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Executive Summary

Flooding has brought significant damage to 
Texas in recent years. Unfortunately, continued 
development across the state, along with the 

growing threat of climate change, suggests that the 
challenge posed by flooding is unlikely to decrease. 
However, we can adapt to it.

Historically, as forests, prairies and wetlands were 
replaced with development, people built “gray” 
infrastructure – sewage pipes, drainage tunnels 
and water treatment plants – to take over the job 
of water management. However, these systems 
are expensive to build and maintain, and their 
construction can produce harmful environmental 
impacts. 

Green stormwater infrastructure, however, can 
help mitigate flooding and protect water quality, 
at less economic and environmental cost than gray 
infrastructure. While green stormwater infrastructure 
cannot fully prevent flooding, it can limit property 
damage and water pollution, making these systems 
worthy of public investment.

Flooding is a serious concern in Texas and around 
the country.

•	 In 2015, 176 people across the U.S. were killed by 
floods.

•	 Texas has suffered more flooding fatalities than any 
other state in 11 out of the last 21 years.

•	 Flooding damages across the state totaled more 
than $3 billion in 2015.

The risk of flooding is increasing across Texas.

•	 The National Academy of Sciences found that 
global warming is increasing the frequency of 
extreme rainfall and other weather-related disas-
ters across the country. This trend is particularly 
evident in the Texas cities of McAllen, Houston, 
Austin and El Paso, which are all among the 50 U.S. 
cities that have experienced the largest increase in 
heavy rains since 1950.

•	 The spread of development and paved surfaces, 
which are impermeable to stormwater, has increased 
rapidly across the state. Recent satellite data shows 
that by 2011, 31 percent of Harris County was fully 
covered by impermeable material. The total area 
of impervious surfaces in surrounding counties 
has also increased by 17 to 53 percent since 2001.

Green stormwater infrastructure (GSI) can help 
limit the property damage and water pollution 
caused by flooding.

•	 GSI systems come in many sizes and varieties, 
and are designed for residential, commercial and 
public use. Common components include: 

ºº Rain gardens – planted areas that absorb 
rainwater where it falls.

ºº Bioswales – shallow, vegetation-lined drainage 
channels.

ºº Permeable pavement – a road or surface 
made out of material that allows water to seep 
through. 
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ºº Green roofs and walls – vegetated roofs or 
walls that capture rainfall on the building itself.

ºº Rain barrels – storage containers that collect 
rainwater from roofs.

•	 Most types of green stormwater infrastructure can 
absorb between 50 and 90 percent of rainfall.

Green stormwater infrastructure can be a more 
cost-effective investment than gray infrastructure.

•	 For projects with similar water management 
impacts, construction costs for green stormwater 
infrastructure are 5 to 30 percent lower than the 
expense of building new gray infrastructure.

•	 Maintenance costs, particularly for residential 
scale GSI, are minimal. Additionally, these systems 
collect water that can be used for cleaning and 
gardening, which can reduce water bills.

Green stormwater infrastructure offers positive 
impacts in addition to flood protection. Addition-
al benefits of green stormwater infrastructure 
include:

•	 Restoring the water table. In northern Texas, 
water levels in the Ogallala Aquifer have dropped 
nine feet since 2004. Increasing the amount of 
permeable cover can replenish groundwater.

•	 Improving water quality. Studies have shown 
that stormwater systems can trap between 45 and 
99 percent of solid pollutants in stormwater.

•	 Beautifying the landscape. Many green storm-
water management installations can be incorpo-
rated into new or existing public parks, further 
benefiting the community.

•	 Removing greenhouse gases from the 
atmosphere. Trees and green roofs can capture 
hundreds of pounds of carbon over their lifetimes.

Investment in green stormwater infrastructure 
in Texas will require work and support from 
local and state policymakers. Some important 
actions include:

•	 Encouraging new developments to limit 
impermeable cover and incorporate aspects of 
green stormwater infrastructure.

•	 Requiring cities to design green infrastructure 
programs.

•	 Preserving nature lands.

