lots, which helps to infiltrate runoff 
into the ground and naturally clean rainwater 
through the planted vegetation in bioswales. 
Depending on the availability of land, bioswales 
can be installed as meandering or straight 
channels, maximizing the time that rainwater 
spends in the swale. Bioswales are designed 
to manage a specified amount of runoff from a 
large impervious area, including parking lots 
and roadways.  

Benefits
• Enhancing water quality by filtering 

stormwater through vegetation
• It reduces puddles where mosquitoes often 

breed 
• Provide flexible design options with their 

long and linear orientation 
• Low maintenance costs, similar to native 

landscaping, due to no need for fertilizer and 
infrequent mowing

• Aesthetically pleasing 
• Provide biodiversity when planted with 

native plants

Expert Tips
• Need to review local codes and ordinances 

to ensure bioswales are permitted and 
encourage their use, especially around 
parking lots

• Need to consider the slope of the location 
where bioswale will be located - Naturally 
Resilient Communities (NRC) suggests to 
construct bioswale in location with a mild 
slope - no greater than 5 percent due to the 
risk of erosion 

How to? 
• University of Florida bioswale fact sheet - 

Design consideration

Bioswale; MMSD

Bioswale; MMSD

http://www.davey.com/hoa/elements/pdf/5-4%20bioswale%20fact%20sheet.pdf
http://www.davey.com/hoa/elements/pdf/5-4%20bioswale%20fact%20sheet.pdf
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Example 
Apartment in South Korea  

This infrastructure on the left image 
is located between apartments in an 
open space, which provides a space for 
residents to enjoy in summer when the 
fountains are on. During a heavy rain, 
this slows down rainwater runoff. This 
infrastructure does not have vegetation 
like the common characteristics of 
bioswale, but the purpose of slowing 
down rainwater and capturing rainwater 
for a while is the same, mitigating flood 
risk. 

The image on the right is a part of the 
infrastructure and it provides shades for 
people to enjoy in summer and slows down 
rainwater by capturing rainwater for a while. 

This image on the left shows that the long and linear swale 
and pervious pavement are connected, which further slows 
down the flow of rainwater.
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8. Green Wall
What is a Green Wall?
A green wall has plants grown in supported vertical systems that are attached to an internal or 
external wall. Green wall systems include the vegetation, growing medium, irrigation, and drainage. 
Green walls not only provide attractive design features, but also building insulation that increases 
energy efficiency. Although they sometimes require irrigation with fertilizer, which is also called 
fertigation, and careful monitoring and management, they provide great environments for many 
plant species with minimal maintenance and maintain a long lifespan (about 25 years). Regarding 
an external green wall, it is capable of retaining the first flush of stormwater runoff to about 1/2” 
to 1” rainfall. A 25 square foot green wall system retains about 2.5 gallons of water a day, which is 
equivalent to ½” of the first flush of runoff.  This also provides an irrigation strategy, using a cistern 
to store rainwater runoff for later use  (Kew et al., 2014).

Image from Kew et al. (2014), showing 
a green wall’s ability to retain rainwater 
runoff. The image to the left shows buckets 
on the bottom which capture water that 
is filtered through the plants. This helps 
determine how much rainwater a green 
wall can capture.

Kew et al. (2014); showing the results of how much rainwater can be captured in green walls. The 
green boxes represent the highest amounts, and red boxes represent the lowest water capture 
amounts depending upon water systems and plants. The green wall captures about 50-70 percent 
of rainwater considering both southeast and northwest green wall systems.
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Green Wall Types

1. Green Façades
This is a wall system with climbing plants or plant materials that are rooted with the structure or 
growing media. As seen from Figure 4, the green façade has a green climber while the living wall has 
green modules. As green façades use climbing plants, including self-supporting plants or plants that 
need a supporting structure, this type of green wall can vary depending on the building’s location, 
climate, orientation, and more. 

2. Living walls
Living walls are pre-vegetated panels or integrated fabric systems that are attached to the building’s 
internal or external wall or frame. There are a number of options for irrigation and fertilization 
systems. Learn more about a green wall’s installation and other details from here.

Green Wall System Types

If choosing to have a 
living wall, the system 
type will vary depending 
on the building’s design 
and construction. Ask 
specialists for more details 
on green wall design and 
installation for the best 
construction, aesthetics, and 
environmental benefits. 

Learn more about the types 
of green wall systems here.

Figure 4: Green façades (left) 
and Living walls (right); 
Safikhani et al., 2014

Green wall system types; GrowingGreen Guide

https://www.bdcnetwork.com/6-things-you-need-know-about-green-walls
https://www.growinggreenguide.org/technical-guide/construction-and-installation/green-walls/
https://www.researchgate.net/publication/280918106_Thermal_Impacts_of_Vertical_Greenery_Systems
https://www.growinggreenguide.org/technical-guide/construction-and-installation/green-walls/#
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Benefits
• Create cooler microclimates and improve 

air quality with more diverse urban habitat 
- reducing nitrogen dioxide and particulate 
matter by 40 percent and 60 percent 
respectively.

• Thick external green wall can decrease noise 
pollution

• Reduce energy bills and improve energy 
efficiency due to their insulating effect

• Green walls have a long lifespan - about 25 
years

• Green walls retain the first flush of runoff 
volume from ½ to 1 inch of rainfall with an 
irrigation strategy using a cistern to store 
runoff and irrigate plants. - Using a cistern 
extends the runoff detention period and 
lessens water pollution (Kew et al., 2014)
• Solar power can be used to pump the 

irrigating rainwater from cisterns (Kew 
et al., 2014)

• Reducing sick building syndrome 
• Sick building syndrome is caused by 

inadequate ventilation and chemical 
contaminants from indoor and outdoor 
sources. A green wall can protect people 
in the buildings from those threats. 

Expert Tips
• Need to consider wall condition to have 

living wall or green façades
• More maintenance efforts for living walls 

compared to green façades
• Need to talk to green wall installation 

companies/experts to see if the wall is 
suitable for a green wall
• American Family Corporate Office, 

Madison, WI - Green wall installed by 
Ambius (Milwaukee office) 

Examples
1. Singapore’s Changi 
Airport - Terminal 3 and 4
These living walls are at Singapore’s Changi 
Airport, allowing more people to enjoy waiting 
for their flight within a greener space. The living 
wall in Terminal 3 has over 50 species of 100,000 
plants breathing life into the bustling transit hub. 
It has an advanced watering system that delivers 
exactly how much water and fertilizer each plant 
needs.

