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It has been almost a year since Hurricane Harvey hit the Texas Gulf Coast. Throughout the 
Houston community, there are many things that must be done to repair the damage from 
Harvey, and many challenges remain. In this paper, we provide some background 
information on critical flooding problems in the Houston and Harris County areas, present 
an update on progress made to date, discuss successes and shortcomings of existing flood 
mitigation plans, and share some ideas about moving forward with plans for the future.  
 

I. Introduction 
 
In 2017, Houston and Harris County experienced what may be the most damaging storm in 
United States history according to a 2018 report from the National Oceanic and 
Atmospheric Administration (NOAA 2018a). As set out in meteorologist Jeff Lindner’s final 
report on Harvey for Harris County Flood Control District (HCFCD), Harvey caused about 
$125 billion in damages, with over 150,000 homes being flooded as well as thousands of 
businesses (Lindner and Fitzgerald 2018). Harvey’s financial impact is the same as that of 
Hurricane Katrina (NOAA 2018a). If nothing else, the last year has revealed the full extent 
of the problems generated by Harvey as well as by past flood control policies and practices. 
There are difficult issues and choices ahead that require creative thinking and leadership to 
come out of this situation positively.  
 
One clear accomplishment in the months since Harvey is the decision by the Harris 
County Judge and Commissioners to call an election for the public to vote on the issuance 
of $2.5 billion in flood control bonds to finance various local and federal projects (HCFCD 
2018a). The election has been set for August 25, 2018—a Saturday that is also the one-year 
anniversary of Harvey. The special election date was selected by the Harris County 
Commissioner’s Court and subsequently authorized by Texas Governor Greg Abbot. As 
this is being written, a series of public meetings have been initiated by Harris County to 
discuss and solicit possible projects to be funded by this bond money, providing the kind of 
transparency and public involvement demanded by those harmed by catastrophic flooding 
events in Harris County, including Harvey, the Tax Day Flood of 2016, the Memorial Day 
Flood of 2015, and Tropical Storm Allison of 2001.  
 
Harvey jolted the local community, causing many to take an interest in flooding matters 
that often have been conducted out of the public eye. This has led to demands for more 
information and transparency by governmental entities responsible for flood control, such 
as the HCFCD. Those desiring to participate in the public meetings to identify flood-
related projects to potentially be funded by the bonds had the opportunity to do so during 
June and July of 2018 prior to the upcoming election on August 25. This transparency is 
one clear result of Harvey, and it is necessary, important, and refreshing. A second clear 
result of Harvey is that Congress has appropriated $15 billion for infrastructure projects for 
areas affected by Hurricanes Harvey, Irma, and Maria in HR 1892 (Bipartisan Budget Act of 
2018). Due to the congressional prohibition on earmarks in appropriations, it is not clear 
exactly where these funds will be spent or on which projects. Additionally, the language in 
the bill is confusing—the entire construction appropriations section is one sentence with 
over 500 words—but it is clear that at least some of the infrastructure money is destined 
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for the Houston area and the Texas coast. In fact, the U.S. Army Corps of Engineers 
announced in July that $4.88 billion had been set aside for Texas (Pulsinelli 2018). There is 
also additional funding coming from both the Federal Emergency Management Agency 
(FEMA) and the U.S. Department of Housing and Urban Development, with an initial $1 
billion in Community Development Block Grant funding designated for the city of 
Houston and another $1 billion for Harris County. For many federal projects, a local match 
is required, which is one reason for the proposed August 25 bond vote. If it passes, a 
substantial amount of money will be available to begin addressing key flooding problems 
in Harris County.  
 
The mere availability of funds, however, does not guarantee success in addressing the 
area’s flooding problems. Good decisions and good choices must be made about spending 
these funds, and such decisions require information. The current paper is written on the 
heels of an excellent publication by the Greater Houston Flood Mitigation Consortium 
(GHFMC), which is composed of academic researchers. Their report, “Greater Houston 
Strategies for Flood Mitigation,” is primarily focused on strategies for flood mitigation and 
is an excellent primer on many of the issues covered herein (GHFMC 2018). The current 
paper differs from the consortium report in its focus on certain policy issues and in its 
presentation of an overall flood management vision.  
 
