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The Galveston Bay Area by Yvette Herrera and Hristiyan Petrov

Introduction

Toward the end of this century our children and
grandchildren will have to contend with radically
changing coastlines as the rate of sea-level rise con-
tinues to accelerate and hurricanes impact increas-
ingly urbanized coastal regions. The challenges they
face will be much more manageable if we act now to
create a more sustainable and resilient built environ-
ment. Both locally and globally, transformative strate-
gies are needed to respond to environmental change
and unprecedented rates of urbanization.

This atlas represents a trans-disciplinary collabora-
tion, documenting a two-year scientific research proj-
ect and selected work from four years of architecture
studios. Our overall objective is to present sustain-
able urban strategies for Galveston Island that rely
on the most current scientific information followed by
advanced design thinking as a framework for future
development. The goal of the research is to insure
that future generations, both residents and visitors,
inherit a better island by:

1. promoting economic growth and financial inde-
pendence

2. providing safer, attractive housing, businesses
and recreational facilities for residents and visi-
tors to the island

3. encouraging tourism and clean industry

4. minimizing storm hazards

5. preserving natural habitats

Galveston faces many challenges. But, it is also
faced with great opportunity that will be brought
about by rising fuel costs and urban sprawl in the
Houston area. As Houston becomes the third largest
city in the US, people will seek recreation on the
island, but they will likely travel there on high-speed
trains, not automobiles. In order to capitalize on this
opportunity, Galveston will need to provide easily

accessible lodging, restaurants and other amenities.
This is best achieved by focusing future development
on the east end of the island.

Galveston Island began to form about 5,500 years
ago as the rate of global sea level rise slowed. The
island grew until approximately 1,800 years ago
when the sand supply that nourished it was exhaust-
ed. Since that time the island has experienced sig-
nificant retreat on both the Gulf and West Bay sides,
hence the island is literally shrinking. Our predictions
for the changes that will occur on the island by the
end of this century are deeply rooted in scientific data
that have been subject to peer review. These data do
not yield a pretty picture for the future of the island,
but there are ways to minimize the impact of rising
sea level and hurricanes coupled with minimal sand
supply. Indeed, if we act now the island can continue
to be a valuable recreational and economic entity for
many decades to come. However, to achieve this
goal will require changing the way we manage the
island’s natural resources and bold new approaches
to development on the island.

The scientific research in Part | was carried out in
two stages. The first employed the latest scientific
information on sea-level rise, subsidence and sand
budgets to predict changes that will likely occur on
Galveston Island by the end of this century. A sand
budget analysis for the island was conducted during
this project. Secondly, these findings were used to
formulate sustainable development strategies for the
island. The scientific results indicate that the island
will continue to experience significant change over
coming decades and that the west end of the island
will likely experience rapid change due to accelerated
sealevel rise. Attempts to slow the rate of coastal
erosion on the west end of the island have failed in
the past and they are not likely to work in the future



Monument to the 1900 Storm on Seawall Boulevard

given the magnitude of the problem. The east end of
the island is less susceptible to the impacts of rising
sea level and hurricanes and, therefore, is more

appropriate for long-term, sustainable development.

The east end also offers many socio-economic advan-

tages for development. The City should continue in
its efforts to secure property at the East end of the
island (East End Flats) and encourage development
there that is based on high-density housing and other
programs with easy access to the beach, the Strand
and downtown complemented by marinas, shopping
and restaurants along the current ship channel.

In that regard, Part Il and Part lll of this atlas
represent and synthesize four years of studies at

the Rice School of Architecture. John Anderson and
his team of researchers collaborated integrally with
this graduate design studio, instructing the students
in the basic scientific factors and exposing them to
the ongoing research. In turn, the students employed
this understanding in relationship to other economic,
environmental, and social issues of the island and
coastal communities in general. Often working in
teams, the students sought to produce scenarios
that offered pragmatic but alternative patterns of
development, planning and detailed design. The key
and recurring factors that should be considered as
key constraints and opportunities for alternative
strategies are presented in Part Il of this book. These
issues are presented as urban ecologies, constructed
through complex entanglements of environmental,
social, political, industrial and technical issues.

Blue line indicates water level during Hurricane lke

Part lll consists of design proposals based on

the insights of the previous two sections. Today

it is vitally important that architects employ and
transform the specificity of their discipline as a
way of researching the complex conditions of

the contemporary built environment. Technical,
environmental, social and economic factors can

be integrated through design. We can see the
implications of natural and cultural forces, and how
different approaches and scenarios might implicate
different results. Design has a synthetic capacity
unsurpassed by any other expertise of the built
environment, providing for the public an image for
alternative possibilities.

In turn, these very same issues demand innovation
in terms of design and the architectural discipline,
especially in its relationship to ecology, landscape
and infrastructure. Along the coast, no building or
development exists as an isolated structure because
the way it is designed and the uses this design
engenders are likely to have significant effects, from
erosion rates to wind-born debris. Therefore design
decisions made at local scales need to be thought
of in relationship to ensembles of such locales

and relative adjacent and remote conditions. Of
course this also means that all forms are embedded
in multiple temporal relationships, from gradual
processes to catastrophic events. While this adds
complex and even unknowns to the design process,
it demands thinking of design as the intertwining of
performative relationships between natural dynamics,
political-economic conditions and architectural-
aesthetic desires. This manifold of relationships

Galveston’s Historic District

requires innovation in design rather than relying on
models derived from the 19th century European
industrial metropolis or the pre-modern village.

While these studies are specific to Galveston, the
island can serve a case-study, and potentially a
model, for cities across the globe. Coastal regions
are more rapidly urbanizing than at any other time
in history and provide the geographic interface

for globalization, whether one is concerned with
containerized shipping, energy production and
distribution, information technology design and
manufacturing, or tourism. One might suggest there
is a global network of coastal development, that, not
unlike Venice and Lisbon in their day, have as much
in common with each other as the cities that lay on
their territorial interior. Yet this global littoral is also
the most at risk for the effects of climate change,
including rising sea levels and transformations to
the ecologies that sustain and often protect it from
extreme weather and climate related events.

Galveston was once one of the most important

ports in North America, called the “Wall Street of the
South.” Almost erased by a hurricane in 1900, the
city was rebuilt with the seawall, a triumph of modern
engineering. While the port and petrochemical
industry have since relocated to the port of Houston,
about twenty miles inland, the seawall has allowed
Galveston to exist for a hundred years. The seawall
is quite literally and conceptually an infrastructural
line that attempts to delineate natural forces (coastal
ecology, storms, erosion) and human representations
(tourisms, landscape, branding, historicism). In

Recent development on the island

a broader sense, we can understand the line of
the seawall as merely the largest example of
infrastructures and processes that alter the steady
state of the ecology for human use

A little over a hundred years after the 1900 storm,
Hurricane lke hit Galveston and devastated the island.
While the Island represents one of the largest and
last developable stretches of undervalued coastal
real-estate in North America, and is located in one

of the fastest growing regions in the country, its
future development is now open to question and
speculation.

Some recent proposals extend the logic of the
seawall, creating even larger protective structures.
The effectiveness, environmental impact and even
feasibility of such approaches is questionable,
however. Moreover, they do little to confront the long
term implications of sea level rise, steady coastal
retreat and other risk factors. As if that were not
enough, it is likely that the seawall itself will need
substantial refurbishment in the coming decades.

