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 The Sustainable Urbanism Seminar and the Applied Planning Studio of the Department of Landscape Architecture 
and Urban Planning of Texas A&M University is pleased to present this Regional Analysis of the Texas Urban Triangle.  This 
project came into being due to the dramatic transformation of the four core Texas metropolitan areas: Dallas-Fort Worth, 
Houston, San Antonio, and Austin.  Its aims are two-fold: to provide a framework for decisions about future growth in the 
fastest growing region of Texas, and to spur further research into the complexities of this vast and rapidly emerging mega-
region.

 The Texas Urban Triangle is a new urban phenomenon – a triangular megalopolis whose development is not linear 
and contiguous like prior megalopolises, such as Boston-Washington, Santa Barbara-Tijuana, and Tokyo-Osaka.  These 
unique characteristics, shape and discontinuity, along with the Triangle’s rapid reshaping of the Texas landscape and 
economy, firmly place this project in the vanguard.  This report gives policy makers and investors from all sectors of society 
the critical knowledge they need to make decisions that will shape the future of Texas.

 In the spirit of collaboration with a range of interests in this urban mega-region, we endeavored to “listen to what 
the region and its cities were telling us”, as well as to listen to the common wisdom offered by nature itself.  A total of 28 
graduate students and six faculty members in five different degree programs, took part in a year-long interdisciplinary 
voyage of inquiry.  The logic of sustainable development guided our analysis. 

 The report, which compiles the students’ analyses, sought to assess a comprehensive range of concerns that would 
support both local and visiting populations, that would respect human, ecological, and economic concerns, and that would 
benefit current and future generations.

 We wish to acknowledge the support of the Southwestern Universities Transportation Consortium and the Texas 
Transportation Institute, especially Tim Lomax and David Ellis, and the faculty advisors to the project: GIS lab director Doug 
Wunneburger, Landscape Architecture and Urban Planning Professors Chris Ellis and Eric Dumbaugh.  We dedicate this 
report to the people of Texas in their continuing efforts to grow the best state and cities possible. 

 The Department of Landscape Architecture and Urban Planning at Texas A&M University undertook this student 
project as a learning exercise. As the project evolved, it became much more as we collectively engaged in the future destiny 
of the Texas Urban Triangle.

 On the behalf of our students, faculty colleagues, and report preparation coordinators Varun Gupta, Jose Gavinha, 
Nathanael Proctor, and James Tu:
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inTRodUCTion

The Project
 
 The Sustainable Urbanism Seminar and the Applied 
Planning Studio, both in the Landscape Architecture and 
Urban Planning Department at Texas A&M University 
were, awarded a grant by the Southwest Universities 
Transportation Consortium in August of 2006 to investigate 
the emerging megalopolis we call the Texas Urban Triangle.  
As this year-long project progressed, this unique region 
revealed to us an impressive set of social, economic, and 
ecological conditions.  

 The Texas Urban Triangle is one of the most dynamic 
urban regions in the nation, and to ensure it continues 
to flourish, we must build a future based on sustainable 
growth principles. Our preliminary findings suggest that 
currently, this is not always the case.  In the introduction 
that follows, we will describe the project and the process 
by which we conducted the study.  The analysis, findings, 
and conclusions of our students are preliminary.  Further 
research needs to be conducted to obtain a more complete, 
detailed, and comprehensive portrait.  Nonetheless, even 
these preliminary findings are robust and point to more 
sustainable options for the future.

 Texas A&M University students and faculty from 
Landscape Architecture, Urban Planning, Architecture, 
Construction Science, Geography, Civil Engineering, and 
Recreation, Parks and Tourism collaborated to produce this 
Regional Analysis and Framework for Future Growth.  The 
students presented their findings contained in this study 
in December 2006 and May 2007, and faculty investigators 
presented theirs at various national and international 
meetings spanning four continents.  

 This report contains analyses at two different scales: 
the regional scale comprising the entire Triangle, and local 
scales in each of the four principal metropolitan areas.  For 
example, report presents county data for a number of the 
factors under study.  As such, the report is strategic, long-
term, and big picture.  Nonetheless, the study also informs 
and supports policy, investments, and planning at smaller 
– county and municipal – and larger – State and Federal – 
scales.

overview of the Current Situation
 
 The Texas Urban Triangle is located in the heart of 
Texas, with the metro areas of Houston, Dallas-Fort Worth, 
and San Antonio composing the vertices of the Triangle. It 

is bounded by the Gulf Coastal Plain and the Piney Woods 
to the east, the Great Plains to the north, the Plains and 
the Edwards Plateau to the west, and the Coastal Plain 
to the south.  The Texas Urban Triangle’s Metropolitan 
Statistical Areas alone had an estimated 2005 population of 
approximately 16.3 million inhabitants.  In absolute terms, it 
has been the fastest growing region of the state for decades, 
with parts of the Rio Grande Valley having the fastest growth 
rates.  In the year 2030, population for the counties that 
make up the Triangle is projected to exceed 23 million, 
compared to 31.8 million for the entire state, according 
to our calculations derived from scenario .5 of the State 
Demographer.  In other words, the 2030 population of the 
Triangle alone is projected to exceed the 2000 population of 
the entire state by over two million persons.

 The region composed of the Texas Urban Triangle has 
a celebrated cultural history based on the open range and 
the cowboy, and more recently on oil and high technology.  
It sports many traditions from the blues in the Navasota 
area, Czech and German heritage in its southern part, and 
cotton plantations in the northeast.  In addition, there are 
many large military bases throughout the Triangle and 
its immediately adjacent territory.  Culturally, the region 
possesses a demographic mix and colorful history that 
combines Mexican, Cajun, Southwest, Plains, Western, and 
Texan cultures.  Moreover, Houston is the oil capital of the 
world, with rich cultural attractions and nearby coastal 
resources that house one of the largest ports in the United 
States.  Dallas takes great pride in its central location, its 
role as a center of finance and fashion design, and its inland 
port, which serves as a rail and air hub for the south-central 
part of the continent.  San Antonio is a beautiful and historic 
city built according to the Law of the Indies, which guided 
Spanish settlement in the new world, and is today a gateway 
to Mexico and Central America.  

 This diverse heritage, commanding central location in 
the continent, and robust economy serve as a great reservoir 
from which to draw as the Texas Urban Triangle continues to 
grow.  Regional infrastructures and facilities of all types are 
essential to assure this growth and attract new residents and 
businesses.  For example, the Trans Texas Corridor initiative 
is the latest effort, among several over the last decades, to 
forge partnerships in attempts to provide high speed rail. 
It has spurred the imagination, plus major planning efforts 
to better connect the region with its state, national, and 
international environs. With the Texas Urban Triangle as the 
new spatial launching pad into the global arena, Texas can 
think big.

 8
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 Yet challenges abound in the region, notably water 
supply and distribution, the conversion of prime farm 
and ranch lands to exurban sprawl, metropolitan traffic 
congestion and air and water pollution, urban poverty, 
land subsidence, and high per capita rates of energy 
consumption.  For example, aquifer levels have dropped 
over 800 feet in the Dallas area, and 400 feet in the Houston 
area in less than a century.  In Houston, the accompanying 
land subsidence of up to 12 feet has damaged buildings, 
increased flooding, jeopardized numerous hazardous and 
toxic waste facilities, and exposed the metropolis to much 
greater risk in the face of hurricanes and global warming.  
Ozone and other airborne pollutant levels exceed limits, 
which are not only injurious to health and the economy, 
but place at risk billions of dollars of federal transportation 
funding due to non-compliance.

 It is the patterns of growth – its location, densities, 
uses, and suitability to its underlying ecological constraints 
– that cause or worsen many of these less than desirable 
conditions.  Furthermore, growth occurs at a pace that 
outstrips the fiscal and infrastructural capacity to support it 
to the quality levels and standard of living to which we have 
become accustomed.  How many children attend classes 
in trailers, or are forced into double shifts at hours that are 
inconvenient or even burdensome, much less conducive 
to good learning?  To solve these and other growth-related 
problems, and to correct these inequities, Texas once again 
will have to think big to accommodate the amount of 
growth anticipated over the next decades and to direct it 
into more sustainable patterns.

The Uniqueness of Texas Compared to other 
Mega-city Regions in the United States

 The Texas Urban Triangle is one of about ten 
megalopolises, or mega-city regions, in the United States.  
Two national scale research initiatives in recent years 
have yielded preliminary findings that hypothesize that 
in addition to the main American megalopolis of 1960, 
the Northeastern Boston-to-Washington Corridor, now 
they are spread throughout the nation, from Cascadia in 
Western Washington and Oregon, Santa Barbara to Tijuana 
in Southern California, to South Central Florida, and the 
Atlantic Piedmont Corridor centered around Atlanta.  While 
there is no precise definition, these two initiatives coincide 
with our characterization in most respects – that a mega-
city region or megalopolis consists of at least two large 
metropolitan regions, has over ten million inhabitants, and 
possesses distinct economies and cultures whose cities and 
metropolitan areas are interconnected via transportation, 
telecommunications, and other infrastructures.  See 

Figures 1 and 2.  Note that these other studies’ preliminary 
hypotheses include regions of less than ten million, such as 
Cascadia and the Rockies’ Front Range (America 2050, Lang 
2005).

 These two ongoing research initiatives stem from two 
sources.  One is a partnership among the Lincoln Institute 
of Land Policy, the Regional Plan Association of New York, 
and the University of Pennsylvania; with funding from 
sources including the Rockefeller Foundation.  The other is 
being conducted by the Metropolitan Institute at Virginia 
Tech University.  Analyzing the findings of our Texas Urban 
Triangle study and comparing them to the findings of the 
American megalopolises that have been studied, we note 
that many of the same problems, opportunities, and impacts 
of rapid unplanned growth that affect Texas also afflict those 
mega-city regions.

 The Texas Urban Triangle is an emergent urban 
phenomenon in North America, if not the globe, in 
two significant ways.  First, it is distinguished among 
megalopolises because it is not linear, but rather triangular.  
Second, the urban development between its metropolises 
is not physically contiguous.  The axis from San Antonio to 
Dallas is on its way to becoming fully urbanized due to the 
proximity of the string of cities along or near Interstate 35: 
New Braunfels, San Marcos, Austin, Georgetown, Temple, 
Killeen, and Waco.  In contrast, along Interstate 45 between 
Dallas and Houston, and Interstate 10 between Houston 
and San Antonio, there are only small villages and towns.  
Interestingly, growth from Houston through Bryan-College 
Station to Waco is forming an urban T shape that bisects the 
triangle.

 What makes this urban triangle a functional 
mega-city region is the high and increasing degree 
of integration found among their metropolitan areas 
economies and societies.  This can be evidenced by 
the economic, informational, and human flows among 
the four grand urbs of the Triangle.  Cultural geographer 
Donald Meinig’s 1969 book Imperial Texas documented the 
emergence of this phenomenon four decades ago.  He also 
referred to the geometric character of this region: “if we 
see [central Texas] as a great triangle whose sides are the 
trafficways uniting the metropolitan areas of its three points, 
the functional centrality of this region … is greatly magnified 
and illuminated”.  Four decades ago he recognized the 
“triangle to be the Core area of Texas” (p. 111).

 Just as in the 1960’s and the 1860’s, the four primary 
cities of the Texas Urban Triangle have many but not all 
of their important functions dispersed, and thus “shared”, 
among several cities.  For example, Houston is the seaport 
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and energy capital, while Dallas is the inland port and 
financial center, and Austin and Dallas are both high 
technology centers.  A regional economist would say that 
the cities’ economies are complementary in that many of 
the prime functions are unique to each metro area, even as 
several important functions are common to two or more 
cities.  Our analysis in this regard concurred with the Federal 
Reserve Bank of Dallas, which used “location quotients” to 
measure relative differences of economic activities.

 While Meinig never conjoined the words Texas and 
triangle in his influential book, now, forty years later, we can 
confidently add the term “Urban” and name the heart of 
Texas the Texas Urban Triangle.  Moreover, he averred that 
“Texas lacks a single great city as a primary nucleus” (p. 121).  
Today we can say that the Texas Urban Triangle is beginning 
to work as a single mega-city, to rival New York and Los 
Angeles.  The Texas Urban Triangle is the new nucleus of 
Texas.  Its dominance in Texas continues to grow, in part at 
the expense of some rural areas of the state.
 

Principal Findings and Challenges for the 
Future growth

 As Texas continues to grow steadily, growth in the 
Triangle is expected to be even faster. Population in the 
Triangle is projected to increase 57% between 2000 and 
2030, above the 42% increase for the rest of the state.  The 
Texas Urban Triangle is projected to account for 8,407,000 of 
the state’s 10,979,000 new inhabitants, or 77% of all Texas’s 
growth.  The attendant impacts of growth – new homes, new 
jobs and businesses, new transportation and infrastructure 
networks, less farm and ranch lands, and more pollution 
– are easy to predict based on past experience.  How we 
handle this new growth will determine to a large degree 
whether we continue to prosper and enjoy a high quality of 
life.

 This report is intended to support future growth 
policy, investments, and planning for Texas, the Texas Urban 
Triangle mega-city region, and the region’s metropolitan 
areas.  A key implication of this work is to guide regional 
design using regional scale infrastructure systems, especially 
transportation, telecommunications, energy, and “green” 
networks.  Just as cities cannot exist without urban 
infrastructure, the great Texas mega-city of the future cannot 
function without regional infrastructures.  

 Our analysis reveals that two issues will dominate the 
Texan landscape and imagination over the next decades: 
water and energy.  Water sustains all life on this planet, of 
course.  Nothing could be more fundamental, and given 

the collision course of water usage rates and growth rates 
in Texas and elsewhere, nothing could be more critical.  The 
Intergovernmental Panel on Climate Change reports of 2007 
are unequivocal in their analyses and predictions regarding 
the multifaceted nature of water: patterns, amounts, and 
variations of precipitation due to climate change and these 
impacts on the planet, its ecosystems and species, and on 
humankind.  

 Our report also has much to say about water, not 
only its usage, but the impacts of its use, and the disparities 
among its sources and end-users.  Nothing besides 
energy could be more critical.  Without water and energy, 
contemporary life is unimaginable.  Not only does energy 
power the economy and every aspect of daily life, it is also 
the seed of hope that enables Texans to strive unfettered 
for a better tomorrow.  Energy, more precisely oil and gas, is 
as much a part of the contemporary Texas consciousness as 
the cowboy, cattle drives, and the open range were in the 
19th century.  Today we can add solar and wind energy and 
other renewable sources to this vital mix.  For good reasons, 
energy and water are considered “critical infrastructures”.

 Starting with water, along the Gulf Coast we found 
as a result of the regional scope of our analysis, that 
many flooding problems were not only the result of past 
local engineering mistakes such as faulty design and 
construction of flood protection infrastructure.  We found 
that the region-wide channeling of bayous into concrete 
canals, the constant erosion of the natural systems such 
as coastal wetlands and barrier islands, and the sinking of 
the Houston metropolis resulting from aquifer water draw-
downs – all due to human development including oil and 
gas pipelines, shipping channels and canals, and industrial 
and urban development – have led to the worsening of both 
environmental quality and the impacts of severe storms.  
That is to say, because we undertook a regional analysis 
instead of the more common building or neighborhood 
analyses conducted by most experts, we found regional 
causes to local consequences.  

Key Features of the Urban and Regional 
Analysis undertaken by the Sustainable 
Urbanism seminar and Applied Planning 
Studio at Texas A&M University:

Student and faculty visits to key cities
 Twenty-seven Texas A&M students and faculty made 
numerous visits to cities in the Texas Urban Triangle to 
gather data and witness first hand conditions on the ground.  
Interviews were conducted with key city and metro area 

 10



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

inTRodUCTion

planning officials.  Information and perspective gathered 
during these trips were invaluable, and we thank all those 
who contributed to our effort. 

Intensive interdisciplinary interaction
 Students and faculty from six disciplines collaborated: 
urban planning; landscape architecture; architecture; 
recreation, parks, and tourism; geography; and civil 
engineering.  Visits to the class were made by coastal and 
sustainability experts such as Pliny Fisk III of the Center for 
Maximum Potential Building Systems, Charles Pattison of 
the Thousand Friends of Florida, and Jorge Vanegas, of the 
Center for Housing and Urban Development.

Innovations in Sustainability
 This study is intended to inform the city, regional, 
state, and federal agencies, interest groups, and citizens 
as they make decisions about the future to bolster the 
economy while restoring the ecological balance of 
the region.  Every aspect of the study is geared toward 
making the Texas Urban Triangle more sustainable.  For 
environmental sustainability, the students found that 
many toxic material handling and disposal sites are located 
dangerously in high population areas, and in areas of high 
environmental risk.  Water and energy concerns were 
highlighted above.  We found that it is critical to restore 
the barrier islands and coastal wetland systems to full 
natural health, so that they can resume many important 
functions and services to humans, not the least of which 
are dampening storm surge, providing critical fishery 
habitat, and allowing for human recreation.  These and other 
ecological factors are detailed in this report.

 For social sustainability, we found that many 
infrastructures and public services are provided unevenly – 
one could say inequitably – to different populations within 
the state.  For example, the quality of public services such 
as police, fire, emergency, and schooling varies according 
to the wealth and size of the community, according to our 
analysis.  The foundation of any neighborhood community 
is its inhabitants, their homes, schools, community facilities, 
parks, and businesses that support daily life.  Therefore, 
we believe that maintaining safe, healthy, and diverse 
neighborhoods is critical for long term viability of the 
Triangle’s cities, for their social building blocks are small 
communities and neighborhoods.  

 For economic sustainability, the students found that 
the variety of economic activities spread throughout the 
Triangle is a source of strength.  The fact that the main metro 
areas possess complementary rather than competing goods 
and services suggests that continuing this spatial dispersion 
will enhance flexibility and healthy degrees of specialization 
in the future, with economic benefits to accrue to all.  As 

society and the economy are based upon the natural 
environment, economic sustainability is about finding 
a fundamental balance between humanity and nature, 
between present and current generations, and among 
classes and groups within the same generation.  We must 
learn to produce and consume within the capabilities and 
capacities of our natural surroundings, for if we exceed them 
for too long, then we will surely compromise not only Texas’s 
prosperity, but our own well being.

 One insightful illustration of this principle of economic 
sustainability is to ensure that future hurricanes and tropical 
storms do not cause the damage and instability that they do 
at present.  These severe storms are sure to visit us again and 
again, likely becoming more severe than in the past.  How 
many more Tropical Storm Allisons, which caused over five 
billion dollars in damage and over twenty deaths in 2001, 
can the Texas Gulf Coast sustain?  How many thousands 
need to die, as in New Orleans during Hurricane Katrina, and 
how many hundreds of billions of dollars need to be lost, 
before we begin to develop and redevelop the coastal parts 
of the region in a truly sustainable way?  Aren’t the costs for 
proper long term planning and design for sustainability, in 
the tens of millions of dollars range; and the costs for proper 
infrastructure and flooding control, in the billions of dollars 
range, both small insurance premiums to avoid certain 
catastrophe?
 

description of the Project:

 This Regional Analysis and Framework for Future 
Growth for the Texas Urban Triangle was prepared from 
August 2006 to November 2007. 

The goals of the analysis:
 

•	 To	conduct	a	comprehensive	suitability	analysis	of	the	
region evaluating ecological, infrastructural, social, 
and economic factors

•	 To	determine	which	factors	are	essential	to	restore	
the functioning and integrity of ecological habitats 
while at the same time maintaining and enhancing 
economic viability and diversity

•	 To	consider	the	value	of	farm	and	ranch	lands	in	the	
heart of the Texas Urban Triangle, and how they may 
be affected by future regional growth

•	 To	assess	how	regional	development	patterns	impact	
the daily lives of individuals, businesses, and the 
environment

•	 To	enhance	the	safety,	appearance,	functioning,	
and sustainability of all infrastructures critical to the 
continued growth of the region
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 Now that this preliminary analysis has been 
completed, readers are invited to consider the results.  The 
ultimate goals of the project are three-fold:

1 To determine what future research at the regional 
scale is needed to provide a sound basis for public 
policy and private investment decisions

2 To provide a basis for current policy and planning 
decisions so that a more vibrant and attractive 
“Heart of Texas” – its metropolises, counties, and 
cities – provides a more sustainable environment 
for its residents, and their descendents and 
newcomers, well into the future.  

3 To plant the Texas Urban Triangle squarely and 
firmly into the public imagination of Texans far and 
wide – to put the Texas Urban Triangle “on the map”

 The remainder of this document outlines the 
approach, documentation, regional analysis, and findings 
prepared by the students during the fall semester of 2006 
and the spring semester of 2007.  The students engaged 
in site and area analyses, prepared various regional 
projections and scenarios for future growth, and constructed 
frameworks for assessing the impacts of the scenarios; all 
with the aim to inform future plans and designs for the 
region and its cities.  

..............................................
Note on sources: Numerous sources were used, and some data, text, and images were used directly without modification.  
In all instances, we attempted to attribute the data as accurately as feasible. A full listing of sources is compiled at the end of 
this report.  Readers with comments on this report are encouraged to submit them to the authors.  
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 Satellite view of TUT at night.Figure 1. 
Source: NGDC’s Earth Observation Group.

 Road Map view of TUT.Figure 2. 

The Texas Urban Triangle is an emerging megalopolis which 
represents a new spatial form of the urban mega-region.  In the past, 
megalopolises were both linear and contiguous – BoWash (Boston-
Washington), Tokkaido (Tokyo-Osaka), Santa Barbara-Tijuana.  The 
Texas mega-city region is triangular and non-contiguous.  Yet its 
metropolitan economies and cultures exhibit strong internal linkages, 
even as two of them, Houston and Dallas-Fort Worth, are large sea and 
land ports with important external linkages.  This report examines the 
Texas Urban Triangle.

The Texas Urban Triangle is a spatial cluster with the urban areas of 
Dallas-Fort Worth, Houston and San Antonio as its vertices.  For the 

purpose of this study (see Figure 1) we defined the Texas Triangle as 
the area resulting from the combination of:

the 47 urban counties constituting the metropolitan areas of •	
Dallas-Fort Worth-Arlington, Houston-Sugar Land-Baytown, 
San Antonio, Austin-Round Rock, Beaumont-Port Arthur, Killen-
Temple-Fort Hood, Waco, College Station-Bryan and Sherman-
Denison, as defined in 2004 by the U.S. Bureau of Census; and

19 non-metropolitan counties totally or partially within the •	
triangular area described above.

Total area – 268,581 sq. miles
land – 261,767 sq. miles
water – 56,173 sq. miles

Highest point – Guadalupe Peak (8,749 ft.)
Lowest point – Gulf of Mexico (sea level)

Longest distances:
north-south – 801 miles
east-west – 773 miles

Population estimate 2006:    23,508,000
Population projection (2030): 31,831,000
(Census July 2006, Office of the State Demographer)

Employment (2002):  7,937,492

Total area – 58,410 sq. miles
land – 56,173 sq. miles
water – 2,237 sq. miles

Highest point – Midway, Kerr County (2,396 ft.)
Lowest point – Gulf of Mexico (sea level)

Longest distances:
north-south – 362 miles
east-west – 315 miles

Population estimate 2006:  16,149,000 (MSA’s only)
Population projection (2030):  23,120,000
(Census July 2006 – Office of the State Demographer)

Employment (2003):     9,068,387
Employment (2030):  14,145,056 (projected)

Texas Texas Urban Triangle 

inTRodUCTion

Jose gavinha
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 Physical Regions of Texas. Figure 3. 
Source:  Texas Almanac, Sesquicentennial Edition 1857-2007. Dallas: The Dallas Morning News, L.P.

MAJoR PhySiCAl UniTS oF TexAS

Most of the Texas Urban Triangle is located within the Gulf Coastal 
Plains, the latter being one of the four major physical units in Texas 
(DMN 2006).  The other three are the Basin and Range Province, Great 
Plains and the Interior Lowlands.  But, as we shall see, portions the 
Interior Lowlands and the Great Plains have been related to some 
fundamental aspects of the Triangle – natural, historic and economic.

Before we start analyzing each physical unit it should be emphasized 
that the three vertices of the Texas Urban Triangle are located in areas 
of geophysical transition (Meinig 1969):

  1.  The Dallas-Fort Worth Metroplex grew over the boundary between 
the Interior Lowlands and the Gulf Coastal Plains;

  2.  San Antonio (and also Austin) is immediately south of the Balcones 
Fault, the conspicuous natural divide between the Great Plains and 
the    Gulf Coastal Plains; and

  3.  Houston has a coastal location, where the Gulf Coastal Plains meet 
the Gulf of Mexico.

Such locations have provided important resources and additional 
opportunities for each settlement, but also help to explain both some 
fundamental differences and their complementarity.

MAJoR PhySiCAl UniTS oF TexAS

Jose gavinha
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1. great Plains

The west central and south central parts of the state are characterized 
for its high plains, with thick layers of surface sediments.  The surface 
is relatively flat and frequently incised by deep canyons caused 
by surface erosion. The northern portion is characterized by fine 
sediments of alluvial origin, with many playas and locally-formed dune 
fields.  The southern portion is rocky, with predominance of limestones 
and dolomites.  In this area the high plains come in contact with the 
lower coastal plains, from which they are separated by a conspicuous 
natural boundary, the Balcones escarpment. Two of the Great Plains 
major subdivisions are relevant for the Texas Triangle:  the Edwards 
Plateau and the Llano Basin.

edwards Plateau

The dominant natural feature of south central Texas, this extensive 
plateau occupies most of southern portion of Great Plains.  Its 
elevation is relatively low, varying from about 1500 to 2700 feet, but 
still higher than most adjacent areas.  The abrupt change elevation 
and its unique geology contributed to make it a distinct physical unit. 
The surface is made up of a thin layer of topsoil over a thick layer of 
limestone, locally called “tufa,” which is used for construction.  A few 
small rivers originate in this area and flow to the Gulf of Mexico.  Most 
of the surface water filters down through the porous rock, recharging 
important aquifers and resurfacing in natural springs to the south, at 
the base of the Balcones escarpment. 