Terminal 4, Changi Airport; 
Changi Airport Facebook 

Terminal 3, Changi Airport; Wikimedia Commons

American Family Corporate 
Office; Ambius

https://www.ambius.com/american-family-corporate-office/
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2. Whole Foods Market 
This green wall is installed in the north section (251 feet long), the south section (179 feet long), 
and the west section (44 feet in length) of the Whole Foods building, which is in total 4,740 square 
feet. It is about 10-feet high and has 5,000 plants. The Whole Foods green wall is combined with 

an underground system that captures and 
stores stormwater from the rooftop. The 
rainwater flows from the roof, drains into 
three filters, and the clean water goes to 
the cistern and irrigates the green wall. 
This living wall represents the Whole 
Foods Market’s positive images of organic, 
natural, and sustainable business, which 
also contributes to the neighborhoods 
where they are located (Living Architecture 
Monitor, 2018). 

Images of Whole Foods Market’s green wall 
located in Chicago’s Lakeview neighborhood at 
the historic Ashland-Belmont-Lincoln 
intersection in 2017; LiveWall, LLC (left and 
below images)

3. Canada’s Edmonton 
International Airport
This is a 1,420-square-foot living wall at Canada’s 
Edmonton International Airport, which was 
created and installed in 2012. It incorporates 
32 varieties of plants from Brazil and Indonesia. 
To keep the wall alive, water percolates down 
through a fiber mat made of recycled materials 
and the wall is trimmed and maintained once a 
month through a mechanical scissor lift. 

Living Wall; Edmonton International Airport
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9. Playgrounds Capturing Rain 
Grissom Elementary School in the Hegewisch 
neighborhood, Southeast of Chicago

Grissom Elementary School is located in the Hegewisch neighborhood of Chicago, which is 
a low-income neighborhood. The Space to Grow program, created by the Metropolitan Water 
Reclamation District of Greater Chicago, had the idea of creating green infrastructure, such as 
gardens and pervious pavements, to capture a significant amount of rainfall, to reduce the load on 
the combined sewer system, and to provide green open space for students in Grissom Elementary 
School and neighbors. The Space to Grow program partners with multiple institutions: the 
Chicago Public Schools, the Chicago Department of Water Management, and the Healthy Schools 
and Openlands. With this partnership, they create and transform elementary school playgrounds 
using green infrastructure and greener spaces, helping address flooding issues in the Hegewisch 
neighborhood. Since 2014, this partnership has converted 15 playgrounds to capture more than 
2.75 million gallons of water per rain event, which is equivalent to 4.5 Olympic-sized swimming 
pools. 

With this program, the school provides daily connections with nature and allows students to 
improve their academic performance within the green space. The program also helps keep the 
city’s water resources clean, reduces neighborhood flooding, and enhances communities’ health. 
Students and neighbors are also educated about green infrastructure techniques and purposes, 
directing more people’s attention to the importance of having green infrastructure in their 
neighborhoods, and our ability to adapt to climate change.

Grissom Elementary School before (on the left) and after (on the right) the Space to Grow 
program; Space to Grow (Metropolitan Water Reclamation District of Greater Chicago)
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10. Supertree Grove
Gardens by the Bay, Singapore

These are called “Supertrees” at the 250-acre of the Gardens by the Bay park in Singapore. They 
range from 80-160 feet and collect solar energy to power a nightly light show. The Supertrees are 
made of reinforced concrete wrapped with a steel frame. Their trunks are vertical gardens which 
have more than 158,000 living plants. These plants were chosen based on these considerations: 
being lightweight, suitability for vertical planting, soil-less, their ease of maintenance, high visual 
interest, and suitability for Singapore’s climate. These Supertrees provide environmental benefits, 
such as capturing rainwater in their steel frame trunks, capturing carbon emissions through 
diverse plants, and providing recreational purposes via their nightly light shows and innovative 
infrastructure.

Projects in Dane County would not use the same plants and design as the Supertrees, as the climate 
and biodiversity are completely different. However, having innovative green infrastructure that 
have living plants, capture rainfall, and have beautification and recreational purposes with solar 
power is by no means impossible. Recreational opportunities allow people in our communities to 
come in contact with and learn about green infrastructure.

Supertree Grove, 
Singapore; Alex Waltner

Supertree Grove light show 
at night, Singapore;

 Derrick Brutel
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11. Benthemplein, "The Water Square" 
 Rotterdam, Netherlands

Rotterdam is facing increasingly heavy rainfall events and is flooded every year. Benthemplein, 
known as “Waterplein” meaning the Water Square, holds rainwater with three large pools.  These 
pools store water and slow down the first flush of heavy rainfall, helping reduce flooding. Their 
size is about 96,875.19 square feet in total, capturing 449,000 gallons of rainwater. 

When the weather is dry, these spaces are used as amphitheatres, basketball and volleyball 
courts, and skateboarding rinks. Large stainless steel gutters embedded in the pavement channel 
rainwater falling on the square in the direction of the three ponds, which is shown in Figure 5. 
This is also strongly constructed and deliberately oversized, which can be used by skateboarders. 

This is a great example of community involvement, because the local community in Rotterdam 
conceived the ideas for square. This project included students and teachers of the Zadkine College, 
and the Graphic Lyceum, members of the adjacent church, youth theatre and David Lloyd gym, 
and residents of the Agniese neighborhood; a diverse range of people involved to create a solution 
for flood mitigation led to a successful result.

The Water Square, Netherlands; Wikimedia 
Commons

Three pools in the Water Square; Public Space

Figure 5: Large stainless steel gutters embedded in the pavement channel rainwater falling on the 
square to the three ponds; Public Space

https://www.publicspace.org/works/-/project/h034-water-square-in-benthemplein#
https://www.publicspace.org/works/-/project/h034-water-square-in-benthemplein#
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The triple bottom line can be achieved with green 
infrastructure (GI). GI brings more opportunities 
to Dane County to adapt and be resilient to 
severe flooding events. GI will be a great start for 
businesses, residents, and communities with a 
wide variety of benefits, including biodiversity, 
energy saving, health equity, property value, and 
greener jobs.