•	 Restructuring local agencies to integrate the 
management of all water resources.
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Introduction

Houston’s “Tax Day” flood in April 2016, 
which killed eight people, and the 2015 
Memorial Day flood in Wimberley, which 

killed 12 people, have renewed the longstanding 
conversation about how the state can best prevent 
or mitigate the impacts of deadly flooding.1 Texas 
has lost more lives to floods than any other state 
over the last 20 years.2 

It is tempting to meet the rise in flood risk with 
resignation. As Houston Mayor Sylvester Turner 
even said after the Tax Day flood: “There’s nothing 
I can say that’s going to ease your frustration. We 
certainly can’t control the weather.”3 

But while we can’t control the weather, or prevent 
all flooding, there are specific steps we can take to 
limit the damage. 

Green stormwater infrastructure – installations 
that mimic the natural environment and absorb 
rainfall – has the potential to help address flood-
ing, improve water quality and add beauty to local 
neighborhoods. By replacing traditional roofs with 
green ones, traditional paved roads with permeable 
ones, and portions of mowed lawns with rain gar-
dens, just to give three examples, flooding can be 
reduced and mitigated. Furthermore, these green 
projects can be more cost effective than traditional 
and often environmentally harmful infrastructure. 

Texas cities currently have unique opportunities to 
implement new policies to require and encourage 
the use of green infrastructure for stormwater man-
agement. The ReBuild Houston program, approved 
by voters in 2010, has allowed the Houston Depart-
ment of Public Works and Engineering to improve 
more than 900 miles of roads and will enable the city 
to completely rebuild its street and drainage infra-
structure over the coming decades.4 Houston will also 
upgrade its sewage system due to a consent decree 
that the city is presently negotiating with the U.S. 
EPA. Additionally, the city has a new “flood czar,” who 
is charged with coordinating policies and programs 
among the many agencies and entities responsible 
for stormwater and flood management.5 These recent 
changes provide Houston with the opportunity to 
create new green infrastructure in the city.

Similarly, Austin has an opening to implement 
better stormwater management policies through 
CodeNEXT, a new city initiative that will lead to a mas-
sive overhaul of the city’s development code. The city 
previously set some worthwhile goals for stormwater 
management in the Imagine Austin Comprehensive 
Plan, adopted in 2012. The CodeNEXT process aims 
to update these goals to be adopted in 2018. Already, 
CodeNEXT has written a prescription paper propos-
ing ways to adapt development to address flooding 
and preserve water.6 
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Over the next few months, it will be crucial to turn 
these recommendations into policy, both in Austin 
and throughout the state, that will require and 
encourage the greater use of green stormwater 
infrastructure. This white paper will explore the 
dangers posed by flooding and stormwater, both 
across the country and in Texas specifically, and 
the ways in which green stormwater infrastructure 
can help to address it. This paper will also look at 
successful green infrastructure installed across 
the state and propose ways that policymakers can 
work to spread these systems further.
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Flooding Is a Serious 
Concern in Texas

Flooding – resulting from rainfall, breached 
dams, seawater or melting ice saturating land 
more quickly than the water can be absorbed 

– is a frequent problem across the United States.7 In 
Texas, this danger has been apparent both through 
the visible impact of recent large-scale floods and 
the increasing frequency of smaller ones. These 
weather-related disasters can threaten lives, cause 
billions of dollars of destruction, and have lasting 
impacts on local water quality.

Flooding Causes Death and 
Destruction
In the United States, floods are both common and 
dangerous. In 2015, 176 people across the country 
were killed by floods.8 On average, there are ap-
proximately 16 floods nationwide each year that are 
large enough to create at least $1 billion in damage, 
in addition to the many smaller storms that have 
severe impacts on a more local scale.9

Figure 1. Yearly Flooding Fatalities in the United States and Texas since 199510
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In recent years, Texas has been particularly impacted 
by flooding. In 2015, 48 people across the state were 
killed by floods, and Texas has been the state with 
the highest number of flooding-related deaths 11 
times in the last 21 years.11 (Figure 1.) Damages from 
flooding totaled more than $3 billion in Texas in 2015, 
the most expensive year on record.12