Historically, the lack of surface water and poverty of the soil have 
limited agriculture, and the plateau developed into a major grazing 
region, where cattle raising are supplemented by sheep and goat 
breeding.  More recently, the southern edge along the Balcones 
escarpment, an area of scenic landscape relatively close to San Antonio 
and Austin, is becoming a popular location for second homes.

llano basin

East of the Edwards Plateau, the Llano basin is a much smaller unit 
is characterized by the existence of older rocks at the surface, a 
consequence of both uplifting and surface erosion.  Topographically it 
is a small basin of granite and metamorphic rocks edged by limestone 
escarpments.  The geological diversity earned it the name of “Central 
Mineral Region,” now seldom used. The area is crossed by the Colorado 
River and some of its tributaries.  The relative abundance of water and 
drops in elevation led to the construction of a series of dams, used to 
produce electricity and to provide water and recreational facilities.

2. interior lowlands

The lowlands occupying the north central part of Texas between the 
Red River and the Colorado are considered as a natural extension 
– and the southern end – of the Great American Plains.  Broadly 
speaking, they occupy the area east of the Caprock escarpment, an 
abrupt topographic boundary due to advancing surface erosion, and 
west of Dallas.  Elevations generally range from 600 to 2000 feet. On 
the surface it is a sequence of small strips of plains, some prairies, 
and remains of woodlands oriented from north to south.  Limestone 
originated by marine sediments, getting older from west to east, is 
covered by soft prairie sands and clays.  Most valleys are deep and 
narrow, but rivers and streams have low water flows.

grand Prairie

West of Fort Worth, in the Interior Lowlands, this grassy and treeless 
tract prairie corresponds to an irregular strip of limestone crossed by 
many streams and a few rivers flowing from northwest to southeast.  
Most of the surface is composed of gently sloping, almost level, 
and usually treeless dip plains, broken only by drainage valleys.  It 
is established upon firm bands of limestones, harder than the clay 
substructure of the Blacklands to the east. Historically the Grand Prairie 
has been dairy country, a rural area of farming and livestock raising 
with few urban settlements.

Western and eastern Cross Timbers

The timber areas in the Interior Lowlands correspond to two narrow 
and north-south oriented strips, a larger western section and a 
smaller Eastern section, briefly connected in their northern edge.  
The relatively rich soils have allowed more varied farming, with fruit 
and vegetable products.  The western sprawling edge of the Dallas-
Fort Worth area has been reducing the area available to farming and 
adding pressure on natural ecosystems, especially in the Eastern Cross 
Timbers, closer to the urbanized areas.

3. gulf Coastal Plains

The coastal plains of Texas, along the Gulf of Mexico, are a relatively 
homogeneous area characterized by low elevations and young 
geologic formations.  They are the western part of the extensive 
Coastal Plains occupying most of the eastern coast of the United 
States, all the way from Cape Cod in Massachusetts to the Rio Grande. 
In Texas it is separated from the Great Plains by the escarpment created 
by the Balcones fault, making an abrupt transition between areas of 
contrasted geology and elevation.  Towards the north, where the fault 
becomes less noticeable, the contact between the Great Prairie and 
the Coastal Plains coincides with the geological boundary separating 
older (Upper Cretaceous) rocks in the west from younger (Lower 
Cretaceous) rocks in the east.  A large portion of the plains is covered 
by pine and hardwood forests.  Due to decreasing precipitation from 
east to west, they progressively give way to secondary forest, prairies, 
and finally to brush lands. Four of its natural subdivisions are especially 
relevant for any discussion of the Texas Urban Triangle: from west to 
east, the Blacklands, the Post Oak Belt, the Pine Belt, plus the Coastal 
Prairies south of them.

blacklands

Immediately east of the Great Plains and Interior Lowlands, the 
blacklands of Texas are made up of two parallel bands with a 
northeast-southwest orientation.  The largest band follows the western 
boundary of the Coastal Plains, reaching up to 70 miles wide.  This 
band slowly narrows from the Red River valley in the north to the Rio 
Grande valley in the south.  The smallest band is formed by two narrow 
arms connecting at the southern tip (25 miles wide).

A combination of low hills and smooth river valleys predominate, with 
elevations decreasing from northwest to southeast.  Several important 
rivers, especially the Brazos and the Colorado, cross the region in 
their way to the Gulf of Mexico.  Farming developed early, favored by 
a combination of rich and soft soils with abundant water and good 
communications.  All contributed to transform the blacklands into the 
cotton belt of Texas in the late 19th and early 20th centuries. Having 

MAJoR PhySiCAl UniTS oF TexAS

Cristin burton

 16



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

three of the four largest cities in Texas (Dallas, San Antonio and Austin) 
and most of their sprawling metropolitan areas, urbanization and 
demographic pressures are stronger here than in any other part of the 
state, along with Houston.

Post oak belt

East of the Blacklands there is a large and irregular band of Post Oak 
savanna, making a transition towards the pine forests farther east.  
This band follows the Red River valley along the eastern section of the 
border with Oklahoma in the north, and close to Texarkana inflects to 
the southwest, parallel to the Blacklands, and ending close to Austin.  
It was originally grassland with a hardwood canopy dominated by 
post oaks, but now has a more diverse composition, including patches 
of black soil and pine forest. Most of the surface has been occupied 
for farming and livestock raising, which have reduced substantially 
the forest cover in the area.  In a few places there are sizeable mineral 
deposits, especially of lignite and clay.

Piney Woods

Occupying all the area between the Post Oak Belt and the Louisiana 
border, and from the Red River valley and almost the Gulf of Mexico, 
the Piney Woods and Big Thickets forests form the most extensive 
woodlands in Texas.  Pine dominates in the forest, with some 
hardwood species found closer to watercourses. It is an area of low 
elevation, frequently swampy, crisscrossed by rivers and streams fed 
by abundant rainfall.  Some high-flow but slow-paced rivers like the 
Trinity, Neches and Sabine cross these woodlands from north to south.

A large number of artificial lakes and reservoirs were created in the 
area, especially during the 1960s.  Toledo Bend and Tawakoni in the 
Sabine River, Sam Rayburn in the Angelina River, and Livingston in the 
Trinity River are among the largest in Texas, with a combined surface of 
about 420,000 acres and storage capacity of almost 10 million acre-feet 

of water. Some of the largest protected natural areas in Texas – among 
the closest to the Texas Urban Triangle – are found here, namely the 
Big Thicket National Preserve and the Angelina, Davy Crocket, Sabine 
and Sam Houston national forests, with a combined area of about 
750,000 acres.

Coastal Prairies

All along the most humid section of the Gulf coast, the Coastal Prairies’ 
thick grasslands stretch from the Sabine River on the Louisiana border 
to the Guadalupe River in South Central Texas.  They form a flat and 
continuous band along the coast, sometimes more than 50 miles.  
The change from the Pine Belt to the Coastal Prairies is quite rapid 
and noticeable, while to the west there are no clear boundaries but a 
progressive and unnoticed transition from heavy grass to short grass 
prairies, and brush and small timber closer to the Rio Grande.

The coast is characterized by a thin and almost continuous protective 
barrier, with frequent islands, separated from the inner shores by 
shallow lagoons and salt marshes.  Further inland, higher ground soils 
of heavy clay covered by grasslands.  Inland natural conditions allowed 
the development of cattle ranching.  In rivers and irrigated areas rice 
has been historically the most important production.

MAJoR PhySiCAl UniTS oF TexAS
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geology

The Texas Urban Triangle, in the eastern part of the state is situated on 
some of the simplest and youngest geological formations in the state 
(WGL 2007).

Precambrian

Most of Texas lay over a core of very old rocks originated in the 
Precambrian, a long primordial era that finished about 600 million 
years ago.  They include igneous and volcanic rocks intruding old 
sediments highly metamorphosed, and can be observed at the 
surface only in small areas of the Llano Basin and the Basin and Range 
Province.

Paleozoic

During the Paleozoic (or Primary) Era, between 225 and 600 million 
of years ago, the sea advanced and retreated several times, but most 
of current Texas stayed under water.  In south and east there was 
deep sea, where thin sediments were collected over a long period.  
The convergence of the North American and South American plates 
originated many faults and led to the formation of mountains to the 
north.

Barrier reefs and extensive limestone deposits slowly appeared at 
the edge of shallow coastal waters, helping to retain river sediments 
carried to the sea.  Large deltas and coastal plains were created, 
and their sediments kept accumulating or were eroded by the sea, 
depending on variations in the sea level and shifts of the coastline.  
Currently formations from this period form most of the surface of the 
West Texas Rolling Plains and Western Cross Timbers.

Mesozoic

Starting at about 245 million years ago, the Mesozoic (or Secondary) 
Era lasted until 65 million years ago.  At this period the North American 
and Eurasian tectonic plates started to separate and slowly opening a 
long rift later occupied by the Atlantic Ocean.  The Gulf of Mexico also 
appeared in this era, but its coastline was very different and farther 
inland than at this point in time.

In the eastern half of Texas coastal sediments were carried to lower 
areas, periodically invaded by salt water;  in some secluded basins 
intense evaporation created sizeable salt deposits, accrued at each 
new cycle of sea advance and retreat.  Over the period large blocks 
of limestone, moving along large faults, emerged from or immerged 
into the water.  Immerse blocks were covered by coastal and alluvial 
sediments, whose accumulation kept expanding the coastal plain and 
gradually moving the coastline to the southeast.

In this period, most of the surface formations of the Edwards Plateau, 
Gross Prairie and Eastern Cross Timbers were created.  The western 
portion of the Blacklands, from the Red River to the Rio Grande, was 
formed at the end of this era.

Upper Cenozoic

The first portion of the Cenozoic, also called Tertiary Era, developed 
from about 65 to 1.5 million years ago.  During most of this period the 
Mississippi River flowed farther west, through Eastern Texas, ending 
in an extensive delta located in the southern portion of the current 
Pine Belt.  To the west smaller rivers ended in the Gulf, where coastal 
currents generated a string of barrier islands.  Large volumes of 
alluvium were carried to the sea, filling deeper areas close to the coast 
and moving the coastline farther to the southeast.

The thick forests and flatness of the surface allowed the accumulation 
of large amounts of dead wood on the ground, which over periods 
of sea advance were buried under sediments and transformed into 
lignite, petroleum, and natural gas.  The increasing pressure of the 
sediments layers over deep and more malleable Mesozoic salt deposits 
forced some of them upward, creating domes and folds that trapped 
some of the oil and gas.

lower Cenozoic

The current portion of the Cenozoic, also called Quaternary Era, started 
about 1.5 millions ago and has been characterized by a sequence of 
glacial (colder) and interglacial (warmer) periods.  During the former, 
ice caps were formed or advanced in places of higher elevation or 
high latitude, while the sea retreated.  During the warmer interglacial 
periods, much ice melted, and the sea advanced and covered lower 
areas.  The sequence of glacial and interglacial periods commanded 
geological processes in East Texas;  during colder periods sea bottoms 
emerged, were exposed to surface erosion and materials carried 
away, while in warmer periods coastal platforms were covered, 
larger amounts of sediments carried to the sea and marine deposits 
accumulated in shallower and warmer waters.

Blocks moved along major faults, sometimes bolstering changes in 
elevation.  Gradual uplifts during interglacial periods, including the 
current one, allowed existing rivers to carve valleys and expose older 
formations at the bottom.  The current position of the coast and river 
mouths, relative elevation of blocks, and climatic patterns have not 
changed much in the last 3,000 years.
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 Major geologic areas in the Texas Urban Triangle.Figure 4. 
Source: University of Texas at Austin (adapted)

geology

ernest nortey

 19



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

The SoilS

Soil type and related factors like 
grain size, chemical composition and 
permeability have a heavy impact on 
the local vegetation and hydrology.  
Within the Texas Urban Triangle it 
is possible to identify four major 
soil types, namely: Vertisols, Ultisols, 
Mollisols and Alfisols.  The map (MRLA 
2007) presented below provides a 
big picture, indicating the dominant 
types of soil across the state.  A close-
up analysis would reveal both less 
frequent soil types and a wealth of soil 
subtypes.

Major soil types in Texas.Figure 5. 
Source: Natural Resources Conservation 

Service

SoilS

vertisols

Most coastal areas and huge tracts of the Blacklands are occupied by 
vertisols, a very deep, moderately well drained, very slow permeable 
type of soil formed in clay-rich sediments. When dry it has the 
propensity to crack about 1\2 to 2 inches wide at the surface, to 
depths of 12 inches or more.  These cracks usually remain open 60 to 
90 consecutive days in most of the year. In general vertisols permeate 
water very slowly if unbroken or wet.  However water is able to enter 
the soil rapidly when cracked, allowing the mix or even the inversion 
of horizons. The very nature of its shrink-swell makes them unsuitable 
for building site development.  Vertisols are used extensively for grain 
sorghum, cotton, corn, small grain, and forage grasses (UI-CGALS 
2006).  In the Triangle it occurs on about 1.5 million acres in the Black 
Prairie, spanning south of Dallas to San Antonio, and in the coastal 
prairies between Houston and Louisiana.

Alfisols

Under deciduous forests and benefiting from humidity and high 
temperatures, alfisols are generally young, moderately leached and 
acidic.  Chemically rich due to the combination of a favorable climate 
and high native vegetation, this type of soil tends is very productive 
and suitable for agriculture. In the red subsoil clay, sandy clay and clay 
loam predominate.  Native vegetation includes Post Oak and Black Jack 
Oak trees, with a ground cover of bluestem, greenbrier and annual 
grasses. Alfisols are very extensive on old erosional uplands of north 
central Texas, and on the younger formations of the Post Oak Belt and 
inland Coastal Prairies.  They are the most common soil type in the 
Triangle, especially in its geometric core.

Ultisols

Deeply weathered ultisols derive from underlying acid crystalline 
and metamorphic rocks.  This soil type is acidic, strongly leached, and 
droughty.  The low quantities of organic matter plant, calcium, and 
magnesium makes this soil poorly suited for prolonged agricultural 
use.  However it can be productive if fertilizer and lime are added. The 
upper layer frequently has iron oxides, and clay predominates in the 
second horizon.  By virtue of its chemical composition this soil type is 
susceptible to erosion, making less adequate for road- building and 
construction (Davis 1997; TMRA 1988). Ultisols are prevalent in the Pine 
Belt of East Texas, occupying most of the area between the eastern side 
of the Triangle and Louisiana.

Mollisols

Most of the grasslands in Texas are found over mollisols.  Generally 
thick and well-developed, this rich type of soils is characterized by the 
high organic content and dark colored surfaces.  It is formed under 
limited leaching in sub-humid and semi-arid regions, when they come 
into contact with decomposing organic matter and calcium. Some 
sub-types of mollisols have water holding capacity and can store water 
for long periods of time, making them suitable for dryland farming. 
Mollisols are found at the Triangle edges, especially on the west side.  
A long and continuous spreads over the Interior Lowlands and Great 
Plains, just above the Balcones escarpment, all the way the Red River to 
the Rio Grande.  There are two small pockets south of the Triangle.
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QUAliTy oF FARMlAndS

According to the U.S. Department of Agriculture, soils should be 
classified as prime farmland if “…they meet or posses the best 
combination of physical and chemical characteristics for producing 
food, feed, fiber, oilseed, and certain economic or production criteria” 
(USDA 2007). Over the last decades urban sprawl and economic 

growth have been causing undue pressure on prime farmlands by 
introducing competition for other uses.  The largest concentrations of 
prime farmlands in the Texas Triangle are found along the I-35 corridor, 
and to a lesser extent the I-10 corridor, within commuting distance to 
Dallas, Austin and Houston.  This means most of prime farmlands are 
increasingly as valuable developable lands (NRCA 2007).

SAliniTy

Soil salinity increases when salt content deeper 
in the ground is brought to the surface by raising 
water tables.  In the Texas Urban Triangle soil 
salinity poses a serious threat to water resources 
in the Houston area.  As salinity spreads further, 
it contaminates reservoirs and groundwater 
supplies, reducing the quantity and quality of 
local water supplies. The high salt content along 
the coast also has negative effects on the oil and 
gas industry.  Due to its corrosive nature, salt has 
the propensity to wear away pipelines and other 
oil and gas infrastructure buried underground.

QUAliTy oF FARMlAnd

 The development of dryland salinity (AAS 2003).Figure 6. 
The removal of deep-rooted trees (A), whose transpiration keeps the groundwater layer low, 
and their replacement with shallow-rooted crops (B), allows the groundwater to rise. As well, 
the irrigation at the surface can increase the recharge rate of the groundwater. Furthermore, 
if the irrigation water contains some dissolved salts, then as it evaporates from the surface its 

salts will be left behind and concentrated.

high-quality farmland and urban development.  Figure 7. 
Source:  American Farmland Trust.

ernest nortey

 21



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

Area in farms and 
ranches, 1992-2001

Between 1992 and 2001, 
the Blackland Prairie, 
were most of the prime 
farmlands of the Triangle 
are located, experienced 
an important loss of farm 
and ranchlands through 
property fragmentation 
and “conversion of native 
rangelands and other 
croplands to nonnative 
pastures.” (AFT 2003)

Area in farms and ranches.  Figure 8. 
Source: Wilkins et al (2003)

According the National Farmland Trust, since the early 1990s about 
180,000 acres of Blackland prairies have been lost to urbanization, 
especially around the fringes of Dallas/ Fort Worth and along the I-35 
corridor.  Such losses can partly be attributed to the widening gap 
between agricultural and market values of land in Texas (Wilkins et al 
2003).

Some of the most dramatic increases in non-agricultural land values 

in rural lands during the period 1992-2001 occurred in areas north of 
the Dallas-Fort Worth Metroplex and in the Hill Country west of Austin 
and north of San Antonio.  At the other extreme, the most prominent 
decreases in this type of land value were found around and north of 
Houston;  even though we don’t have sufficient data, it is reasonable 
to argue that flooding, subsidence and high salinity were among the 
major causes.

Change in non-agricultural land value in Figure 9. 
rural lands 1992-2001. 

Source:  Wilkins et al (2003)

The contribution of agriculture for the value of rural lands in Texas is 
minimal around the larger urban areas of the Texas Urban Triangle, and 
especially around and beyond its western fringe, in more scenic hill 
and forest areas, generally on higher ground (and consequently less 
polluted).  This is apparent in the eastern side of the Edwards Plateau 

and the divide between the Red River basin and the Trinity and Brazos 
basins.  It is also clear around Houston, reflecting the contrast between 
the western residential side and the eastern industrial side, and along 
the I-10 and I-45 corridors.

QUAliTy oF FARMlAnd

Agricultural value as proportion of total Figure 10. 
market value of rural lands, 2001.  

Source: Wilkins et al 2003)
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vegeTATion

The vegetation currently found around Texas is very different from 
what would have been observed three or more hundreds years ago.  
Before white colonization, and especially the introduction of large 
scale ranching, grasslands were prevalent all over the state, occupying 
about 80% of the surface.  Some forests in the east and deserts in the 
west completed the picture.  Natural grasslands were progressively 
devoted to cattle, and by the middle of the 19th century there were 
already some reports on the effects of overgrazing.

The consequence of large scale human activities, including the 
introduction of new species, was the alteration of existing and the 
development of new ecosystems.  As the state economy diversified, 
especially in the last decades, other uses including oil extraction, urban 
development, industrial areas, recreation, highways, and airports 
gained relevance and competed for land.  But ranching is still the 
largest single land use in Texas, with more than 100 million acres.

types of land coverage

Changes in vegetation have been especially noticeable in the Texas 
Urban Triangle, the most densely populated part of the state, especially 
around fast-growing urban areas (see Figure 11).  In the Triangle the 
current pattern of land occupation goes parallel with the intensity of 
human occupation:

•	 farmlands	are	primarily	concentrated	in	good	soils	closer	to	
urban areas, especially in two clusters:  the Blacklands band 
from San Antonio to Dallas and the Red River, and the Coastal 
Prairies close to Houston; 

•	 in	most	of	the	remaining	Blacklands	and	the	Post	Oak	Belt	
closer to Dallas, Houston and San Antonio grasslands gave way 
to pastures or shrubland;  and

•	 more	remote	areas	and/or	having	poor	soils,	like	the	Pine	Belt,	
Hill Country and marshy coast are occupied by forests, wetlands 
or grasslands.

land cover categories in the Texas Urban Triangle.Figure 11. 
Source: USGS (adapted)

vegeTATion

Cristin burton

 23



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

Types of vegetation cover in the Texas Urban Triangle.Figure 12. 
Source: UT, Bureau of Economic Geology (adapted).

Beyond this broad summary, there are important differences in the 
distribution of forests, brushes and grasslands, especially noticeable 
when moving from east to west.  See 

Forested areas in the Texas Urban Triangle belong to three very 
distinguishable groups:

•	 in	the	western	side,	above	the	Balcones	escarpment,	forest	
appears as a mosaic of irregular patches, where Live Oak 
associates first to Ash Juniper;  moving westward, juniper is 
progressively replaced by Mesquite;

•	 in	the	core	of	the	Triangle	there	is	a	large	cone-shaped	band	
of Post Oak parks and woods with northeast-southwest 
orientation, interrupted by river valleys;

•	 in	the	east	side,	the	Pine	Belt	appears	as	a	compact	area	of	pine	
and some hardwoods, where older patches of forest alternate 
with younger patches of forest and grasslands;  some valley 

bottoms present thin ribbons of hardwoods, namely Willow 
Oaks, Water Oaks and Blackgums.

Other types of forest appear in very isolated pockets.  The only sizeable 
one, between the Post Oaks and Blacklands east and northeast of 
Waco, presents a combination of Elm and Hackberry. Small pockets 
of native grasslands can be found near the edges of the Texas Urban 
Triangle.  Their composition changes with the geographical location.

Brushland is occurs in arid areas, therefore it is more characteristic 
of West Texas.  Two clusters can be found close to the northern and 
southwestern edges of the Texas Urban Triangle:

•	 Mesquite	and	Lotebush	in	the	transition	between	the	Western	
Cross Timbers and the Rolling Plains, just south of the Red River;

•	 Mesquite,	Blackbrush,	and	Granjeño	from	San	Antonio	to	the	
Rio Grande.

vegeTATion
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1. Piney Woods

An Oak Hickory Pine forest a few hundred ago, this area of irregular 
plains is now dominated by short and longleaf pines.  Loblolly 
and slash pines, the latter non-native, are also common.  Acid soils 
dominate the forest floor.  In the northern section, the Piney Woods 
contain maples, oaks, beeches, gums, and bois d’arc.  Also common 
here are many smaller trees formerly used by the Caddo Indians for 
food and medicine, like persimmon, chinquapin, paw-paw, witch hazel, 
and sassafras.

Further south, in the Big Thicket alone there are six forest layers and 
eight separate plant communities extending from the upland forests 
to the cypress bogs. Plant species include forty species of wild orchids 
and nine carnivorous plants.  Common trees in the Big Thicket include 
beech, hornbeam, magnolia, sweet gum, black gum, walnut, hickory, 
white oak, red oak, ash, tupelo, dogwood, hawthorn, mulberry, and 
palmettos.  Highly disturbed areas have been invaded by threeawns, 
annual grasses, weeds, broomsedge bluestem, red lovegrass and other 
species that suppress the growth of pine and desirable grasses.

ecoregions in the Texas Urban Triangle.Figure 13. 
Source: Texas Parks and Wildlife Department (adapted)
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2. oak Woods and Prairies

Heading west, the Piney Woods give way to the Post oak savanna, 
originally grassland with a canopy of post oaks and other hardwoods.  
Post Oaks are still characteristic of the area, along with blackjack oak, 
pecan, walnut, and elm trees.  Native grasses include the usual gramas, 
bluestems, switchgrass, indiangrass, purpletop and woodoats plus 
longleaf wood oats, spike wood oats, and red love grass.  Continuous 
grazing led to the development of dense stands of yaupon, greenbriar, 
oak brush and other woody underbrush.

In the Grand Prairie farther west grass composition is relatively 
uniform;  it includes bluestems, indiangrass, switchgrass, wildrye, 
gramas, dropseed, wintergrass and buffalograss.  The Cross Timber 
forest also has some woody vegetation, namely shinnery, blackjack 
and some oaks;  brush has entered the savanna and prairies.  Mesquite, 
oak brush, greenbriar, yaupon and juniper are common.

3. blackland Prairies

The narrow Blackland Prairie has the most fertile topsoil in Texas. 
The rich, black soil runs deep, and most of the land here is under 
cultivation.  Much of the timberland that once existed was cleared, but 
some classic trees can be found untouched along rivers and streams.  
Native oaks – post oak, live oak, shinnery oak, and blackjack oak – 
predominate, growing along with pecan, elm, and bois d’arc (horse-
apple). The bois d’arc was a favorite tree of the Native American bow-
makers of East Texas.

In overgrazed areas taller and more productive grasses have been 
replaced by buffalograss and Texas grama, or even by woody species 
like mesquite and lotebush.

4. gulf Coast Prairies and Marshes

At one time marshes dotted nearly every river mouth, but many were 
dredged, filled, or destroyed by upriver dams that deprived them of 
fresh water and minerals.  Most of the remaining marshes lie along the 
inside of the barrier islands, facing tidal basins.  Tall grasses growing 
over the marshlands are generically called “salt grass.”  Bullrush, sedge, 
cordgrass, maidencane, and marsh millet grow in the marshes

In the Gulf Prairies farther inland bluestems and tall grasses 
predominate, and these include indiangrass, Texas wintergrass, 
switchgrass gulf cordgrass, and tall bunchgrasses.  Continuous 
grazing led to an increase of inferior grasses like broomsedge 
bluestem, smutgrass, threeawns, and tumblegrass.  Oak underbrush, 
macartney rose, huisache, prickly pear, mesquite, and weeds are other 
conspicuous invaders.