Environmental Benefits
1. Increases Climate Resiliency 
• GI helps to prevent and mitigate severe 

flooding events by slowing down the first 
flush of stormwater runoff.

2. Improves Water Quality 
• Managing the timing and quantity of 

rainwater runoff and aquifer recharge, 
and increasing potential water storage 
can improve water quality and reduce the 
quantity of stormwater runoff entering sewer 
systems and waterways.

3. Improves Air Quality 
• Most GI have diverse plants and create greener 

environment, thus reducing greenhouse gas 
emissions and particulate matter.

• The cooling effect of vegetation in the summer 
lessens smog formation by slowing the 
reaction rate of nitrogen oxides and volatile 
organic compounds that produce smog.

4.  Reduced Urban Heat Island Effect 
• Local evaporative cooling provided by green 

roofs can reduce temperatures in urban 
areas, such as streets and conventional roofs.

5. Less Salt Use Reduce Water Pollution 
• Wisconsin winters create a significant amount 

of snow. GI, such as pervious pavement, can 
reduce salt use on both snow and rain that 
create black ice; it has been demonstrated to 
substantially delay the formation of a frost 
layer in winter with pervious pavement.
• Porous asphalt allows for a 77 percent 

annual salt use reduction for winter 
maintenance over conventional practices 

on impermeable asphalt (Houle, K.M., 
2008).

• Communities are able to save money and 
reduce water pollution in local waterways 
and groundwater sources by reducing the 
need for salt;  less salt usage leads to lower 
energy and lower costs to remove salt from 
water (which is so expensive, it is rarely done 
by wastewater treatment plants).
• One ton of rock salt causes damages to 

infrastructure, including buildings and 
pavements, about $800 to $3300 (Madison 
Metropolitan Sewerage District, 2019). 
With less salt usage, we can reduce sewer 
bills and protect our infrastructure from 
damage and degradation.

6. Enhanced Biodiversity/ Habitat 
Connectivity
• There are 2.9 billion fewer birds in the US 

and Canada than there were 50 years ago. 
America’s monarch butterfly population 
has declined 90 percent and the number 
of bumblebees has also dropped nearly as 
much over the 20 years, which could lead to 
a wider range of ecological collapse. Reduced 
numbers of pollinators threatens the food 
supply. (Rosenburg et al., 2019).
• The green roof at Chicago’s City Hall 

produces 200 pounds of honey annually 
with beehives (See “Successful Case 
Studies” in Chapter 6).

• Large-scale green infrastructure, including 
parks and urban forests, can facilitate 
wildlife movements and connect their  
population between habitats.

MMSD Headquarters green roof; MMSD

IV. Benefits of
Green Infrastructure
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1. Improved Health
• Breathing smog and particulate pollution can 

cause respiratory ailments, including chest 
pain, coughing, asthma, and premature death. 
According to EPA, tree canopies can reduce 
ozone and particulate pollution levels enough 
to reduce mortality, hospital admissions, and 
work loss days.

• More outdoor physical activities lead to 
preventing associated chronic diseases and 
reducing obesity and stress.

2. Health Equity in Community Engagement
• Health equity means that everyone has a 

fair and just opportunity to be as healthy 
as possible, including requirements to 
remove obstacles to health such as poverty, 
discrimination, lack of access to good jobs 
with fair pay, and quality education and 
housing. GI will increase opportunities 
for people to be in green open spaces and 
participate in green activities, such as walking 
or running in parks and gardening (Oregon 
Health and Outdoors Initiative, 2018).

3. Reduced Crime Rate
• Crime reduction is associated with specific 

vegetation, such as open space covered with 
grass and tall trees. Shrubs and bushes that 
are situated in places that provide criminals 
with places to hide can increase crime. 
However, they can be designed and arranged 
to provide pleasant and safe places for people 
to gather (NRDC, 2013).
• In Philadelphia, the rates of drug-related 

crimes in green stormwater infrastructure 
installed areas decreased about 18-27 
percent (Vibrant Cities Lab).

• Efforts to reduce crime can also result in 
significant avoided costs for commercial 
property owners.

4. Improved Aesthetics
• Trees and many native plants can provide 

beauty and privacy, increasing community 
aesthetics.

• Planting trees increases recreational 
opportunities for communities, including 
creating places to gather and providing 
shades during warm weather.

• Trees help reduce sound transmission, 
reducing local noise pollution levels.

5. Increased Public Education with More 
Exposure to Green Infrastructure and 
Nature
• Addressing future socio-economic constraints 

will require community involvement and 
partnerships.

• GI provides opportunities to allow 
communities to develop an awareness 
and understanding of the importance of 
sustainable developments in urban and rural 
areas.

6. Social Cohesion
• GI creates green spaces that can foster 

interaction between different social groups, 
including a range of religion, ethnicity, 
nationality, income level, age, and health 
status. 

7. More Green Jobs 
• GI can provide more green jobs with training 

programs. Increasing GI that manages 
stormwater runoff is a growing trend, and 
installing and maintaining GI require a   
skilled workforces, leading to successful GI 
programs.

• GI certification and training programs are 
increasing, demanding more skilled GI 
workforce.
• Learn more about National Green 

Infrastructure Certification Program here. 

Societal Benefits

https://ngicp.org/
https://ngicp.org/
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Economic Benefits
1. Increased Property Value 
• Vegetative GI, such as tree cover, increases property values, thereby benefiting developers, 

building owners, and tenants (EPA, 2019).
• Retail customers are willing to pay 8-12 percent more for products in shopping centers with 

more mature tree canopy (NRDC, 2013).
• Green buildings with GI decrease maintenance cost by 20 percent (USGBC, 2011).

This shows the resulting GI benefits of a mid-size retail center with key assumptions. 

A midsize retail center has 90 percent green roof coverage (36,000 sq.ft.) of the whole building roof. 
Other GI practices are indicated under “Green infrastructure improvements.” 