Galveston was a center of late-19th century industry
and imagination. Its historical core, with a gridiron
pattern of streets and dense urban fabric, was
exemplary of the model of the metropolis that
emerged from the industrial revolution. To survive
and flourish in the 21st century, a time that will
necessarily contend with environmental change and
rethink the modern divisions between Nature and
Culture, it needs to re-imagine itself as a model for
resilient urbanism for the 21st century.



I

Science Behind the Plan

One need not search far to see
evidence that our coastline is
changing rapidly. But, why is the
island eroding and what can be done
to slow the rate of erosion?
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The Texas Bureau of Economic Geology has monitored coastal
e erosion on both the Gulf and West Bay side of the island for

several decades. They have performed similar studies for the
entire Texas coast, including Bolivar Peninsula to the east and
Follets Island to the west. Reference: http://www.beg.utexas.
edu/coastal.

Coastal Change

The data from Galveston Island show high rates of
shoreline retreat on both the Gulf side and West

Bay side of the island. Hence, Galveston Island is
eroding, meaning that the island is losing sand. Until
about 1,800 years ago Galveston Island was actually
growing. This phase of growth ceased as sand supply
to the island diminished and the rate of relative sea-
level rise decreased. Hurricanes have punctuated
retreat of the island by causing the beach profile to
shift landward in stepwise fashion.

Modern rates of coastal retreat on the west end of
Galveston Island range from 3 to 6 feet per year,
while the bay shoreline is retreating at even higher
rates in some areas. The only exceptions are those
areas where the shoreline has been “hardened” by
man-made features, but in these locations the beach
is narrower or absent, except where it has been
nourished.

At the east end of the island beaches actually have a
history of growth. Jetties on either side of the Bolivar
Inlet disrupt wave energy and longshore currents,
helping trap sand at the eastern end of Galveston
Island. Additionally, sand has accreted to the east
end beach, the source of which was a large tidal
delta that once located offshore of the inlet prior to
construction of the Houston Ship Channel.

Recently completed research at Rice University
indicates that current rates of coastal retreat are
unprecedented for the island’s nearly 6,000-year life
span. The figure on the previous page shows the
approximate location of the shoreline if the current
rate of erosion is projected back in time to just after

Bolivar Peninsula, Galveston Island and Follets Island
formed (approximately 2,000, 5,500, and 3,000
years ago, respectively). At current rates of shoreline
retreat, the barriers would now be located as much
as a mile landward of their present locations, with
the exception of the Bolivar tidal delta. Clearly, these
barriers have not always retreated landward and, as
we will describe, there is evidence that the current
rates of shoreline change are unprecedented. But,
where has the sand that has eroded from the island
gone?

Evidence that Galveston Island has been eroding
faster in historical time (that is, since the island was
first mapped) comes from a recent sand budget
analysis for the island. We collected sediment cores
offshore of the island and in West Bay to determine
the amount of sand that is sequestered in these
areas after tropical storms and hurricanes. This
analysis allows us to estimate that a significant
volume of the sand eroded from the Galveston
shoreline ends up offshore in the shoreface (sandy
extension of the barrier island) and not in the West
Bay. The remaining fraction ends up in the San Luis
Pass tidal delta or bypasses the San Luis Tidal Inlet
and is transported to the west (Wallace and others,
2010). Sediment cores and radiocarbon ages for the
tidal delta were used to estimate its long-term rate
of growth and sand supply. This rate is less than half
the volume of sand that is currently removed from
the island and delivered to the tidal delta. Hence
sand supply to the delta has more than doubled in
historical time, which indicates increased rates of
erosion on the island (Wallace, 2010).
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Why is Galveston Island
Eroding?
Erosion of a barrier island results when sand supply

to the island is too low to keep pace with the rate
of relative sea-level rise, which is the combined rise

due to global sea-level rise (eustasy) and subsidence.

Hurricanes have the effect of punctuating rates of
erosion. The main impact of storms is to lower the
beach profile, but much of the sand eroded from the
beach remains within the longshore sand transport
system. Most of that sand ultimately ends up in the
San Luis Pass tidal delta. It is not possible to predict
the frequency and magnitude of tropical storm

and hurricane impacts on the island, so this is the
greatest uncertainty in predicting coastal change.
However, relative sea level rise and sand supply

are reasonably well known, hence we are able to
estimate minimum rates of shoreline change with
reasonable accuracy.
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Transformation

of San Luis Pass
Changes in San Luis
Pass and tidal delta
during the past 3,500
years are used to
estimate the amount
of sand eroded from
Galveston Island today
versus the long-term
erosion rate. Modified
from Wallace, 2010.
Data was used from

Israel and others, 1987

to estimate the sand
flux between
2,100-200 years
ago. Data was also
used from Bernard
and others, 1970 to

estimate migration rate
and sand flux during the

past 200 years.
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Sea Level Rise

The most recent scientific results indicate that the
rate of global sea level rise has tripled in recent
decades. This increased rate of sea level rise is
attributed to expansion of the oceans due to both
increased water temperatures (warmer water has
greater volume than the same mass of colder water)
and the addition of water released into the oceans
from melting glacial ice. These effects are now well
constrained (Rahmstorf, 2007; Church and others,
2010).

The rate of rise is expected to exceed 5 mm per
year by the end of this century. The current rate is
more than four times the rate of rise for the past
5,500 years, the time interval during which the island
evolved (Anderson and others, 2010).

T T T T
1990 1995 2000 2005

Year

Sea-level Rise

Sea-level rise for the past few decades based on tide gauge
records and satellite observations is more than 3 mm per
year in the northern Gulf of Mexico. From Rahmstorf, 2007.

The last time sea level rose at a rate of 5 mm/year
was approximately 7,500 years ago (Milliken and
others, 2008). At that time, ancestral barrier islands
positioned tens of miles offshore to the present
coastline experienced rapid change that ultimately
led to their being drowned on the continental shelf
or destroyed. Sabine Bank and Heald Bank, two
prominent underwater banks located on the inner
continental shelf, are examples of drowned barrier
islands. Rates of shoreline migration at that time
ranged from approximately 5 to 20 meters, or about
16 to 66 feet, per year (Rodriguez and others,
2004), with variations in the rate controlled mainly
by the offshore profile. Gulf Coast bays, including
Galveston Bay, also experienced rapid change during
that time, changes that far exceed those occurring
today (Anderson and Rodriguez, 2008).
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Subsidence

Subsidence is more localized and, over shorter time
scales (decades and centuries), is largely due to
compaction of sediments. Our study of the long-term
sea level history of the Texas Coast has shown that
natural subsidence rates along the upper Texas coast
have been low compared to Louisiana (Milliken and
others, 2008). Humans have in the past contributed
to subsidence in a significant way, but current
regulations protect against activities that would in
the future contribute to subsidence. We do not know
if, or how much, subsidence caused by subsurface
groundwater extraction prior to the late 1970’s

12

Sand Budget Analysis

This map shows results from a 2006 Corps of Engineers
sand budget analysis (Morang, 2006) compared to results
from a similar analysis by Rice University (Wallace and
others, 2010). Large arrows show longshore transport
flux of sand (in m3/yr) based on the Corps of Engineers
study and small arrows show rounded sand flux estimates
for several environments from the Rice University study.
Shoreline change data from the Texas Bureau of Economic
Geology. Modified from Wallace and others, 2010.

contributed to the observed acceleration of coastal
erosion. But, it is clear that accelerated sea-level rise
is the most significant change occurring today.