5. South Texas brush Country

South of San Antonio the subtropical dryland supports smaller trees, 
shrubs, cacti, and hardy grasses, in a mixture usually called brush or 
chaparral.  Most typical of brush-country are small live oak, mesquite, 
post oak, prickly pear cactus, acacia, catclaw, rat-tail cactus, black 
chaparral	(blackbush),	granjeño,	retama,	yucca,	cenizo,	huisache,	
and huajillo.  Beneath the brush canopy are remains of the original 
bunchgrasses, plus Arizona cottontop, curly mesquite, buffalo grass, 
and various Texas gramas.

6. edwards Plateau

Woodlands are prevalent in the eastern side and grassy prairies in 
the west.  The combination of grasses, weeds, and smaller trees has 
favored cattle raising, but also hosts native deer and wildturkey.  Live 
oak, shinnery oak, mesquite, and juniper constitute most of the woody 
vegetation;  among the grasses are bluestems, gramas, indiangrass, 
curlymesquite, buffalograss, fall witchgrass, lovegrass, wildryes, and 
Texas wintergrass.

Sturdy trees have been colonizing the rocky Edwards Plateau. Among 
the most common are the omnipresent mesquite, shinnery oak, pecan, 
and live oak, and Huajillo, a thorny shrub.  In the Hill Country bald 
cypress can be found along perennial streams, far from the native 
bayous of East Texas and Louisiana;  hanging in the cypress is the 
occasional ball moss.

7. Rolling Plains

West of the Blackland Prairie, the Rolling Plains support the same 
grasses as the Llano Estacado of West Texas, as well as red lovegrass, 
tumblegrass, Texas wintergrass, side oats, wildrye, big bluestem, sand 
bluestem, and tobosa grass.  Today about half the Rolling Plains are 
covered in mesquite, which is considered very problematic by local 
ranchers.  Juniper also moved into the region opportunistically as 
grasslands were depleted by grazing.
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WATeR

Water is a fundamental part of life, required by all living organisms.  
Therefore, water availability is fundamental for natural ecosystems, 
as well as people and their activities.  In a state like Texas, where 
a good portion of the state is relatively dry, the management of 
limited water sources has to be considered a major priority.

PReCiPiTATion

Texas has a fairly mild and uniform climate, with hot summers 
and mild winters.  In general, West Texas is dryer and has more 
dramatic daily and seasonal contrasts, while East Texas is more 
humid and has more regular patterns.

The key element that differentiates climate across the state is 
rain.  The average annual precipitation follows a simple pattern 
through the state, decreasing sharply from west to east.  In the 
lower Sabine River, at the Louisiana border, it rains more than five 
times than in the area around El Paso.  In general precipitation is 
also scarcer in areas of higher elevation, and more abundant in the 
plains.  See Figure 14.

  Annual Precipitation in Texas.Figure 14. 
Source: Spatial Climate Analysis Service, Oregon State University.

 Average rainfall in selected cities (figures in inches, 2000-2005).Figure 15. 
Source:  National Weather Service.

 Average annual runoff from Figure 16. 
precipitation in Texas.

Source:  2007 State Water Plan.

WATeR

All the Texas Urban Triangle receives 
considerable precipitation, following the 
same west-east pattern observed at the 
state level.  The prairies and cross timbers 
west of Dallas and the Hill Country above 
the Balcones escarpment receive an 
average of about 30 inches per year, while 
the eastern section of the Gulf Plains more 
than 55 inches.

Precipitation does not have a regular pattern through the year.  Overall there 
are two marked rainy periods through the year, the first in April-June and the 
second in September-October, and one dry period in December-January.  
They are separated by three transitional periods. See Figure 15.

In the East Texas plains a significant proportion of the precipitation flows 
away as runoff through surface streams.  Conversely, in the hills and plateaus 
of Central and West Texas runoffs are low, and most water infiltrates the soil 
or evaporates.  This difference, related to local topography and geology, has 
major implications in the availability of water.  Most reservoirs are found in 
the rivers of the east, the most copious natural springs are at the base of the 
Balcones escarpment, and surface water is supplemented by aquifers in the 
west.  See Figure 16.
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existing threats to surface 
water supply

One of the major problems affecting 
surface water supply is the release of 
water used by households, industries 
and services, either directly to 
surface waters or indirectly through 
discharges in sewer systems.  Not 
all the waste water is treated, and 
its contents may affect the quality 
of water and cause threats to the 
environment and public health.

impaired river Figure 17. 
segments as defined by 

Section 303 (d) of the Clean 
Water Act (TCeQ 2004).

Source:  2007 Texas Water Plan.

On top of extensive damming, water extraction and discharge, Texan 
rivers have been showing the resulting negative environmental 
impacts.  This situation was the cumulative result of decades of use, 
and has been worsened by the continuous growth of population and 
economic activities in some areas.  Based on thresholds defined in the 
2004 Texas Clean Water Act, several river segments in the state have 
been identified as suffering significant impairments (TWDB, 2007a).  In 
the Texas Urban Triangle the most widespread situations are:

•	 large concentrations of bacteria in most rivers, except the 
Trinity;  this problem is especially noticeable in the Brazos basin 
between Waco and Houston;

•	 deficiencies in the amounts of oxygen dissolved in the water 
affecting especially rivers in the Pine Belt, stretches of rivers 
below the Balcones escarpment and crossing the Gulf Plains;

•	 concentrations of metals, more frequent in Pine Belt rivers 
closer to mining activities and along the Gulf Coast;  and

•	 high alkalinity in some rivers at the edges of the Pine Belt.

Other types of impairments found in fewer areas include toxicity, lack 
of biological integrity, and concentration of organic materials in inland 
river segments and bacteria affecting oysters and concentration of 
organic materials in coastal areas.

Toxic releases to surface water and sewers in Figure 18. 
Texas by area, 1997.

Source: TCPS, 2000.

ThReATS To SURFACe WATeR SUPPly
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RiveR bASinS

The northern and southern 
parts of Texas belong to two 
major continental river basins, 
the Mississippi (through the 
Red and Canadian rivers) and 
the Rio Grande.  But most of the 
state, including the Texas Urban 
Triangle, is divided by a number 
of smaller basins with waters 
flowing directly to the Gulf of 
Mexico.  Only in a tiny portion of 
the Triangle, north of Dallas, water 
flows to the Red River and then 
to the Mississippi. See Figures 19 
and 20.  The major role played by 
the Trinity, Brazos and Colorado 
rivers in the provision of surfacial 
waters in the Triangle area 
justifies a more detailed analysis.

 Major river basins and annual rainfall in Texas.Figure 19. 
Source:  Bureau of Economic Geology, U. of Texas.

 Major river basins of Texas Urban Figure 20. 
Triangle.

 Source: 2007 State Water Plan (adapted).
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Trinity River basin

The Trinity is a 550 miles-long river, draining a narrow and elongated 
basin of 17,913 square miles.  The river results from the progressive 
junction of four forks:  the Clear and West Forks meet at Fort Worth, 
next the Elm Fork joins them in Dallas, and finally the East Fork runs 
into the main stream about 40 miles southeast of Dallas.  Despite 
its short course it carries one of the highest volumes of water in the 
state, averaging close to 6 million acre-feet per year (AFY).  This flow 
is highly regulated by a large number of lakes and reservoirs, showing 
important seasonal variations reflecting both changes in precipitation 
and human usage.  The peak flow occurs in May and the lowest levels 
in August-September.  During most of the year the median flow 
increases from the middle to the lower section (see Figure 21), with 
the exception of July and August, when the flow decreases;  this is the 
period of the year when more river water in Texas has to be diverted to 
raise lake and reservoir levels.

The importance of the Trinity River basin is twofold:  it has the highest 
water storage capacity of all rivers in Texas (even larger than the Rio 

Grande and Red River), and more than 20% of the state population and 
40% of the Triangle’s live in its basin.  The upper section of the basin 
is extensively dammed, especially around Fort Worth and Dallas.  The 
Trinity basin has 31 lakes and reservoirs with storage capacity higher 
than 5,000 acre feet, overall having a storage capacity close to 6.8 
million acre feet and covering 330,000 acres (DMN 2006);  of them, 22 
are within the DFW consolidated metropolitan area, amounting to 3.8 
million acre feet of storage capacity and close to 190,000 acres in area.  
To emphasize the magnitude of the water storage infrastructure in 
the Upper Trinity basin within the DFW area, in aggregate its lakes and 
reservoirs can store more water than all those in the Brazos basin, and 
the area they cover is also larger then comparable figures for the whole 
basins of the Brazos, Colorado or Rio Grande in Texas.  It must be noted 
that the DFW area stretches beyond the Trinity basin, also having 16 
lakes and reservoirs in other basins:  eight in the Red River, seven in the 
Brazos, and one in the Neches, with an aggregate storage capacity of 
4.4 million acre feet, and covering close to 160,000 acres.

Trinity River basin and Streamflow Assessment for Selected Control Points.Figure 21. 
Source:  2007 State Water Plan.
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The middle section of the Trinity basin has four small lakes and a 
large reservoir.  The four lakes supply small municipalities and a few 
industries in the area. The 1.1 million acre feet Tarrant-Chambers 
Reservoir, close to Corsicana, is managed by the Tarrant Regional 
Water District. It is solely devoted to supply municipalities. The lower 
section of the basin, flat and with very low gradient, has two sizeable 
lakes.  One of them is Lake Livingston, the largest in the Trinity system 

(capable of holding over 1.7 million acre feet of water and covering 
80,000 acres), co-owned by the city of Houston and the Trinity Regional 
Authority.  Its water is devoted to municipal and industrial uses, as well 
as to some irrigation.

Water availability evaluation for new perpetual rights in the Trinity River basin, as Figure 22. 
of 3/20/2002.

Source: Texas Commission of Environmental Quality (TCEQ).

Figure 22 shows the 
fundamental role played 
by the Trinity supplying 
water to major urban areas 
in the Triangle.  But also 
indicates some problems 
like the extensive 
damming of the upper 
section and the extremely 
low flows reaching the 
mouth in the peak of the 
summer.  Both factors 
have justified restrictions 
on the concession of 
new perpetual rights, 
especially severe in the 
upper section of the 
basin. As the Texas Urban 
Triangle population and 
economy grow these 
water allocations will need 
to be revisited.
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brazos River basin

The Brazos River has its headwaters in the Great Plains of New Mexico, 
close to the town of Clovis, not far from the Texas border.  It is a long 
river, 840 miles long, completely  crossing the state from northwest 
to southeast.  Its basin is the largest of the rivers crossing the Triangle, 
covering an area close to 43,000 square miles.  It includes portions of 
most of the physical regions in the state:  from the Llano Estacado the 
river descends the Caprock Escarpment to enter the West Texas Rolling 
Plains, and then crosses the Cross Timbers, Grand Prairie, Blackland 
Belt, Post Oak Belt and finally, Coastal Prairies.  The average flow is over 
6 million acre feet per year, the largest of the Triangle rivers, but the 
river flow shows ample variations throughout the basin (see Figure 
23).  In general, precipitation increases markedly as the river moves 
southeastward, towards the high-rainfall Coastal Plains.  In the upper 

basin, with little precipitation and low runoff, the river carries little 
water;  but as progresses through the Interior Lowlands precipitation 
increases and the water of many tributaries is added to the flow.  In 
South Bend, in the upper section and about 50 miles west of Fort 
Worth, the peak flow occurs in May and surpasses 50,000 acre feet per 
month, and the bottom from December to March, with well below 
10,000 acre feet per month.  Close to the river mouth the peak still is 
in May but more than 10 times larger, with about 700,000 acre feet per 
month, while the bottom is from July to October, below 10,000 acre 
feet per month.  Like in the Trinity, but in a more contrasted way, the 
flow increases substantially as the river moves downstream in most 
of the year, with the exception of summer and early fall, when less 
water reaches the sea.  The former results from seasonal variations in 
precipitation, but the latter is a consequence of extensive damming 
and water extraction for human use.

brazos River basin and Streamflow Assessment for Selected Control Points.Figure 23. 
Source:  2007 State Water Plan.
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The Brazos river provides 6.75 billion gallons of water per year to more 
than 1.6 million people living in the basin.  The Brazos basin has 40 
lakes and reservoirs with a total capacity of 3.8 million acre feet of 
water and cover an area of 175,000 acres.  In the mostly rural upper 
section (upstream from the DFW area)  most of the water supply is 
for municipalities, and to a lesser extent industries and ranching.  In 
the Dallas-Fort Worth area, six lakes and one reservoir account for 
1.5 million acre feet of storage for multiple uses, including power 

generation and flood control.  The middle section (between the DFW 
and the Houston metroplitan area), which includes the urban areas of 
Waco, Killeen-Temple, and College Station-Bryan; has the capacity of 
storing 1.4 million acre feet. The basin also includes two small bodies 
in the Austin metropolitan area, primarily used for flood control, and 
other four small ones in the Houston metropolitan area, three used for 
industry and one for irrigation.

Compared to the Trinity, water usage in the 
Brazos basin is more diversified, in part due to 
the lack of any major metropolitan area.  But 
there also indications that water consumption 
is approaching the limits, especially in the 
downstream from the DFW area, since no new 
perpetual rights for more than six months per 
year are available in most of the basin, and 
in some areas close to Dallas, Houston and 
College Station not even for three months 
per year (see Figure 24). As the Texas Urban 
Triangle population and economy grow these 
water allocations will need to be revisited.

Water availability evaluation for new perpetual rights in the brazos basin, as of 1/10/2002.Figure 24. 
Source: Texas Commission of Environmental Quality (TCEQ).
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Colorado River basin

The Colorado is the longest river crossing the Texas Urban Triangle, 
with 865 miles, and its basin marks the transition between the higher-
flow and rain-feed rivers of East Texas and the low-flow rivers of the 
dry plains of South Texas.  Like the Brazos, its headwaters are in New 
Mexico and it crosses most of the physical regions in the state from 
northwest to southeast.  But, in spite of having a basin with about the 
same size as the Brazos’ (the Colorado basin is slightly smaller, with 
39,000 square miles in Texas), its average flow is just about one third 
that of the Brazos at 1,900 acre feet per year.

More than two thirds of the basin spreads through the Great Plains and 
the Edwards Plateau, where precipitation is low and can easily infiltrate 
the soil and feed aquifers.  The Colorado also crosses the Llano Basin 

above the Balcones escarpment, providing a short section where five 
lakes are used for the production of energy.  The contrast between 
flows in the upper and lower sections of the basin is much less 
contrasted than in the Brazos, since the rainier lower section, covering 
a very small area and having no significant tributaries, has a very 
limited catchment potential.  As a result of these natural conditions 
and of extensive damming, flow variations are more related to release 
from aquifers, and especially the management of water stored in 
artificial lakes and reservoirs.  The average peak flow occurs in May-
June, a bit earlier upstream, and remains around 90,000 acre feet per 
month in the lower section.  The bottom flow takes place from October 
to February above Austin, around 20,000 acre feet per month, and in 
July-August close to the mouth, when the flow can fall down to about 
5,000 acre feet per month.

Colorado River basin and Streamflow Assessment for Selected Control Points.Figure 25. 
Source:  2007 State Water Plan.
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The Colorado basin has an important network of lakes and reservoirs.  
It has 30 water bodies with storage capacity above 5,000 square 
feet, amounting to close to 4.5 million acre feet and overall covering 
140,000 square miles.  In the upper basin, before the Llano Basin, 
there are 19 lakes and reservoirs, most of them supplying water to 
municipalities and local industries.  The middle section, including the 
Llano Basin and Austin metropolitan area only has eight lakes, most 
of them upstream from the city, with a total storage capacity of 2.2 
million acre feet, or 50% of the whole basin.  Most of this water is used 
for municipal supply, recreation and power generation.

The combination of a relatively low flow and extensive water usage 
made the Colorado the most heavily used river flowing through the 
Texas Urban Triangle.  In the 1995 edition of the State of Texas Water 
Quality Inventory the whole river basin was already considered as 
having little or no more water for appropriation.  This situation did not 
change, as any application for new perpetual rights can be made for, at 
most, three months over the whole basin. As the Texas Urban Triangle 
population and economy grow these water allocations will need to be 
revisited.

Water availability evaluation for new perpetual rights in the Colorado River basin, as of 5/09/2003.Figure 26. 
Source: Texas Commission of Environmental Quality (TCEQ).
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 Major Aquifers of Texas.Figure 27. 
Source:  Texas Almanac, Sesquicentennial Edition 1857-2007.

AQUiFeRS

AQUiFeRS

In Texas, groundwater remains a 
crucial natural resource and a basic 
commodity.  Groundwater exists 
beneath the earth’s surface, and is 
usually recharged by precipitation 
and percolation.  Water penetrates 
permeable rocks such as sandstones, 
fractured limestone, unconsolidated 
sand, and gravel, and may feed wells 
and springs at some distance.

The Texas Urban Triangle is 
characterized by a coastal upland 
aquifer system that underlies an area 
of 50,000 square miles.  It consists 
primarily of unconsolidated deposits 
of early tertiary age rock formations 
that yield large quantities of water 
(TWDB 2007a).

The principal aquifer type in the Texas 
Urban Triangle is unconsolidated sand 
and gravel.  This makes the aquifers 
susceptible to contamination due to 
their high permeability and hydraulic 
conductivity (ISU 2007).

There are several major and minor 
aquifers in the Texas Urban Triangle.  
The Texas Water Development Board 
(TWDB) identifies nine major and 
twenty minor aquifers underlying 
about 81 percent of the state’s area.  
See Figure 27.

In the Texas Urban Triangle, aquifers are relatively small, especially if 
compared with the Ogallala, the largest in North America, spreading 
under eight states of the High Plains from South Dakota to the Texas 
Great Plains.  The Ogallala’s groundwater availability in Texas is over 6 
million AFY (acre feet per year), close to half of the state’s total.

Of the nearly 8.9 million acre-feet of groundwater Texas consumed in 
1990, almost 95 percent came from nine major aquifers. The remaining 
five percent was drawn from 20 minor aquifers (TWDB 1993b).

Five major aquifers –Gulf Coast, Carrizo-Wilcox, Trinity, Edwards-Trinity 
(Plateau) and the Edwards-Balcones Fault Zone – supply water to 
different portions of the Texas Urban Triangle.  According to the TWDB 
they had, in 2000 and under drought conditions, a total availability of 
4.7 millions AFY, which represented 31% of the state total.  Note that 
all of them extend beyond the Triangle, also providing water to other 
areas (TWDB, 2007a).

In aquifers, two main features must 
be considered:  the surface extent 
where water infiltrates (or outcrop), 
and the deeper areas of accumulation 
(or downdip).  The latter has direct 
influence in the aquifer capacity, 
while the former plays a major role in 
the process of recharge.
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gulf Coast Aquifer

The Gulf Coast Aquifer underlies most of the Coastal 
Plains between the Lower Rio Grande Valley and 
Louisiana, extending about 100 miles inland from 
the Gulf.  The aquifer consists of alternating clay, silt, 
sand, and gravel beds of different formations, which 
collectively form a regional, hydrologically connected 
unit.  Fresh water occurs to depths of more than 3,000 
feet  The aquifer is recharged by precipitation on the 
surface and from streams crossing the outcrop area.  
However, only a small fraction of the rainfall in the 
area actually percolates the water table, since the rest 
is discharged into abutting streams (Chowdhury and 
Turco, 2006).  Generally water quality is good in the 
shallower portions, but it tends to decline at greater 
depths of the aquifer.

About 1.1 million acre feet of groundwater is pumped 
annually from this aquifer.  A large portion is used for 
irrigation and as a source of drinking water for fast 
growing communities along the coast.  The rate of 
natural recharge is estimated to be sufficient to sustain 
present levels of extraction, the main limitation to 
withdrawal is the resulting land subsidence.  In the 
Houston metropolitan area, from 300 to 350 million 
gallons are pumped daily for municipal and industrial 
use (Chowdhury and Turco, 2006). This high degree of 
subsidence suggests that the Houston area may study 
the wisdom of withdrawing water from the Gulf Coast 
Aquifer in areas distant from the metropolis.

Over pumping has caused a substantial drop of the water table and 
landsurface subsidence, and has been associated with increases in 
chloride content in the southwest portion of the aquifer, and salt-
water encroachment along the coast. According to the TWDB (1990) 
the 1980s saw a spike in water usage especially for irrigation, causing 
water quality problems and increase in salinity as a result of salt water 
intrusion to the surface of the aquifer.  In Galveston, Kingsville and 
Harris counties excessive pumpage has resulted in soil compaction 
which has led to subsidence of up to 9 feet in some parts of Harris 
County (Kesmarek et al., 2005).  Major regulatory measures have been 
implemented in the Houston area since 1976, resulting in significant 

reductions of subsidence rates;  however, subsidence has been 
increasing north and westward, in areas of Montgomery and Fort Bend 
counties (Michel, 2006).

The Gulf Coast aquifer has also been heavily impacted by agriculture 
and oil production industries. A recent study of 69 existing wells within 
the aquifer area showed that 8 of them surpassed the nitrate, arsenic, 
chloride and acceptable bromide levels (Hudnak 2003).  Aquifers in 
close proximity to oil installations showed high concentrations of 
oilfield brine in their groundwater.

 gulf Coast AquiferFigure 28. 
Source: Texas Water Development Board (adapted)

 groundwater usage of the gulf Coast aquifer.Figure 29. 
(from: Kasmarek and Robinson, 2004).
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Carrizo-Wilcox Aquifer

The Carrizo-Wilcox is one of the largest aquifers in East 
Texas, its beds dipping beneath most of the Blackland and 
Post Oak Belts west of the Gulf Coast Aquifer.  It forms a 
wide S-shaped belt between the borders with Louisiana 
and Mexico, with over 11,000 square miles of outcrop 
and over 25,000 in subsurface.  The aquifer consists of 
sand locally interbedded with gravel, silt, clay and lignite.  
The net thickness ranges from a few feet in the outcrop 
to more than 3,000 feet downdip.  Usable quality water 
occurs at greater depths (up to about 5,300 feet) than in 
any other aquifer in the state.  Close to two thirds of the 
aquifer’s area is within groundwater conservation districts.

The aquifer can provide over 1 million acre feet per year 
of fresh but hard water.  Excessively corrosive water with 
high iron content is common throughout much of the 
northeastern part of the aquifer.  The water is generally 
under artesian pressure, and flowing wells are common in 
areas of low elevation.

Just over 50% of the water extracted is used in irrigation, 
and 40% in municipal supply.  Water levels have declined 
in heavily pumped irrigation areas, especially in the 
southeast and southeastern sides, outside the Texas Urban 
Triangle.

 Carrizo-Wilcox Aquifer.Figure 30. 
Source: Texas Water Development Board (adapted).

The Trinity Group Aquifer extends under a large portion of North and 
Central Texas, forming a wide band between the Red River and the San 
Antonio area.  The outcrop having over 10,000 square miles, plus over 
20,000 in subsurface.  It is composed of limestones, sands, clays, gravels 
and conglomerates, with a thickness ranging from a few feet along the 
west to more than 1,200 feet in the east.  The water, fresh but hard, tends 
to be moderately saline and having sulfates and chlorides.  The aquifer is 
recharged by both precipitation and upland streams flowing towards the 
recharge areas (Ashworth and Hopkins, 1995).

The aquifer has been intensively mined in the Dallas-Fort Worth and Waco 
areas.  These heavily pumped areas suffered some of the largest water 
level declines in Texas, ranging from 350 to over 1,000 feet.  The problem 
has been exacerbated by the exploration of natural gas and oil in the Fort 
Worth area (Fort Worth Weekly, 2006).  As a result of oil and gas drilling, the 
municipal water shortages have been compounded. 

In their testimony before the Senate Committee for Natural Resources in 
Austin, representatives from the Railroad Commission indicated that oil and 
gas companies use “between 1 million and 5 million gallons of water for 
drilling one oil well alone” (Troy Fraser Office, 2004). 

In the Hill Country, studies conducted by the Texas Water Development 
Board confirm that yields in the aquifer in this area have also declined 
considerably (TWDB 2000).

 The Trinity Aquifer.Figure 31. 
Source: Texas Water Development Board (adapted).
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 edwards-Trinity (Plateau) Aquifer.Figure 32. 
Source: Texas Water Development Board (adapted).

edwards-Trinity (Plateau) Aquifer

The Edwards-Trinity (Plateau) Aquifer extends under much of the Edwards 
and Stockton plateaus of Southwest Texas.  Its outcrop occupies a large 
area, over 32,000 square miles, with an additional of about 3,000 in 
subsurface.  It is composed of limestones and dolomites of the Edwards 
Group (upper strata) and sands of the Trinity Group lower strata).  Average 
freshwater saturated thickness is around 400 feet, in some places reaching 
over 800 feet.  The water varies from fresh in the east side to slightly saline 
towards the west.  Natural discharge through springs is frequent at the 
base of escarpments, increasing substantially the flow of several streams.  
Water availability is about 570,000 AFY.  The aquifer is recharged primarily 
by the infiltration of precipitation.  About 70% of its area is within 
groundwater conservation districts.

Overall, water levels have remained stable, as pumping has been balanced 
by recharge.  More than two-thirds of the water is used for irrigation, the 
rest for urban uses and livestock supplies.  Water extraction has proven 
difficult to develop, however, because of the irregular distribution of 
permeability in the limestone beds and the variable thickness of the 
lowermost sand and sandstone beds. Nonetheless, in some heavily 
pumped areas, especially in the western side and close to San Antonio, 
water levels have declined significantly. 

edwards balcones Fault Zone Aquifer

The Edwards BFZ is the smallest in extension of the five major aquifers in the Triangle.  
The outcrop area has just about 1,500 square miles, plus 2,300 in subsurface.  It consists 
of an extensive network of faults, open fractures, channels and cavities developed 
in partially dissolved limestone of different beds, creating good conditions for water 
storage (Grubb 1997).  The water is hard and fresh.  The net thickness of the aquifer 
ranges from 200 to 800 feet, with freshwater saturated thickness to 560 feet in the 
southern portion.  The aquifer feeds several major springs including Comal Springs, 
northeast from San Antonio, the largest in Texas.  It also underlies some of the most 
environmentally sensitive areas in the state.  About 90% of the aquifer’s area is within 
groundwater conservation districts.  See Figure 34.