The total potential benefits of having the indicated GI is $24,202,000 over the 40-year analysis period 
which includes energy savings, avoided costs, tax credits, increased retail sales, and stormwater fee 
reduction. In addition, other benefits include water conservation, increased property value, reduced 
crime, and health and employees’ satisfaction (NRDC, 2013).
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This figure describes the 
resulting GI benefits of 
a multifamily apartment 
with key assumptions. 
 
7,600 sq.ft. green roof 
was installed near the 
end of the existing 
conventional roof 
lifespan. Large trees, 
bioswales, and rain 
gardens were also 
included, creating 
pervious areas. 

With these GI practices, 
the total present value 
benefit over the 40-year 
analysis period was 
$1,740,000, including 
energy savings, avoided 
costs, tax credits, 
increased rental 
income and property 
value, and stormwater 
fee reduction (NRDC, 
2013).

This shows that reducing 
urban heat islands 
by expanding green 
infrastructure leads to 
many health, economic, 
and environmental 
benefits.

Green Infrastructure & 
Health Guide, Oregon 
Health and Outdoor 
Initiative, 2018
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2.  Increased Employee Productivity 
• GI, such as green walls and green roofs, allow 

buildings to use smaller HVAC systems with 
enhanced insulation and energy efficiency. 
This leads employees’ productivity to 
double with improved indoor and outdoor 
environment, reinforcing a better sleeping 
pattern with an extra 46 minutes at night 
(National Geographic, 2017). 

• Increased mental health of office employees 
(NRDC, 2013).

3.  Increased Green Jobs
• Green buildings with GI are generating more 

green jobs; national green construction 
generated $167.4 billion in GDP from 2011 
to 2014, which is expected to increase 
(USGBC, 2019).

• There are increasing numbers of medium- 
to highly-skilled workers, with a higher 
demand for workers with clean tech and 
construction industry experience. 
• Jobs in eco-friendly construction 

are increasing in demand, including 
designers, engineers, and installers 
in construction companies. About 6.5 
million jobs in eco-friendly construction 
will be created by 2030 (University 
Herald, 2019). 

• Solar panel installers will increase about 
105 percent by 2026, generating over 
11,800 jobs in the US alone (US Bureau 
of Labor Statistics, 2018).

4. Energy Savings from GI with Efficiency 
Measures 
• When GI is combined with energy 

efficient lighting, HVAC or other measures, 
energy savings are about 25 percent 
and water savings are about 11 percent 
with sustainably and properly-designed 
buildings compared to the average energy 
use intensity of office buildings (US 
Department of Energy, 2011).
• Green roofs add an insulating effect to 

buildings, which helps reduce energy 
consumption for heating and cooling.

• Evaporative cooling from water retained 
in the growing media reduces roof 
surface temperatures, resulting in 
energy savings.

This image indicates that green 
infrastructure providers have to 
understand and consider social 
determinants of health, such as health 
equity and health disparities. These key 
concepts need to be emphasized when 
constructing and planning GI.

Dahlgren, G. and Whitehead, M. (1991). 
Policies and strategies to promote social 
equity in health. Institute for Future 
Studies. Retrieved from https://core.
ac.uk/download/pdf/6472456.pdf.

Green Infrastructure & Health Guide, 
Oregon Health and Outdoor Initiative, 
2018

 https://core.ac.uk/download/ pdf/6472456.pdf. 
 https://core.ac.uk/download/ pdf/6472456.pdf. 
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V. Challenges and Opportunities
Some barriers confronted by municipalities 
and developers are:
1. Unfamiliarity with the performance of 

Green Infrastructure  
2. Higher costs in the short-term 
compared to grey infrastructure

3. Skepticism of the effectiveness of GI 
design 

4. Unfamiliarity with maintenance 
requirements and costs 

Although this report explains the general 
types of GI and their benefits, it is always good 
to look for more information. To learn more 
about the four challenges mentioned above, 
it is a great idea to start with finding other 
national or local examples with a variety 
of GI practices. This link is a great start to 
look at different GI types with different 
performances, which has more studies that 
you can read about.
With the perception of high GI costs and 
unfamiliarity with GI maintenance 
requirements and costs, recognizing 
avoided costs compared to conventional 
approaches, such as grey infrastructure, is 
important. Thinking about  the costs of GI, it 
is vital to consider two facets of the analysis: 
initial construction costs and life cycle costs 

which include the costs of planning, design, 
installation, operation, maintenance, and 
replacement. To understand costs, use a cost 
analysis calculator like Green Values: National 
Stormwater Management Calculator to see the 
results of having a green roof. It is important 
to consider life cycle costs versus only upfront 
costs into cost-effectiveness calculations, 
including an increase in property value, 
recreational opportunities, cleaner air and 
water quality, and a consumer’s willingness to 
pay more for attractive landscaping and green 
space.
Regarding GI design, please find more 
information here: Design manuals/tools 
provided by EPA. 
One of the most attractive advantages of 
GI is that its design and landscaping are 
relatively flexible, which can be embedded 
with your creativity and innovative ideas 
on any business and municipal level. For 
example, Supertree Grove in Singapore 
shows how it can directly capture rainwater 
in those steel trunks wrapped with vertical 
gardens with 158,000 living plants. These 
great combinations not only capture carbon 
emissions and rainwater, but also invite 
people for recreation and beautification 
purposes. Likewise, the great combinations of 
GI will expand more opportunities for people 
to learn and engage in a green space with GI. 

Milwaukee School of Engineering Grohmann Museum; MMSD

https://www.epa.gov/green-infrastructure/performance-green-infrastructure
https://www.epa.gov/green-infrastructure/performance-green-infrastructure
https://www.epa.gov/green-infrastructure/performance-green-infrastructure
http://greenvalues.cnt.org/national/calculator.php
http://greenvalues.cnt.org/national/calculator.php
http://epa.gov/green-infrastructure/green-infrastructure-design-and-implementation
http://epa.gov/green-infrastructure/green-infrastructure-design-and-implementation
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A great example of multi-functional green space with GI
  High Line - New York City, NY
NYC High Line; Iwan Baan The NYC High Line started with an idea competition 

in 2003 and a design competition in 2004 to gather 
people’s ideas on how to construct the High Line 
sustainably and creatively. This resulted in over 
110,000 plants, nearly 570 species, which contributed 
to enhancing the New York City urban habitat. They 
continuously worked on bringing more pollinators, 
composting, managing soil and pests, and increasing 
irrigation efficiency. There are garden zones that have 
a variety of garden types that are full of textures and 
colors in all four seasons. The High Line also holds 
many other activities and programs, including High 
Line Art that exhibits contemporary art in public 
spaces, leveraging the built environment to a more 
interactive and multi-functional space.