Stormwater Runoff Worsens Water 
Quality
Even when flooding isn’t an issue, stormwater brings 
pollutants into the water supply, creating longer-term 
health impacts. The Texas Commission on Environ-
mental Quality (TCEQ) found that in 2008 more than 
430 miles of rivers and streams across the state were 
impacted by stormwater runoff.13 On its city govern-
ment website, Austin warns local residents to “re-
frain from swimming after flooding or heavy rains” 
because stormwater has been known to transport 
manure and hazardous waste to local streams.14 

The Houston-Galveston area faces similar concerns. 
In its 2015 Galveston Bay Report Card, the Galveston 
Bay Foundation gave the current pollution situation 
in the Bay a “D” grade, indicating a need for action.15 

Stormwater was specifically mentioned as a cause 
of human and animal waste pollution in the bay. 
Additional reports have found that swimming and 
fishing are too dangerous in 80 percent of all major 
waterways across the greater Houston area due 
to pollution concerns, a situation made worse by 
stormwater.16

The Risk of Flooding Is Increasing
Global warming is increasing the frequency of 
heavy precipitation that can exacerbate flooding, 
as well as other extreme weather events across 
the country, according to the National Academy of 
Sciences.17 This trend has been particularly evident 
in Texas. Two Texas cities – McAllen and Houston – 
are among the 10 U.S. cities that experienced the 
sharpest increase in heavy rain since 1950.18 Austin 
and El Paso are also among the 50 cities with the 
most severe uptick in heavy rains, experiencing 67 
percent and 40 percent increases, respectively, over 
the last 65 years.19

In addition to the growing frequency of heavy rain, 
flooding has become a common danger in Texas 
because of the increased surface coverage that pre-

Stormwater mixed with 
automotive fluids at a 
service station during 
the 2015 Memorial Day 
flood in Austin. 

Photo: Brian Zabcik
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vents stormwater from being absorbed into the 
ground. Most rooftops, paved roads and park-
ing lots are made of impervious materials. When 
stormwater cannot be absorbed or collected, it 
overwhelms sewer systems, streams and bay-
ous, which leads to flooding.  

As more land is blanketed with impervious 
cover, runoff is likely to increase. While just 5 
percent of rainfall in forested regions becomes 
runoff, more than half of rainfall in the most 

Impermeable surfaces, like parking lots and roads, contribute 
to flooding.

heavily urban areas can become stormwater 
runoff.20 Much of Texas is heading in this 
direction; recent satellite data shows that 
337,000 acres of Harris County, out of 1.1 mil-
lion total, were fully covered by impermeable 
material by 2011.21 Furthermore, coverage 
by impervious surfaces in more suburban 
neighboring counties is increasing at a rapid 
rate, including a 53 percent increase in Fort 
Bend County since 2001.22

Photo: Brian Zabcik
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Green Stormwater Infrastructure 
Is a Tool for Flood Management

Flooding is a complex problem that has 
been addressed in a variety of ways. The 
traditional option for flood management is 

through “gray” infrastructure: systems of con-
crete-lined drainage channels, sewage mains, tun-
nels and wastewater treatment plants that collect, 
convey and treat stormwater. Current proposals 
to address flooding focus primarily on expanding 
this gray infrastructure system, but these meth-
ods are expensive and can have harmful impacts 
on the environment. 

Alternatively, flooding and poor water quality 
can be addressed with green stormwater infra-
structure (GSI), which are man-made systems that 
absorb runoff and filter pollutants in ways that 
either incorporate or replicate nature. 

The original “green infrastructure” was, and still 
is, the natural environment. Forests, wetlands and 
prairies are vital components of the water cycle, 
responsible for absorbing significant amounts of 
rainwater. The EPA has found that wetlands, for 
example, can store a million gallons of water per 
acre.23 Because many of these natural ecosystems 
have been lost to development, Texas has be-
come more vulnerable to flooding. 

Replacing some of the rainwater capacity that 
natural lands had provided requires implement-
ing green infrastructure projects like rain gardens, 
rain barrels, green roofs and walls, permeable 
pavements, constructed wetlands and bioswales, 
among many others. All of these systems retain 

rainwater on site where it falls, and some of them 
also function as filters.24 Some of these systems are 
constructed primarily on residential property, others 
are better suited for commercial structures, and some 
can be widely installed in public spaces. Combined, 
they offer broad coverage that can mitigate flooding 
and improve water quality while saving money. 