The Edwards BFZ aquifer supplies municipal and industrial water to 
numerous cities and towns, including all the municipal supply of the 
city of San Antonio.  Water moves rapidly through the aquifer, and the 
volume of water in storage and the rate of springflow change rapidly 
in response to rainfall, drought and pumping.

During the last decades the San Antonio water jurisdiction has 
experienced substantial population growth and urban sprawl that has 
increased water demand, and put a strain on aquifer recharge rates.  
The possibility of saline water intrusion and the need to maintain 
springflow at adequate levels for environmental and recreational 
purposes are constraints upon increased pumping from the aquifer, 
particularly during drought periods, when water needs increase.

 Cross-section of the edwards Aquifer Region.Figure 33. 
Source:  Eckhardt (2007).

 edwards bFZ aquifer.Figure 34. 
Source: Texas Water Development Board.
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 Minor aquifers in east Texas.Figure 35. 
Source:  Texas Water Development Board (adapted).

Minor aquifers

Twenty minor aquifers of some relevance have been identified in 
Texas (Ashworth and Hopkins, 1995), and sections of five of them lie 
underneath some areas of the Texas Urban Triangle area.  These five 
aquifers are:

The •	 brazos River Alluvium Aquifer, occurring in alluvial 
sediments of the floodplain and terrace deposits of the Brazos 
River.  Up to seven miles wide, it stretches for 350 miles along 
the course of the river.  Irrigation accounts for almost all of the 
pumpage from the aquifer.  Some wells yield up to 1,000 gal/
min, but the majority yield between 250 gal/min and 500 gal/
min.  In some places, the water from is fresh enough to meet 
drinking standards.

The •	 Queen City Aquifer extends from South Texas 
northeastward into Louisiana. The aquifer provides water for 
domestic and livestock purposes throughout most of its extent, 
plus significant amounts for municipal and industrial supplies 
in Northeast Texas. Well yields are commonly low, but a few 
exceed 400 gal/min.  Water of excellent quality is generally 
found within the outcrop and for a few miles downdip, but 
quality deteriorates with depth in the downdip direction.

The •	 Woodbine Aquifer extends from Waco northward to the 
Red River, and then eastward along the border with Oklahoma. 
Its water furnishes municipal, industrial, domestic, livestock, 
and small irrigation supplies. The aquifer dips eastward 
into the subsurface where it reaches a maximum depth of 

2,500 feet below land surface and a maximum thickness of 
approximately 700 feet.  The upper Woodbine contains water 
of extremely poor quality in the downdip and with excessive 
iron concentrations along the outcrop.  In areas between the 
outcrop and 1,500 feet, quality is considered good overall 
as long as groundwater is sealed off.  Heavy municipal and 
industrial pumpage has contributed to water-level declines in 
excess of 100 feet in some areas.

The •	 Sparta Aquifer extends in a narrow band from South Texas 
northeastward to the Louisiana border. The Sparta provides 
water for domestic and livestock supplies throughout its extent, 
and water for municipal, industrial, and irrigation purposes 
in much of the region. Yields of individual wells are generally 
below 100 gal/min, although most high-capacity wells 
average 400 gal/min to 500 gal/min. Water of excellent quality 
is commonly found within most the outcrop and for a few 
miles downdip, but it deteriorates with depth in the downdip 
direction.

The •	 nacatoch Aquifer in a narrow band in Northeast Texas 
and extends eastward into Arkansas and Louisiana. The 
ground water in the aquifer is generally alkaline, high in 
sodium bicarbonate, soft, with increasing dissolved-solids 
concentrations in the downdip. In areas where the Nacatoch 
occurs as multiple sand layers, the upper layer contains the 
best-quality water. Water from the aquifer is extensively used 
for rural domestic and livestock purposes. Declining water 
levels in some areas have begun to stabilize as a result of 
conversion to surface water.
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Challenges facing the aquifers of Texas

Aquifers in Texas have been used extensively, in some cases 
insustainably.  This became apparent during major draughts. During 
the 1996 drought, the balance between use and recharge was negative 
by 4.6 million acre-feet, almost one half of the capacity of all aquifers 

in the state. This substantially lowered underground water levels, 
dried shallow wells, and increased the cost of pumping water.  Aquifer 
management is difficult because under Texas law, groundwater 
extraction is considered as a basic property right of the surface owners 
(TCPS, 2000).

The aquifers in the Texas Urban Triangle face the 
additional pressure of urban growth.  In some of them the 
amount of water extracted has been close to, or above the 
annual averages of recharge (see Figure 36).  This has been 
the case of aquifers closer to or under major urban areas:  
the Trinity (Dallas-Fort Worth), the Edwards BFZ (San 
Antonio) and the Gulf Coast (Houston).

The continuous extraction of water above recharge levels has provoked important 
drops in the water levels in several aquifers. Especially grave is the Trinity, whose 
water level dropped more than 500 feet between Austin and Sherman. Most severe 
were the drops in the areas of Dallas-Fort Worth and Waco, where water is now more 
than 800 feet below the average level before the beginning of mass pumping.  Now 
these areas rely almost exclusively on surface water. See Figure 37.

Other aquifers in the Triangle also suffered major drops.  They are especially 
noticeable in the Gulf Coast Aquifer in Houston, and the Carrizo-Wilcox Aquifer close 
to Tyler, Lufkin and College Station-Bryan; all where water levels already dropped by 
more than 300 feet.

To manage aquifer recharge it is extremely important to focus on the outcrops, 
because they determine the level of pollution and infiltration.  The outcrop zones 
are very sensitive and susceptible to contamination since they constitute ‘points of 
interchange between surface water and aquifers (McHarg, 1992).  In view of this, care 
should be taken to protect these outcrops.  For instance, high density development 
on the downdip (underlying rock areas) does not affect existing groundwater levels, 
but excessive development on the outcrop recharge area does.

 estimated annual pump rates and recharges in major aquifers.Figure 36. 
Source: 2007 State Water Plan.

groundwater contamination

This has been a major problem in urbanized areas, especially Houston-Beaumont 
and Dallas-Fort Worth.  The most common source of contamination, accounting for 
more than 80% of cases not cleaned up in 1989-1997, has been storage tanks (both 
above- and underground), which leaked gasoline, diesel, waste oil, kerosene and 
hydraulic fluids into the soil.  Other frequent sources of contamination are industry 
and land disposal facilities, waste sites, and storage of gas oil and gas (TGPC 1998).  
It should be noted that case counts only provide information about the frequency 
of types of contamination, but can not reflect their magnitude and degree of 
danger.  See Figure 38.

 estimated total water level Figure 37. 
declines in major aquifers.

Source: 2007 State Water Plan.

 number of confirmed contaminated  Figure 38. 
groundwater cases in Texas, 1997.

Source: TCPS (2000).
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CURRenT iSSUeS in WATeR AvAilAbiliTy

Across the Texas Urban Triangle, water availability has 
declined while use increased.  According to the last 
State Water Plan (TWDB, 2007a), and if no measures 
are taken, the water available in times of drought 
(with the existing contracts and permits) will decrease 
by 3.3 million acre-feet, while the estimated need 
for additional water under the same conditions will 
increase by 5.1 million acre-feet.  The fact that some 
major water sources like the Colorado River and the 
Trinity and the Balcones (BFZ) Aquifers are already used 
at capacity documents the need to conserve water – 
reduce demand – and to better manage existing water 
resources.

 Projected supplies and additional needs, 2010-2050.Figure 39. 
Source:  2007 State Water Plan.

 Seasonal variation in water consumption.Figure 40. 
Source:  Water Wise Council of Texas.

The most important factor affecting availability is the seasonal variation 
in consumption.  Statewide seasonal needs count for about 25% of all 
consumption, and they peak over the summer – the season when river 
levels are at their lowest.  Especially significant is water use for landscaping, 
which can take from 40% to 60% of total water use during the hot summer 
months (TNLA 2007).  See Figure 34.

Water consumption varies widely from place to place.  In 1996 
the Texas Urban Triangle used 5.8 million acre-feet of water (69% 
surface water, 31% groundwater), which amounted to 35% of state 
consumption.  Most consumption occurred in the Houston-Beaumont 
area (H-B in Figure 41), which accounted for 16% of all water used in 
the state and 47% in the Triangle. This area was the largest consumer 
of both groundwater and surface water.  In proportion, the highest 
reliance on surface water was in the Dallas-Fort Worth area (D-FW), 
with 91% of local consumption, and the highest on groundwater was 
in the San Antonio-Austin area (SA-A), with 66% of local consumption.  

Major differences were found in the types of water use.  In the 
Houston-Beaumont area, irrigation, municipal and industrial uses 
accounted for comparable amounts of water consumption (33%, 32%, 
and 30%, respectively) in the same year.  In the Dallas-Fort Worth area, 
84% of the water was used by municipalities.  In the San Antonio-
Austin area, municipal and irrigation (59% and 24%) were the top uses.  
In the core of the Triangle, irrigation (62%) consumed most water.  See 
Figure 41.

Water consumption in Texas by source and type, 1996.Figure 41. 
Source:  Texas Water Development Board.
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 ground and Surface water use by county in the Texas Urban Triangle, 2000.Figure 42. 
 Source: TWDB.

Comparing the 2000 county patterns of water use in the Texas Urban 
Triangle, several major differences stand out (see Figure 42):

•	 overall there was a major contrast between urban (more 
populated) and high-consumption counties at the Triangle 
vertices, and more rural (less populated) and low-consumption 
counties in the core;

•	 high groundwater use was more localized in a few counties, 
most of them in the southern section of the Triangle;  among 
the top consumers were Harris and Bexar counties, where the 

cities of Houston and San Antonio are located;
•	 surface water use was more widespread, but generally higher in 

(more populated) urban counties, especially in the Dallas-Fort 
Worth and Houston-Beaumont areas, and lower in the core of 
the Triangle;  and

•	 the major exception to the urban/rural dichotomy was found in 
the rice-producing area west of Houston, where both Wharton 
and Colorado counties were large water consumers.

Water demand

The share of water demands state-wide met by 
groundwater and surface water has changed over time. 
Groundwater use has dropped from 70 percent of all 
water used in 1974 to 55 percent in 1991. In absolute 
terms, the state’s consumption of groundwater has 
gone from more than 12 million acre-feet to about 9 
million acre-feet in 11 years.  Reliance on groundwater 
should continue to decline for two reasons:  first, the 
decline of overall agricultural acreage (and the acres 
dropped were almost all irrigated by groundwater);  
and second, many of the large municipalities are 
converting to surface water or mixing groundwater with 
surface water (TWDB 1991).  For example, Houston is 
gradually switching from underground sources because 
of subsidence problems. Other places are switching 
because of the increasing salinity - and declining quality 
- of its groundwater resources. Though this trend is 
expected to continue, groundwater will nevertheless 
continue to supply most of the water for large, arid 
areas of the state (TWDB 1990).

 Past and projected water demand  in Texas by type Figure 43. 
of use, 1974-2050.

Source: TWDB (1997, 1998).
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Water Availability

Water availability is a most limiting constraint on 
sustained growth.  This situation is expected to worsen 
in the future, with a projected decline in total water 
availability over the next fifty years.  Ground water is 
expected to decrease substantially (a net loss of almost 
2 million acre-feet or a -23.1% over the next fifty years), 
and no major changes are forecasted in the amount of 
surface water available (it is estimated a small decrease 
of 1.3%).  The decrease in groundwater will provoke an 
overall drop of water availability from 20.2 to 18 million 
acre-feet, or a net reduction of 2 million acre-feet (TWDB 
2007b).  See Figure 46.

 Total projected water demand in Texas, 2010-2060.Figure 44. 
Source: TWDB.

Texas water demand can be divided into six major 
categories:  irrigation, livestock, manufacturing, mining, 
municipal, and steam electric (TWBD, 2006).  Studies 
forecast the continuation of the long-term drop in water 
used for irrigation.  By the mid-1970s 13 million acre-
feet of water (or 75% of total demand) were allocated to 
irrigation in Texas.  This amount is expected to decrease 
to 8 million acre-feet by 2060 (44% of total demand).  
Conversely, water for municipal and manufacturing uses 
is expected to increase by 221% and 63% between 1974 
and 2050, when it will account for 34% and 14% of total 
demand, respectively.  See Figure 44.

Data collected from the 2007 State Water Plan 
(TWDB, 2007a), reports published by the Texas Water 
Development Board (2007b, 2007c), and the Texas 
Environmental Profiles (from the TWDB website) was 
used to project future water demand in the Texas 
Urban Triangle at the county level.  The most significant 
increases in water consumption are expected to occur 
in counties of the four large urban areas, and to a lesser 
degree in medium-size urban areas in the Triangle core 
(Waco, College Station-Bryan).  Few reductions in water 
consumption are expected, the most significant in the 
rice-production counties of the lower Colorado basin.  
See Figure 44.

The two major trends affecting water demand in the 
Texas Urban Triangle until 2060 are the increasing share 
of municipal uses (from 50% in 2000 to 61% in 2060) 
along with a decreasing share in irrigation water (from 
23% to 12% in the same period).  This data reflects the 
ongoing transformation of Texas from a rural to an 
urban state.  See Figures 44 and 45.

 Past and projected water demand in Texas by type, 2000-2060.Figure 45. 
Source: TWDB, 2006 Regional Water Plan.

 Projected water availability in Texas, 2010-2050.Figure 46. 
 Source: TWDB.
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balancing water availability and demand

Overall, the convergence between water supply and demand in Texas 
will continue.  If current trends continue, in the long run rural uses will 
be less competitive compared to urban uses.

State trends can only partially reflect the situation in the Texas Urban 
Triangle.  The aggregate water data suggests the following major 
conclusions:

like in the rest of Texas, new water resources are not expected •	
to emerge in the Triangle;

like in the rest of the state, a reduction in water used for •	
irrigation, along an increase in water used by municipalities is 
expected;

future population and urban growth, faster in the Triangle •	
than in the rest of the state, will increase the value of water for 
municipal uses;

the absence of protective measures will allow the ongoing •	
depletion and deterioration of aquifers, especially those under 
urbanized areas; 

increasing economic and ecological costs of pumping water •	
from lower water tables will likely require municipalities to 
continue to shift from groundwater to surface water sources; 
and

construction reuse, and demand reduction are essential •	
measures to address future water needs.

 Public Water Supplies Systems affected by drought, summer 2007.Figure 47. 
Source:  TCEQ.

Excessive use of water 
resources is very risky for 
a variety of reasons.  First, 
it leaves no alternatives to 
face cyclical draughts (see 
Figure 47).  Unbalances 
between natural flows 
and used water discharges 
increase the risks of 
stream impairments.  
Major changes in the 
composition of river 
waters may threat, or even 
destroy, local ecosystems.  
Toxics from discharges 
not only threat aquatic 
life, but can encroach into 
the soil and contaminate 
other water bodies.  Texas 
needs water to sustain 
its demographic and 
economic growth, but 
the cumulative effects 
of water management 
and excessive water 
consumption may 
threaten the future.
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AiR

Air is a fluid like water, and thus is constantly moving and responding 
to external effects.  Some of its properties show cyclical changes, like 
seasonal or daily variations of temperature and humidity.  In other 

cases, air is responding to less predictable and more erratic effects, 
including storms, tornadoes, and hurricanes;  and negatively affected 
by human activities such as air pollution from transportation and 
industry. 

ToxiC eMiSSionS And AiR QUAliTy

The emission of gases and particulates into the 
atmosphere by industries, buildings and vehicles 
is a threat to human health.  Due to the lack of 
comprehensive datasets, the analysis is restricted 
to criteria pollutants used to evaluate air quality in 
urban areas, and toxic and pollutant gases released 
by industries and electric utilities that are required to 
report their emissions by law.  It should be noted that 
mobile sources, especially on-road vehicles, are the 
major sources of noxious air emissions (EPA 2003).  The 
Environmental Protection Agency (EPA) was required to 
identify both toxic air pollutants and their sources, and 
to set standards for air quality by the federal Clean Air 
Act of 1990.

The emission of toxic air by industries has been very 
unevenly distributed across Texas and by industry;  and 
over the last decades has been decreasing.  Chemicals 
& Allied Products (68%) and Petroleum Refining & 
Related Industries (19%) were the top industry type 
emitters of toxic air in 1997 in Texas.  In the same year 
the Texas Urban Triangle accounted for 69% of these 
emissions.  The Houston-Beaumont area alone released 
a staggering 59% of the emissions in the state and 89% 
in the Triangle;  all the top-five emitting counties were 
located there, headed by Harris (26% of state emissions), 
Jefferson (13%) and Brazoria (8%) (EPA 1999).  See Figure 
48.

Over one hundred chemicals were identified as known 
or suspected carcinogens, and their release monitored 
under the Toxic Release Inventory Program (TCPS 2000).  
In 1997 13% of the industrial toxic air emissions in Texas 
were carcinogenic.  Three of them, styrene, benzene and 
1,3-butadiene, accounted for about 50% of carcinogenic 
emissions in the state.  In that year 72% of the state 
emissions were generated in the Texas Urban Triangle;  
the Houston-Beaumont area alone accounted for 59% 
of emissions in the state and 82% in the Triangle (EPA 
1999).  See Figure 49.

 industrial toxic air emissions in Texas, 1997.Figure 48. 

 industrial toxic carcinogenic air emissions in Texas, 1997.Figure 49. 
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 electric utilities and industry emissions of criteria Figure 50. 
pollutants in Texas, 1997.

The Federal Clean Air Act identifies pollutants that 
must be measured to determine whether metro 
areas meet EPA air quality standards.  They include 
ground-level ozone, sulfur dioxide, nitrogen dioxide, 
carbon monoxide, lead, and particulate matter 
below 10 microns (PM

10
).  At ground level, ozone is a 

major component of harmful smog and exacerbates 
respiratory problems in humans.  Respiratory problems 
are also created and aggravated by sulfur dioxide 
(generally a by-product of coal and oil combustion), 
PM

10
 and nitrogen oxides.  Concentrations of carbon 

dioxides impact very negatively cardiovascular diseases.  
Monitoring and regulating emissions resulted in sharp 
declines in the emissions of carbon monoxide, sulfur 
dioxide, VOCs and lead across the nation, but PM

10
 have 

been on the rise.  See Figure 50.

Fuel combustion in non-mobile sites, especially 
electric utilities, is a primary of the major source of 
sulfur dioxide and nitrogen oxides, and accounted for 
86% and 38% of the nation-wide emissions of these 
pollutants in 2001 (EPA 2003).  According to 1997 
county data for 1997 about a-half of the Texas emissions 
were generated in the Texas Urban Triangle (50%), 
and East Texas (33%).  Most emissions in the Triangle 
occurred in the less-urbanized core (27% of the state 
emissions) and the Houston-Beaumont area (14%).  See 
Figure 51. 

 Total emissions of sulfur dioxide and nitrogen dioxide by Figure 51. 
electric utilities in Texas, 1997.
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Air Quality and health Risks

In order to have a simple measurement of air quality the EPA 
developed an Air Quality Index (AQI), formerly named as Pollutant 
Standard Index (PSI) by integrating measurements of five major 

pollutants – ground-level ozone, sulfur dioxide, nitrogen dioxide, 
carbon monoxide, lead, and PM

10
.  Figures were calculated at the 

metropolitan area level, and the whole area classified according to the 
frequency of days exceeding the standards set by AIRNow, a branch of 
the EPA.

From 1997, the first year this type of data is available, Houston has 
been the area with the largest number of days where 8-hour averages 
surpass the 85 ppb (parts per billion), with an average of 42.7 days per 
year over the last decade (figures oscillating between a minimum of 30 
in 2002 and a maximum of 56 days in 2000).  Days of non-attainment 
have been fewer in the Dallas-Fort Worth (average of 28.6; varying 

between 14 and 37), but still a significant number.  In Beaumont-
Port Arthur (average of 9.3; varying between 0 and 17), San Antonio 
(average of 7.3; varying between 1 and 17) and Austin (average of 6.1; 
varying between 1 and 20), occurrences have been less frequent.  See 
Figure 52.

 number of days exceeding ozone standards in selected Texas metropolitan areas, 1997-2005.Figure 52. 

 ozone non-attainment ratings in 2007.Figure 53. 
Source: EPA.
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ToRnAdoS, SToRMS And hURRiCAneS

Given the size and complexity of the Texas Urban Triangle, every area 
is exposed to some type of hazard.  Much of the focus on weather-
related hazards within Texas, and more specifically the Texas Urban 
Triangle, is on the high-risk/high probability of tornados, storms and 
hurricanes.  Frequency of and exposure to these types of hazards 
within the Texas Urban Triangle were identified in order to discuss their 
impact on population growth patterns;  measures of exposure and 
vulnerability can be used in suitability analyses to identify areas more 
or less appropriate for development (Bright 1997).

Methodology and data limitations

Data was collected from a number of sources (EPA 2006;  THMP 
2003).  The majority of the data was obtained through the Hazard 
Mitigation Project in the form of shape files and data tables. These 
data included FEMA Q3 hurricane risk zones, tornado risk zones, and 
location of hazardous materials facilities (superfund sites, hazardous 
waste sites, and radioactive waste sites).  The Texas Hazard Mitigation 
Project (THMP 2003) website provides software to estimate and map 
aggregate property damage and population vulnerability. These 
figures were based on the most current data available (2003).

There were some relevant data limitations, especially relating to 
the lack of up-to-date information.  The last data on superfund sites 
and hazardous waste facilities was from 2004, on radioactive waste 
facilities from 2002.  EPA data refers only to sources required to report 
their releases by governmental regulations, which target primarily 
hazardous materials that pose significant health risks.  All estimates 
of property damage and population vulnerability produced by the 
THMP are based on data collected before 2003.  Therefore, shifts in 
population and changes in property values, along with most recent 
construction, are not represented.

Tornados

The start of a tornado has been linked to the formation of 
thunderstorms, especially large, severe storms called supercells 
(Markowski et al. 2003).  Tornados are generally associated with 
thunder and heavy rain.  They are quite common in the Mississippi 
basin and Gulf Coast in the afternoons of spring and early summer, 
when dry air from the north meets very warm and humid coming from 
coastal areas.  The hot and humid climate of East Texas, along with its 
open topography, are factors favoring the development of vertical 
clouds and high winds on the ground.

Most tornados are very short, generally some hours and traveling 
about 20 miles.  Tornados are violent and destructive because winds 
can exceed 200 miles per hour (Audrey 1985).  Their start and trajectory 
are unpredictable, and there is little that can be done once they set in 
motion but to seek cover.  In areas of higher frequency, building codes 
have to be stringent and warning and refuge infrastructure put into 
place.  Due to their frequency, which in some parts of Texas can be as 
high as four tornados per year, they present a major risk for people and 
buildings.

The intensity of tornados is generally classified in six categories (F-1 to 
F-6), according to the scale created by T. Theodore Fujita and is based 
on wind speed and type of damage (Geerts 1999).

Two areas in East Texas stand out by the number of tornado sightings:  
the Gulf Coast and the western side of the Texas Urban Triangle, from 
Denison to San Antonio.  Harris County had the most sightings (195) 
from 1950-2003, while Robertson County had the least (3). See Figure 
54.

Tornado sightings in Texas, 1950-2003.Figure 54. 
Source:  THMP.
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If only large tornados are considered (classes F-3 to F-5, also named as severe, 
devastating and incredible;  category F-6 only exists in theory), the numbers drop 
substantially, to an average close to one per decade in the most affected areas.  The 
frequency of F-3 to F-5 tornados increases in the northern portion of the Triangle.  The 
area between Waco and Denison is generally considered as the southeastern limit of 
the “Tornado Alley”, one of the areas where most tornado events occur in the country 
(Gerard et al. 2005). 

Per the Texas Hazard Mitigation Package (THMP 2003) the area under the greatest 
risk of tornado occurrence (Risk Zone 5) includes Tarrant and its contiguous counties, 
especially Parker, Hood, Johnson, Dallas, Denton and Wise.  The San Antonio area and 
the corridor between Freestone and Jefferson counties were, at the other extreme, 
the areas under lower risk (Risk Zone 2). See Figure 55.

According to the Texas Hazard Mitigation Package (THMP 2003), the area of greatest 
tornado risk (Risk Zone 5) includes Tarrant and its contiguous counties, especially 
Parker, Hood, Johnson, Dallas, Denton, and Wise.  The San Antonio area and the 
corridor between Freestone and Jefferson counties were the areas of lowest risk (Risk 
Zone 2).

During the period 1950-2003 McLennan was the county most adversely affected, 
both in terms of injuries (609 cases) and fatalities (114) (THMP 2003).  It should be 
noted that these figures 
are both the result of the 
intensity and frequency 
of tornados as well as 
the density of human 
occupancy.  Some big 
tornados in sparsely 
populated areas may leave 
little damage, while minor 
events in urban areas 
may create much higher 
devastation.

The counties showing 
highest scores for 
aggregated property 
value vulnerability, based 
on the THMP data, were 
Dallas, Harris, and Tarrant, 
immediately followed, 
from north to south, by 
Denton, Collin, Travis 
and Bexar.  All are highly 
urbanized counties (DMN 
2006). See Figure 56.

 Tornado risk zones in the Texas Figure 55. 
Urban Triangle.

Source:  THMP.

 Property value vulnerability to Figure 56. 
tornados.

Source:  THMP.

 Tornado risk zones and location of Figure 57. 
hazardous materials facilities.

Source:  THMP.

There is a very clear correlation between vulnerability, population and property:  
the more is in a given place, the more is at risk.  But these figures measured 
total vulnerability, and do not reflect the vulnerability of specific buildings or 
infrastructures.