The High Line is full of visitors everyday to capture 
the harmonious combination of a green space in a 
built environment. This recreational purpose added 
another level of value in addition to stormwater 
management. The High Line has 1.45 miles of 
intensive green roof landscape on top of the pre-
existing concrete of a former freight line. The gardens 
also have a green roof drainage board underneath 
the soil that retains water. NYC’s High Line intensive 
green roof absorbs an average of 80 percent of the 
yearly rainfall that falls on it. In NYC, the combined 
sewer and stormwater systems overflow untreated 
sewage into local waterways during severe rainfall 
events. However, the High Line’s intensive green roof 
is reducing the burden on combined sewer systems 
with significant stormwater management.

NYC High Line; Iwan Baan

The NYC High Line is a great example of how GI can be 
applied anywhere flexibly with multiple functions and 
purposes, without limitations on the size of a space.  Just like 
the NYC High Line has many other activities and programs, 
Dane County could combine GI projects with Dane Arts. 
Dane County has the Cultural Affairs Commission known as 
Dane Arts which strengthens the arts, history, and culture to 
support Dane County citizens and residents (Dane County 
Climate Action Plan, 2020). This is a great way in which 
GI can elevate artistic expression in local businesses or in 
public spaces. Likewise, there are already plenty of other 
resources available in Dane County to connect with GI and 
other learning opportunities.
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VI. Successful Case Studies
1. Alice’s Garden, Milwaukee WI 

 The Urban Farm Rainwater Project and the Stormwater Harvesting Project

A GI project that received the MMSD Green 
Luminary Award is the Alice’s Garden project. 
This community garden is a great way to nurture 
the community, foster people’s involvement 
in this urban farm, and even provide food and 
beautiful flowers to hundreds of families from all 
races and ethnicities through its rental gardens. 

Venice Williams, who is the Executive Director of 
Alice’s Garden, mentioned that she loves going 
to the downtown area of Milwaukee. However, 
as an African-American, she realized that due 
to segregation, “there are very few people who 
look like me [among those who are enjoying the 
Milwaukee River and Lake Michigan].” 

Alice’s Garden has rain barrels to collect 
rainwater, washing stations to recycle water, 
and bioswales that create natural filtration. 
The rainwater flows through rain gardens from 
the neighboring Brown Street Academy School 
playground and is then captured and stored in a 
cistern underground. The water is then pumped 
out with a  solar pump to be used for watering 
the garden.

Cost: $259,000

 

This chart shows the estimated costs and in-kind 
services that refers to payment, distribution, and 
substitution of goods and services instead of money 
for Alice’s Garden.

Water bills: estimated to be about $250-$750 
quarterly, to a maximum of $3,000 annually. 
They will continue to use city water when the 
cistern is dry and to have potable water.

Renewable Energy: 4.2kW Solar Power Array 
and battery backup system - Alice’s garden did 
not use electricity before solar power, so they do 
not know the annual savings.

Maintenance cost is estimated to be about 
$10,000.

Stormwater Management and 
Environmental Benefits: The garden captures 
up to 24,000 gallons of rainwater. 

Year of Completion: 2018. It took 3 years to 
design 2 acres of the Alice’s Garden to harvest 
rainwater.

Participants: Alice’s Garden worked with 2 
nonprofit organizations, Milwaukee Water 
Commons and Reflo Sustainable Water Solutions, 
to design, build, and install a Rainwater 
Harvesting System. Over 150 participants 
engaged to build the 20,000 gallon cistern 
system in 2 hours. The cistern collects water 
from the Brown Street Academy playground 
through a bioswale and provides irrigation via a 
solar-powered pump. 

Volunteers helping to build a 20,000 gallon cistern 
underneath rain gardens at Alice’s Garden; Alice’s 
Garden
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Results: The rain water harvesting project was completed 
in 2018, therefore, annual energy and water savings 
are not yet available. However, the project is predicted 
to save about $3,000 annually on water bills, capture 
24,000 gallons of stormwater per storm, and save energy 
with 4.2kW solar power. This mitigates severe flooding 
events, slowing down the first flush of stormwater  
and reducing water pollution by filtering through rain 
gardens and bioswales, resulting in water bill savings in 
the long-term. In addition, the Water Education Pavilion 
shown in Figure 6 is used as a space for people to be 
educated about the importance of water conservation. 
The gardens are irrigated using solar power, showing 
the combination of clean energy, flooding mitigation, and 
water conservation.

Public engagement in Alice’s 
Garden; Alice’s Garden

Figure 6 - Alice’s Garden  
The order (1 to 4) of 
getting rainwater from 
watershed to solar panel 
system; Alice’s Garden

Yoga sessions at Alice’s Garden; Alice’s 
Garden
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2. The City of Basel, Switzerland
Green roof

The City of Basel in Switzerland started green 
roof strategy to make the City of Basel a more 
resilient city. The City of Basel has encouraged 
green roofs by investing in incentive programs 
for businesses and residents, which provide 
subsidies for green roof installation. This is an 
excellent example of adaptation aiming at energy 
savings and climate change mitigation. This 
was funded by the Energy Saving Fund, made-
up of 5 percent of all customers’ energy bills in 
Basel. During the incentive program in 1996-97, 
there was a significant media attention, which 
promoted the subsidies and increased awareness. 
At the same time, in 2002, an amendment to the 
City of Basel’s Building and Construction Law 
was passed, requiring all new and renovated flat 
roofs be greened and also stipulating associated 
design guidelines. Contests were organized 
regularly on the best-looking green roofs as well 
(Climate ADAPT).

Lifetime of green roof: about 50 years

Costs: The City of Basel’s green roof projects, 
including 1711 extensive and 218 intensive 
green roofs, were financially feasible with the 
subsidy/incentive program in the two year-long 
periods (1996-7 and 2005-6). The initial cost 
of a green roof was CHF 100 per square meter 
(about 72 dollars in 2002), but it funded CHF 
20 per square meter of green roof for both new 
developments and retrofitting green roofs. In 
total, 135 residents and businesses applied for 

a green roof subsidy, resulting in 85,000 square 
meters of green roofs.