Stormwater Infrastructure 
Mitigates Flooding and Improves 
Water Quality 
While green stormwater infrastructure alone cannot 
prevent flooding, these systems can be the difference 
between minor and major flooding. For example, a 
1,000-square foot paved driveway can produce more 

Permeable pavement allows water 
to soak through. 

Photo: JJ Harrison, CC BY-SA 3.0
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than 600 gallons of stormwater runoff in a 1-inch rain-
fall.25 If the pavement were instead permeable, more 
than 80 percent of this runoff could be prevented.26 

Permeable pavement is far from the only GSI proj-
ect that limits flooding. The EPA predicts that if GSI 
initiatives are adopted across the country starting 
in 2020, by 2040 they could prevent up to $2.3 bil-
lion in flooding damages.27 Numerous studies have 
found that GSI systems can absorb between 50 and 
90 percent of rainfall on site, with much higher ef-
fectiveness during less severe storms, including the 
potential to fully prevent flooding.28

Beyond reducing flood flows, GSI can reduce 
stormwater pollutants such as litter, plant or animal 
matter, and sewage. More than a dozen studies 
over the last 15 years have found that bioswales and 
other grass strips situated alongside roads can trap 
between 45 and 99 percent of the solid particles 
that are contained in stormwater.29 While estimates 
of the ability of GSI to reduce levels of other water 
pollutants vary, the sheer volume of water that can 
be contained by green stormwater infrastructure 
certainly prevents a significant amount of these pol-
lutants from reaching our rivers and lakes.30 

Green Stormwater Infrastructure 
Can Reduce the Cost of Flood 
Control
Between the lower cost of installing GSI systems and 
the costs saved by limiting flood damage and reduc-
ing pollution, GSI is an efficient and cost-effective 
approach to managing runoff in comparison to 
gray infrastructure. Construction costs for GSI are 
5 to 30 percent lower than the expense of building 
new gray infrastructure, and maintenance expenses 
over these systems’ lifetimes are 25 percent lower.31 
Given that estimates of the expense of improving 
Houston’s infrastructure after the 2016 Tax Day 
Flood were as high as $26 billion, the financial sav-
ings of greener solutions can be significant.32

Side-by-side comparisons of green and gray in-
frastructure have consistently shown investments 
in green infrastructure to be more cost effective. 
The World Resources Institute found that green 
efforts to preserve water quality in Maine’s Se-
bago Lake watershed could cost up to 76 percent 
less than similarly effective investments in gray 
infrastructure, even before considering the mil-
lions of dollars in climate benefits that the green 
infrastructure option would produce through 
carbon sequestration.33 More locally, when the 
Union Carbide Corporation needed a way to treat 
wastewater in Seadrift, Texas, it decided to use 
a constructed wetland instead of a building an 
industrial water treatment facility. In addition to 
being significantly less energy-intensive and en-
vironmentally harmful than a treatment plant, the 
engineered wetland took half as long and cost 30 
times less to build.34

Smaller-scale GSI systems for residential use are 
similarly affordable. Price estimates vary widely 
across the country, but green roofs cost less than 
$20 per square foot, rain gardens cost between 
$3 and $20 per square foot, rain barrels costs less 
than $1 per gallon per year, and all of these sys-
tems require minimal maintenance expenses.35 
Beyond limiting stormwater runoff, some of these 
tools store water that can be used for landscape 
irrigation, which can lower water bills and further 
reduce their cost.36

Another factor in the cost-effectiveness of GSI is 
the value of the flood damages they prevent. The 
Conservation Fund calculates that wetlands in the 
Houston-Galveston region prevent up to $8,000 
in damages per acre annually.37 While GSI oper-
ates at a smaller scale, the impressive cost-saving 
potential of wetlands hint at the value provided 
by some green stormwater infrastructure that 
is designed to mimic wetlands’ ability to absorb 
stormwater. 
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Other Benefits of Green 
Stormwater Infrastructure
While their primary function is to offer extra protec-
tion against the threat of flooding and the resulting 
water quality concerns, green stormwater infrastruc-
ture installations offer additional benefits to their 
surrounding area.