To this end, this paper is organized as follows. First, the issues of obsolete 100-year floodplain 
maps and increasing rainfall are discussed because they are key to fully understanding the 
current dilemma and shaping alternative concepts for long-term protection. Second, a 
geographic overview of the flood issues and potential responses to various watersheds across 
Harris County are set out. Third, different flood management concepts are discussed for three 
zones of the Houston area that have different flooding issues.  

  

II. Obsolete Floodplain Maps 
 
This section discusses the problems with the floodplain maps that the Houston community 
uses to help guide decisions about where to build relative to flooding patterns. Before 
beginning this discussion, it is first important to define some unfamiliar words and 
concepts. For that reason, this section will start with a primer on flooding and flood-related 
terminology and then will move into a discussion of the problems with the 100-year flood 
maps. If you know all of these terms, skip to Section IIB. 
 

A. Basic Terminology 

Two basic types of flooding generally occur in the Houston area: rainfall-related flooding 
and coastal surge flooding associated with the landfall of tropical storms or hurricanes. 
Rainfall-related flooding can happen any time of the year and can arise from tropical 
systems that bring in unprecedented rain from the Gulf of Mexico, such as Hurricane 
Harvey and Tropical Storm Allison. This flooding can also arise from rain associated with 
the movement of cold fronts coming into the area from the north or northwest, such as the 
Tax Day and Memorial Day events. In contrast, serious coastal surge flooding is usually 
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only associated with hurricanes that push coastal water ashore in addition to bringing 
rainfall and high winds. Coastal surge flooding is less frequent than rainfall-related 
flooding, but it is potentially much more dangerous due to the high winds that drive waves 
on top of the surge flooding, creating violent conditions seldom equaled by rainfall 
flooding. Both types of flooding are real threats to Harris County. 
 
In addition, there are two types of rainfall-related flooding. One is stream or bayou 
flooding, and the other is localized street and overland flooding. These are both important 
in Harris County, but local overland flooding receives much less attention than does 
stream or bayou flooding due to the existence of flood monitoring systems and flood 
control projects (e.g., federal flood programs) that focus on stream flooding rather than 
local overland drainage systems.  
 
A bayou, creek, or river is known as a natural watercourse, which is an area cut into earth’s 
surface over thousands of years by the flow of water. Natural watercourses have defined 
beds and banks where the water usually flows, and they also have areas that they drain 
called watersheds. When rain falls, most of it flows from high points to lower points across 
the landscape due to gravity. A watercourse is a geographic low point, and its associated 
watershed is defined by surrounding areas of higher elevation that determine whether 
rainwater goes to one watercourse or another. Watersheds are the basic flood management 
units, and they are key to understanding flooding in Harris County.  
 
The Harris County Flood Control District, the county’s technical leader on flooding, has 
divided Harris County into 22 watersheds. These watersheds range from Spring Creek and 
the San Jacinto River to the north, the area draining into Addicks and Barker Reservoirs 
and Buffalo Bayou to the west, Clear Creek to the south, and Cedar Bayou to the east, all of 
which ultimately drain into Galveston Bay. These watersheds are shown in Figure 1. Within 
these natural watersheds are numerous smaller watercourses, both natural and man-made 
(such as ditches, channels, and canals), that create a network for collecting storm waters and 
transporting them downstream into Galveston Bay and the Gulf of Mexico. These Harris 
County watersheds, with the exception of the San Jacinto River and Galveston Bay, are not 
large, regional drainage systems. They are relatively small geographic areas and the water 
in these creeks and bayous can rise and fall relatively quickly, particularly in the developed 
core of Harris County and the city of Houston. 
 
All bayous, streams, and rivers naturally flood. The bed and banks—the areas where water 
flows most of the time—hold an average amount of water for a given watercourse under 
normal conditions. As rain falls and water runs off the watershed and into the watercourse, 
the water level rises and can eventually overflow the banks, spreading into the adjacent 
area. This area is generally called the floodplain. The amount of area flooded, or extent of 
the floodplain, depends upon the amount of rain, as well as how much of it falls and how 
fast it runs off into the watercourses.  
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Figure 1. The 22 Watersheds Identified by Harris County  
 

 
 
Source: Image prepared by Christina Walsh for the author(s)  

 
   