Developing green roofs is about 10-14 percent 
more expensive than traditional roofs. With a 
20 percent reduction in green roof construction 
costs, this is sufficient to equalize the costs 
of green and traditional roofs for investors. 
Maintenance of an extensive green roof is similar 
to that of a traditional roof. 

Energy Saving: Estimated around 4 GWh/year 
(4,000,000 kWh/year) in Basel 

Environmental Benefits: Green roofs absorb 
and capture rainwater, reducing stormwater 
runoff by 17-20 percent. It also provides an 
insulating effect and helps mitigate the urban 
heat island effect; it minimizes heat gains as 
much as 5°C and consequently reduces the need 
for cooling and the associated energy use. In 
addition, regarding biosolar projects, green roofs 
increase the energy efficiency of solar panels, 
creating synergistic results as green roofs slow 
down solar panels’ degradation. Prospering 
urban habitat for plants and wildlife also adds 
aesthetically-pleasing urban landscapes in the 
city.

Results: There were 1711 extensive green roof 
projects and 218 intensive green roof in the City 
of Basel. This means that about 23 percent of 
Basel’s flat roof area was made-up of green roofs 
in 2006.  

UBS (Swiss multinational investment 
bank) training centre Basel, green roof 
and photovoltaic panels; Pia Zanetti

Green roof at University Hospital, 
Basel : Stephan Brenneisen



34

3. Milwaukee Public Central Library
Biosolar -  Green Roof with Solar panels 

The Milwaukee Public Central Library has 33,000 square feet (3,066 square meter) of green roof, 
constructed in 2011. Its semi-intensive green roof, which is about six to 12 inches deep. With its 
engineered moisture barriers and insulating features, it reduces heating and cooling costs, minimizes 
the urban heat island effect, and protects the library underneath. 

One of the major advantages of having a green roof is absorbing rainwater; this reduces stormwater 
runoff and lessens the load on Milwaukee Metropolitan Sewerage District sewers, thereby reducing 
the risk of flooding and combined sewer overflows into Lake Michigan. The roof has chives, native 
plants, Karl Forester Reed Grasses (Figure 7), and 12 sun and shade varieties of sedum. The plants 
are also mainly succulent plants that have capacity to withstand drought and hold moisture.

Energy Saving Benefits

Although the total cost of this biosolar project was unavailable, we can predict how these solar 
panels are performing in terms of electricity production. This solar photovoltaic roof system has a 
capacity of 30kW (132 solar panels) and it is combined with a semi-intensive green roof. The solar 
panels generate between 36,000 and 40,000 kilowatt hours (kWh) of power per year for the next 
40 to 50 years. For a better understanding, the average electricity consumption of the Wisconsin 
residential utility customer was about 693 kWh per month and 8,320 kWh per year in 2018 (US 
Energy Information Administration, 2019). 

Milwaukee Public 
Library, HGA, Inc. 

Figure 7- Milwaukee Public Library, HGA, Inc. 
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Stormwater Management and Environmental Benefits

The library green roof can divert up to 70,000 gallons of stormwater runoff during a severe storm. 
Typical rainfall is about ¾ inch to an inch, which means that each time it rains, the green roof 
stores about 18,595 gallons of water. As 1 gallon of water equals to 8.35 pounds of water, this also 
means that the green roof can handle more than 155,000 pounds of water during a typical rainfall 
(OnMilwaukee, 2014). The roof was recognized by the Milwaukee Metropolitan Sewerage District 
and awarded a $250,000 education grant. 

Funding was provided as follows:
$950,000 = City of Milwaukee Capital Budget
$250,000 = Milwaukee Metropolitan Sewerage District Grant
$100,000 = City’s Energy Challenge Fund for Solar Electric System
$130,000 = We Energies
$60,000 = Focus on Energy

Public Education Benefits

There are regularly-scheduled tours twice a week from mid-April through the end of October and 
visits outside that schedule are also possible with advanced request. This green roof with solar 
panels is also beneficial to Milwaukee residents, providing improved air quality, greener space, and 
reduced costs for water treatment systems and infrastructure.

More Coming in the Future

They are also planning to expand solar and have native landscaping in the parking lot to help handle 
heavy rainfalls.

 Biosolar at Milwaukee Public Central Library; Scott Paulus - Milwaukee Public Library
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4. Madison Public Library
Biosolar -  Green Roof with Solar panels 

Right by the Capitol, Madison Public Central 
Library also has a biosolar project that was 
constructed in 2013. Madison Public Central 
Library is a great example of a new building with 
structural improvements, including replacing an 
old conventional roof with a green roof and solar 
panels. The building got 26 percent larger and 
increased energy efficiency by 43 percent thanks 
to the renovation (Urban Libraries Council, 
2019).

Energy Savings Benefits

The total cost of installing biosolar at Madison 
Public Library was unavailable. However, there 
was a significant annual energy savings. The 
library has decreased annual energy costs by 35.8 
percent, about $85,000 a year by redesigning 
and improving heating, ventilation, and air 
conditioning systems. The solar panels annually 
produce on average 22,216 kWh. 

Stormwater Management, Environmental, 
and Public Engagement Benefits

Its green roof (about 15,000 square feet) reduces 
stormwater runoff by absorbing rainwater, 
which also helps to reduce flood risk. The green 
roof also mitigates the urban heat island effect 
and provides an open green space for employees 
and visitors to read and rest at the terrace shown 
in Figure 8. By providing a space for the public 
to enjoy and learn about green infrastructure, 
Madison Public Central Library was awarded 

the American Public Works Association Project 
of the Year 2014, which is given to projects that 
demonstrate professional excellence and public 
awareness in public works projects.

These are the estimated costs for the Madison Public 
Central Library’s extensive green roof (not including 
the costs of solar). Although traditional roofs cost 
less, Madison Public Central Library decided to have 
the extensive green roof rather than continuing with 
the traditional roof, considering environmental and 
social benefits, energy savings, and the life span of 
a green roof. (City of Madison-Department of Public 
Works, Engineering Division, 2011).