Sand Supply

Prediction of coastal response to sea level rise
requires information about both the rate of sea

level rise and sand supply. If sand supply and
dispersal mechanisms are known, it is possible to
predict coastal change under different sea-level

rise scenarios. A detailed sand budget analysis

is also necessary for determining the magnitude

of beach nourishment projects needed to combat
coastal erosion (Wallace and others, 2010). Sea
level is expected to rise between 50 cm and 100
cm by the end of this century. But what about sand
supply to the coast? The United States Army Corps
of Engineers recently conducted a sediment budget
analysis for the upper Texas Coast that yielded a total
sand flux of approximately 942,000 cubic meters
per year (Morang, 2006). Our analysis (Wallace and
others, 2010) has yielded a very different result,

so it is important to explain how our methodology
differs from that of the Army Corps of Engineers.
First, their analysis is based mainly on photo imagery
and historical rates of shoreline change and relies on
some big assumptions about where sand that is lost
from the beach is being sequestered. It includes no
results from analysis of sediment cores and seismic
data, data that are needed to estimate the actual
volumes of sand that resides within the nearshore
zone (shoreface) and within tidal deltas and other
areas where sand is sequestered. Our analysis
includes such data. The Army Corps’ analysis
assumes that accretionary beaches that occur on
either side of the Bolivar jetties are made up of

sand that was moving within the longshore transport
system and trapped by these jetties. Our data
indicate that a significant portion of this sand was
derived from erosion of a large ebb-tidal delta that
was located off Bolivar Pass prior to the construction
of the ship channel and jetties. We also differ in

our estimation of the depth of closure, which is the
maximum depth at which sand is transported along
the coast by coastal currents. Our data suggest
that a significant volume of sand is transported to
the shoreface environment. In addition, we have
conducted a detailed sand budget analysis for

the San Luis Pass tidal delta, where much of the
sand that is transported west along the Galveston
shoreline ultimately accumulates. We estimate the
long-term sand flux for San Luis Pass for around
the past 2,100 years to be approximately 4,700
cubic meters per year (Wallace, 2010; Wallace and
others, 2010), which is an order of magnitude less
than the Army Corps of Engineers estimate (Morang,
2006). The combination of these observations is that
more sand is moving within the longshore transport
system and this system extends farther seaward
than estimated by the Army Corps study. Therefore,
removal of sand from the shoreface to nourish
beaches is not an acceptable practice as it only
takes sand from the longshore transport system.

We conclude that sediment supply to the coast is not
sufficient to keep up with the current rate of sea-level
rise. Thus, beach erosion will only worsen if the rate
of sea-level rise increases. These results also indicate
that very large volumes of sand would be required to
render beach nourishment projects successful. That
sand should not be taken from areas immediately
offshore of the beach. Because our sand budget
analysis adds a previously overlooked component, it
can be used to estimate the volumes of sand needed
to sustain the beach and the interval of time required
for re-nourishment of the beach. We advise against
using the Army Corps of Engineers sediment budget
analysis alone for beach nourishment projects.
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Predicted Rates of Coastal
Erosion in this Century

Relative sea level rise has nearly tripled in recent
decades, part of that is due to human-induced
subsidence caused by subsurface water extraction
prior to 1980. Erosion rates have at least doubled,
but there is no evidence that sand supply has
changed in the past few decades. Thus, our best
estimate is that sea level is the culprit for the
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Reprinted with permission.

observed acceleration in coastal erosion and there is
pretty much a one to one ratio between rates of sea
level rise and rates of erosion. This being the case, it
is possible that the predicted increase in the rate of
sea level rise this century could cause the shoreline
erosion rates to double or triple, depending on the
magnitude of rise.

2058 shoreline

EEOI

1930 Shoreline

1970 Shoreline o

1995 Shoreline

2008 Post Ike Shoreline Est
2058 Shoreline Projected
1930 Dune Field

Emerging Dune Field Post lke
2058 Dune Field Projected

1930 dune field

3 at this location 971t (30m) inland move-
ment between 1930 and 1970 average =

2.43 ft (0.74m)/year

1 dune field filling in wetland swale with 100ft 4 at this location 94t (29m) inland
(30 m) of inland movement since 1930

movement between 1970 and 1995 average
= 3.76ft (1.16m)/year

2 modern beach and surf now overlies the

5 at this location 149ft (45m) of inland
movement between 1995 and 2008 post H,
lke average = 11.06ft (3.35m)/year

2008 post-Hurricane Ike with Historic Shorelines and
Dunes at Galveston State Park

The blue band is the predicted area of the dunes in 2058.
The yellow line on the bottom is the shoreline in 1930.
Based on a map and research courtesy of Andrew Sipocz.
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Hurricane Impact on the Coast

The greatest uncertainty in our predictions about the
fate of Galveston Island is how many hurricanes will
strike the coast by the end of this century. Hurricane
lke simply amplified lessons learned from past
storms, which is that a single storm can cause as
much coastal erosion as would normally occur over
one to two decades. lke resulted in up to 50 feet of
erosion along the upper Texas coast and lowered
the beach profile by as much as five feet in some
locations. While some beach recovery, in terms of
beach width and elevation, occurred after the storm,
those beaches that lost elevation will continue to
erode at even faster rates and will remain highly
vulnerable to tropical storm and hurricane impacts.
Beaches that were located behind geotextile tubes
suffered the greatest change in beach profiles
because their offshore profiles were re-adjusted to
their natural state by the storm. It is unlikely that any
additional recovery of the beach will occur at this
point in time.
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Digital Elevation Map for Galveston Island

This map of the island’s elevation highlights the elevation
differences, which are also shown by the cross section that
extends just north of the highway. Note that the average
elevation for East End Flats (shown at a larger scale in the
dashed box on the right) is 7 meters (or about 23 feet),
which is just below the maximum level of hurricane storm
surge. In contrast, the west end of the island averages

1.5 to 3 meters (approximately 5 to 10 feet) of elevation,
making it highly susceptible to even modest storm surge, as
was experienced during Hurricane lke.
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Digital Elevation (LIDAR)
Map of Galveston Island and
Hurricane Impact

Galveston Island is older, wider, higher and thicker
at its eastern end. This is because the island first
began to form at that location. As the island grew
toward the west, away from its main sand supply,

it developed its current morphology. Most notable
is the decrease in the number and height of beach
ridges from east to west. Beach ridges are nature’s
barrier to storm waves that move across the island
during hurricanes. The island’s far west end shares
many similarities to Bolivar Peninsula, which suffered
great damage during Hurricane lke and also has a
paucity of high elevation beach ridges.