Because rain gardens, bioswales and green pavement 
are permeable, unlike most paved areas, they allow 
rainwater to replenish the water table. Approximately 
one-quarter of the rainwater absorbed into the soil 
by permeable surfaces is eventually restored to 
groundwater reserves, while just 5 percent of water 
on impervious surfaces will infiltrate that deeply 
underground.38 Drought and groundwater depletion 
are urgent concerns across Texas and particularly in 
the northwest region of the state, where the water 
levels in the Ogallala Aquifer have dropped almost 
nine feet since 2004.39 Restoring permeable lands 
could help prevent further aquifer depletion.

Because GSI systems replicate natural features in 
man-made developments, they have been praised 

for beautifying the landscape. In its guide to the 
benefits of green infrastructure, the Center for 
Neighborhood Technology identifies three storm-
water management strategies that “improve aes-
thetics” of the local community - green roofs, tree 
planting and bioretention and infiltration. The 
Center specifically notes that green roofs “increase 
community interest in green infrastructure through 
their aesthetic appeal, which provides a great op-
portunity for public education.”40 Green stormwater 
infrastructure can be designed to also function as 
public parks, further showing the community ben-
efit that GSI can provide.41

Additionally, green stormwater infrastructure can 
benefit the climate. GSI systems that involve plant-
ing trees or shrubs remove carbon dioxide from 
the atmosphere. A 5,000 square foot green roof, 
for example, would remove between 166 and 172 
pounds of carbon from the atmosphere each year.42 
A single tree planted to increase floodwater absorp-
tion can capture between 200 and 900 pounds of 
carbon dioxide over a 40-year period, depending on 
the tree’s size and location.43

Beyond absorbing 
and filtering 
stormwater, rain 
gardens add 
natural beauty to 
developed areas. 

Photo: Alisha Goldstein, EPA
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Models for Green Stormwater 
Infrastructure Policies and Projects

While there are many ways in which green 
stormwater infrastructure can and should 
be expanded throughout the state, some 

successful GSI programs have already been imple-
mented in Texas and nationwide.

In Texas: 

•	 Austin has developed a master plan called “Water 
Forward” that includes water-demand strategies for 
the city’s next 100 years. Austin also offers rebates 
of up to $500 for installing stormwater manage-
ment systems – including permeable pavement, 
rain gardens and bioswales – in homes or schools.44

•	 In July 2016, a green roof was set up at the Dell 
Medical School in Austin. The roof features native 
plants that can grow without irrigation.45

•	 Just outside Houston, Birnamwood Drive became 
the first road in Harris County to use green infra-
structure when it was built in 2012. The road’s traffic 
lanes are separated by a wide, depressed median 
that uses native plants, gravel and buried rain tanks 
to collect and filter excessive runoff.46 

•	 Houston recently built a new firehouse, Station 90, 
which incorporates a variety of green infrastruc-
ture installations and other techniques to minimize 
outdoor water use. The station was able to reduce 
the high cost and environmental impact of exces-
sive irrigation by using native plants in its landscap-
ing and harvesting rainwater from its roof.47

•	 The San Antonio River Authority offers $22,000 
grants to public schools in any of four counties – 
Bexar, Wilson, Karnes and Goliad – that want to 
educate students about flooding and water pollu-
tion and build rain gardens, bioswales or rain 
cisterns on their campuses.48

Around the country: 

•	 Seattle has adopted a plan to increase the 
amount of stormwater managed by green 
infrastructure citywide from 100 to 700 million 
gallons. Its plan also calls for reducing the 
amount of stormwater runoff from downtown 
by 50 percent. To achieve these goals, Seattle 
offers generous rebates for homes and 
businesses to install green infrastructure 
components.49 

•	 Philadelphia pays up to 100 percent of the cost 
of installing green infrastructure on homeowner 
properties. 50 

•	 Chicago has allocated $50 million to build new 
green stormwater infrastructure, an investment 
that is projected to reduce 250 million gallons of 
runoff annually.51 