The location of hazardous materials facilities has a pattern comparable to the 
property values – most facilities are either specific industries, or places of recycling 
and/or disposal, and consequently must be close to areas of higher density.  See 
Figure 57.

ToRnAdoS, SToRMS And hURRiCAneS

leslie lutz

 50



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

Tropical Storms and hurricanes

East Texas has been periodically hit by other types of high-risk atmospheric events 
– tropical storms and hurricanes.  They take longer to develop, and have a long.  The 
major difference between storms and hurricanes is wind speed – once a tropical 
cyclone reaches winds of at least 17 m/s it is typically called a “tropical storm” and 
assigned a name;  if winds reach 33 m/s (75mph), then it is called a “hurricane” 
(Neumann 1993).

Coastal areas are frequently hit by tropical storms and hurricanes.  The stretch of coast 
between the Sabine and Colorado River mouths has been hit on average by a tropical 
storm every decade between 1851 and 2001.  Sightings decrease regularly with 
distance to the coast, as storms lose strength.

The tracks of tropical storms can be erratic.  Most storms on record since 1851 
followed a straight track, and a south-to-north direction.  But there were plenty of 
exceptions, from storms moving from east to west or changing course.  The small area 
where Walker, San Jacinto and Montgomery counties meet, north of Houston and 
east from Lake Conroe, has been the most frequently hit, with seven sights over 150 
years.  See Figure 58.

 Tropical and subtropical storm Figure 58. 
tracks, 1851-2001.

Source:  NOAA.

 hurricane tracks, 1851-2001.Figure 59. 
Source:  NOAA.

Hurricanes in the eastern 
Texas Coast generally 
follow straight tracks with 
a south-to-north direction.  
Considering events on 
record since 1851 their 
penetration inland often 
surpasses 100 miles, but 
very rarely 200 miles.  
Coastal communities are 
those at higher risk by 
suffering the hit of an 
every at or close to its 
maximum strength (Powell 
and Houston 1996).  
Galveston’s West Bay and 
East Matagorda Bay were 
the areas most frequently 
hit, with seven and four 
events, respectively, in the 
last 150 years.  See Figure 
59. 

In the coastal zone of the Texas Urban Triangle Harris and Jefferson counties are the 
location of most hazard materials facilities (THMP 2003).  The case of Harris County 
deserves special attention, since it has a population approaching 4 million, high-
frequency of tornado, storm and hurricane sightings, and the largest concentration 
of hazardous facilities close to the coast.  Consequently, property, infrastructure, and 
environmental vulnerability are the highest on the coastal area.  See Figure 60.  These 
facilities should be moved to non-risk areas or protected adequately.

 Storm Tracks with hazardous Figure 60. 
Materials Facilities.
Source: NOAA, THMP.
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On September 8, 1900 a category 4 hurricane made the landfall 
by the city of Galveston and was accompanied by a surge of over 
15 feet that swept the whole island, provoking between 8 and 
12 thousand dead (20% of the population) and destroying over 
3,600 houses (Cline 1900).  It is considered as the deadliest natural 
disaster ever to strike the United States (Hebert and Case, 1990).

In addition to the high winds and their powerful destructive force, 
hurricanes have another dangerous force – the storm surge.  The 
storm surge is caused by the low pressure of the storm exerting a 
vacuum force on the sea below, raising above normal sea level.  For 
example, hurricane Katrina registered a storm surge of 30 feet.

Storm surges are a major concern along the Gulf Coast because 
of the surge’s potential coupled with hurricane-force wind, to 
destroy built structures and threaten life.  Barrier islands and their 
dunes provide some protection.  However, they shift and do not 
offer permanent or full protection.  Most barrier islands don’t have 
sufficient elevation or width to contain the surge of major storms.  
As a result the surge can penetrate inland up to fifty miles, up the 
Trinity and Sabine rivers.  Category 1 hurricanes can reach Port 
Arthur and Galveston, category 2 can reach Beaumont, category 3 
can reach Houston’s eastern end. See Figure 61.

Storm surges also pose a major risk for hazardous materials facilities.  The 
surge of category 2 hurricanes can impact Galveston and Beaumont.  In 
Houston, category 3 and 4 storm surges can impact hazardous facilities.

Many hazardous materials facilities are located farther inland, especially in 
the city of Houston and suburban areas in Harris, Fort Bend and Brazoria 
counties.  On higher ground, they still can be affected by hurricane winds, 
but not by storm surges. See Figure 62.

 hurricane risk zones in Southeastern Texas by Figure 61. 
hurricane category.

Source:  NOAA.

 hurricane risk zones and location of Figure 62. 
hazardous materials facilities in Southeastern Texas.

Source:  NOAA.
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TeCToniC evenTS

In geological terms, the state of Texas is situated in a relatively stable 
part of the world.  Texas is well within the North American tectonic 
plate, far from active plate boundaries or geologic hot spots.  The 
closest areas of major activity like the San Andreas Fault (in California) 
and the Yellowstone hot spot (under Wyoming and Montana) are more 
than a thousand miles away.

During its geologic history the area currently occupied by the Texas 
Urban Triangle went through three major periods of intensive seismic 
and volcanic activity (Laubach 2006).  Over the last 200 million years 
it has been a relatively quiet basin filled with thick sediments, slowly 
emerging over water.

 Tectonic map of Texas.Figure 63. 
Source:  Bureau of Economic Geology, UT.

TeCToniC evenTS
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The areas more frequently subjected to low intensity 
seismic activity have been the Trans-Pecos and the 
Panhandle.  East Texas, including the Triangle, lay in 
a relatively stable area.

Little tectonic activity of relevance has been 
recorded in the state in historical times.  The 
only event worth mentioning was the Valentine 
Earthquake, which hit Western Texas on August 16, 
1931, and reached a magnitude of 5.8.  Its epicenter 
was close to the town of Valentine, in Jeff Davis 
County, southeast of El Paso.  It was the largest on 
record in Texas (Stover and Coffman, 1993).

Minor volcanic activity remains in the state, being 
reduced to a few hot springs in West Texas (Henry 
1977).

 earthquakes in Texas, 1882-1985.Figure 64. 
 Source:  USGS.

The risk of seismic hazards in the Texas Urban 
Triangle is extremely low.  The Triangle lays 
in one of the more stable parts of the state, 
distant from areas of higher risk.  Seismic 
hazard risk does not vary significantly across 
the Triangle.  In a small area south of San 
Antonio and north and east of Dallas it is 
marginally higher, but comparatively very 
low.

 Seismic hazard in Texas.Figure 65.   
Source:  USGS.
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lAnd SUbSidenCe

Land subsidence along the Gulf Coast has been proven to be a serious 
environmental hazard.  This is due population, infrastructure and 
hazardous facilities located in the area, especially considering the 
amount of population and physical infrastructure located in the area.  
Counties in the metropolitan Houston have been the most severely 
affected. Land subsidence compounds the effect of sea level rise in the 
future. The problem has been associated with excessive water pumpage 
from aquifers in unconsolidated sediments.  When average rates of 
annual aquifer recharge are less than average pumpage rates the soil 
tends to compact and sink (Kesmarek et al., 2005).  

land Subsidence in the houston Area, 1906-2000.Figure 66. 
Source:  HGCSD.

Cities in the area have increasingly used surface water supplies 
in the last three decades, with mixed results.  In some areas, 
subsidence rates were reduced, but in others they have been 
increasing (Michel, 2006).  In recent years subsidence has been more 
significant around Central Houston, while its east side has stabilized.  
No comprehensive study was found relating the weight of parked 
cargo and urban physical infrastructure on land subsidence.

 land Subsidence in east Texas, 1906-1987.Figure 67.   
Source:  THMP.
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 land Subsidence in the houston Area, 1906-2000.Figure 68. 
Source:  HGCSD.

Historically, subsidence has been a most serious problem in the 
Houston area.  Over pumping and related soil compacted led to 
subsidence to close to 10 feet in some areas around the Buffalo Bayou, 
in the east side of the city (Kesmarek et al, 2005).  This part of the bayou 
is integrated in the Houston Ship Canal and the banks used by the 
port terminal.  Since the port of Houston ranked first in the country in 
international waterborne and second in total cargo tonnage handled 
(AAPA 2004), the negative consequences of further subsidence are 
rather obvious.  Additionally, since the Houston area is relatively flat, 
with downtown having an elevation of 50 feet, previous subsidence 
already made the city more vulnerable to floods, and additional 
sinking will only exacerbate this problem (Ahrens 1998).

estimating future subsidence

Data from 1906 to 1987 was used to project future subsidence in the 
Houston area to the year 2030, in 5-year increments.
First, annual subsidence rates were calculated for each 1-foot interval, 
based in the formula:

S
p 

= S
P-5

 + (S
R
 x 5);

whereas,
S

p
 = projected subsidence for the given year

S
P-5

 = subsidence from the previous 5-year increment, and
S

R
 = annual subsidence rate

The results of these calculations were summarized in a table (see 
Appendix A).
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Actual (1906-1987) and projected (1987-2030) land subsidence in the houston area.Figure 69. 
Data source:  THMP.

Calculations assumed that historic rates of subsidence would remain 
constant and groundwater withdrawl rates will remain at year 2000 
levels.  At these rates additional subsidence will vary from about 0.5 
feet in zone 10 to 5.3 feet in zone 1 by year 2030.  If this occurs, flood 

events with Buffalo Bayou and other bayous in central and eastern 
Houston overflowing their banks will be increasingly frequent. See 
Figure 69.

 Simulated 1995 and 2030 land-surface subsidence in the ngC gAM model.Figure 70. 
 Resulting from hgCSd withdrawal scenario in the houston-galveston area.

Data source: (Kasmarek et al. 2005).

Scientific models have been 
applied to forecasting land 
subsidence in the Houston 
area, co-developed by 
the U.S. Geological Survey 
(USGS), the Harris-Galveston 
Coastal Subsidence District 
(HGCSD), and the Texas Water 
Development Board (TWDB).  
For instance, Kasmarek et el., 
2005) used different scenarios 
of water withdrawal.  One 
scenario assumes groundwater 
usage will be identical in 2000 
and 2030 (as estimated by the 
TWDB), which would allow 
recovery in several parts of the 
aquifer and some subsidence 
in Montgomery County.  But, if 
groundwater usage increases 
by 74% during 1995-2030 (as 
estimated by the HGCSD) water 
levels in parts of the aquifers 
will drop substantially, and 
lead to further subsidence in 
east and central Houston from 
about 11 feet in 1995 to 22 feet 
in 2030. See Figure 70.
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dRoUghTS, heAT WAveS And FloodS

droughts and heat Waves

Droughts are hazards defined in negative terms – a prolonged period 
without rainfall and sufficient moisture in the air.  They are relatively 
frequent in Texas, and can last for years. On average, a year-long 
drought takes place in some part of Texas once every 3 years, and a 
major drought every 20 years (H2O Partners, 2004).  These events are 
often accompanied by heat waves, which can lead to casualties.  The 
worst droughts can affect the whole state and last for several years.

1917 brought the driest year on record for southeastern Texas.  In 
College Station annual rainfall was a mere 16.7 inches, and during 
the summer 26 consecutive days with temperatures of or above 100 
degrees were recorded;  during a heat wave the all-time temperature 

of 110 degrees was reached on July 11, 1917  (NWS-HG, 2007.)  One 
of the worst droughts in Texas lasted from 1950 and 1957, briefly 
interrupted by two floods in 1952 and 1954;  70 people died due to the 
extreme temperatures of the summer of 1950 (Nielsen-Gammon and 
Johnson, 2004).

Climate changes may having an impact in the occurrence of droughts 
in Texas, since a trend for more frequent and more extreme droughts 
in Texas was identified over the two last decades (NOAA 2001).  
The negative consequences of major droughts for people and the 
economy can be enormous, from public health to ruined crop.  For 
instance, losses related to the 2006 drought were estimated at $2.5 
billion in crops and $1.6 billion in livestock (Fannin, 2006).

 Total number of Months of drought in east Texas, 1950-2003.Figure 71. 
Source:  THMP.
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Floods

The catchment areas of Texas rivers are relatively small, and 
consequently floods in the state do not reach the proportions 
occasionally observed in the neighboring Mississippi River.  But 
heavy rains combined with topography can generate flash floods 
of devastating consequences.  Two major types of floods happened 
periodically in Texas:  area floods and flash floods.  The former result 
from the concentration of large masses of water over flat areas, from 
where withdraw slowly due to the lack of slope.  The latter are sudden 
and often violent events due to convergence of heavy rains in a narrow 
and more inclined section of a river.  A few of the most significant flood 
events recorded in Texas are mentioned below.

One of the worst events on record in Texas occurred on September 
8-10, 1921 and became known as the 1921 Central Texas flood.  The 
area around Thrall, northeast from Austin, was hit by a major rainstorm 
that released 23.4 inches of water over a 6-hours period, and 38.2 
inches over a 24-hour.  Despite the small population of the area at the 
time, a total of 215 people died in the flood (Nielsen-Gammon and 
Johnson, 2004).

On May 24-25, 1981, the city of Austin received five and a half inches 
of rain in one hour;  the consequent flash flood caused 13 deaths, 100 
injuries, and $40 million in damage (Nielsen-Gammon and Johnson, 
2004).

On October 17-18, 1998, the San Marcos, Guadalupe, and San Antonio 
rivers upper reaches were washed by a huge rainfall that reached 28 
inches in some places;  the consequent flash floods caused 32 deaths, 
100 injuries, and about $1.5 billion in damage (Slade Jr. and Persky, 
1999).

In June 2001 the Houston area was hit by Tropical Storm Allison.  In 
Galveston the combination of storm surge toped by waves created 
an 8-feet high mass of water that overwashed the coastline.  Houston 
experienced torrential rains, with 6.3 inches (160 mm) falling in just 
one hour, and 28.5 inches (724 mm) in only 12 hours (RMS 2001).  Two-
thirds of the bayous and creeks in Harris County experienced 500-year 
flood events, leaving the city surrounded by water on most sides, while 
leaked oil caught fire on top of the river.  22 people died in Houston 
alone (41 total).  Damage exceeded $5 billion (Houston Chronicle, 
2001).

Radar images. Figure 72. 
Radar images (10-minute resolution) taken at approximately 22:45 on June 8 (left) and 01:10 on June 9 (right). Areas with up 
to 15 inches (38 cm) of rainfall per hour are shown in red, up to 2 inches (5 cm) per hour are shown in orange, and 0.3 inches 
(0.8 cm) per hour are shown in yellow (photos from the National Weather Service).

Source:  RMS (2001).
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Flash Flood Alley

From 1986 to 2000, the state of Texas 
experienced 4,722 flash flood events 
(TDPS, 2001).  Most of them occurred 
in Central Texas, an area that has been 
identified as the most flash-flood prone 
area in the country by the National 
Weather Service (Frech, 2005).  The 
relatively high-frequency of flash-flood 
events in the areas under the Balcones 
Escarpment has led to have this area 
dubbed as “Flash Flood Alley” (Price, 
2007;  Zahran et al. 2007).

Cities are more flood prone

There are major differences in flood frequency within 
the Texas Urban Triangle.  According to data from the 
period 1961-2003, major urban areas were among the 
most frequently flooded areas  Tarrant, Dallas, Bexar, 
Harris and Jefferson counties registered, on average, 
more than 1 flood every two years (THMP 2003).  This 
increased incidence is due to the massive and growing 
amounts of asphalt, concrete, buildings and other 
impervious surfaces which prevent percolation to the 
soil and recharge of the aquifers.

 number of Flood events per County, 1961-2003.Figure 73. 
Source:  THMP.

dRoUghTS, heAT WAveS And FloodS

 The Flash-Flood Alley.Figure 74. 
Source: FloodSafety.com.
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oUTdooR FiReS

Despite the existence of large tracts of forest in East 
Texas, the majority of the outdoor fire events occur in 
urban areas.  Reported outdoor fires include rubbish, 
trees, brush and grass fires, as well as any other type of 
fire not considered as a vehicle or a structure fire (THMP, 
2003).  Data for the period 1995-2003 there was a clear 
correspondence between the number of outdoor fires 
per county and their population.

 number of outdoor fire events in east Texas, 1995-2003.Figure 75. 
Source:  THMP.

hAZARdoUS MATeRiAlS FACiliTieS

A total of 141 hazardous waste sites existed in the Texas Urban Triangle 
as of 2004, 16 radioactive waste sites in 2000 (still around in 2004), and 
73 superfund sites in 2004, totaling 230 hazardous materials facilities.  
This figure does not include factories or any other facility that may use 
or store hazardous materials.  The majority of these hazardous materials 
facilities are located in a few counties – Harris, Dallas, and Bexar – which 
are the most populous and industrialized, and consequently large 
producers of waste (see Figure 76).  The inherent problem, however, is 
that a large number of people are at risk in the instance of a hazardous 
material release.

The Toxics Release Inventory (TRI) program, managed by the EPA, 
resulted from the Emergency Planning and Community Right-to-Know 
Act of 1986 (EPCRA), expanded by the Pollution Prevention Act of 1990.  
Every emission of toxic hazardous materials above 500 pounds must be 
declared to the EPA, and all information compiled and released to the 
public (EPA, 2007).

 location of hazardous materials facilities Figure 76. 
with 2-mile and 5-mile buffer zones. 

Source:  THMP.
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In 2005 the Toxics Release Inventory (TRI) 
Program managed by the EPA identified 
1,493 sources of toxic chemicals in Texas;  
170 of them did not reach the threshold 
of 500 pounds and their releases were 
not compiled.  The large majority of these 
sources (74%) were located in the Texas 
Urban Triangle, especially in the Houston-
Beaumont and Dallas-Fort Worth areas.  
See Figure 77. 

The amount of toxic releases followed a very 
different pattern, which reflects an unequal 
spatial distribution of large industrial units, 
and very likely also types of activities.  In 
2005 declared toxic emissions in Texas 
reached 265.5 million pounds, the majority 
of them (67%) released by industries in the 
Texas Urban Triangle.  But even within the 
Triangle the amount of toxic emissions was 
much contrasted from one area to another.  

The Houston-Beaumont area released a 
disproportioned amount when compared 
with other areas (55% of the state releases 
and 82% of the Triangle releases);  Brazoria, 
Harris, Jefferson, Galveston and Orange 
counties had the largest releases in the 
Triangle and were among the top 10 in the 
state.  The Dallas-Fort Worth, San Antonio-
Austin and the core of the Triangle made 
up 3%, 2% and 7% of the state emissions, 
respectively.  See Figure 78.

 industrial units releasing toxic materials in Texas, 2005.Figure 77. 
Source:  EPA, TRI Program.

hAZARdoUS MATeRiAlS FACiliTieS

 declared industrial toxic releases in Texas, 2005.Figure 78. 
Source:  EPA, TRI Program.
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PoPUlATion

Total population April 2000:  20,851,820
(Census 2000)

Total population estimate July 2006:  23,508,000
(Census 2006)

Population Density (2000):  29.98/sq. km.

Most populated (2000):
   metropolitan area:  Dallas – 5,346,119
   county: Harris – 3,400,578
   incorporated city/town:  Houston – 1,953,631

Least populated (2000):
   micropolitan area:  Andrews – 13,004
   county:  Loving – 69
   incorporated city/town:  Los Ybanez – 32

Establishments (2002):
   total:  481,850
   average size:  16.5 employees

Employment (2002):
   total:  7,937,492
   top metro:  Dallas-Fort Worth – 2,546,007
   top county:  Harris – 1,654,636

Annual payroll (2002):  million $275,084

Retail Sales (2003):  billion $ 281.8

Total population April 2000:  14,664,613
(Census 2000)

Total population estimate July 2006:  16,149,000
(Census 2006 – MSA metro areas only)

Population Density (2000) – 91.92/sq. km.

Most populated (2006 census estimate):
   metropolitan area:  Dallas – 6,004,000
   county: Harris – 3,886,000
   incorporated city/town:  Houston – 2,144,000

Least populated (2000):
   micropolitan area:  Mineral Wells – 27,026
   county:  Delta – 5,327
   incorporated city/town:  Dayton Lakes – 101

Establishments (2002):
   total:  349,450
   average size:  17.8 employees

Employment (2002):
   total:  6,227,400
   top metro:  Dallas-Fort Worth – 2,546,007
   top county:  Harris – 1,654,636

Annual payroll (2002):  million $233,038

Retail Sales (2003):  billion $ 212.5

Texas Texas Triangle counties

The Texas Urban Triangle in the context of Texas

 The relatively large proportion of the state population living 
in the Texas Urban Triangle (in 2000, 71% living in just 23% of the 
state’s area) is just one among many facts that highlight the region’s 
fundamental role in the state.  Other factors show an even greater 
relative importance of the Texas Urban Triangle.  For instance, in 
year 2002 the Triangle accounted for 78% of the state’s employment 
and 82% of its wages (see Figure 79).

 The TUT as a proportion of Texas.Figure 79. 
Source:  Gavinha (2007).

The population of Texas has been growing consistently and rapidly 
since World War II.  In every inter-census period Texas has posted 
growth rates clearly above the national average (DMN 2006.).  The 
decennial growth rate has remained consistently above 15% - from 7.7 
million in 1950, to 11.2 million in 1970, 17.0 million in 1990 and 21.3 

million in 2000.  Between the last two censuses, 1990 and 2000, the 
state population grew by 23%, ten points above the national average 
of 13% (USBC 2006.)  By 2030 the Texas state population is projected to 
reach nearly 32 million.
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PoPUlATion

This concentration of people and activities in a small area is a recent 
trend, posterior to World War II.  Since then, the state as a whole, 
and the Texas Urban Triangle in particular, benefited from a set 
of strategic investments from the federal government, especially 
in high-technology sectors linked to the military (Meinig 1969).  
Industrialization and the availability of air-conditioned indoor 
environments attracted new activities and residents to the state.

Texas has been outpacing the nation’s population growth rates due 
to higher birth rates, and a strong and continuous in-flow of migrants.  
According to the state’s Comptroller office, net migration since 1950 
has accounted for more than one third of the net population growth, 
and Hispanic net migration amounted to more than one half of legal 
migrants (Sharp 1993).  In the national context, Texas has a relatively 
young population, with the second lowest resident median age in the 
nation at 33.1 years per the 2006 US Census Estimates, well below the 
national average.  Only Utah was lower (USBC 2006.)

Despite the consistently high population growth in Texas over the last 
one and a half centuries, there have been major regional differences 
across the state.  In 1850, Texas was very sparsely populated, the 

largest settlement being the coastal town of Galveston, with just over 
four thousand inhabitants.  Austin, the state capital, just surpassed 600 
(McGregor 1936).  Since then the state population increased almost 
100 times over a period of 150 years, but this growth has been very 
unevenly distributed across the state geographically.

From the examination of Figure 80, it is apparent that density did not 
increase significantly in the majority of counties of Texas.  By 1900 
all county densities were below 50 persons per square mile, and in 
only 14 counties the density was greater than 20 per square mile.  By 
1950 counties containing larger towns had shown substantial density 
increases, and five counties, those containing the urban settlements of 
Fort Worth, Dallas, San Antonio, Houston and Galveston, had surpassed 
the density of 100 persons per square mile; but the large majority of 
counties remained with densities below 20 persons per square mile.  
By year 2000, the trend for concentrated population growth had been 
reinforced, with core urban counties having densities over 400 persons 
per square mile, and suburban counties around Dallas, Houston, Austin 
and San Antonio also showing significant density gains.  Densities in 
the counties of rural Texas remained low.

 The TUT as a proportion of Texas.Figure 80. 
Source:  Gavinha (2007).
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Another surprising but important fact is that many 
counties in Texas have been losing population, and 
some of them over relatively long periods.  Figure 81 
shows in which census county populations peaked over 
the 20th century.  By analyzing this data, it is possible to 
divide the state in two halves, northwest and southeast.  
In the southeastern half, counties in and close to the 
large cities of the Texas Urban Triangle (as well as 
around Corpus Christi and in the lower portion of the 
Rio Grande valley) reached their peak population in 
the most recent census.  In the northwest half of the 
state, most of the rural counties had their peak several 
decades ago, and some at the turn of the last century, in 
1900.  We can observe how the southeastern half of the 
state containing the Texas Urban Triangle is the robust 
half with growing population and employment.
 
The demographic trends of the Texas Urban Triangle’s 
metro areas – on a rapid growth curve – have diverged 
from most of its rural areas, which have been declining.  
Thus, being within the emerging triangular megalopolis 
has not been an advantage.  

 Census peak populations in Texas counties, 1900-2000.Figure 81. 
Source:  Gavinha (2007).

The triangular area identified by Meinig and following researchers has 
concentrated the most of the state’s absolute population growth (Figure 82).  
Before 1950 the Texas Urban Triangle concentrated about one half of the state’s 
population; in the 1950 census it amounted to more than half of the state’s 
population, nearly 4.0 out of 7.7 million.  Since then, the Texas Urban Triangle’s 
share has been increasing steadily, having surpassed 62% before 1970, and 
reaching 71% in the 2000 census.  In other words, from 1950 to 2000 the net 
population increase for the urban region was over 10 million, while for the rest of 
the Texas, including the Lower Rio Grande, the net gain was almost 3 million.  Since 
1950 more than 75% of new Texans either were born in or moved into the Texas 
Urban Triangle. See Figure 82.

 Population in Texas, 1900-2000.Figure 82. 
Source:  Gavinha (2007).

 Relative distribution of population Figure 83. 
in the TUT, 1900-2000.
Source:  Gavinha (2007).