Big Reef Nature Park
1.23 square miles of
natural wetlands

Public

Beach
0.55 square
miles

East End’s Existing Protection Against Storms

Following the “Great Storm” of 1900, the east end of
the island was elevated by an average of 5 feet and
the seawall was constructed. Since that time, there
have been other man-made features and elevation
projects that have helped to fortify the east end of
the island. While the elevation difference from east to
west across Galveston Island may seem insignificant,
the impact from storm waves during Hurricane lke
was considerably greater on the west end of the
island than on the east end, even though the eye of
the storm was to the east of Galveston. Had the eye
of the storm passed over San Luis Pass, the damage
to the west end of the island would have been much
greater.
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In general, the stability of a barrier island is controlled
by its width, height and thickness. Breaching of a bar-
rier is most likely to occur where it is narrower, lower
and thinner. The Pleistocene surface on which the
barriers of the upper Texas coast were constructed
shows considerable relief, hence barrier thickness
varies considerably along the coast. Follets Island,
located to the west of Galveston Island, is a narrow,
low, thin barrier island that rests on soft, water-
saturated clay. It is currently retreating landward at
an average rate of 10 feet per year. Although it is
located well to the east of the track of Hurricane lke,
the island suffered significant impact, breaching at

a number of locations and undercutting the highway
in multiple locations. Many houses on the island
shifted due to liquifaction of the soft clay substrate
as the wind shook the houses. In the aftermath of
lke, Follets Island lost up to 30 feet of beach and the
elevation of the beach was lowered by up to 4 feet,
making it more vulnerable to future storm impact.
Likewise, Bolivar Peninsula is a relatively low, thin
barrier, which contributed to the great impact from
Hurricane lke. Galveston Island is much thicker at

its east end where the island was constructed over
the valley of the ancestral Trinity River. It is here that
the island is least susceptible to breaching during
severe storms. The west end of the island is thinner
and, like Follets Island, barrier sands rest on soft,
water-saturated clay. Thus, the west end is more
vulnerable to storm impact. In addition, beach ridges,
which provide an obstacle to storm surge, are mainly
confined to the eastern part of the island, east of
Jamaica Beach.

Can We Fix The Erosion
Problem?

The State of Texas has spent tens of millions of
dollars in recent years in the attempt to stabilize
beaches and coastal dunes. This includes everything
from “straw dunes” to geotextile tubes. None of
these projects have worked. In fact, the geotextile
tubes only gave a false sense of protection until
Hurricane lke, which resulted in greater inland erosion
on Bolivar Peninsula where these tubes breached
during the storm, to significant lowering of the beach
profile along the west end of Galveston Island where
the hurricane re-adjusted the beach profile to its
natural state resulting in significant undermining of
foundations of many houses.

We Texans don't give up without a fight, even when
our opponent is Mother Nature. Recently, there has
been much discussion about construction of a dike
(the lke Dike) that would extend from Freeport to
High Island. Unfortunately, the Ike Dike is little more
than a vision; there has been very little science or
engineering to test this concept. If such a dike were
constructed it would likely provide some protection to
inland areas, provided the locks at the inlets work so
that storm waters are allowed to flow offshore. But,
the lke Dike will just as likely increase the vulnerability
of the shoreline to storm waves by focusing their
energy seaward of the dike. Thus, the lke Dike is not
the solution to our coastal erosion problem. In view
of this fact, beach nourishment is the most feasible
means of slowing the rate of coastal erosion, but
where will the sand come from?
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Map of the Colorado Delta

This map shows the thickness of the
ancestral Colorado River delta that is
believed to be the most viable offshore
sand resource for nourishing east Texas
beaches. Two long cores, B-90 and 90-5,
penetrated the delta and sampled quartz
sand and mud interbeds. Modified from
Anderson, 2007.
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This map displays the distribution of sand offshore
Galveston Island, showing sediment core transects
collected by Rice University (labeled A through E) and
surface samples adapted from White and others, 1985.
Most beach quality sand resides nearshore in water depths
shallower than 24 feet, which means it will ultimately make
its way back onto the beach without human intervention.
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Beach Nourishment & Sand Resources

Sediment cores and grab samples from offshore
Galveston Island show that beach quality sand is
restricted to within a few thousand yards of the
shoreline. These sands occur mainly in water depths
of less than 24 feet, which is above the depth of
closure (Rodriguez and others, 2001; Wallace and
others, 2010). This means that this sand should not
be used for beach nourishment projects as it occurs
within the zone of active longshore sand transport.
Any sand removed from this zone and placed on the
beach will simply move back offshore to re-establish
the equilibrium profile of the beach. There are limited
sand resources that can be exploited by conventional
pipeline dredging, such as the Big Reef sand body,
which has already been depleted. The City should
guard these sand resources as they will be needed
for post storm repair of the seawall.

Sand resources exist on the continental shelf, but
these resources are tens of miles from the island,

in over 60 feet water depth and locally beneath
several feet of mud. The cost of mining these sands
will be high, so we will need to use them wisely.
East end beaches are less prone to erosion in the
future and will be easier to maintain with beach
nourishment projects. In contrast, west end beaches
will experience even higher rates of erosion in the
coming decades and would require more aggressive
beach nourishment to combat erosion. There is
sufficient information to estimate volumes of sand
that will be needed for beach nourishment projects,
but additional work will be needed to determine the
best offshore sources. The most obvious source,
based on available data, is an old Colorado River
delta that is located between 20 and 50 miles
offshore of the modern Colorado River mouth in 60
to 100 feet of water.
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GEOHAZARDS MAP OF GALVESTON ISLAND, TEXAS Q

The Galveston Island
Geohazard Map

Given the best scientific information to date, the
future of Galveston Island is one that will see
changes even more dramatic than those that are
occurring today. We can sustain the island for

future generations to enjoy, but this will require a
different approach to how we inhabit the island,

one that is more adaptive to the changes that will
occur this century. The first approach to sustainable
development is to adopt the existing Geohazard Map
for the island.

The concept behind the Geohazard Map is to

identify those areas that presently, or in the next few
decades, should be off limits to development in order
to protect natural habitats and to avoid significant
damage to man-made features due to coastal erosion
and severe storms. The map was constructed using
a highly accurate digital elevation map and habitat
boundaries that are based on the digital elevation
map, aerial photographs and field verification.

There is a strong correlation between the location

of natural habitats and elevation. Thus, as sea level
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The Galveston Geohazard Map

This map was originally constructed by Dr. James Gibeaut,
University of Texas Bureau of Economic Geology, Dr. John
Anderson, Rice University, and Dr. Tim Dellapenna, Texas
A&M University, Galveston. The map was later digitized and
improved by Dr. Gibeaut using digital elevation data and
revised habitat boundaries. Available at: www.beg.utexas.
edu/coastal/GalvHazidx.php

rises and the land subsides, habitat boundaries will
migrate toward higher elevation. Likewise, the Gulf
shoreline and bay shoreline will shift landward. It is
important to stress that this map provides a “best
case scenario” for future change as it uses historical
rates of coastal change and does not assume an
increase in the rate of sea-level rise, which is already
underway. Nor does it attempt to predict potential
impacts from hurricanes that can greatly accelerate
rates of coastal erosion. We could generate similar
maps that assume a faster rate of sea level rise and
assume at least one category 3 hurricane impact
every other decade and the result would be a much
faster rate of change than is indicated by the current
Geohazard Map. The problem is that we still do not
know just how fast the rate of sea level rise will be
by the end of this century and we have no way of
knowing how many hurricanes will make landfall

at or near Galveston during this time period. This
being the case, we recommend immediate adoption
of the current Geohazard Map as a framework for
development on the island this century.
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A complex network between
natural, urban and industrial
systems inform coastal
environments. However, typical
planning and design tends to
separate these domains rather
than strategize their entangled
relationships in order to produce
more resilient approaches that link
them as interdependent ecologies.
While specific to Galveston

and its region, these studies by
architecture students can also be
understood as case-studies within
global patterns.
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Scenario: Catastrophic Loss

Future Damage by a Hurricane on the extreme West End
renders it un-buildable and it returns to nature. The maps
to the right show how the displaced population could be
accommodated on the East End at different densities.
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High Galveston density
(Historic/Urban District)
5285 people/sq mile

Mixture of high density
along beach, with medium
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Mixture of high density
along beach, with low
density inland

.