Figure 8 - Terrace at the Madison Public Library; 
Madison Public Library

Biosolar at Madison Public Library;
 Madison Public Library
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5. Chicago City Hall
Green Roof

The City of Chicago began installing its 20,300 
square-foot City Hall semi-intensive green roof 
in April 2000. It was completed by the end of 
2001 and cost about $2.5 million, funded by the 
Commonwealth Edison company (ComEd), the 
largest utility company in Chicago, IL. This $2.5 
million includes the costs of building repairs and 
improvements.

Energy Saving Benefits

The Chicago City Hall’s green roof saves more 
than $5,000 per year on energy bills with the 
green roof cooling the surrounding air about 
seven degrees. In the summer, the green roof is 
on average 30 degrees cooler than a conventional 
roof (Conservation Design Forum, 2018). This 
also allows City Hall to reduce the use of its 
HVAC system. It has about a 25 percent higher 
insulating effect than conventional roofs and 
reduces heat loss from the wind by about 50 
percent.  

Figure 9 - Over 200 pounds of honey annually from 
Chicago City Hall’s Green roof; David B. Gleason

Stormwater Management and 
Environmental Benefits

With over 20,000 herbaceous plants of over 
150 species, including shrubs, vines, and two 
trees, about 75 percent of a 1 inch rainfall 
is retained before stormwater runs off into 
the storm sewers. The green roof not only 
retains, but also filters, rainwater through 
the plants’ soil and roots.

The prospering urban habitat created by 
the green roof allowed for rooftop beehives 
producing 200 pounds of honey annually, 
shown in Figure 9. The Chicago City Hall not 
only benefits from getting fresh honey, but 
also pollination services from bees. The green 
roof also mitigates the urban heat island 
effect, enhances air quality, and reduces 
noise pollution by as much as 40 decibels in 
Chicago (Land8, 2015). 

To learn more about Chicago City Hall Green 
Roof considerations regarding design and 
maintenance, visit here. Chicago City Hall Green Roof

http://sites.saic.edu/greeninitiatives/greenroofs/images/GuidetoRooftopGardening_v2.pdf
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6. Hoffman Manufacturing Corp, Madison WI
 Pervious Pavement and Bioretention Pond

 “We expanded our building by 38,000 
square feet and used pervious pavers in 
our new parking lot (which is marked 

with a red box). We put them in as 
required by our storm management 

plan. This cost about $30,000.” - Geoffrey 
Hoffman

Hoffman Manufacturing has about 3,451 square 
feet of permeable pavement for stormwater 
management and 1,250 square feet of bioretention 
pond with native plants. Bioretention, which has 
a ponded water and an overflow outlet, helps 
contaminants and sediments be removed from 
stormwater runoff in larger storm events. It is 
collected in the treatment area, with native soil 
and plants, such as prairie wildflowers and grasses, 
preventing contamination from stormwater 
runoff. These stormwater management methods 
were successful as “the outfall total with controls” 
regarding the percentages of runoff volume 
reduction and particulate solids reduction were 
around 82 percent shown from Figure 10.

Figure 10 - This shows how much pervious pavement 
helps reduce runoff volume and particulate solids. This 
is a significant reduction percentage compared to the 
actual size of pervious pavement on the company’s 
parking lot (marked in a red box). 

Permeable pavements on both sides of the new 
parking space (where the cars are parked)

Bioretention pond with native plants and 
overflow outlet to prevent flooding.
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VII. Cost & Benefit Analysis of a 
Green Roof
The GSA is an independent agency of the US government that provides information to the federal 
government on high-quality and cost-effective products, services, and facilities that need to 
be served to the public by federal agencies. The GSA also benefits citizens, and state and local 
governments by providing helpful data on tools and equipment. 

The GSA has conducted a cost-benefit analysis regarding green roofs with 5,000, 10,000, and 
50,000 square feet green roof sizes. GSA’s analysis informs average installation costs, maintenance 
costs, Net Present Value, and real estate economic benefits. 
1. Installation Cost
• The installed cost premium for an extensive green roof costs $10.30 to $12.50 more per square 

foot compared to a black roof (conventional roof). 
• The installed cost premium for a semi-intensive green roof costs $16.20 to $19.70 more per 

square foot compared to a black roof (conventional roof). This tells us that extensive green 
roofs are about $6-8 per square foot cheaper compared to the cost of installing semi-intensive 
green roofs. 

• A bigger size green roof costs less than a smaller green roof, as shown from Figure 11.

Figure 11 - The cost comparison between 
an extensive and semi-intensive green 
roof. This shows the bigger the green 
roof size is, the less the cost of green roof 
installation is.

Figure 12 - This explains how the lifespan 
costs of an extensive green roof and 
conventional roof are calculated. The 
cost of a conventional roof is $100 more 
per month compared to the extensive 
green roof lifespan cost. (Using Madison 

Public Library’s estimated costs for an extensive green roof and traditional roof - Chapter 6)

Although the price per square foot of the extensive green roof is more expensive than that of a 
conventional roof, considering the lifespan of each roof, being 50 years for a green roof and 20 years 
for a conventional roof on average, installing a conventional roof costs about $100 more per month 
without considering any environmental benefits and energy savings. The calculation is explained 
below in Figure 12. However, the cost of installing a green roof is predicted to decrease considering 
the increased green roof demand, which will bring a bigger cost difference between green and 
conventional roofs.

by the US General Services Administration (GSA)
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2. Maintenance Cost 

Annual green roof maintenance costs are typically $0.21 to $0.31 higher per square foot compared 
to a conventional roof. Maintenance of a green roof includes weeding, checking for loss of growth of 
medium and plants, and potential problems. More landscaped designs and larger sized roofs require 
more attention and more workers. The GSA recommends that a minimum of 3 maintenance visits 
and 4 maintenance visits per year for an extensive green roof and intensive green roof, respectively, 
during the first two years of a green roof; the maintenance costs for both types of green roofs are the 
greatest, but an extensive green roof requires less effort compared to an intensive green roof. 
3. Net Present Value (NPV): A measure of the potential profitability of an investment

Over a 50-year period, the maintenance and replacement of a green roof impact negatively to the 
net present value (NPV), which indicates a measure of the potential profitability of an investment. It 
costs about $18 per square foot of the green roof. However, stormwater and energy savings impact 
positively and make up for this maintenance cost with about $19 per square foot of the green roof. 
According to the National Research Council of Canada (2005), having a green roof can reduce 
summer air conditioning demand up to 75 percent. Also, community benefits, including biodiversity, 
improved air quality, and lessened urban heat island effect, impact even more positively on NPV at 
the savings of about $38 per square foot of the green roof. 