In Houston, small rainfall amounts of up to an inch or two are very common. A 
thunderstorm in the area can drop an inch of rain in a short amount of time, and that water 
will likely only fill the area in between the banks of a watercourse. However, Houston also 
gets larger storms, although not as often. The increased rainfall associated with these larger 
storms can flood streets and sometimes make isolated streams overtop their banks at 
certain locations, leading to localized flooding. Houston can also get very large rains that 
last for several hours, in which major flooding along multiple bayous can occur. The 
varying rainfall amounts in the area are routinely measured and reported, and in many 
areas of Harris County, so are the water levels and flows in creeks and bayous. This creates 
a database of information about the frequency and intensity of rainfall and resulting runoff 
that can be translated into rainfall and flooding predictions. 
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When this data is analyzed, it is possible to predict what amount of rain is likely to occur 
over a specific time period (e.g., minutes, hours, or days). In this way, we can roughly 
estimate the rainfall amount Houston is likely to see at least once every year (i.e., rainfall 
occurring 100% of the years) and the rainfall amounts the area is likely to see more rarely, 
like once every 10 or 100 years (i.e., 10% of the years or 1% of the years). These estimates 
become the predicted risk of a certain amount of rain falling in a particular watershed. 
These rainfall risks can then be translated into the risk of a flood occurring at different 
places within the watershed. This can be done by using engineering and computing 
methods to determine how much rain becomes runoff and how fast it runs into local 
bayous and creeks. Over the past several decades, these data have been collected and 
analyzed to create a profile of Houston’s rainfall that can be used to determine the risk of 
various rainfall amounts and flood levels occurring.  
 
As homes and buildings are developed within local watersheds, experts have become 
concerned about how developed lands might have increased the extent of local floodplains 
and how often existing developed lands adjacent to creeks and bayous are at risk of 
flooding. In the late 1960s and early 1970s, a decision was made by Congress to provide 
such at-risk developed lands with flood insurance, which was impossible to purchase from 
private insurers at a reasonable cost. This flood insurance was subsidized by the federal 
government and made available to local citizens if their communities enacted floodplain 
regulations. 
 
As part of this program, the federal government determined that communities should 
require any new homes being built in the floodplain to be above the 1% flood level, which is 
determined based on the 1% rainfall risk predictions. Such a flood has a 1% risk of occurring 
in any given year and is also called the 100-year flood, while the flooded area is called the 
100-year floodplain. The location of the 100-year floodplain has been placed on a map so 
the public can understand where 100-year floods might occur. The floodplain maps also 
usually include the 0.2% floodplain (also called the 500-year floodplain). These floodplain 
estimates are made even though reliable data going back very many years do not exist. A 
map of the current 100-year floodplain of Harris County is shown in Figure 2. By using 
geographic mapping techniques, the author has determined that about 22% of the land in 
Harris County is within the currently mapped 100-year floodplain, and about 33% of the 
county is within the 500-year floodplain. 
 
During Harvey, much of the flooding occurred outside of the mapped 100-year and 500-
year floodplains. This was primarily due to overland flow. Flooding from overland flow is 
not directly from stream or bayou flooding, but is instead from localized rainfall that is 
unable to enter the overloaded underground storm sewer system and thus drains into 
bayous by traveling overland via streets and yards. Overland flow flooding is not routinely 
identified and is not shown on the mapped 100-year floodplain set out in Figure 2, which is 
based upon overbank flooding of watercourses (and coastal surge flooding to a limited 
extent). In contrast, overland flooding is localized, and may be caused by inadequate or 
poorly maintained storm sewers and drainage ditches or by extremely heavy rainfall 
events that simply overwhelm the drainage system and subsequently fill streets, yards, and 
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sometimes homes with water. Overland flow problems can also be compounded when 
bayous fill up and block local drainage systems from draining into bayous. These localized 
problems are in many respects much more difficult to identify, analyze, and address than 
is bayou flooding, and the responsibility for fixing overland flow flooding is often hard to 
determine between the city and the county.  
 
Figure 2. The Current (2018) 100-year Floodplain Map for Harris County 
 

 
 
Note: Approximately 22% of Harris County is in the 100-year floodplain.  