In the Texas Urban Triangle, the population has been growing faster in its 
largest Metropolitan Statistical Areas.  From Figure 83 it is clear that the share 
of the region’s population living in the four largest metropolitan areas has been 
increasing steadily from close to 60% in 1950 to 89% in 2000.  The remaining urban 
components of the triangle as a whole, despite their growth, were just accounting 
for less than 9% of the Triangle’s population by the 2000 census, and the rural 
counties for less than 2%. See Figure 83.
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The five largest cities in the Texas Urban Triangle have been posting 
significant net population gains over the last decades.  See Figure 
84.  From 1950 to 2000, the population of Austin increased by 359%, 
Houston by 209%, San Antonio by 175%, Dallas by 150%, and in 
Fort Worth by 76%.  But these impressive figures are somewhat 
incomparable amongst themselves, because they do not indicate 

important gains in their geographic size due to annexation.  This is a 
factor of major relevance, since Texas cities have been incorporating 
new land at rates significantly higher than their population growth.  
Over the same five decades Austin’s area increased by 705%, San 
Antonio’s by 493%, Houston’s by 276%, Dallas’ by 244%, Fort Worth’s by 
219%.

 Population of Selected Cities in Texas, 1950-2000.Figure 84. 
Source:  Gavinha (2007).

In Texas, home rule cities can annex adjacent territory within their 
extraterritorial jurisdiction (land 5 miles beyond the boundary 
for a large city) with relative ease, a direct consequence of a state 
constitutional amendment approved in 1912.  The annexation process 
was further regulated by the Municipal Annexation Act, passed by the 
Texas Legislature in 1963, which restricted annexations to up to 10% 
of the existing city area per year, in order to prevent or minimize big 
seizures of non-urbanized areas, as had happened in the 1950s.  Those 
annexations in that earlier period led to massive land speculation in 

the urban fringe, with the attendant suburban sprawl.

Texas cities have been taking full advantage of these provisions, but 
most recently there is a noticeable slowing of annexation rates.  One 
of the major reasons for this slowing has been the incorporation of 
suburbs as independent cities.  These newly incorporated cities thus 
become physical barriers to expansion of the central city.  This process 
is especially noticeable around Dallas, and to a lesser extent, southeast 
of Houston.

 Area of Selected Cities in Texas, 1950-2000.Figure 85. 
Source:  Gavinha (2007).

As a consequence of annexation, population density in the largest 
cities of the Texas Urban Triangle has been decreasing over the same 
period – at rates varying from 18% in Houston to 54% in San Antonio.  

The combined population of the five largest cities of the Texas Urban 
Triangle increased from 1.9 million in 1950 to 5.2 million in 2000 (See 
Figure 84).  Despite this substantial growth, their share of the region’s 
population fell from 46% in 1950 to 36% in 2000.  The aggressive 
annexation policies in Dallas, Houston, Austin, and San Antonio 
during the 1950s allowed their share of the total Texas Urban Triangle 
population to rise to 52% in 1960.  Since then, however, it has been 
falling steadily, the central cities being overtaken by suburbanization.  

By year 2000, 80% of the population lived outside the central city 
in Dallas-Fort Worth, 62% lived outside of the City of Houston, 51% 
outside of Austin, and 34% of the San Antonio metro area’s population 
lived outside of the City of San Antonio.  Like in most American cities 
by the end of the 20th century, most of the Texas Urban Triangle’s 
metropolitan population had settled in suburbs, a process that had 
been particularly strong in the Sunbelt (Abbott 1981, Garreau 1991).  
These cumulative data suggest an increasing pattern of suburban 
and exurban sprawl, with concomitant dispersion of population and 
economic activities.

Urban population growth

Cities 1950 1960 1970 1980 1990 2000
Austin 132.5 186.5 251.8 345.5 465.6 608.1
Dallas 434.4 679.7 844.4 904.1 1.006.9 1,085.6
Fort Worth 278.8 356.3 393.5 385.2 447.6 489.3
Houston 596.2 938.2 1,232.8 1,594.1 1,630.6 1,841.1
San Antonio 408.4 587.7 654.2 785.4 935.9 1,123.6
Note:  population shown in thousands.

Sources:  United States Bureau of Census and Gavinha (2007).

Cities 1950 1960 1970 1980 1990 2000

Austin 32.1 49.4 72.1 116.0 217.8 258.4

Dallas 112.0 279.9 265.6 333.0 342.4 385.0

Fort Worth 93.7 140.5 205.0 240.2 281.1 298.9

Houston 160.0 328.1 433.9 556.4 578.5 601.7

San Antonio 69.5 160.5 184.0 262.7 333.0 412.1
Note:  area shown in square miles; both land and water portions included.

Sources:  United States Bureau of Census, Sharp (1993) and Gibson (1998).
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 Central city population as a proportion of its metropolitan population, 1950-2000.Figure 86. 
Source:  Gavinha (2007).

Figures 86 and 87 represent the population of the four largest 
metropolitan areas in the Texas, adjusted to reflect their current 
boundaries.  Over this 90-year-period changes are dramatic, with 
population increasing approximately tenfold in Houston and Austin, 
eight fold in Dallas-Fort Worth, and more than five fold in San Antonio.  
Projections based on a conservative scenario made by the Office of the 

State Demographer estimate that the total of these four metro areas 
will surpass 21 million inhabitants by year 2030, accounting for two 
thirds of the state’s population.  This implies a need to accommodate 
and serve an additional 8 million people over a period of a little more 
than two decades.

 Metropolitan populations in the Texas Urban Triangle, 1940-2030.Figure 87. 
Source:  Gavinha (2007).

A portion of the strong demographic gains occurring in 
the Texas Urban Triangle has been due to external factors, 
especially immigration.  The trend over recent decades is 
illustrated in Figure 89, which shows that the proportion 
of net migration over the period 1990-2000 compared to 
resident population in 2000.  Two major factors stand out: 
first the highly positive net migration rates in suburban 
counties of the Texas Urban Triangle, and second the 
negative rates in West Texas and in some parts of southern 
Gulf Plains. 

 Population in Selected Metropolitan Figure 88. 
Areas, 1950-2030

U.S. Bureau of Census (1950-2000) and Office of the 
State Demographer (2030).

 Population change due to net migration, 1990-2000.Figure 89. 
Source:  Texas State Data Center and Office of the State Demographer.

Cities 1950 1960 1970 1980 1990 2000
Austin 82 % 88 % 85 % 60 % 49 % 49 %

Dallas 71 % 63 % 56 % 26 % 21 % 20 %

Houston 74 % 75 % 71 % 47 % 39 % 38 %

San Antonio 82 % 86 % 76 % 72 % 71 % 66 %

Source:  Gavinha (2007).

Metro Areas 1940 1970 2000 2030
Austin 215 399 1,250 2,269
Dallas 1,056 2,535 5,377 8,949
Houston 782 2,230 4,777 7,479
San Antonio 438 952 1,712 2,368
Note:  Population in thousands.

Sources:  U.S. Bureau of Census (1950-2000) and Office of the State Demographer (2030).
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Figure 90 shows where the 2000 population of selected 
counties were living five years earlier (children aged 
five or less were not considered).  Demonstrating the 
relatively high mobility overall, more than a half of the 
population had left their previous residence in that 
five year period.  The majority of residents remained 
within the same county, with figures varying between 
82% for Bexar and Harris counties to 67% for Travis.  
Immigration from other counties in the state and 
other states was particularly high in Travis County 
(17% and 10%, respectively) and Tarrant County 
(11% and 9%, respectively).  Dallas, Travis, and Harris 
counties attracted, in this order, the largest portion of 
international migrants.  

 1995 residence of the 2000 population of selected core Figure 90. 
counties.

Source:  Texas State Data Center and Office of the State Demographer.

Immigration trends were more contrasted when analyzed at the intra-
metropolitan level, as exemplified by the three “divides” found at the 
county level in metro Houston, also in the 1995-2000 period.  First, 
illustrating the central city versus suburbs division, central Harris 
County showed immigration rates relatively higher from other parts 
of metro area and from other countries, but lower from other parts of 
the state and the nation.  This is probably related to its much larger, 
diverse, but ageing housing supply.  Second, the east-west divide was 

also noticeable:  the less attractive areas of eastern metro (Chambers, 
Liberty, San Jacinto counties) were also those where larger proportion 
of the population did not move even out of the same house, while fast 
growing counties in the western and northern suburbs attracted larger 
proportions of residents from out of the state. See Figure 91.

 1995 residence of the 2000 population of selected core counties in the houston metropolitan area.Figure 91. 
Source:  Texas State Data Center and Office of the State Demographer.
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Projections based on from the Office of the State Demographer (OSD) 
point to the continuation of this strong population growth in the 
Texas Urban Triangle.  Projections are based on cohort-component 
projections, and reflect historical trends for each cohort (people of the 
same gender and race, by 5-year age intervals).  The method calculates 
annual variations in the population based on the natural growth 
(births versus deaths) and net migration (in- versus out-migration) 
trends.

The OSD proposed alternative scenarios, primarily based in changing 
migration trends.  For this Texas Urban Triangle regional analysis, 
scenario 0.5 was considered as most suitable, by offering a reliable 
and middle-of-the-ground projection.  From 1990 to 2000, Texas 
experienced a period of strong demographic expansion, which caused 
a surge in immigration.  However, the state economy has slowed 
down, which is expected to slow migration rates.  The 0.5 scenario 
works with a growth rates about 1.5 % lower than the high rates found 

in 1990-2000.  OSD figures were readjusted taking in consideration 
more recent projections on the growth of housing (before the housing 
slowdown of 2007).

Projections for 2030 show that Harris will have the largest county 
population with close to 5.2 million residents, followed by the counties 
of Dallas (3.4 million), Tarrant (2.1 million), Bexar (1.8 million), and Travis 
(1.2 million).  In aggregate, these five counties are expected to increase 
their population by nearly 50 percent over the next 25 years.  The 
highest projected densities will be in Dallas (3,738 persons/sq. mile), 
Harris (2,903), and Tarrant (2,399) counties.

The two maps in Figure 92 show the actual and projected population 
density per county in 2000 and 2030, respectively.  The most relevant 
element is the increase in density in the counties situated at the edge 
of the largest metropolitan areas, most noticeably in the Austin area.

 density per county, 2000 and 2030.Figure 92. 
Source: Hilgemeier (2007).

The largest net population increases between 2000 and 
2030 are expected to occur in the five highly urbanized 
core counties.  Harris and Dallas Counties each are 
expected to gain more than 1 million inhabitants; while 
Travis, Bexar, and Tarrant Counties each are expected to 
gain between 400 and 800 thousand.  But the highest 
projected growth rates for the period are expected in 
suburban counties, especially around Austin and north 
and northeast from Dallas.  Seven counties in the Texas 
Urban Triangle, all of them suburban, are expected to 
more then double their population between 2000 and 
2030, with Williamson at the top. See Figure 93.

 highest projected population growth rates by county, Figure 93. 
2000-2030.

Source:  Hilgemeier (2007).

Population in the future
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Two other major trends deserve notice in every analysis of population 
growth trends in Texas – age and race composition.  Even though 
Texas follows, in the broad sense, national trends, there are substantial 
differences due to the relatively younger population of the state and 
the geographical situation by the Mexican border.

The population of developed economies, including the United States, 
has been ageing, a consequence of increases in life expectancy and 
decreases in the fertility rates (Gavrilov and Heuveline 2003), and Texas 
is not an exception.  For a general discussion it is useful to break the 
population into five major age groups, based on their relative position 
in the education and labor markets (ages under 18, 18-24, 25-44, 45-64, 
and 65 and over).

The strong population growth expected in the Texas Urban Triangle 
over next decades will ensure an expansion in the labor market 

(ages 18-64), and also in the number of children (See Figure 94).  The 
majority of the population will remain below age 45.

In the Texas Urban Triangle, the 25-44 age group has been historically 
the most representative, a natural consequence of its larger span, 
and immigration in the context of an expanding economy.  But 
recent figures indicate that its share of the total population has been 
declining, and from 33% by year 2000 it is expected to drop to 27% 
by 2030.  Conversely, projections suggest the over 65 age group 
will increase its share from 9% to 16% over the same period, from 
approximately 1.2 million in 2000 to 3.7 million on 2030, a growth 
rate 194%.  Even though the region’s population is and will remain 
relatively young, there are clear signs that it is going through the same 
ageing process found in other parts of the country and the world.  See 
Figures 94 and 95.

estimated population of the Texas Urban Figure 94. 
Triangle by age group, 2000-2030.

Source:  Hilgemeier 2007.

 Change in the proportion of age groups in the Figure 95. 
Texas Urban Triangle, 2000-2030.

Source: Office of the State Demographer and Hilgemeier (2007).

Along with ageing, the Texas Urban Triangle is expected to experience 
a major change in the racial makeup of its population, and in the short 
term this change is expected to be even more dramatic.  As of the year 
2000, non-Hispanic Whites (also known as Anglos) made up 55 percent 
of the region’s population, but over the following three decades this 
share is expected to drop to 39%, the result of a net growth rate well 

below the state average (12% compared to 57%).  At the same time the 
Hispanic population is expected to almost double its share from 27 to 
43 percent, with a net growth rate of 151%, almost three times larger 
than the state’s.  The same trend, even a bit more pronounced, was 
identified at the state level (see Figure 96).  By year 2030 Hispanics are 
projected to be the majority both in Texas and in the Triangle.

 Changes in race composition of the population of Texas and the Texas Urban Triangle, 2000-2030.Figure 96. 
Sources: U.S. Bureau of Census and Office of the State Demographer.
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These contrasted trends in the state’s population shares of different 
races are graphically represented in Figure 97.  Despite the net increase 
of almost 1 million, the share of the Black population is also expected 

to decline, the result of growth rates below the average.  The “other” 
group, which includes Native Americans and Asians, is expected to 
both increase its share and post net populations gains.

 Changes in race composition of the population of the Texas Urban Triangle, 2000-2030.Figure 97. 
Sources: Office of the State Demographer and Hilgemeier (2007).

Race composition is expected to remain a major factor in the spatial 
distribution of the population.  Fast growing suburban counties north 
of the large cities are expected to concentrate most of the increases in 
the Anglo population, while the Hispanic will be clustered closer to the 

city centers  (see Figure 98).  Concentrations of Blacks will be in a few 
industrial counties (like Hardin, Fort Bend, and Bell).  Rural counties will 
remain scarcely populated, and primarily showing a combination of 
Anglos and Hispanics.

 Population of the Texas Urban Triangle by race, 2030.Figure 98. 
Sources: Office of the State Demographer and Hilgemeier (2007).
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The number of housing units in Texas 
surpassed the 8 million mark in the 2000 
census, after a net increase of about 1,150,000 
units (+16%) over the 1990-2000 period 
(see Figure 99).  The spatial distribution of 
the homes paralleled the distribution of the 
population.  In the 2000 census, 60% of all 
Texas housing units were in one of the top 
four metropolitan areas, a net increase of 3 
percent points from 1990.

housing units in Texas and in selected metro areas, 1990-2000.Figure 99. 
Source:  U.S. Bureau of Census.

A growing housing market is generally considered as 
an indicator of economic health.  Between 1990-2000, 
housing in Texas was in expansion, and the growing 
demand was translated into increases in occupancy rates.
Vacancy, down between 25% and 40% in the four Texan 
metropolises, is remarkable because it happened while the 
housing market was also going through a rapid expansion.

In housing, like in population, the urban areas of the Texas 
Urban Triangle (as well as the Lower Rio Grande Valley) 
have been growing above the state average.  The variation 
in housing units in 1990-2000 was like a tale of two Texas:  
on the one hand, there were a few expanding clusters in 
the edges of the Triangle and by the Rio Grande, and on 
the other hand the western and northwestern areas of 
the state where the number of housing units was either 
decreasing or stagnant (see Figure 100).  A few counties 
within the Texas Urban Triangle even posted negative 
housing growth rates.

variation in housing units by county in Texas, 1990-2000.Figure 100. 
Source:  Office of the Governor, Economic Development and Tourism.

total occupied vacant % occupied

Texas
1990 7,008,999 6,070,937 938,062 87%
2000 8,157,575 7,393,354 764,221 91%

% change 16% 22% -19% + 4%

Austin
1990 343,886 303,871 40,015 88%
2000 496,004 471,855 24,149 95%

% change 44% 55% -40% + 7%

Dallas-Fort 
Worth

1990 1,627,055 1,449,872 177,183 89%
2000 2,031,348 1,906,764 124,584 94%

% change 25% 32% -30% + 5%

Houston
1990 1,529,776 1,331,845 197,931 87%
2000 1,777,902 1,639,401 138,501 92%

% change 16% 23% -30% + 5%

San Antonio
1990 504,411 451,021 53,390 89%
2000 599,772 559,946 39,826 93%

% change 19% 24% -25% + 4%
Source:  Census of Population, 1990 and 2000.
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In aggregate the four large metros 
accounted for an astounding 78% of 
the additional housing units generated 
in the state during the 1990s.  Growth 
rates were especially high in the Austin 
(44%) and Dallas-Fort Worth (25%) 
metropolitan areas, with the lion’s share 
corresponding to suburban counties.

A second fundamental trend in the 
Texan housing market has been the 
steady increase in the rate of home 
ownership, mirroring a national trend 
initiated in the early 1990s, and directly 
induced by falling mortgage rates 
(see Figure 101).  By year 2005 about 
two thirds of the homes in Texas were 
owned by the resident, still a few 
points below the national average, but 
following a trend of closing the gap.

home ownership rates in Texas and the U.S., 1990-2005.Figure 101. 
Source:  Petersen (2006).

The increase in home 
ownership was also 
significant in the 
Texas Urban Triangle 
metropolises, where 
relative gains were above 
the state’s average during 
the period 1990-2000 
(see Figure 102).  In larger 
urban areas the proportion 
of rented units tend to 
be higher (and has been 
historically higher) than 
the state average, which 
is a direct consequence 
of immigration to Texas 
being primarily urban-
oriented.  Consequently, 
the highest growth rates 
of rented units occurred 
in Austin (29%) and 
Dallas-Fort Worth (21%), 
the fastest-growing 
metropolitan areas over 
the period.

Types of tenure in occupied housing units in Texas and in selected metro areas, Figure 102. 
1990-2000.

Source:  U.S. Bureau of Census.

total by owner by renter % by owner

Texas
1990 6,070,937 3,695,115 2,375,822 61%
2000 7,393,354 4,716,959 2,676,395 64%

% change 22% 28% 13% + 3%

Austin
1990 303,871 150,639 153,232 50%
2000 471,855 274,712 197,143 58%

% change 55% 82% 29% + 8%

Dallas-Fort Worth
1990 1,449,872 824,998 624,874 57%
2000 1,906,764 1,152,556 754,208 60%

% change 32% 40% 21% + 3%

Houston
1990 1,331,845 746,514 585,331 56%
2000 1,639,401 994,347 645,054 61%

% change 23% 33% 10% + 5%

San Antonio
1990 451,021 267,112 183,909 59%
2000 559,946 354,782 205,164 63%

% change 24% 33% 12% + 4%

Source:  Census of Population, 1990 and 2000.
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housing Supply Trends

The type of new units built in Texas 
are increasingly single-family units 
(see Figure 103).  Permits for buildings 
accommodating more than five units 
were very significant until the late 
1980s, but since then the overwhelming 
majority of permits was for single units.  
After the last recession, single units 
have been commanding the growth of 
the sector, surging from 38 thousand in 
1990 to 165 thousand in 2005.  Over the 
same period, permits for buildings with 
more than five units went from 7,000 in 
1990 to nearly 50,000 in 2006.

building permits issued in Texas, 1980-2006.Figure 103. 
Source:  Real Estate Center at Texas A&M University.

 The number of permits issued has 
been much higher in Dallas-Fort Worth 
and Houston, where they also have 
been growing at faster rates compared 
to Austin and San Antonio.  It is 
interesting to note some contrasting 
trends in the number of permits issued 
in Houston and in the three other 
metros during periods of economic 
expansion or recession.  During the 
oil booms of the early 1980s and 
currently, figures rose sharply in 
Houston and slowed down (or even 
decreased) in the other three metros, 
but also started dropping earlier at the 
beginning of the recession initiated at 
the mid-1980s.  These figures support 
the hypothesis that the Houston 
housing market is more closely linked 
to short-term trends in the oil industry.

Single-unit building permits issued in major metro areas, 1980-2006.Figure 104. 
Source:  Real Estate Center at Texas A&M University.
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Despite the strong growth in housing units and building permits, the 
faster population growth rates provoked an unbalance in the market.  
Home sales grew strong and regularly through the 1990s, and the 
natural consequence was a continual decrease in the inventory of 
houses available (see 

Figure 105).   In the early 1990s the number of homes in the market by 
the year-end was close to the number of units sold through the year, 
but 2000 this proportion had fell to close to one-third – a sign that the 
housing supply was increasingly unable to react to the demand.

home sales and inventory in Texas, 1990-2000.Figure 105. 
Source: Real Estate Center at Texas A&M University (2001).

The strong demand within the context of a growing economy 
explained the consistent increase in the price of units sold in the 
market.  At current prices, the average cost of a house unit went 
from close to $52,000 by 1980 to over $155,000 in 2006 in detached 
buildings, and from close to $22,000 to close to $74,000 in multiple-
unit buildings.  But despite the sharp increases, well above currency 

depreciation, house prices in Texas were below the national average;  
this, combined with a new federal rule allowing tax-free capital 
gains of up to $500,000 in house sales may have contributed to the 
recent increase the demand for pricier houses and also out-of-state 
investment in Texas housing (Petersen 2006).

Average housing unit price in Texas, 1980-2006.Figure 106. 
Source:  Real Estate Center at Texas A&M University.
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Affordable housing

The Department of Housing and Urban 
Development (HUD) defines affordable 
housing as housing that costs no more 
than 30 percent of the residents’ gross 
income (Afflerbach 2007).  According to 
the Texas Low Income Housing Information 
Service, the number of families facing 
a housing cost burden is growing three 
times faster than the supply of affordable 
housing.  The problem is growing beyond 
lower-income groups, also affecting 
middle-income individuals and families.

Despite the decrease in affordable housing 
supply, the situation in Texas is still less 
stressful than in other parts of the nation.  
The price-to-income ratio has remained 
relatively flat in the state, suggesting 
housing is relatively more affordable than 
in other states (See Figure 107).

housing affordability in Texas and selected states, 1990-2006.Figure 107. 
Source:  Petersen (2006).

Demand has shifted to pricier houses in 
Texas in recent years.  By year 2001 close to 
one half of the houses were sold between 
$70,000 and $140,000, but four years later 
the median range had shifted to between 
$100,000 and $200,000.  Perhaps more 
significant, the number of units sold for less 
than $100,000 dropped from close to 40% 
in 2001 to less than 30% in 2005.  Combined 
with the smaller number of permits for 
multiple-unit buildings, these data suggest 
that the supply of affordable housing has 
been falling in the state.  More studies 
relating housing prices to income need to be 
conducted to further address this important 
issue, which has an impact on labor force 
mobility and the economy.

Price distribution of homes sold in Texas, 2001 and 2005.Figure 108. 
Source:  Petersen (2006).
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The number of housing units needed in the Texas Urban Triangle was 
projected using the housing unit method (Smith and Lewis 1980).  The 
projections used recent building permits data obtained from the Texas 
Real Estate Center.  The number of households, trends in the average 

household size, occupancy rates, building permits, and demolitions 
at the county level were the primary data.  The resulting housing 
projections for 2005 and 2030 can found in Appendix C.

housing units in Texas Urban Triangle Figure 109. 
counties, 2005.

Source:  Browning (2007).

housing growth rates in Texas Urban Triangle Figure 110. 
counties, 2005-2030.

Source:  Browning (2007).

The provision of housing units within the TUT is expected to increase 
faster between 2010 and 2020, when it is projected to experience a 
growth rate close to 14% (from 5.7 million units in 2010 to 6.6 million 
in 2020), primarily concentrated in metropolitan counties.  The 
growth rate will remain high in the following decade, 2020 to 2030, 
with close to an additional million units entering the market.  By year 
2030 the most significant increases in housing units, consistently 
with current trends and population projections, are projected to be 
in the largest metropolitan areas, and especially in their inner ring of 
suburban counties (see Figure 109).

Housing supply projections were calculated by applying an 
exponential regression method to actual figures for the period 
1995-2005.  This trend was plotted along the projected demand 
and is represented in Figure 111.  Based on the combination of 
both trends, and if no other major factors interfere, it is possible to 
forecast a housing shortage by 2020.

Aggregate supply (red) and demand (blue) of Figure 111. 
housing in the Texas Urban Triangle, 1990-2030.

Source:  Browning (2007).

Future housing Projections
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For most of its history, the economy of Texas has 
been rooted in the land. Subsistence agriculture was 
supplemented by the production of cotton, primarily 
for export, by the 1860s (Fehrenbach 1983).  After 
the Civil War a second wave of economic growth was 
driven by the cattle industry, which took advantage of 
new technologies such as barbed wire and railroads, to 
satisfy the needs of northern markets (Yemma 1987).  
Cotton and cattle, and to a lesser extent lumber, all 
primarily oriented to industrialized northeastern states, 
remained the pillars of the Texas economy until the 
discovery of oil.  After the Spindletop oil strike in 1901, 
the structure of state economy and its role within the 
nation changed significantly (Wright 1990; Sharp 1993).

The drivers of the Texas economy changed from 
prime materials to industry during World War II, with 
the creation of aircraft plants close to Dallas and 
petrochemical industries on the Gulf Coast. Both were 
linked to military needs and benefited from federal and 
private spending.  After the war, the popularity of cars 
and new uses for plastics and synthetic rubber boosted 
petroleum-linked industries (Pratt 1980).  War efforts 
also supported the development of specialized metal 
and construction industries (Williamson et al. 1963).
 
After World War II, the state economy continued to 
grow faster than the national average, and continued 
to diversify (Sharp 1993). Over the last 25 years, the 
gross state product grew four-fold, and posted increases 
higher than 50% over the 5-year periods of 1980-1985 
and 1995-2000. See Figure 114.

The Texas gross product, 1980-2005.Figure 112. 

As a consequence of growth rates above the national 
average, Texas’ share of the United States GDP has 
increased steadily since 1990.  By 2004 Texas’ share was 
approaching 8%, and is now the second largest in the 
nation after California. See Figure 113.