This graph on the left shows that 
NPV for installation, replacement, 
and maintenance is negative, but 
other benefits, including stormwater, 
energy, real estate, CO2 emissions, 
and community benefits are positive 
regarding NPV by having a green roof. 
This tells that the cost of installing a 
green roof is not negative and builds 
more positive outcomes through co-
benefits.; GSA, 2011

This table on the right also 
shows that at the national 
level, the NPVs of stormwater 
and energy are much higher 
than the "NPV of Installation, 
Replacement, & Maintenance" 
as the combination of all of 
these NPVs are positive, which 
is marked with a red box. 
The national level of Internal 
Rate of Return (IRR), which 
explains the attractiveness 
of a project or an investment, 
is also positive, and Return 
on Investment (ROI) is about 
230 percent  on average.; GSA, 
2011
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The GSA’s green roof cost and benefit analysis report indicates that based on a 50-year average 
annual savings, the payback will be about 6.2 years nationally, Internal Rate of Return (IRR) will 
be around 5.2 percent, and Return On Investment (ROI) will be about 224 percent with a positive 
NPV (a measure of potential profitability of an investment) about $2.7 per square foot.

Moreover, the University of Michigan has about 21,000 square feet of green roofs. They compared 
the expected costs of conventional roofs with the cost of 21,000 square feet of green roof and all 
of its benefits, including stormwater, energy, and air quality benefits. They found that the green 
roof costs about $464,000 and conventional roof costs about $335,000 in 2006 dollars. Although 
the upfront cost of green roof is about 39 percent  higher compared to the conventional roof, the 
green roof is saving about $200,000 overtime and about two-thirds of this savings come from the 
reduced energy demand (Clark et al., 2008). The green roof prolongs the lifespan of the roof as 
the green roof protects the actual roof below it from snow, rain, and wind.

This table shows the costs of a conventional versus a green roof with different benefit 
scenarios and NPV percentage changes. Benefits of higher reduction of air pollution fee 
and stormwater fee, and energy savings resulted in 40.28 percent NPV percentage change, 
which is highlighted in yellow. This demonstrates that all valuation scenarios, including 
stormwater fee, energy savings, and air pollution uptake, show that the green roof costs 
less than that of conventional roof; the green roof NPV also exceeded that of conventional 
roof (Clark et al., 2008).

4. Real Estate Economic Benefits  

From a real estate perspective, the costs and savings of green roofs vary significantly because 
of the differences in ownership, occupant, tenant, and community. The assumptions in Table B3 
from GSA report (Figure 13) shows that installation, maintenance, and replacement costs of a 
green roof cost more than black roof at the national level. However, it is clear that stormwater 
management, roof longevity, community benefits, air quality benefits, and real estate benefits are 
higher than those of a black roof at the national level. 

Table 9 of GSA (Figure 14) shows the NPV of a green roof based on the relationships to its real 
estate. From this table, the “Top 2 drivers” for owners and occupants are “maintenance costs” 
and “avoided stormwater infrastructure,” and these two drivers are benefiting both owners and 
occupants at the national level. Occupants are benefiting from higher NPV compared to owners, 
which is a good reason to ask the owners of the buildings to have a green roof, as it results in 
higher building occupancy. This is also shown from Table B3 of GSA (Figure 13) that the average 
vacancy is lower in the buildings that have a green roof.
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Figure 13 - This Table B3 from 
GSA shows that green roof at the 
national level is more beneficial 
compared to the black roof as 
green roof has higher community 
benefits, real estate benefits, 
carbon offsetting and savings, and 
lower stormwater equipment/
maintenance costs.

Figure 14 - This table 9 from GSA shows that the costs and savings vary in terms of the 
differences in ownership. This source could be used when talking to owners, owner/
occupants (an owner who occupies the building), and tenants regarding the benefits 
of green roof.
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VIII. Conclusion

This white paper identifies opportunities and trends associated with green infrastructure (GI). 
The aim here was to create a foundation that could inform the efforts of the Dane County 
Office of Energy & Climate Change (OECC) and also to provide a resource for Dane County 

residents, businesses and municipalities.

Integrating GI into construction projects has numerous benefits. As outlined in this paper, many of 
the most immediate benefits of GI are aesthetic, health-related and social but there are also financial 
benefits.

Dane County has much to learn about GI from other localities. Projects like Grissom Elementary 
School Playground in Chicago and the Supertrees Grove in Singapore illustrate the wide variety 
of GI efforts underway around the world. Closer to home, the Milwaukee Metropolitan Sewerage 
District has been a leader on GI in Wisconsin and nationwide. All of these examples can help to spur 
innovation here in Dane County.

Indeed, innovation is already happening here, too. The City of Madison is in the process of updating 
its Stormwater ordinance and design standards to strive to make both new development and 
redevelopment properties more resilient for extreme rain and flooding events. As is the case with 
other efforts, the Madison changes have the potential to reduce emissions while increasing our 
capacity to adapt to a changing climate.

Ultimately that is the challenge for Dane County and its local units of government: to accommodate 
bigger and more frequent precipitation events while also reducing greenhouse gas emissions.  

Dane County OECC will use this white paper, along with other resources, to inform its efforts 
to implement the Dane County Climate Action Plan.  We are actively working to identify other 
organizations with an interest in GI, including businesses that help to design or install GI, that we 
can partner with to help raise awareness of the benefits of GI. If you have an interest in GI and would 
like to work with us please contact us at oecc@countyofdane.com.  
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“Examine each question in terms of what is ethically and 
aesthetically right, as well as what is economically expedient. 
A thing is right when it tends to preserve the integrity, stability, 
and beauty of the biotic community. It is wrong when it tends 
otherwise.” 
— Aldo Leopold, a Sand County Almanac and Sketches Here 
and There
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