•	 Denver has integrated its water management 
functions by creating a Wastewater Manage-
ment Division in the Department of Public 
Works. Combining all water responsibilities in 
one department makes it easier for the city to 
combat stormwater runoff and flooding.52 
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Despite the many benefits of GSI and the 
successful models that new developments 
can draw from, a number of obstacles still 

limit the expansion of green stormwater infrastruc-
ture. Many homeowners’ associations (HOAs), for 
example, restrict or forbid the installation of rain 
barrels, rain gardens or other stormwater manage-
ment systems. Almost 20 percent of U.S. homes are 
governed by HOAs, and given the difficulty of revis-
ing many of these associations’ bylaws, their regula-
tions can make it much harder for homeowners to 
mitigate damage from stormwater.53 Even though a 
Texas law passed in 2013 banned HOAs from prohib-
iting residential rainwater collection, homeowners 
associations are still allowed to regulate the meth-
ods used.54

Additionally, developers and homeowners may fear 
the upfront cost of many GSI systems and choose 
not to incorporate them into their projects. Unlike 
gray infrastructure, which is largely a public cost, GSI 
expenses are generally private. A survey of engi-
neers, architects and developers in New York State 

found that cost was the most commonly cited reason 
for not using green infrastructure in their projects, 
cited by 30 percent of respondents.55 However, the 
Water Environment Federation points out that many 
of these concerns disappear after considering main-
tenance costs over a development’s lifetime.56

In addition to funding and regulatory concerns, a lack 
of knowledge about options for stormwater man-
agement has limited the spread of GSI. One study 
of the barriers to green infrastructure in Michigan’s 
Huron River watershed identified limited training 
and knowledge among engineers, developers and 
residents as key obstacles.57 The New York State 
survey similarly indicated that insufficient knowledge 
was the second largest barrier to GSI expansion, after 
cost.58 Even though both research and experience 
have demonstrated the many benefits offered by 
GSI, these techniques will not be more widely used 
without increased awareness.

Obstacles to Expanding Green 
Stormwater Infrastructure
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Policy Recommendations

While a few Texas cities have adopted 
some green infrastructure programs and 
practices, there’s ample room for cit-

ies and the state to do much more. Because climate 
change will continue to impact Texas, it is crucial 
to take action now to mitigate future flooding and 
reduce the risks of fatalities, property damage and 
water pollution caused by excessive runoff. Green 
stormwater infrastructure can significantly lessen 
these problems. There are a number of specific steps 
that Texas cities and the state can take to reduce 
flooding and improve water quality:

•	 Adopt a comprehensive green infrastructure plan 
in order to conduct an inventory of the amount 
of stormwater handled by existing green infra-
structure, set a realistic but ambitious target for 
increasing the amount of stormwater managed 
by new green infrastructure, and implement the 
policies necessary to reach this goal. 

•	 Integrate all aspects of water management – 
drinking water, wastewater, stormwater and 
natural water sources – by changing government 
structures in order to bring these related responsi-
bilities together under one roof.

•	 Require all new developments and encourage 
existing ones to retain and manage stormwater 
onsite with green infrastructure elements such as 
permeable paving, rain gardens, retention ponds, 
bioswales, green roofs and walls, disconnected 
downspouts and rain harvesting.

•	 Require new developments and redevelop-
ments to discharge no more stormwater runoff 
than was discharged from their sites prior to 
development whenever possible. This require-
ment can be adjusted when unique site condi-
tions are met.

•	 Require all new or rebuilt roads to use perme-
able pavement and vegetation. This would 
allow stormwater to be absorbed and filtered 
by the soil, greatly reducing runoff volume.

•	 Identify obstacles to the expansion of green 
infrastructure by reviewing, revising and updat-
ing their building codes and zoning ordinances. 

•	 Provide funding for green infrastructure plans 
through adequate appropriations in city and 
state budgets, bond issues for larger projects, 
and awards and settlements from environmen-
tal litigation.

•	 Incentivize homeowners and business by offer-
ing substantial rebates or tax credits to cover 
the cost of installing GSI.
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