Source: Graphic prepared by Christina Walsh for the author(s) based on data from FEMA and the 
HCFCD  
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Flood control or management involves various methods of reducing the extent of flooding 
or flood damages. In the past, one common method was to dig out watercourses by 
widening and deepening them. Another common method was to sometimes further 
increase the flow of water in a channel by lining it with concrete, which allows more 
rainwater to flow in the channel rather than overtopping the banks and flooding adjacent 
land. Engineered channels have a design capacity, meaning that they can maintain the 
runoff from a certain intensity of storm within the banks. In this way, a channel can be 
designed to accommodate the 10-year, 25-year, or 100-year storm. When such 
modifications are made, the extent of the floodplain is reduced to some degree depending 
upon the channel design.  
 
Other alternatives exist besides widening and deepening channels. Harris County is very 
flat and does not have much natural slope, which means that rainfall often does not run off 
very fast. When new land is developed, the rainwater that doesn’t soak into the ground gets 
quickly routed into streets and storm sewers and then into drainage ditches that flow into 
bayous. In this way, new developments can change the behavior of rainwater on the 
ground, thereby also changing the natural character of bayou and stream flows. This has 
been particularly evident in the past in both Brays and White Oak Bayous, in which 
flooding has increased over time due to upstream development. In such flat terrain, 
constructed detention ponds that hold back rainwater can be very effective flood 
management tools, as can open green spaces or levee-protected areas where water can rise 
and fall in the bayou without damaging any homes. All flood management approaches 
generally try to reduce the risk of flood damages. In the past, it was assumed that although 
land development patterns may change, rainfall amounts and patterns would not. This 
assumption is no longer true, and changing rainfall patterns must be taken into account as 
future building plans are developed.  
 
B. The Obsolete 100-Year Floodplain Maps  

Hurricane Harvey was a historic rainfall event. Over a period of several days, more than 40 
inches of rain fell across much of southeast Texas. As such, Harvey is likely the single largest 
storm in United States history. Harvey, however, was not the only large rainfall event to hit 
the region in recent memory. The Houston area has experienced several large storms over 
the last two decades that are changing the statistical database used to estimate the 100-year 
and 500-year rainfall amounts. The bottom line is that the current estimates of 100-year and 
500-year rainfall amounts, and the size of their associated floodplains, are no longer 
accurate. They simply are too small given recent storm experiences and rainfall trends.  
 
As can be seen in Figure 3, there have been four storms in the last 24 years that have been 
overly large, each exceeding the estimated 500-year storm event for one or more 
averaging periods (per hour, per multiple hours, per day, and/or per several days). Figure 3 
also shows the current estimated 100-year and 500-year rainfall amounts used for planning 
in Harris County for the same time periods. Note, for instance, that Harvey exceeded the 
current 500-year rainfall in Harris County for every duration. Also note that three of the 
four 12-hour, 24-hour, 2-day, and 4-day storms exceeded the 500-year level in Figure 3. 
Houston-area storms have been increasing in severity over the last several decades.  
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floodwaters, sequestering carbon, enhancing water supply, and supporting fish and wildlife. 
This idea should be seriously considered for the Katy Prairie area before the prairie is 
removed in favor of increased development.  
 
Figure 26. The Katy Prairie after the Tax Day Flood of April 2016 
 

 
 
Source: Photo courtesy of Jaime González and the Katy Prairie Conservancy  

   
 
C. Zone B 

Zone B is the heart of the developed area of Houston and Harris County. Here, the 
solutions are many and varied, ranging from various channelization alternatives to 
detention ponding to buyouts. These proposed projects have been divided into different 
categories according to Harris County Flood Control District in anticipation of the 
upcoming bond election (HCFCD 2018d). Their division of these projects is: 

• Voluntary Home Buyouts: The purchase of flood-prone structures from willing 
sellers in areas that are too deep in the floodplain to benefit from structural flood 
risk reduction projects, or in areas where such projects are not feasible. This process 
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includes demolishing structures and relocating the original landowner to  
higher ground. 

• Storm Repair: Major maintenance projects that restore the designed function 
and capacity of a channel or stormwater detention basin. 

• Subdivision Drainage Improvement: Partnership projects with the Harris County 
Engineering Department and Municipal Utility District to provide drainage 
improvements to subdivisions in unincorporated Harris County. 