Scenario: Geohazard Risk Map Accommodation
In this scenario, development is halted and existing
development slowly phased out from the areas of high and

moderate risk on the recent geohazard map, with appropri-

ate set-backs for future erosion along the beach front. The
maps to the right show how the displaced population could
be accommodated on the East End at different densities.
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Scenarios and Diagrams by Zhan Chen, Elizabeth Mickey.
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With a better, mass-transit, transportation system in place
development on the bayside and the east end of the
island becomes far more accesible for visitors and
links permanent Galveston residents to the
rapidly growing greater Houston Area.

east
end is the
safest place
to build on the
island and has
potential for high
density development
that is more sustainable in
terms of both ecology and
hurricane protection.
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surge potential
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************ Washover Zone:

Low topography across width of island
experiences frequent washovers
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Grow East: Overall Urban Recommendations

All coastal cities need to plan for the effects of
environmental change and natural disasters into
future development patterns. While the majority of
Galveston’s recent development has occurred on its
western end, this area is also the most risk prone. An
alternative would be to focus on the safer and less
environmentally sensitive areas in the East End. Not
only is this a real possibility, it is a potential catalyst
of economic regeneration.

We recommend three scenarios for future
development. In the first, basic setback rules

are instituted, based on current shoreline retreat
multiplied by 60 years (two mortgages). The setback
would occur along nearly 18 miles of shoreline from
the west end of the seawall to the west end of the
island. Suggested by the Texas Land Office, the
intent is to establish a coastal hazard buffer-zone
along the beach front to help protect property from
storms and to allow for natural erosion and accretion
cycles to occur and to help maintain public beach
access.

The second scenario would expand such
environmentally prudent planning rules by adopting
the current geohazard map as the basis for
development. Nearly 17 square miles of land is in the
hazard zone; most is federally protected wetlands.
However, one needs to plan for the gradual migration
and retreat of these wetland areas due to sea-

level rise and other geological factors. Beachfront
developments are similarly affected. In this case only
a thin sliver of land in the middle of the West End
remains developable.

The third scenario permanently abandons the west
end of the island. This could become reality if a major
hurricane crosses at or near the western tip of the
island, significantly changing the geomorphology and
making reconstruction untenable. Ongoing processes
of shoreline retreat and sea-level rise could eventually
lead to the same result. Relocating the entire
population west of Jamaica Beach reduces the risk of
future storms and shoreline retreat.
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Growing Land

The eastern tip of the island has the only growing beach
due to the construction of the South Jetty, which caused the
collapse of an offshore sand flat, capturing that sediment at
the eastern tip. Today accretion continues at a slower rate
as the jetty captures much of the limited sediment flow of
the longshore current while protecting against erosion from
routine storms.

Diagrams on these two pages by Zhan Chen, Elizabeth
Mickey.
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wildlife park
natural wetlands

ship channel

~
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bay industi

.09 square miles [60 acres]

East is Eden

The East End is adjacent to the historic district and the
major sources of non-tourist employment, such as the
medical center and the high-wage industrial sector, offering
opportunities for a more diverse population growth.
Restaurants and shopping located near public transport
could provide easy access and therefore could shrink the
ecological footprint (see later chapter) while creating urban
environments that could attract tourists while providing
housing for residents.

The eastern tip of the seawall provides the possibility of

a sheltered cove that could be a large marina. A natural
preserve, Big Reef Nature Park, has developed on the
channel side of the now landlocked seawall. Between this
park and the beach, new development has ranged from
residential towers to New Urbanist subdivisions. Behind the
protection of the seawall lay the East End Flats, a vast fill
site of dredge from the ship channel and other engineering
works.

'TS—FI gulf

public beach

.55 square miles [350 acres]

map key r

beach front
.47 square miles [300 acres]

While this dredge will likely require pollutant remediation,
these flats could offer a tabula-rasa on which to reinvent
coastal urbanism in ecological terms. New sorts of
populations, drawn to a distinctive hybrid between
ecological and dense urbanism could be attracted to

the city. There is enough relatively protected space to
completely offset land loss in the West, but it is the only and
last such site on the island.

Continuing the piecemeal development that has recently
taken place will prevent this area from becoming a thriving
new locus for the city. While geographically close, the East
End is internally fragmented and separated from the rest of
the city. Strategic design could reinvent the island. However,
standard design responses, whether isolated towers, or
New Urbanist boutigue communities, will not adequatly
respond to the ecological and urban challenges poised.
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Houston ) Corps Woods Nature Park
. . Train Station : i
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tip of Galveston to the commercial
center approaches that from Houston.
Adding more facilities on the West
End is problematic and would likely
come at the expense of the East
End’s commercial and historic district.
Moreover, not only does the East

End have much higher density and
diversity to support economic growth,
it has a far more even population
distribution while the West End resort
communities tend to be self-contained
concentrations of non-residents or
weekend residents. Again this pattern
is common to coastal cities, splitting
the permanent population employed
in the tourist service sector from
relatively remote resort development
and weekend owners, creating a
sharp delineation in terms of urban
form, demographic and tax base. This
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Galveston Visitors per year
Galveston Population

Beach Sightseeing Business

Ratio of Visitors to Residents and the relative
importance of destinations of the latter
Diagram by Sara Hieb

African-American population Hispanic Population

Civic Fragmentation

While the island is ethnically diverse, these
different groups tend to live in different
sectors. Nevertheless, if one geographically
locates the center of all these groups, the
center of the city remains the statistical
locus though it is not currently the social or
cultural center. Diagrams by Jason Cross,
Ricardo Umansky from 2000 Census data
and GIS.
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million

48 thousand

Meetings/Conferences  Historical Sites

Caucasian Population

Centroid of all racial
population distributions

National/State Parks

Population (in thousands)

—_

Jamaica beach
Pirates beach

Point west Sunset cove

Developments that effect peaks of populaion

! [Low density] 1

___________________________________

A Demographic Multitude

In coastal resort areas there exists not one public
realm but many different publics, in some ways
sharing the same space and at other times remaining
very isolated from one another, and often with
divergent and competing interests. Once a trading
hub for the entire continent, today Galveston Island
epitomizes the frequent divide between a permanent
population and local industries in economical and
numerical decline, a growing service sector and
tourist industry, plus increasing numbers of non-
resident landowners. This demographic produces

an ethnically, economically and socially polarized
condition between the urbanized east end of the city
and the resort areas of private communities and
incorporated townships on the west end.