Along with the fast growth of the last decades, the 
economy of Texas went through major internal 
transformations.  In 1980, Services ranked 5th out of the 
nine main classes identified by the Texas Comptroller 
of Public Accounts (TCPA), accounting for 11.2% of the 
GSP.  In 1990, Services was the largest contributor, and 
in 2003 accounted for 20.5% of the Gross State Product.  
The shares of Transportation & Utilities, Wholesale 
& Retail Trade, Finance, Insurance & Real Estate, and 
Government also increased slowly but steadily over 
the same period, save the five year period of 1985-
1990.  The shares of Manufacturing and Mining, the two 
largest contributors in the early 1980s, have fallen since, 
from 19.3% and 15.2% in 1980 to 11.4% and 6.5% in 
2003, respectively.  See Figure 114.

State gdP as a percent of national gdP in selected states, Figure 113. 
1977-2004.

Share of Texas gross state product by sector, 1980-2003.Figure 114. 
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In the context of this fast-growing economy, it is important to stress 
that sectors with declining shares of the GSP actually kept growing, 
their relative decline being just an indication of growth rates below 
the state average.  Mining is a good example;  the sector went from 
an industry product of $34.7 billion in 1980 to $47.1 billion in 2000 in 
constant 2005 dollars (a real increase of 36%), while its share of the GSP 
plummeted from 15.2% to 6.5%.

The Texas economy has becoming increasingly similar to the economy 
of the rest of the country, less dependent on agriculture and more on 
services.  Most sectors have comparable shares of both the Texas GSP 
and the national GDP (Sharp 1993).  But in this process of convergence 
there was one fundamental exception – mining, largely oil and gas – 
whose relative importance in Texas remained much higher.  In 1950 the 
share of mining in the gross product of Texas was 3.4 times larger than 
its share of the nation GDP;  this location quotient increased to 4.0 in 
1990, and to 5.1 in 2004 (when the sector was responsible for 5.7% of 
the GSP, but only for 1.1% of the national GDP) (USBEA 2006a).

In the last decades of the twentieth century the high-tech industry 
gained prominence in the state economy, to a point that some 
authors even argued that a fourth development wave was under 
way, following previous waves based on agriculture, ranching, and oil 
(Yemma 1987).  The sector, initially linked to the aerospace industry 
clustered around Dallas and Fort Worth during World War II, started 
diversifying in the 1960s, when branch assembly plants of top-tier 
corporations moved to the Austin area, and got a boost with the 
relocation of Microelectronics and Computer Technology Corporation 
(MCTC) in 1983, and the creation of Dell Computers in 1984, both in 
the Austin area (Tu 2004).

Changes in the major economic sectors shares in the state GSP and 
the national GDP between 1997 and 2004 are presented in Figure 
133.  Data shows that in spite of convergence between the state 
and national economies of previous decades, most sectors based on 

natural resources, its primary transformation, and its distribution were 
still more relevant in Texas than in the nation as a whole.  At the same 
time, most sectors generally linked to economic globalization, like 
Finance and Insurance, Real Estate, Professional and Technical Services, 
and Management of Companies were relatively less relevant in Texas 
than in the nation.  In 1997 Information was the major exception, 
being responsible for a 4.6% share of the GST, above its 4.2% share of 
the national GDP.

Texas in the global economy

Texas has been one of the most important export-oriented states, and 
after surpassing California in 2002, it becomes the top state exporter 
in the United States (WISERTrade 2006a).  In the Appendix D shows the 
total value of exports, their ranking, and share of total exports for all 
states plus the District of Columbia in 1997-2005.  During this period 
Texas was the only state to increase its share of national exports by 
more than one point, rising from 12.4% in 1997 to 15.3% in 2005, a 
net gain of 2.9%.  Texas’ exports were larger than the share of 42 states 
combined.  For example, Pennsylvania’s ranking, 9th in 2005 by value of 
exports, had a share of just 2.7%.

The destination of Texas international exports over the period 
1997-2005 (WISERTrade 2006c) is represented in Figure 115.  Exports 
within the North American Free Trade Agreement (NAFTA) area have 
accounted for about one half of the state exports.  Mexico has been 
the top destination, with a share of the total value close to 40%;  this 
share peaked in year 2000, when it reached 46%, but has been slowly 
declining since then.  With shares much smaller than Mexico there is 
a group of three regions, each accounting for between 10 and 15% of 
exports:  East Asia, European Union, and Canada; the former showing a 
clearer trend for share increase.  South America and Southeast Asia had 
shares between 5 and 10%, and all other regions below 5%.  See Figure 
115 below.

Texas exports have been primarily based in five sectors:  
computer and electronic products (24.2% of the total 
value in 2005), chemicals (19.2%), machinery except 
electrical (12.8%), transportation equipment (10.8%), 
and petroleum and coal products (6.9%).  In aggregate 
these sectors accounted for 74% of the state exports 
(detailed figures in Appendix F). 

To place exports in a broader context it is necessary to 
stress that in spite of the significant increase of Texas 
exports, their relative importance in the state economy 
has steadily decreased since 1997.  Based on figures 
from USBEA and WISERTrade, it is apparent that the 
value of exports amounted to 12.7% of the Texas GSP in 
1997, but fell to 10.9% in 2000, and 9.4% in 2005 (USBEA 
2006b and WISERTrade 2006b).  In spite of its leading 
role nationally in international exports, the economy of 
Texas is becoming increasingly oriented to the national 
economy.

destination of Texas exports by region, 1997 – 2005.Figure 115. 
Source:  Gavinha (2007).
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Measuring labor and employment

Figure 116 shows the employment in the Texas Urban 
Triangle by major industry groups in 1990 and 2000.  
Three groups, Services, Retail Trade, and Manufacturing, 
were responsible for 64.2% of the employment in both 
years.  While the proportion of services employment 
was expanding (from 32.5% to 35.1%), the other 
two had decreasing shares.  Along with Services, 
Construction, and Transportation & Public Utilities were 
the groups showing stronger share gains (+2.6%, +1.4% 
and +0.7%, respectively), indication of growing rates 
above the state average.  Conversely, Manufacturing, 
Mining, and State Government were the groups 
showing stronger share losses (-2.2%, -1.2%, and -0.7%).  

All these changes are indicative of fundamental 
structural changes within the Texas Urban Triangle 
regional economy.

employment by SiC industries in the Figure 116. 
Texas Urban Triangle, 1990-2000.

Source:  Estevez (2007).

During the 1990s 
employment in the Texas 
Urban Triangle grew above 
the state and national 
averages in practically all 
major SIC groups, except 
State Government.  Even 
in cases of negative 
growth, like mining, 
employment reductions 
in Texas were lower 
than national averages.  
In Construction and 
Transportation & Public 
Utilities, the Texas Urban 
Triangle outperformed the 
nation, posting growth 
rates that more than 
double the US rates. See 
Figure 117. 

growth rates of SiC industry sectors in the TUT, Texas and USA, 1990-2000Figure 117. 
 (for key to sectors, please refer to previous table).

Source:  Regional Economic Information System, Bureau of Economic Analysis, 
U.S. Department of Commerce.
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The 2000 Census indicated that the number of persons 16 years of 
age or older who were employed in TUT during the 2000 Census was 
6,789,710.  According to the 2000 Census, the majority of workers 
in the Texas Urban Triangle were private wage and salary workers 
(5,423,202 employees, representing 79.9% of the total).  Of the 
remaining 20.1%, 903,910 were government workers (13.3%), 443,003 

were self employed workers (6.5%) and 19,595 were unpaid family 
workers (0.3%)  (TWS 2007).  Compared to statewide figures, the 
Triangle had a higher proportion of private wage and salary workers 
(+1.9%), and lower proportions of government workers (-1.3%) and self 
employed workers (-0.6%). See Figure 118.

employment by occupation in the Texas Urban Triangle and Texas.Figure 118. 
Source:  TWS (2007).

employment projections and 
regional trends
 
The Texas Workforce Commission (TWC) 
publishes employment figures on a 
monthly based for 18 employment 
categories and each of the state’s 28 
economic regions (see Figure 119).  
Twelve of these regions, totally or 
partially, are part of the Texas Urban 
Triangle.  The TWC data was used in the 
following pages.

The economic regions of Texas.Figure 119. 
Source:  Texas Workforce Commission.

Occupational Categories 2000 Employment TUT % Texas %

Management & Professional 2,390,402 35.2 33.3

Service 923,635 13.6 14.6

Sales & Office 1,889,833 27.8 27.2

Farming, Fishing & Forestry 21,476 0.3 0.7

Construction & Extraction 722,434 10.6 10.9

Production & Transportation 841,930 12.4 13.2

Total (all occupations) 6,789,710 100.0 100.0

Sources:  US Bureau of Census and Texas Workforce Commission.
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2030 Job Projections

Total employment in the Texas Urban 
Triangle by year 2030 is estimated to surpass 
14 million, assuming a total average annual 
growth rate of 1.4%.  Estimations by sector 
are shown in Figure 120.

“Education, Training and Personal 
Development” is expected to become 
the largest single sector of employment, 
followed by “Business and Financial 
Services”.  Each of the top six sectors is 
expect to grow above the region’s average, 
and by 2030 employ over a million persons.  
In aggregate, their share of the regional 
employment will rise from 56% in 2003 to 
66% in 2030.

TWC data sets were used to project 
future employment in the Texas Urban 
Triangle.  The methodology used linear 
regression to calculate medium-term 
(1990-2003) and short-term (1999-2003) 
trends in employment by sector, and then 
both figures were averaged to establish a 
composite annual growth rate.  These rates 
were used to estimate future employment 
by sector.

employment in the Texas Urban Triangle, 2003-2030.Figure 120. 
Source:  Texas Workforce Commission and author’s calculations.

Within each sector figures were 
redistributed by economic region, based 
on the long-term variations in regional 
location quotients.  The following 
discussion presents the major trends 
in selected TWC sectors, including 
the employment regions were major 
variations are expected (for complete set 
of figures, refer to Appendix G).

education, Training and Personal 
development is expected to be the TWC 
sector generating most jobs during the 
period being discussed – more than 1.1 
million, corresponding to a growth rate 
of 105% (see Figure 123).  The largest 
portion of these jobs will be related to 
elementary and secondary education 
(65%), colleges and universities (11%) 
and child day care (7%).  Close to a half 
are expected in the Houston and Dallas-
Fort Worth metropolitan areas.  These 
figures are consistent with the high rates 
of population growth and in-migration 
to the Texas Urban Triangle observed 
over the last decades and expected in the 
coming decades.

education employment growth in the Texas Urban Triangle, Figure 121. 
2003-2030.

Source:  Texas Workforce Commission and author’s calculations.

TWC sector
employment by sector growth rate

2003 2030
2003-
2030

annual

Biotechnology, Life Sciences and Medical 648,424 1,260,869 94% 2.9%

Electronics and Applied Computer Equipment 274,835 219,013 -20% -1.0%

Telecommunications and Information Services 355,587 511,527 44% 1.6%

Legal, Protective and Human Support Services 313,773 517,685 65% 2.2%

Corporate HQ, Administrative and Government 631,013 1,027,922 63% 2.1%

Business and Financial Services 1,278,405 2,190,535 71% 2.4%

General Line Store Retailers 767,415 951,940 24% 0.9%

Tourism, Hospitality and Leisure 880,303 1,597,567 81% 2.6%

Distribution, Transportation and Logistics 389,936 576,210 48% 1.7%

Heavy and Special Trade Construction 579,214 1,040,402 80% 2.6%

Energy, Mining and Related Support Services 171,612 159,413 -7% -0.3%

Petroleum Refining and Chemicals 229,278 173,196 -24% -1.2%

Transportation Equipment 325,174 387,784 19% 0.8%

Production Support and Industrial Machinery 309,149 284,702 -8% -0.4%

Agriculture, Forestry and Food 217,934 150,864 -31% -1.6%

Education, Training and Personal Development 1,088,081 2,225,812 105% 3.2%

Apparel, Leather, Wood and Related Non-durables 144,364 76,428 -47% -2.7%

Personal and Residential Services 463,890 793,187 71% 2.4%

Total (all sectors) 9,068,387 14,145,056 56% 2.0%

Note:  calculations based on historic trends published by the Texas Workforce Commission.

nAiCS TWC sector / nAiCS industry designation
2003 

employment
2030 

employment
extra jobs

% 
growth

education, Training & Personal 
development 1,088,081 2,225,812 1,137,731 105%

6111 Elementary and Secondary Schools 704,349 1,443,603 739,254 105%

6113 Colleges and Universities 195,038 327,571 132,533 68%

6244 Child Day Care Services 60,226 142,048 81,822 136%

6116 Other Schools and Instruction 14,699 68,680 53,981 367%

6214 Family Planning & Other Outpatient Care 24,191 73,655 49,464 204%

all others 89,578 150,864 80,676 90%

Regions where more new jobs are expected:  Gulf Coast (283,000), Dallas-Fort Worth regions 
(258,000), Alamo (89,000), Capital regions (43,000), Central Texas (26,000), Brazos Valley (21,000).
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Close to a million additional jobs 
were projected for business and 
Financial Services over the same 
period.  Particularly significant are the 
high growth rates in Contracted Office 
Administrative Services and Business 
Support Services & Telemarketing. 
Modest growth is projected for 
employment related to market research, 
securities, accounting, insurance, and 
advertising.  A few categories, including 
lessors of real estate, depositary credit 
intermediation, and insurance carriers 
are even expected to decline.  DFW 
and Houston metros are projected to 
account for biggest share of the new 
employment,  68%. See Figure 122.

business employment growth in the Texas Urban Triangle, 2003-2030.Figure 122. 
Source:  Texas Workforce Commission and author’s calculations.

Tourism, hospitality & leisure 
is expected to be the third largest 
generator of new employment, with 
over 700 thousand new jobs.  90% of 
these jobs are expected to be related 
to eating facilities, an indication of 
specialization in the sector.  See Figure 
123.

Tourism, hospitality and leisure employment growth in the Texas Figure 123. 
Urban Triangle, 2003-2030.

Source:  Texas Workforce Commission and author’s calculations.

biotechnology, life Sciences & 
Medical is expected to be another 
generator of new employment in the 
Texas Urban Triangle, with a net job 
gain of close to 90% over the period 
2003-2030.  New employment is 
expected to be linked to basic services 
for the growing population, either in 
medical offices (physicians, dentists, 
and other practitioners) or in hospitals;  
these two areas are expected to account, 
respectively, for 57% and 33% of the 
additional employment.  About 56% of 
the new jobs are projected to occur in 
the top two metro areas, and 70% in the 
top four. biotechnology and Medicine employment growth in the Texas Urban Figure 124. 

Triangle, 2003-2030.
Source:  Texas Workforce Commission and author’s calculations.
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Construction is also expected to 
be a significant generator of new 
employment; adding close to half-
a-million new jobs and posting a 
growth rate of 80% over the 27-year 
period.  Residential building is 
expected to constitute most of the new 
employment growth in this sector in 
the TUT in the four large metropolitan 
areas (86%).  See Figure 125.

Construction employment growth in the Texas Urban Triangle, Figure 125. 
2003-2030.

Source:  Texas Workforce Commission and author’s calculations.

In the Corporate headquarters, 
Administrative & government sector, 
three major points deserve notice.  
The first is the relative importance of 
local government, expected to keep 
growing above the sector average.  
The second is the strong employment 
growth expected in Managing Offices 
& Corporate Headquarters.  Finally, the 
net decrease projected for employment 
related to the federal government, on 
line with steady cuts occurred during the 
1990s.  See Figure 126.

Corporate employment growth in the Texas Urban Triangle, Figure 126. 
2003-2030.

Source:  Texas Workforce Commission and author’s calculations.

Special notice also should be given to 
Telecommunications and information 
Services, one of the high-tech areas of 
the Texan economy that posted stronger 
growth rates in the last two decades.  
Recent employment figures available at 
the TWR indicate more moderate growth 
rates, figures confirmed by the decreasing 
amounts of venture capital invested in the 
sector.  See Figure 127.

venture capital in the iT and Telecom sectors in Texas, 1995-2004Figure 127. 
Source: Texas Industries Profiles.
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The Telecommunications sector is expected to generate about 150 
thousand new jobs, and about three out of four of them in the Dallas 
and Austin areas.  Four segments are expected to post significant 
job losses:  Data Processing & Related Services, Newspaper, Book, & 
Directory Publishers, Electronic Markets & Agents/Brokers, and Wired 

Telecommunications Carriers, reflecting major trends towards more 
specialized and niche-oriented services in the sector.  Very high growth 
rates in small but high-potential segments like Internet Publishing & 
Broadcasting (+831%) and alternative types of Telecommunications 
(+1,194%).  See Figure 128.

Telecommunications employment growth in the Texas Urban Triangle, 2003-2030.Figure 128. 
Source:  Texas Workforce Commission and author’s calculations.

Four other TWC sector are expected to post sizeable growth rates 
(Personal & Residential Services; Legal, Protective & Human Support 
Services;  Distribution, Transportation & Logistics;  and General Line 
Store Retailers).  In aggregate they are projected to generate about 
900 thousand new jobs, most in activities oriented to the public at 

large and requiring little specialization.  Projections for these sectors 
are consistent with the general trend of an economic growth pulled by 
strong demographic and labor growth, primarily oriented to changes 
in market size than to market specialization.  See Figures 129 to 132.

Personal Services employment growth in the Texas Urban Triangle, 2003-2030.Figure 129. 
Source:  Texas Workforce Commission and author’s calculations.

legal employment growth in the Texas Urban Triangle, 2003-2030.Figure 130. 
Source:  Texas Workforce Commission and author’s calculations.
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Transportation and logistics employment growth in the Texas Urban Triangle, 2003-2030.Figure 131. 
Source:  Texas Workforce Commission and author’s calculations.

Retail employment growth in the Texas Urban Triangle, 2003-2030.Figure 132. 
Source:  Texas Workforce Commission and author’s calculations.

A final note should be made on six sectors that are expected to 
post negative growth rates between 2003 and 2030 (Energy, Mining 
and Related Support Services;  Petroleum Refining and Chemicals;  
Production Support and Industrial Machinery;  Electronics and Applied 
Computer Equipment;  Apparel, Leather, Wood and Related Non-

durables;  and Agriculture, Forestry and Food).  All of them correspond 
to extraction, primary transformation, or manufacturing -- activities 
that have been declining in the state economy.  Overall employment 
net losses will amount to less than 300 thousand, or about 5% to the 
estimated new employment. 
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Share of national gdP and Texas gSP by Sector, Figure 133. 
1997 and 2004

Source:  Gavinha (2007).

Sector
US TX US TX TX/US

1997 2004 Is

Agriculture & related 1.3 1.1 1.0 0.9 0.1

Mining 1.1 5.7 1.3 6.4 0.1

Utilities 2.2 3.0 2.1 3.0 0.2

Construction 4.1 4.2 4.6 4.5 (0.3)

Manufacturing 15.5 15.4 12.8 12.1 (0.6)

Wholesale Trade 6.3 7.1 5.9 6.7 0.2

Retail Trade 7.0 7.3 6.8 6.9 (0.3)

Transportation & Warehousing 3.1 3.8 2.9 3.6 -

Information 4.2 4.6 4.7 4.6 (0.5)

Finance & Insurance 7.2 5.5 8.3 6.6 0.3

Real Estate 12.1 9.9 12.4 10.3 -

Prof. & Tech. Services 6.3 5.9 6.8 6.3 -

Management of Companies 1.8 0.4 1.8 1.6 1.1

Admin. & Waste Services 2.8 3.1 2.9 3.0 (0.2)

Educational Services 0.8 0.4 0.9 0.5 -

Health Care & Social Assistance 6.2 5.5 6.9 6.1 (0.1)

Arts, Entertainment & Recreation 0.9 0.6 1.0 0.6 -

Accommodation & Food Services 2.6 2.5 2.6 2.5 -

Other Services 2.4 2.4 2.4 2.3 (0.1)

Government 12.0 11.5 11.9 11.5 0.1

Notes:  ‘Agriculture & related’ stands for Agriculture, Forestry, Fishing and Hunting;    Figures for 
Government include local, state and federal administration.  ‘Is’ refers to shift-share changes (small 
differences due to rounding).

Sources:  U.S. Bureau of Economic Analysis.
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Highway Miles (2004):  189,745  miles
   top county:  Harris – 4,740  miles
   bottom county:  Loving – 67 miles

Road-related expenditures (2004)
   state/contracted maintenance:  $1,122,090,877
   state construction: $4,449,810,426

Vehicles registered (2004):  18,453,290
Vehicle miles driven per day:  449,486,854

Vehicle-related revenues (2004):
   county registration fees:  $421,798,524
   state registration fees:  $783,622,667

Railroads:
   miles operated (2003):  14,049 miles
   Amtrak passengers (2004):  267,568

Tonnage handled by ports (2003)
   total:  473,941,000
   foreign imports:  281,985,000
   foreign exports:  62,300,000

Airports:
   number of commercial airports:  28
   passenger enplanements:  60,226,460

Solid waste:
   hazard waste (1995):  146,770,659 tons

Brownfields:
   number of Superfund sites (2003):  76

Highway Miles (2004):  71,231  miles
   top county:  Harris – 4,740  miles
   bottom county:  Somervell – 190 miles

Road-related expenditures (2004)
   state/contracted maintenance:  $ 520,790,822
   state construction: $ 3,075,251,119

Vehicles registered (2004):  13,259,533
Vehicle miles driven per day:  304,518,992

Vehicle-related revenues (2004):
   county registration fees:  $ 283,661,045
   state registration fees:  $ 583,865,015

Railroads:
   miles operated (2003):  n/a.
   Amtrak passengers (2004):  222,706

Tonnage handled by ports (2003)
   total:  413,390,000
   foreign imports:  229,077,000
   foreign exports:  52,862,000

Airports:
   number of commercial airports:  11
   passenger enplanements:  56,376,167

Solid waste
   hazard waste (1995):  112,992,174 tons

Brownfields:
   number of Superfund sites (2003):  43

Texas Texas Urban Triangle

vARioUS inFRASTRUCTURe FACTS TexAS And TexAS URbAn TRiAngle.
Various Sources.
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Texas is the second largest state in the U.S. in both area and 
population. Consequently, it has an extensive transportation 
network. Texas has the largest road and rail networks in 
the country, and is among the top three states in seaports 
and airports (DMN 2006).   Given the large population and 
economy concentrated in the Texas Urban Triangle, and its 
strategic position in three major corridors – NAFTA north-
south and Interstates 10 and 20 east-west – along with its 
commanding airport and seaport hubs. The Texas Urban 
Triangle maintains a commanding and strategic position in 
North America. The central urban region of Texas is poised 
for continued growth, and infrastructure plays a major role in 
that growth.
 
Strategic location, demographic and economic 
concentrations, and infrastructure all generate large flows of 
traffic in and through the Texas Urban Triangle.  This section 
covers passenger and freight transportation in Texas and the 
Texas Urban Triangle, and highlights major trends and the 
most relevant proposals to improve the infrastructure stock 
and correct current shortcomings.

Roads and highways
 
The Texas highway system has been expanding continuously 
since the opening of the Gulf Freeway in Houston in 1948.  

According to the Texas Department of Transportation 
(TxDOT) as of 2004, there were close to 190,000 miles of 
public highway lanes in Texas (up from about 142,000 in 
1984).  Over one third of these miles are in the Texas Urban 
Triangle.  The highway system in Texas includes 79,535 miles 
of roadway classified as state, interstate, farm to market, and 
freeways (Texas Highwayman 2006).  Road traffic amounted 
to close 450 million vehicle miles driven per day in 2004 
(DMN 2007). Maintaining and expending the Texas road and 
street network required expenditures of $2.4 billion from the 
federal government, $3.4 billion from the state, $0.9 billion 
from counties, and $1.2 from cities in year 2005 – a total of 
nearly eight billion dollars.
 
The Texas Urban Triangle is a major contributor to the size of 
the car fleet and vehicle traffic in the state (see Figure 136).  
Despite accounting for about 38% of the total lane miles, the 
Triangle’s share of the number of vehicles, road construction, 
and state receipts (through registration fees) was close 
to 70% in 2004. Five core counties - Bexar, Dallas, Harris, 
Tarrant and Travis - accounted for more than 40% of the 
state totals.  While the most road mileage (and expenditures 
in road maintenance) is outside the Triangle, it is inside the 
functional core of Texas where most traffic is generated.

Automobiles in the Texas Urban Triangle, 2004Figure 134. .
Source:  Texas Department of Transportation and DMN (2007).
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Cameron Muhic &
Tamara Palma  91



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

TRAnSPoRTATion

Lane mileage is unequally distributed within the Texas Urban 
Triangle.  The most extensive road networks correspond 
to largest metropolitan areas, but also to the primarily 
rural center of the region (see Figure 135).  The Dallas-Fort 
Worth metropolitan area had close to 22,000 lane miles in 

2004, while the TUT countries outside one of the four major 
metropolitan areas totaled close to 20,000.  The five core 
counties alone, which amount for 10% of the Triangle land 
area, had in aggregate more than 16,000 lane miles in 2004, 
more than 23% of the total mileage.

lane miles of highways in the Texas Urban Triangle, 2004.Figure 135. 
Source:  Texas Department of Transportation and DMN (2007).

Contrasts between the highly and lesser urbanized areas 
were even more evident in terms of the number of vehicles.  
The five core counties accounted for 7.8 million registered 
vehicles, 59% of the Texas Urban Triangle Total in 2004 (see 
Figure 136).  Five million vehicles are owned in the Dallas-
Fort Worth 

metropolitan area alone, which is more than seven times 
the vehicle ownership count in the less-populated center 
of the Triangle.  These contrasts illustrate inequalities in the 
distribution of economic activities, as the figures include 
private-, government- and company-owned vehicles.