• Partnership Projects: Flood risk reduction projects such as channel modifications or 
stormwater detention basin construction using a combination of Harris County 
Flood Control District funding and funding from local, state, or 
federal partners such as FEMA. 

• Local Projects: Flood risk reduction projects such as channel modifications or 
stormwater detention basin construction using only HCFCD funds. 

• Community Input Projects: Projects suggested by community members, including 
during community engagement meetings to be held in each Harris 
County watershed prior to the August 25, 2018 bond election. 

• Neighborhood Levees with Pump Storage: An alternative to a complete buyout of 
an area, but would require some upstream storage for offset. 
 

The Harris County Flood Control District is working to compile a comprehensive list of 
strategies in each of these categories. As of mid-June, the list included upwards of 100 
separate projects among the 22 watersheds and can be found at www.hcfcd.org/media/ 
2682/2018-bond-proposed-project-list-public-distribution061318.pdf. This list will change 
as more projects are identified by the public, reflecting the transparency integrated into the 
order calling for a bond election on August 25, 2018.  
 
When considering these projects, it is important to keep in mind information about the 
existing 100-year floodplain map, which is obsolete as previously discussed in Section II of 
this report. The size of the estimated 100-year floodplain will be adjusted later this year or 
next, although the full extent is not clear yet. The designs of the federal projects described 
above are not based upon this revised floodplain and therefore do not fully solve the 
existing flooding problems. As a result, there will still be homes near creeks and bayous 
that will remain at risk of flooding even with a lot of money being spent on federal and 
local improvement projects. This is unfortunately an unavoidable fact.  
 
The challenge going forward is to recognize this reality and structure a program to remove, 
elevate, or protect as many homes at risk from the residual floodplain as possible. In this 
manner, we can offer more immediate relief to the most vulnerable homes and families. For 
those who don’t want to be bought out, elevating or flood-proofing may be options. For 
those areas where buyouts make sense, they will eliminate the risk of flood damage and 
create an inventory of green space that can be used for channel construction that is wider 
and more natural than some current bayous. Such a concept would include extensive use of 
this recovered water space for detention and retention ponding, as well as recreation. Such a 
concept is compatible with the Houston Bayou Greenways project currently being pursued 
by the Houston Parks Board, with over $100 million in bond financing from the city of 

www.hcfcd.org/media/2682/2018-bond-proposed-project-list-public-distribution061318.pdf
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Houston, as set out in Figure 27. This Houston Bayou Greenways project implements a 
concept for linking the bayous throughout the city of Houston through implementation of 
hike and bike infrastructure, a concept first discussed in the Comey Plan in 1913 (City of 
Houston 2018). As shown in Figure 27, the Bayou Greenways project proposes the 
development of an extensive hike and bike trail system along the bayous within Houston that 
will allow the expanded space to be used for flood management and flood storage. 
 
Figure 27. The Houston Bayou Greenways Concept 
 

 

Note: The Houston Parks Board proposal is only within the boundaries of Houston. This project 
could also be extended into Harris County and other jurisdictions, which would require separate 
authorizations. The yellow-green areas are parks and the proposed greenways are shown in darker 
green.  

Source: Graphic courtesy of Houston Parks Board 

 
 
In many respects, this project would represent a redesign of Houston and Harris County 
around local water systems, showing both respect for the extensive area covered by water 
in large storms and also providing a balanced response between engineering, planning, and 
common sense. If Houston and Harris County were to implement this type of localized 
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solution, it would catapult the region to the top of innovative thinkers in an era when all 
major cities, particularly those along the coast, are struggling to respond to increased 
rainfall amounts. Perhaps most importantly, this approach also offers immediate results 
through buyout as other various physical improvements are constructed.  
 
It is also important to note that if certain housing is bought out, particularly in low income 
areas, there must also be plans for locating and constructing the next generation of housing 
for bought-out homeowners. These new houses could be provided either by the public or 
private sector, but planning to deliver this housing must be incorporated in any plans from 
the outset. Previous plans have not coordinated housing and flood management activities, 
but such coordination is necessary for the long-term success of these kinds of projects.  
 
Figure 28. The Clear Lake Sign Erected after Hurricane Ike 
 

 
 
Note: This sign was removed after only being in place for a couple of months because it interfered 
with real estate sales.  
 