Island grove condominium
Diamond beach
Beachside village

Stewart beach
Regatta towers
Historic district

[Medium density] :: [High density] :
Zone b Zone ¢
Gradient of Density

The population density of the island is a relatively smooth
gradient from high density in the East to low density
suburban in the west end. Diagram by Zhan Chen, Elizabeth
Mickey.

The city needs the property tax revenue of the west
but increasing development puts greater pressure
on city services and infrastructure. This too often
produces a condition where shortterm revenue and
market real-estate values trump long term planning.

Moreover, the resort developments are frequently
master planned communities or incorporated
townships that have different degrees of political
autonomy from the City of Galveston but which of
course rely on this larger entity. This condition tends
to further politically polarize the ends of the island
while obscuring the mutual dependence of these
communities.
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Land ownership

This graph shows the known legal addresses for landown-
ers in Galveston, while the map above shows the island as

a sample distribution of off-island landowners. Diagrams by
Jason Cross, Ricardo Umansky from 2000 Census data and
GIS. Note that these figures and maps are pre-Hurricane lke.
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Overall Population Trends
Diagram by Sara Hieb.
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INDIANOLA - 100 miles south of Galveston
At one time was Galveston’s biggest port competitor in
the gulf

1875 - Indianola is severely struck by a hurricane. The town is
rebuilt, but the major underpinnings of the economy become
stagnant.

1886 - Indianola is struck again by a hurricane, this time
completely devastating the economy as discouraged investors
moved 10 miles north to Lavaca. They moved the train tracks
to Lavaca and now most of Indianola is underwater.

auedLINH 0061
BUROILNH GT61
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QUBOLUNK ¢

GALVESTON

1900 - Galveston is struck by a hurricane that marks the worst
natural disaster in North American history. At the time Galveston
was the largest city in Texas and had the highest per capita
income in the state, and often called the “Wall Street of the
South.” Over 6,000 people died from the event. An estimate
based on inflation prices predicts the total storm damage costs
was around 99.4 billion dollars.

1915 - Galveston is struck by another hurricane. After the
hurricane of 1900 Galveston rebuilt and was once again the
largest city in Texas and the second largest port. However, the
Houston Ship Channel was created, and Houston soon took over
as the major port city. A 10 mile long and 17 foot high seawall
was constructed to protect the city from future hurricane
damage. The 1915 hurricane was the seawalls first real test.
Most of the buildings not protected by the sea wall were
destroyed. An estimate based on inflation prices predicts the
total storm damage costs to be about 68 billion dollars.

2008 - Hurricane lke strikes Galveston just as its economy was
slowly beginning to recover. An inital estimate based on inflation
prices predicts the total storm damage costs to be around 39
billion dollars.

7 - Another Hurricane in Galveston's future under current
developmental strategies could be catastrophic.

Historical Impacts of Storms, a Comparative Example.
Diagram by Sara Hieb.
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Sample of paths of tropical storms and hurricanes
affecting Galveston Island, 1863-1995
Diagram compiled and redrawn by Benson Gillespie, John
McWilliams.
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Photos of Galveston after the 1900 storm
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Not Shown:
1527 -7
1766 -7
1818-7?
1837 -7
1839-7
1842-?2(1TS, 1 H)
1854 -7
1875-7?
1886 - H5?
1908 -7
1909 - H3
1909 - H2
1910 - H2
1912 - H1

1915 -H4
1916 - H3
1918 - H3
1919 -H4
1921 -H2
1931 -H1
1933 -H2
1934 - H2
1936 - H1
1938 -TS
1940 - H2
1941 -TS
1941 -H3
1942 - H1
1942 - H3

1943 - H2
1945 - >H2
1949 - H2
1957 - H4
1958 -TS
1960 - TS
1961 - H4
1963 - H1
1964 -TS
1967 - H3
1968 - TS
1970-H3
1970 -TS
1971 -H1
1973 -TS

1974 -H3
1977 -H4
1978 -TS
1979 -TS
1979-TS
1980 - H3
1980 -TS
1983 - H3

Hurricane lke from International Space Station, September 10, 2008. NASA

Stormy Weathers

Risk from hurricane damage is a fact of life on the
Gulf Coast and the history of the area is in many
ways a record of such events and their effects on the
communities, from the 1900 Storm that devastated
Galveston and set the stage for Houston to usurp the
island’s economic prominence, to Hurricane lke just
over a hundred years later which once again devas-
tated the city and left its future viability in jeopardy.
Although as weather models have improved, the
effect of each storm and the damage it may cause
is inherently difficult to predict. Even relatively minor
storms can cause devastation from wind or surface
flooding due to rain fall (as seen in Houston during
Tropical Storm Allison). Climate change as well as
decadal weather cycles may cause greater variation
in storm frequency and strength in this century than
in the previous century of urbanization along the
coastline.

Like most barrier islands, Galveston’s geomorphology
indicates several places on the western end where
storms have washed over the island, breached or
almost breached the land from sea to bay. Because
these sites tend to be narrower and have lower

elevations, they are even more susceptible to future
storm effects. In undeveloped coasts, storms cause
immediate damage but recovery often allows for
even more robust and rich ecosystems in the long
run. Storms are integral to the ecological condition
and history of coastal regions.

Urban, infrastructure and architectural design can
provide at least some of the resilience found in natu-
ral coastal ecologies. Higher density development
with commensurable concrete and steel construction
can be designed to more readily withstand storm ef-
fects. Rather than create expensive and massive for-
tifications to protect relatively small populations such
as found on the West End of the Island, investment
should be made in the East End, where the Seawall
already exists and where risk mitigation strategies
could also enhance urban and economic potentials
while reducing the environmental impact of older
structures. Because the risk of storm events cannot
be eliminated, the reality of living on a dynamic coast-
line needs to be strategically engaged and integrated
into everyday life and the design of the city.

37



Seawall under construction in 1905
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Biotic Conditions to Seawall

While the postcard on the left suggests that the
technological edge is a site for fantastical projection, the
reality is somewhat more prosaic. With the loss of natural
beach front along the seawall comes the loss of habitat for
intertidal species and nesting species such as shorebirds
and sea turtles. The hardened edge of the seawall forces
these species to concentrate on the coastal edges of
Galveston Island east and west of the seawall. These
areas, however, are becoming compromised with continued
development along the sensitive dunescapes and the mining
of sand from the East end to replenish the beach in front

of the seawall. Research and diagram by Rachel Dewane,
Melissa McDonnell.

Control Structures

Constructed after the 1900 Storm, the 17 foot high
Galveston Seawall epitomizes modern attempts

to arrest the dynamics of natural processes. The
seawall is literally and conceptually a line in the sand
that attempts to delineate natural forces (coastal
ecology, storms, erosion) and human representations
(tourism, landscape, branding, historicism). In a
broader sense, the seawall is the most emblematic
of the many infrastructures that alter coastal systems
for human use, from jetties, dredging, harbors, to
canals and pipelines.