Source: Photo from author’s collection 
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In terms of short-term relief, it is also important that an effective system for distributing 
flood warnings and reliable flood-related information is developed. The public is a partner 
with the government in dealing with flooding problems. There need to be public signs that 
identify flood depths during rainfall and hurricane surge events. The sign shown in Figure 
28 was erected in the Clear Lake area and then quickly removed because it allegedly 
interfered with real estate sales. In the past, people seem to have been more concerned 
about selling homes and real estate rather than protecting the public from flooding. That 
attitude should change, and it can be done immediately by leadership from the top levels 
of government. What our leaders say, and what they emphasize to the public, is important 
for shaping public attitudes.  
 
Finally, as mentioned in Section IIIB, there are some watersheds that need stronger 
regulations to better protect them from upstream development. These watersheds include 
Sims Bayou and Cypress and Spring Creeks at a minimum. Additionally, the city of 
Houston should carefully examine its regulatory system for redevelopment. Many 
buildings were built before the full impact of urbanization on flooding was understood. We 
now know that urbanization increases flooding, and redevelopment has the opportunity to 
lessen the flooding problem in certain areas if detention and retention ponds are 
incorporated into the redesign. This is an issue worth public discussion. The city is 
currently considering some new regulations regarding redevelopment. 
 
If the bond issue passes, there will be $2.5 billion in local money to match the federal 
projects that could easily bring in several additional billions in project and buyout money. 
The issue is spending that money wisely, assuming the bond issue passes. If it does not 
pass, then Houston and Harris County will be left in a situation where the floods will 
eventually eliminate large developed areas without compassion and hope. 
 
D. Zone C 

Zone C is the coastal zone that is vulnerable to hurricane surge flooding. This is perhaps 
the area that is the most exposed and most difficult to address. Here, there are two major 
alternatives—the Coastal Spine/Ike Dike solution and the Galveston Bay Park/Mid-bay 
solution—that are also very compatible with one another. The Ike Dike has the political 
support of most coastal elected politicians, but the mid-bay proposal has many advantages 
and is much cheaper than the Ike Dike. These two alternatives will be discussed 
sequentially. 

 
1. The Coastal Spine/Ike Dike 
The “Ike Dike” was originally promoted by Dr. William Merrill of Texas A&M University at 
Galveston in the immediate aftermath of Hurricane Ike, which had caused significant 
flooding damage to the city of Galveston. The Ike Dike concept subsequently morphed 
into the coastal spine idea, which would be a system of berms and gates that extends from 
the northern end of the Bolivar Peninsula southward across the Bolivar Roads pass 
between Bolivar and Galveston Islands. It would then connect with the existing seawall on 
Galveston Island and continue down the island to San Luis Pass, where it would terminate. 
This berm and gate system is proposed to be about 17 feet above sea level in height and 
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would extend for about 80 miles along the peninsula and the island. The berm portion of 
this system has independent utility and has also been proposed in association with a gate 
structure that would cross approximately 10,000 feet of water ranging in depth from 30 to 
60 feet where it crosses the Houston Ship Channel. There would be a large navigation gate 
structure about 1,200 feet long across the channel that would mostly remain open to allow 
vessels moving in and out of Galveston Bay. There would also be a much longer 
environmental gate structure with openings to allow circulation between the bay and Gulf 
waters. Both of these gate structures are immense engineering projects and would be 
similar to projects constructed in the Netherlands at Rotterdam (the navigation gate) and in 
Eastern Scheldt (the environmental gate). A diagram of the potential gate structures across 
Bolivar Roads is shown in Figure 29. A photograph of the Eastern Scheldt environmental 
gate is shown in Figure 30.  
 