The protection afforded by the seawall has come

at the cost of the quality of its waterfront, now
Galveston’s key economic resource. Similarly, the
high-speed road atop the seawall provides efficient
traffic flow but further separates the city from the
sea, contributing to relatively low land value such that
big box stores and parking lots line the waterfront.
Moreover, because the shoreline has nowhere to
retreat, the beach must be artificially nourished

on a regular basis, in part because the beach is a
key economic and social amenity but also because

it prevents the seawall’s foundations from being
undermined. Secondary control structures, such as
groins, have been constructed to slow the rate of
sand erosion. Nonetheless the seawall beach does
not perform ecologically and is not sustainable. The
seawall thus protects the city during brief storm
events but is a detriment to everyday human and non-
human use the vast majority of the time.

Moreover, as seen with the levees in New Orleans
during Hurricane Katrina, when such infrastructures
fail the effects are typically catastrophic. Private
seawalls and other smaller structures such as

Current condition of the seawall

geotubes are futile efforts to arrest shoreline retreat
and protect private land. While many of these fail
immediately others slow erosion at the site of
intervention only to accelerate neighboring land loss.
Because these structures operate within an extremely
dynamic and interdependent environment, smaller
structures at best shift forces to another site while
massive structures like the seawall and jetties often
tip delicate balances and arrest beneficial processes,
often accelerating wetland loss, beach and dune
erosion and damaging other natural edges that offer
significant buffers against storm forces. Nowhere is
this more apparent than farther east along the Gulf
Coast, where extremely rapid erosion at the mouth of
the Mississippi is occuring mainly from anthropgenic
factors, including the infrastructure designed to
control the river flow. Is this a paradigm of control we
want to continue?

Currently, subsidence and rising sea levels are
shortening the seawall’s projected lifespan. The last
easily accessible sand has been used to replenish
the beach front after Hurricane lke, making future
nourishments far more expensive and difficult. The
city’s future is now poised on rethinking the future
of this edge and whether it will double-down on
top-down mechanisms of control. After Hurricane
lke, proposals have been put forward to construct
even more massive dikes, levees and seawalls.
Such structures require massive initial capital
outlay, ecological destruction and immense ongoing
maintenance costs while doing little to address

the larger interdependencies of economic and
environmental vitality in the area. Such resources
could be better spent seeking alternative strategies
integrated into the urban and ecological qualities of
the area.
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Inventory of Seawall Boulevard Architecture, 2007.
By taking inventory of the current development along the
seawall, patterns begin to emerge that can serve as a guide . . .
in the futEre planninggof the seagvall over time. Criteria 8 The removal of buildings whose programs underutilize the site of the seawall
identify buildings that should be preserved due to historical
or sentimental value opposed to buildings of provisional Seawall Over Time
material or program. These short-term architectures, along In an attempt to begin to charge the Seawall Boulevard
with already vacant land, become opportunities for the with potential, this diagram examines the degree to which
City of Galveston to begin establishing a strategy for the the seafront could be transformed in the coming decades
future of the great seawall. Diagram and research by Rachel based on criteria established in the inventory on the left
Dewane, Melissa McDonnell. and the diagram below. Diagram and research by Rachel
Dewane, Melissa McDonnell.
10+
2-4
1 ‘ III_-‘.JL LLA __|JMJ-II|‘ . L
seawall T
combined inventory with building height (number of stories)
lodging in [ | l I . ‘ 1 . Il [ | 1. [ ]
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entertainment / bar
housing W M ‘ _-‘- [ | - H Bl [ | 5= - I mE - L
program
upscale mid-range budget
Mue i & & in . L I | . : ‘ 1 . I ol m Property Diversity Along Seawall
economic diversity (lodging/dining) Mapping prpperty type, economic and land value along the
seawall exhibits a heterogeneous pattern. Although there
1,319 + is great diversity, there is very little differentiation when
5Lk 1318k mapped along the entirety of the seawall. Diagram and
49k6_1gét research by Rachel Dewane, Melissa McDonnell.
land value along seawall_2006 ($)
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Land use and edge conditions
Diagram by Jessica Cronstein, Annika Miller, Jessica Tankard

/ Beach created by the eastern
Jetty

Pipes used for pumping dredge material from a
dredge boat on a canal constructed for the massive
project of raising grade level after the 1900 storm.

T ot R - - il
Postcard depicting a fantastical vision of a rebuilt
Galveston

Constructed Territories

The eastern end of Galveston has steadily been trans-
formed from a natural barrier island into a hybrid of
infrastructure, urbanism and landscape. This process
began in the 19th century, when Galveston was one
of the most significant ports in North America. Bay
edges were hardened, quays excavated and shipping
channels dredged. After the 1900 Storm that virtually
erased the city, leaving a “tabula rasa,” the city recre-
ated itself through stunning technological exuber-
ance. Not only did the seawall create another hard
edge on the seaside, much of the land behind it was
elevated. Buildings were raised to a new grade level
or their lower floors were covered in a dredged slurry
carried by boats in specially constructed canals to
the center of town and pumped onto land. New roads
and infrastructure followed that further hardened the
east end. Jetties built to protect the Houston Ship
Channel define the island’s eastern tip. The largest
extends over a mile into the Gulf and caused the
destruction of an old tidal delta, leading to sand ac-
cumulation on this part of the island and creating the
broad beach and the wetland habitats that now stand
in front of the seawall, which as a result bisects the
eastern tip. The East End Flats area behind the sea-
wall and Pelican Island on the other side of Galves-
ton’s Port were both substantially created as dredge
dumping sites. A century before the Palm Resort
inlands in Dubai were constructed, the eastern end of
Galveston became a technological terrain, a palimp-
sest of interventions that speak to a paradoxical
desire for stability through total transformation. The
nostalgic and touristic image of the restored Victorian
historical town center belies the radical modernity
that re-created it in the 20th century.
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Above: Shoreline Change 1891-2006
Diagram by Jinge Chai, Genevieve Rudat

Left: Indexing Change

The end of the seawall, pictured on the top left, demon-
strates the retreat of the shoreline in the half-century or

so since this part of the structure was constructed. At

the time of construction, the western beach was several
hundred feet in front of the seawall (to the left of the wall

in this photo). This marked the end of Seawall Boulevard
and was once extended as a road to the West End. Due to
steady shoreline retreat, today this end of line stands well
on the ocean side of the breakers with the road moved to
the middle of the island. The broken pavement in this photo
was collapsed by Hurricane lke's storm surge as it reached
around the end of the seawall and eroded land behind.

The bottom photo indicates the shoreline loss caused by
Hurricane lke. The dune vegetation line was in front of the
house before the storm. The fire hydrant and drainage
access, now on the beach, indicate the amount of elevation
lost. The dune vegetation has yet to re-establish at the time
of this photograph, creating an uncertain zone between
private land and public beach.
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Lines in the Sand

Barrier islands are extremely dynamic, migrating
over decades, disappearing and reappearing over
millennia. Their shorelines are not fixed lines but
zones in continual flux. However, anthropogenic
factors and structures can vastly alter the “natural”
waxing and waning of shorelines even as we attempt
to fix the coastlines in stone, literally in the case of
seawalls. Therefore, coastal migration is not simply a
natural occurrence but also a political, economic and
social phenomena.