Figure 29. The Proposed Gate Structures across Bolivar Roads 
 

 
 
Source: Anne Loes Nilleson, Defacto Architecture and Urbanism–Rotterdam, 
https://repository.tudelft.nl/islandora/object/uuid%3A65b45d61-3453-4c2d-9dcb-
d35b83f39542?collection=research 
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Figure 30. The Environmental Gates of the Eastern Scheldt in the Netherlands 
 

 
 
Source: Blackburn (2017)  

 
 
There is no question that the coastal spine could be very effective in reducing the impact of 
certain types of hurricane surge. However, the city of Galveston would remain vulnerable 
on the bay side even with the coastal spine in place, and the western shoreline and the 
Houston Ship Channel industrial complex would also be at risk to damaging storm surge, 
although not to the same extent as without the coastal spine. Figure 31 shows the resulting 
surge from a hypothetical small Category 4 storm after placement of the coastal spine at a 
height of 17 feet from the south end of Galveston Island to the top of Bolivar Peninsula. 
While the coastal spine does reduce the vulnerability of west Galveston Island and the 
Houston Ship Channel to a large extent, there would still be significant surge flooding in 
these areas due to strong hurricane-force winds pushing floodwaters into the bay. In 
addition, the city of Galveston would experience significant flooding due to the 
overtopping of the 17-foot-high seawall from the expected surge height of over 20 feet, as 
well as backside flooding as the winds shift from heading into the bay to heading out of the 
bay. Flooding behind this coastal spine would be much greater for larger hurricanes, 
exposing critical infrastructure and residents to disastrous consequences.  
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Figure 31. Map Showing the Effectiveness of the Coastal Spine Project 
 

 
 
Note: Modeled using the extent of coastal flooding from a small Category 4 storm coming ashore on 
the south end of Galveston Island.  
 
Source: Analysis by Dr. Clint Dawson for the SSPEED Center 
 
 

Apart from these gaps in protection, there are two major issues regarding the coastal spine. 
The first is cost. SSPEED currently estimates that constructing this berm and gate system will 
cost $10 billion, and it is possible that this cost could further increase. Given the important 
refining and chemical industry complexes that would be protected with the coastal spine, as 
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well as several hundred thousand homes, this project should certainly have a positive 
benefit-to-cost ratio, meaning that federal financial criteria should be met. However, it is 
unclear if $10 billion or more is available to fund this project when there are so many other 
needs along the Texas coast. Second, there is the issue of environmental impact. This project 
would cross one of the most important fish and shellfish movement areas in the United 
States, with Galveston Bay being the second-most productive estuary in the United States. 
The impact of these gates on fish movement patterns, tidal exchange, and bay circulation will 
be of great importance in determining the overall feasibility of this project.  
 
At this time, the environmental impact of the coastal spine is being evaluated by the U.S. 
Army Corps of Engineers. A Draft Environmental Impact Statement (DEIS) is expected to 
be released in September 2018, at which time both the Corps’ preferred alternative and its 
environmental impacts will be presented for public review and comment. It is possible that 
the Corps could recommend only constructing a portion of the coastal spine, or they could 
recommend constructing the entire proposed concept depending upon the results of their 
benefit-to-cost assessments, their understanding of the potential recurrence intervals of 
hurricane surge events, and the results of their environmental impact analysis. One 
alternative to the full coastal spine project would be to build the berms on Bolivar and 
Galveston Islands without any gate structures across Bolivar Roads. This would greatly 
reduce the cost of the coastal spine and the potential environmental impact to the bay 
system. However, it would also leave the Houston Ship Channel and the west side of 
Galveston Bay vulnerable to larger storm surge events, such as those modeled by SSPEED.  
 
It should be noted that uncertainty currently exists with regard to the location of the berms 
on both Bolivar Peninsula and Galveston Island as well as any supplemental berms to 
protect the western side of Galveston Island and the western shoreline of Galveston Bay. 
These issues should be set out in the Corps’ DEIS forthcoming in September 2018. 
 
2. Galveston Bay Park/Mid-Bay Alternative 
A second option named the “mid-bay” alternative was initially designed by the SSPEED 
Center in an attempt to provide alternative approaches to the Ike Dike for solving the surge 
problem. The concept of the mid-bay alternative is to connect the relatively high land in 
Chambers County with the Texas City levee system by extending the 25-foot-high berms 
currently around the upper disposal areas along the Houston Ship Channel southward to a 
point near Eagle Point (e.g., San Leon). At this point, a navigation gate structure would be 
placed across the ship channel. The berm would then continue across the bay to intersect 
with the Texas City levee that currently protects the city and its industries. A series of small 
craft navigation gates would be interspersed along the in-bay berm system to allow for 
small boat traffic to traverse across the bay and for water circulation. More recently, the 
SSPEED Center has proposed turning such an in-bay berm system into a park system, 
known as the Galveston Bay Park, to provide both recreational and environmental benefits. 
The general design of the Galveston Bay Park concept is displayed in Figure 32. Note that 
all in-bay berms are at 25 feet above sea level, including adding additional height to the 
Texas City levee system to provide a consistent level of protection.  
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Figure 32. The Galveston Bay Park Alternative 
 

 
 
Note: The Galveston Bay Park alternative is shown here connecting the Texas City levee system at 
the bottom left with high land on western shore of Trinity Bay in Chambers County at the upper 
right. Some recreational concepts are also depicted.  
 
Source: Image and conceptual plan courtesy of Rogers Architects  

 
 
As shown above, the Galveston Bay Park alternative does not protect either Galveston Island or 
the city of Galveston. However, in addition to this in-bay park/berm system, the SSPEED 
Center also proposed a levee system to protect the western side of Galveston and an increase to 
the height of the sea wall by at least an additional three feet (from its current height of 17 feet). 
Further, SSPEED proposed elevated roads (or berms/dunes) on Bolivar Peninsula and 
Galveston Island. This configuration would be very successful in protecting the Houston Ship 
Channel, the west side of Galveston Bay, and the city of Galveston, as shown in Figure 33.  
 
There are many benefits to the Galveston Bay Park approach besides its surge protection 
features. First, this approach would create in-bay, bermed areas that would support the 
need for dredge material disposal for ongoing dredging activity along the Houston Ship 
Channel. This in-bay berm system would therefore create additional disposal capacity and 
use the dredged material in a beneficial way to create wetland areas and other 
environmental amenities such as those already implemented by the ship channel dredge 
disposal program. However, instead of creating land areas within the bay simply for 
disposal purposes, these land areas could be turned into parks and other recreational 
features to serve as an attraction to residents and tourists. Another major benefit of this in-
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bay alternative is its cost, which is estimated at about $3 billion and includes constructing 
the Galveston backside levee and berms on both Bolivar and the western end of Galveston 
Island. The in-bay system with its one large navigation gate and several smaller gates would 
likely affect some oyster areas within the bay, but this impact could be mitigated. This 
project would also have much less impact on bay circulation and would not interfere with 
the tidal, circulatory, or fishery functions of Bolivar Roads. Thus, there are certainly 
significant benefits to the Galveston Bay Park solution. 
 
Figure 33. Map Showing the Effectiveness of the Mid-bay Alternative 
 

 
 

Note: This map shows the placement of the mid-bay alternative, including the Galveston backside 
levee alignment and elevated roadways along the coast, for a small Category 4 storm coming ashore 
along the southern end of Galveston Bay and the Houston Ship Channel.  
 
Source: Analysis by Dr. Clint Dawson for the SSPEED Center 
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The SSPEED Center proposed the in-bay berm solution as a part of a larger coastal 
protection system that includes some or even all elements of the coastal spine. If the Corps 
proposes only a coastal spine solution, the Galveston Bay Park alternative could become a 
viable locally sponsored addition that would further protect the Houston Ship Channel and 
western shoreline of Galveston Bay. It may be prudent for local governmental entities to 
seek a permit to construct this in-bay system at this point in time, given that the likely 
review time for this permit would be at least one to two years. By moving forward right 
now, it would be possible to utilize the Corps’ existing environmental impact review and 
have this permit potentially processed along with the Corps’ decision documents on the 
coastal spine, ensuring a full range of alternatives are available. This is prudent to the 
extent that there is no requirement to construct a permitted alternative but an alternative 
cannot be constructed if not permitted. 
 

VI. Conclusion 
 
In summary, Houston and Harris County have serious flooding problems to address, but 
there are very real alternative approaches and concepts that can help solve these issues. As 
Albert Einstein is reputed to have said, "The world we have created today as a result of our 
thinking thus far has problems which cannot be solved by thinking the way we thought 
when we created them.” Nothing could be truer about Houston than that summary. We 
must collectively solicit the best ideas from around the world and be open to doing things 
differently. We have to think differently than we have in the past. Hopefully, this paper has 
introduced some new ideas. Our economic future, homes, and lives are at stake.    
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