The center of Galveston island has characteristic
ridges and swales that were once beaches and
dunes; many have become inland freshwater
wetlands as the shoreline advanced seaward. These
corrugations provide significant protection during
storms, though they are often lowered or erased by
standard development patterns that require regrading
the ground. However Galveston’s beaches have been
retreating for over a thousand years and will likely
continue to do so. Because the Texas Open Beaches
Act defines all land sea-side of dune vegetation as
public land that must be accessible, a retreating
coastline slowly transforms private property into
public space, requiring owners to remove any
structures at their own cost. Where such a line is

@ Shoreline Erosion
Shoreline Gain

Radii are to scale

The Coast as a Fluctuating Territory
The size of the circle indicates the average yearly rate of
coastal change. Diagram by Tracy Bremer, Brantley Highfill.

drawn is often contested and private landowners
often attempt to fortify their property or create
artificial dunes. Such measures are futile but do have
unintended impacts. Shoreline structures disrupt the
beach and dune system, causing erosion. Jetties may
capture some sand or partially protect the immediate
coast but can deprive downstream areas from this
same sediment, creating even greater economic,
political and ecological concerns.

The rigid geometries of conventional planning do not
easily accommodate fluctuating territories. Proposed
set-backs that could accommodate shoreline retreat
on the time scale of a mortgage are sensible policy
but politically charged as they reduce the highest
land values in any coastal city. Elevating buildings on
stilts does not mitigate shoreline retreat and usually
produces a banal landscape. Low density private
resort development on the western end provides

tax revenue for the city but produces the greatest
environmental impact in the most risk prone area for
the minimum amount of owners while those living
inland effectively subsidize insurance and disaster
costs. Alternative concepts are required for robust
ecological urban realms.
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| Losses in wetlands between 1956 - 2002 were
caused primarily by subsidence which replaced
marshes and tidal flats with open water.

Development and cattle trails also contribute to

marsh loss on Galveston Island. Restoration

projects are being used in an effort to counteract
| some of the losses.

The development of Jamaica Beach in the 1960s
created a new bayside development, well protected
from flooding, but causing wetlands to

deteriorate over time.

Wetland restoration projects have been used to
mitigate and even reverse these losses.

Natural disasters such as hurricanes expedite
the already increased erosion rates on the west
side of Galveston Island.

Hurricanes and tropical storms are major
contributors to the more than 30,000 acres of lost
wetlands between 1956 and 2002.
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32% loss of Estuarine Marsh

61% loss of Tidal Flats

Habitat

I CEstuarine Marsh
Aquatic Beds
Flats/Beaches
Scrub/Shrub

[ Palustrine Marsh
Upland
1956 Edge Condition

Valuing Wetlands

Just as the beach is eroding, the bayside coast is
rapidly retreating, causing acute loss of marsh and
wetlands. This loss is in part due to “natural” or at
least global factors, such as sea level rise, but is
often accelerated by development. Like the beach,
the edge of a wetland is not a defined boundary

but a fuzzy and dynamic zone while real-estate is
defined via geometric logics of platting and the
bounded delineations of infrastructure. Once a legal
boundary is defined, the tendency is to defend it with
bulkheads, mowing and other means regardless of
the shifting landscape. But if there is not area for the
wetlands to recede the edge simply erodes, in turn
hastening the retreat process. Inland wetlands can
become isolated from each other due to surrounding
development, reducing their ecological performance
and exacerbating surface flooding issues. Ironically,
real-estate next to wetlands is relatively valuable
both due to privacy and natural beauty they afford.
Wetlands also provide an important buffer during
storms, dissipating wave energy along the coast and
providing a sponge for rainwater inlands.

Lost Land

Wetland habitats surrounding Galveston Island have seen

a substantial loss in its total area. Between 1956 and
2002, Galveston lost 19% of wetlands equaling nearly
30,000 acres of estuarine marsh, tidal flats and aquatic
beds combined. Most of the loss is caused by subsidence,
sea level rise, and storms. However land development can
greatly accelerate lost wetland areas. Diagrams by Jennifer
Apostol, Rebecca Sibley

The tension between real-estate value and ecological
value can be reversed. Though wetlands are
protected, they are understood as having relatively
low economic value. However, if one includes the

full benefits of wetlands to the economy of the
region, such as mitigating storm damage, providing
habitat for fish, filtering pollutants, one begins to
understand them as precious economic as well as
ecological resources. The establishment of wetland
banking trusts could allow the marshes to operate
as economically viable preserves that offset tax
revenue provided by traditional resort development
while producing sustainable long-term ecological
and economic benefits to the city and entire region.
New wetlands could be created on the water's edge,
replenishing habitats while providing a useful buffer
for storms and shoreline retreat. Development
patterns could then be modified, leaving such areas
for sensitive recreational and natural use. Innovations
in building and resort typologies could concentrate
development as high-density clusters set back from
natural wetlands or concentrated in the already
urbanized and constructed eastern end of the island.
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Biotopes in the Houston-Galveston Coast

tion from GIS and redrawn by Edward Baer, Marti Gottsch.
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Note that in this map, north is oriented to the left. Informa-
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In addition to human populations, coastal systems
provide rich biological habitats. The water’s edge,
marshes and inand wetlands that naturally fluctuate
are intense zones for biodiversity. Key species can
often be relatively unnoticed or are not touristically
or gastronomically valued, but they are integral to
maintaining the overall ecology. An ecological matrix
depends on the interrelation of different areas and
zones into a complex web of habitats.

Common attempts to stabilize such areas in order
to protect real-estate or infrastructure (for example
with bulkheads, seawalls, or rip-rap) transform these
dynamic zones into hardened edges. “Greenscapes”,
such as lawns, civic parks and golf courses, can
have equivalent effects. Moreover, artificial fertilizers
or surface contaminants can often harm sensitive
wetland areas. Such delineation of territory can tip

balances while destroying or fragmenting habitats
both at the site of intervention and farther afield
because any particular point along the coast is part
of a complex network of relationships (an ecology).

While human habitat (architecture, urbanism and
landscape) is typically destructive of non-human
habitat, it is not necessarily opposed to Nature.
Instead, design and planning can enfold human
occupation as an interface between cultural
forms and natural processes. However, in order
to not be considered a zero-sum game, where
human occupation comes at the cost of other
considerations, alternative models of “urbanism”
need to be developed. Design can articulate an
ecological relationship of human territories with

animal environments, making legible that which often

remains unnoticed, invisible, or simply exploited.
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Predation Matrix

Though a complete mapping of the food web shows a very
complex interdependence, a clear group operate as keystone
species which are especially critical to the maintenance of the
overall network. Diagram by Edward Baer, Marti Gottsch.
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Elevation & Distribution

The complexities of an ecosystem are best understood in

relation to the spatial condition over which it is distributed.
In the case of coastal ecosystems the relative elevation to
fresh or salt water is a key factor for habitats for flora and

fauna. Diagram by Michael Edward Baer, Marti Gottsch.
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Sites of Commercial and Recreational Fishing
Galveston Bay contributes one-third of Texas’ commer-

cial fishing income. Over half of Texas’ expenditures for
recreational fishing are related to Galveston Bay. More blue
crabs are commercially harvested in Galveston Bay than in
any other estuary in Texas. Galveston bay produces more
oysters than any single water body in the United States.
Diagram by Edward Baer, Marti Gottsch.
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