Millions of vehicles registered in the Texas Urban Triangle, 2004Figure 136. .
Source:  Texas Department of Transportation and DMN (2007).
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The scenario was very similar when comparing figures for 
vehicle miles travelled (VMT) per day across the Triangle in 
the same year.  Once more the largest number corresponded 
to the five core countries, totaling more than 160 millions, 
while the Dallas-Fort Worth metropolitan area reached 
108 million, and the central counties just close to 37 

million.  These figures emphasize the much higher rates 
of VMT per day and lane mile, which were over 10,051 
in the core counties, and just 1,881 by the center of the 
Texas Urban Triangle.  These contrasts also illustrate the 
different pressures on infrastructure, including operations, 
congestion, upkeep, and expansion. See Figure 137.

Millions of vehicle miles travelled per day in the Texas Urban Triangle, 2004Figure 137. .
Source:  Texas Department of Transportation and DMN (2007).

State expenditures in road construction did not reflect 
completely the previous patterns (see Figure 138).  The 
largest aggregate expenditures were, again, in the five core 
counties, and the smallest in the Triangle central counties.  
In this case, construction expenditures were higher in the 

Houston-Beaumont metropolitan areas, with about one third 
of the state’s road construction expenditures in the Texas 
Urban Triangle, followed by the San Antonio-Austin urban 
corridor, and then the Dallas-Fort Worth metropolitan area.

State construction expenditures in the Texas Urban Triangle (million $), 2004Figure 138. .
Source:  Texas Department of Transportation and DMN (2007).
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An index to express traffic congestion in a road network is 
calculated by dividing the number of vehicles miles travelled 
per day by the size of the corresponding area.  This index 
has some disadvantages because it does not account for 
the dimension of the road network and population density, 
nor is reflective of parks and other public areas closed to 

traffic.  Despite its shortcomings, especially by concealing 
congestion by averages traffic over urbanized land, it tends 
to be higher in car-dependent areas.  Figure 139 shows how 
the index increased sharply during the 1990s, when the four 
listed Texas urban areas ranked among the top ten fastest 
growing in the nation. See Figure 139.

Congestion index, vehicle Miles Travelled Per Square Mile, 1990-1999.Figure 139. 
Source:  Highway and Motorway Fact Book.

High growth rates in vehicles miles traveled (VMT) expected 
to continue in the core counties of the Texas Urban Triangle 
(Figure 140).  Both Dallas and Tarrant counties are expected 
to post net increases of more than 15 million VMT per day 

between 2000 and 2025.  Harris and Bexar counties are 
expected to increase more than 10 million VMT per day 
between 2000 and 2025. See Figure 140.

Forecasted vMT growth in core metropolitan countries, 2000-2025.Figure 140. 
Source: Cambridge Systematics.

Cameron Muhic &
Tamara Palma 94



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

All major urban areas have some form of public 
transportation, generally with bus service complementing 
rail services.  Figure 141 synthesizes information for the 
public transit agencies operating in the Texas Urban Triangle 
for year 2000.  METRO in Houston, DART in Dallas, VIA in 
San Antonio and CMTA in Austin were the four large transit 
agencies in the Triangle. Combined their total passenger 
trips per year was just a small proportion of those carried in 

other American urban areas.  The combined annual public 
transit ridership in the Texas Urban Triangle corresponded 
to less than 10% of New York system, and was lower than 
figures for second-level metropolitan areas like Boston 
and Philadelphia (Cox 2002).  The total daily public transit 
ridership for the entire Texas Urban Triangle pales in 
comparison to the ridership on one mode (subway) in one 
city (Moscow): 755,000 compared to 9 million.

Urban transit agencies in the Texas Urban Triangle, 2000Figure 141. .
Source:  National Transit Database.

In Texas, just 1,9% of the population uses public 
transportation to go to work, 92.3% a private vehicle, 
1.9% walked, and 2.8% worked at home in 2000 (www.
ePodunk.com, based on U.S. Bureau of Census).  The use 
of public transportation was slightly higher in some urban 
counties, like Bexar (3.3%), Dallas (3.6%), Harris (4.1%), and 

Travis (3.7%). At the time of the last census, the averaging 
commuting time from home to work in the Texas Urban 
Triangle was higher than 17 minutes in every county.  For 
half the population, the trip required 31 or more minutes 
(see Figure 142).

Average time spent traveling to work in the Texas Urban Triangle.Figure 142. 
Sources:  EPodunk and U.S. Bureau of Census.

TRAnSPoRTATion

Commuting to work

bus Transit

transit agencies modes provided urban area
passenger trips (1,000s)

operating 
funds

capital 
funds

vehicles 

year
weekday

trips
($ millions)

maximum 
service

CMTA Bus, vanpool Austin 38,128 131 89 36 694
BMT, Beaumont Bus Beaumont-Pt. Arthur 1,551 5 3 0.7 23
PAT, Port Arthur Bus Beaumont-Pt. Arthur 178 0.7 1 0.1 16
The D Bus Bryan-College Station 287 1 2 0 17
DART Bus, light rail, commuter rail Dallas-Fort Worth 58,343 197 290 362 840
First Transit, Inc. Bus Dallas-Fort Worth 9,426 36 41 0 413
The T Bus, commuter rail Dallas-Fort Worth 6,034 22 31 51 261
VPSI, Inc. Vanpool Dallas-Fort Worth 414 2 0.9 0 132
LINK, Denton Bus Dallas-Fort Worth 114 0.4 0.7 0 18
Handitran, City of Arlington n/a Dallas-Fort Worth 102 0.4 2 0.6 23
City of Mesquite n/a Dallas-Fort Worth 36 0.1 0.4 0.1 17
Grand Connection n/a Dallas-Fort Worth 22 0.01 0.3 0.06 11
METRO Bus Houston 87,379 300 326 192 2,166
First Transit, Inc. Bus Houston 12,272 38 26 0 270
VPSI, Inc. Vanpool Houston 821 3 1 0 180
CONNECT, Galveston n/a Houston 93 0.4 2 0.2 34
VIA Bus San Antonio 45,432 145 88 21 831
TCOG n/a Sherman-Denison 152 0.6 0.7 0.2 15
WTS Bus Waco 705 3 2 1 25
all agencies - - 223,361 755 818 629 5,292

U.S. Department of Transportation, Federal Transit Administration, National Transit Database
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The same data set indicated that the average 
commuting times within the Texas Urban 
Triangle varied significantly. Commutes 
were shorter in rural counties and in smaller 
metropolitan areas like Killeen-Temple, College 
Station-Bryan, Waco, and Beaumont-Port Arthur.  
In most larger metros, average commuting 
times tended to increase from the core counties 
toward the more distant suburban counties.  
Austin was the only major exception to this 
trend, where average figures for Travis County 
were higher than in other metropolitan counties 
(data for Williamson County was not available) 
(see Figure 143). 

Average commuting distance to work by county, 2000Figure 143. .
Sources:  EPodunk and U.S. Bureau of Census.

Traffic and transit trends observed in the Texas 
Urban Triangle were not substantially different 
from those observed in many but not all parts 
of the nation – the predominance of car trips, 
increasing vehicle miles driven, especially in 
larger urban areas, limited use (and availability) 
of public transit, and relatively long commuting 
trips to work.  Increases in traffic peak time have 
been rising consistently all over the nation, and 
at faster rates in the largest urbanized areas (see 
Figure 144).

growth in peak-period travel times, 1982-2004.Figure 144. 
Source:  Texas Transportation Institute, 2005 

Urban Mobility Study:  Mobility Issues and Measures.
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Many researchers have studied the negative impacts in 
personal and economic performance directly linked to traffic 
congestion, from people being more tired and stressed, 
wasting valuable time, to direct (work missed) and indirect 
(poorer performance) losses in productivity.  As portrayed 

in Figure 145, the billion of dollars lost due to congestion go 
far beyond the costs directly linked to transit, and include 
additional gas consumption, traffic regulation systems, and 
losses due to accidents.  Congestion-related costs have been 
growing at faster rates than vehicle miles driven.

Annual cost of congestion, 1982-2003.Figure 145. 
Source:  Texas Transportation Institute, 2005 

Urban Mobility Study:  Mobility Issues and Measures.

Among significant differences between Texas and national 
trends, the most remarkable was the increase in vehicle trips 
in Texas compared to the rest of the nation during the last 
half of the 1990s.  This is illustrated by the higher growth 
rates in vehicle miles driven in the period 1995-2000, with 

Texas rising faster than the national average (see Figure 
146).  Texas’s vehicle miles driven is expected to continue to 
exceed the national average during the next decades, to the 
year 2030 (see Figure 147).

Past trends in vehicle miles driven in Figure 146. 
Texas and the U.S.

Sources:  U.S. Department of Transportation, Federal 
Highway Administration, Highway Statistics.

TRAnSPoRTATion

Projected growth in vehicle miles driven in Texas Figure 147. 
and the U.S., 1995-2030

Sources:  U.S. Department of Transportation, Federal Highway 
Administration, Highway Statistics.
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It is logical to assume that without any change in existing 
patterns of travel, the increasing length and duration of car 
trips can only lead to more congestion, especially in the 
Texas Urban Triangle, the most urbanized (and fast growing) 
part of the state.  State and local investments have been 

expanding the local road network, which is projected to 
surpass 120,000 lane miles by year 2030.  This will represent 
a net increase of over 20,000 lane miles, and a growth rate 
over 20% between 1999 and 2030 (see Figure 148).

Projected total county lane miles in the Texas Urban Triangle, 1999-2030.Figure 148. 
Sources:  Texas Association of Counties.

Road network expansion is expected to expand at lower 
rates than population growth, and much lower rates than 
vehicle miles traveled.  The obvious consequence  of the 
divergence of these two tendencies will be more traffic per 
unit of road.  Considering the current trends, the average 
lane miles per 1,000 persons in the Texas Urban Triangle 
is expected to fall from 31.5 in 2004 to 26.6 by 2030, a 

decrease of about 15% (see Figure 149).  Even if the current 
average vehicle miles driven remained unchanged (which 
is not expected), the competition for space on the can 
only increase, and the only consequences will be longer 
and more frequent congestion, and higher economic and 
quality of life losses, not to mention increased pollution and 
greenhouse gas emission.

Projected lane miles per 1,000 people in the Texas Urban Triangle, 1999-2030Figure 149. .
Sources:  Texas Association of Counties.
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national highway Capacities, 1998-2020.Figure 150. 
Sources:  U.S. Department of Transportation.

These congestion trends have been identified for a long time. Large 
areas of the Texas Urban Triangle will be affected.  Congestion is 
predicted to negatively affect major segments of the National Highway 
System. Projections indicate that by 2020, two key links in the Triangle, 
I-35 and I-10, will exceed their capacity in almost all their sections. 
The third (I-45) will be approaching its capacity (see Figure 150).  The 
scenario is not better in the largest metropolitan areas of the Triangle, 
as most federal highways around Houston, Dallas, and San Antonio are 
projected also exceed their capacity.

The combination of a fast-growing population and economy, 
increasing road congestion, and the inability of the currently available 

transportation solutions to provide adequate response will require 
new alternatives to be introduced by the state and local governments, 
as well as changes by businesses and individuals. 

The single greatest opportunity in transportation in the Texas Urban 
Triangle, identified in the transportation of these trends, is to establish 
inter-city high speed rail. To make high speed rail work successfully, 
once passengers arrive to their urban destination quickly and 
refreshed, they will need public transport to get around in their metro 
areas. This Texas Transportation Two Step is an effective contribution to 
ensure increased prosperity without congestion, costs, and pollution.  

TRAnSPoRTATion
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Rail Passenger Service

There is very limited passenger rail in Texas.  As is true 
of most other states in the U.S., rail passenger service in 
Texas is provided by Amtrak.
 
There are three rail passenger routes in Texas serving 
two sides of the Texas Urban Triangle (see Figure 151).  
The Chicago – San Antonio route, operated under the 
name of The Texas Eagle, serving the cities of Dallas, Fort 
Worth, Austin, and San Antonio (plus several smaller 
cities en route).   The Sunset Limited runs the Los 
Angeles-Orlando route, serving San Antonio, Houston, 
and Beaumont.   The third route runs from Fort Worth 
to Oklahoma City.  There is no service on the third side 
of the Texas Urban Triangle, from Houston to Dallas.  
Amtrak operates one train daily in each direction on the 
Chicago-San Antonio and Fort Worth-Oklahoma City 
routes.  The Sunset Limited operates three days a week.

Current Amtrak passenger routes in Texas.Figure 151. 
Source:  Texas Transportation Institute.

In the areas where Amtrak offers daily 
services, ridership is low, but has 
been increasing over recent years.  A 
substantial ridership gain was made 
when the Texas Eagle became a daily 
service several years ago.   This is 
consistent with Amtrak’s previous 
findings regarding long distance trains.  
Typically, the more frequent the service, 
the higher the ridership.  This occurs 
because travelers have more choices of 
departure times.

Amtrak passenger boardings by route and station.Figure 152. 
Source:  Amtrak Department of Government Affairs.

Other than an infrequent service, 
Amtrak’s major problem is its routing 
through the state.  While serving some 
the major cities in the Texas Urban 
Triangle, it does not link them all directly 
to each other.  The lack of direct rail 
routes available between many major 
Texas cities means that Amtrak is not a 
major player in the passenger transport 
network in the state.  Moreover, there 
are several emerging centers such as 
Research Valley (College Station – Bryan) 
that it bypasses. However, the distances 
between the major cities in Texas, and 
the population density within the 
Triangle, are comparable to those areas 
in Europe, where high-speed rail has 
been a success.

TRAnSPoRTATion
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Texas intercity bus network
 
Mirroring the decline of the rail passenger network that 
occurred during the 1960s, the intercity bus network 
in Texas has also declined during the 1980s and 1990s.  
While a shadow of its former self, the network still 
reaches a fairly large number of Texas towns.  However, 
whereas many towns used to have 3 or 4 buses a day 
in each direction – or even more – now many have 
only one service in each direction.  Coupled with the 
elimination of routes, less frequent service makes 
it more difficult for people to choose the bus as an 
alternative.  Only a few main trunk routes – specifically 
Chicago – Mexico through Dallas, Austin, and San 
Antonio; along with the main east-west route between 
Atlanta and Los Angeles passing through Texarkana, 
Dallas, Fort Worth, and west to El Paso have more than a 
couple of buses a day.
 
Another big change for intercity services has been 
the rise of the once or twice weekly service offered 
by the various Rural Public Transportation Systems 
located throughout the state.  As the intercity buses 
disappeared, many counties tried to fill the gap by 
providing at least a limited service to senior citizens, 
mobility impaired persons, and others unable to drive.
 
The outcome is that many towns that once had daily 
bus service now have a bus that operates once a week 
to connect them to the county seat, or the major 
shopping and trading center of the area.   The buses 
are often small, 15-20 passenger vehicles, capable of 
operating door-to-door in order to pick up passengers 
with mobility problems.  These service providers now 
accept anyone who wants to ride. Figure 153 shows the 
intercity bus network as it exists at the beginning of the 
2007. Figure 154 shows the regional and/or countywide 
rural transportation districts responsible for providing 
some mobility for those who need it most in the more 
rural areas of Texas.
 

Texas bus routes.Figure 153. 
Source: Russels Motorcoach Guide, 2007.

Rural public transportation systems in TexasFigure 154. .
Source:  Texas Department of Transportation.
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Texas Cities with Public Transportation
 
Most larger Texas cities have scheduled public transport 
services.  Most systems are “all bus” service; however, 
both Dallas and Houston have light rail.  Dallas also has 
a heritage streetcar operation, and light rail is planned 
in Austin and San Antonio.

 The Trinity Railway Express is a joint operation between 
the Dallas Area Rapid Transit (DART) and the Fort Worth 
“T”.  Service is Monday through Saturday between Dallas 
and Ft. Worth (see Figure 155).  The Trinity Railway 
Express (TRE) started operations on December 30, 1996.  
Since then ridership has risen from 175,969 per year to 
over 2.16 million.   

Trinity Railway express System.Figure 155. 
Source:  trinityrailexpress.org.

TRAnSPoRTATion

The Dallas-Fort Worth Metroplex offers the most 
modern, diversified, and extensive transit system in 
Texas with two operating rail lines and three planned 
expansions (see Figure 156).
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Houston’s METRO system is comprised of light rail, bus 
rapid transit, lift bus, and bus system (RideMetro).  This 
system possesses 9 miles of light rail, 21 miles of Bus 
Rapid Transit, 28 miles of commuter rail, and 40 miles 
of bus service mostly, within the inner loop (see Figure 
157).

dallas-Fort Worth regional light rail system.Figure 156. 
Source: DART.org.

houston MeTRoRail system.Figure 157. 
Source:  Harris County Metropolitan Transit Agency.
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Proposed high Speed Rail networks

There have been several proposals to establish a high speed rail network in Texas, but 
to date only studies have been conducted.  Today, High speed rail finally makes sense  
in the Texas Urban Triangle. The population density in the Texas Urban Triangle is 
close to that of some areas in Europe where high speed trains have proven to be very 
successful. Rising gas prices, potential petroleum shortages, geopolitical instability, 
global warming, and terrorism risks to petroleum facilities all portend a positive 
future for high speed rail in the Texas Urban Triangle.

Figure 159 show the routes the federal government has declared as possible high 
speed rail routes in this part of the country.   That does not mean that the government 
is actually taking any step towards developing any of them.  These routes meet 
established technical criteria for high speed rail development.

Federally designated high-speed Figure 158. 
rail corridors in Texas.

Source:  Texas Transportation Institute and TxDOT.

A federal high speed rail proposal that received attention is the South-Central 
high performance rail corridor, which is made of three corridors meeting at 
Dallas-Fort Worth.  The Dallas-San Antonio corridor corresponds to the western 
side of the Texas Urban Triangle.  The other two corridors would link Dallas – Fort 
Worth to the major urban areas of Oklahoma, Arkansas, and northern Louisiana 
(see Figure 159).  The data and projections in this report suggest that this federal 
high speed rail proposal would be more viable if it were to include links to 
Houston.

South Central high-performance Figure 159. 
rail corridor.

Source:  Texas Rail Advocates.

Texas T-bone and brazos express Figure 160. 
Corridor.

Source: http://www.thsrtc.com.

A new proposal, the “Texas T-Bone”, is a high speed 
rail network. Its name derives from the shape of the 
proposed network – one line, from Dallas to San 
Antonio, would be met at Killeen by another line 
coming from Houston (see Figure 160).  Whereas 
previous plans aimed at running rail service directly 
between the three vertices of the Texas Urban Triangle, 
the T-Bone proposes only one leg connecting Houston 
to the other metropolises.  So doing significantly 
increases travel times to and from Houston.
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There is a commuter rail system planned for the San Antonio-Austin 
corridor. This rail line is planned to connect downtown San Antonio 
through New Braunfels, San Marcos, and Austin to Round Rock.  The 
feasibility study is complete and the federal government has already 
given $5.7 million to invest in this project (ASA 2006) (see Figure 161).

There are several proposals for other commuter rail services in the 
Austin-San Antonio area, especially developed for selected higher-
density corridors.   An example is the Austin-Leander line, an inner-
metro rail line with nine stations, corresponding to the first phase of 
the Downtown/Northwest Commuter Rail Line, planned for shorter 
trips between central Austin and close suburban areas (see Figure 162).

Houston is considering several commuter rail routes.  No maps of the 
routes are available.

Houston-Rosenberg Commuter Rail Feasibility Study, a study •	
for a commuter rail along the U.S. 90A corridor, initiated by 
the Houston-Galveston Area Council (HGAC).  This line would 
connect Houston and Fort Bend County through the cities of 
Stafford, Missouri City, Sugarland, Richmond, and Rosenberg;

Metropolitan Transit Authority’s METRORail light rail for the •	
southern portion of Harris County, between Galveston and 
Houston, planned to link-up with the Houston-Rosenberg line 
near the Astrodome and Reliant Stadium.

Proposed Austin Commuter Rail line, 2005.Figure 161. 
Source:  Capital Metropolitan Transportation Authority.
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Proposed Austin-San Antonio commuter Figure 162. 
rail corridor.

Source:  Austin-San Antonio Inter-municipal Commuter Rail 
District.

other Proposed Rail Passenger Services
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Texas commercial air service

 Texas airports with higher domestic passenger traffic, 2005.Figure 163. 
Source:  Gavinha (2007).
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The Texas Triangle area has well developed commercial air service.   All 
major metropolitan areas have international airports, and both Dallas 
and Houston also have secondary airports for regional routes.  Many of 
the smaller cities also have air service – although limited.  The smaller 
cities are often only connected to one major city – a result of the hub 
and spoke system used by almost all major airlines.
 
In the year 2005, a total of 59.7 million ticketed passengers were 
enplaned in 36 airports located in 25 urban areas totally or partially in 
Texas (the airport of Texarkana, AR, serves an area where most of the 
population lives in Texas).  Of these passengers, 54.9 million (92.0%) 
were enplaned within the Texas Urban Triangle.  A full 47.4 million – 
about 80% - were in either Dallas or Houston (BTS 2007).

The top twenty airports in Texas by number of domestic enplanements 
in 2005 are listed in Figure 164.  One observes the dominance of the 
international airports of Dallas and Houston, together generating 68% 
of all domestic enplanements in the state.  They were followed by 
Austin and San Antonio, as well as the second airports of Houston and 
Dallas (Hobby and Love Fields, respectively).  
 
If only intra-state air transportation was considered, i.e. only 
passengers both enplaned and deplaned in Texas airports, the 

aggregate number of enplanements in 2005 would be reduced to 16.3 
million,  amounting to 27.4% of all enplanements in the state.  Most 
passenger enplanements occurred in the Texas Urban Triangle (77.6% 
of the state total).  Of all in-state passenger trips, 55.8% were between 
places within the Texas Urban Triangle, 43.9% between one place in 
the Texas Urban Triangle and another in another part of the state, and 
a mere 0.4% (60 thousand enplanements) between pairs of places 
outside the Texas Urban Triangle (BTS 2007).  Thus, 99.6% of in-state 
air passenger traffic had at least its origin or destination in the Texas 
Urban Triangle.
 
Only a small proportion of all enplanements in Dallas and Houston 
were bound to destinations in the state (18.4% and 20.8%, 
respectively).  The proportions of Texas-bound enplanements were 
higher in Austin (42.7%) and San Antonio (45.9%).  In all other 
gateways, in-state trips comprised more than half of enplanements, 
and above 90% in the secondary gateways of the Texas Urban Triangle.
The number of linkages of each airport gateway in 2005 are 
differentiated by distance (short- and medium-haul) and by total 
enplanements (over and below 250,000 per year), and are shown in 
Figure 165.  Domestic air traffic counts tend to privilege centrality over 
market size, as evidenced by the absence of major gateways from the 
West Coast and Florida from the top 15, and the relatively high ranking 

rank city airport code passengers

1 dallas dallas/Fort Worth int’l dFW 28,079,147

2 houston george bush intercontinental iAh 19,032,196

3 houston William P hobby hoU 3,961,642

4 Austin Austin-bergstrom int’l AUS 3,645,956

5 San Antonio San Antonio international SAT 3,604,665

6 dallas dallas love Field dAl 2,949,256

7 El Paso El Paso International ELP 1,638,242

8 Lubbock Preston Smith International LBB 552,023

9 Amarillo Rick Husband International AMA 446,395

10 Midland Midland International MAF 446,161

11 Harlingen Valley International HRL 429,396

12 Corpus Christi Corpus Christi International CRP 417,022

13 McAllen McAllen Miller Int’l MFE 352,216

14 Killeen Robert gray AAF gRK 192,887

15 Laredo Laredo International LRD 92,316

16 College Station easterwood Field Cll 87,484

17 Tyler Tyler Pounds Regional TYR 85,997

18 Abilene Abilene Regional ABI 78,269

19 Brownsville Brownsville/Sth. Padre Island BRO 76,573

20 Waco Waco Regional ACT 71,684

Notes:  Figures for ticketed enplaned passengers;  airports in the Texas Urban Triangle shown in bold.
Source:  Bureau of Transportation Statistics.
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Major long-haul international linkages of Figure 164. 
Texan gateways, 2005.
Source:  Gavinha (2007).

TRAnSPoRTATion

of central places like Minneapolis, Denver, St. Louis or Memphis.  
All four Texas Urban Triangle metropolises were well connected, 
especially Dallas, which ranked nationally second in the overall 
number of links.  Dallas ranks first if only medium-haul linkages were 
considered. 

2005 figures on international passenger traffic showed that 
Dallas and Houston were long-haul gateways of comparable size, 
with some important differences in their market orientation (see 
Figure 165).  But none of them could be considered as a major 
U.S. international gateway, as their passenger flows and number 
of linkages were significantly lower than a top tier of seven cities 
(New York, Los Angeles, Chicago, Miami, San Francisco, Atlanta, and 
Washington).  The top long-haul international destination for both 
Texas gateways was London, and the number of passengers was 
comparable.  Houston had significantly higher passenger counts 
going to Amsterdam, Paris, and Bogotá; while Dallas had higher 
ones to Frankfurt, Tokyo, Sao Paulo, Zurich, Buenos Aires, Santiago, 
and Seoul.  In general, Houston had stronger links to Europe, and 
Dallas to East Asia and South America, a pattern that mirrored the 
composition of airline alliances:  Houston-based CA and Air France-
KLM are among the members of SkyTeam, while Dallas-based AA, 
Cathay Pacific, and LAN Chile are members of Oneworld (OAG 2006).

The role of Texas gateways in international medium-haul traffic 
was more relevant, especially to several Mexican destinations, 
with Houston originating more scheduled and Dallas more charter 
passengers.  In year 2005 about 8.0 million passengers, both 
scheduled and chartered, traveled between Texas gateways and 
short- and medium-haul foreign destinations (DOT 2006c).  Of these, 
64% traveled to Mexico, 15% to Canada, and 21% to other countries.  
Houston had a greater total of international medium-haul passenger 
enplanements than Dallas.  70.4% of international passengers in 
Houston go to North and Central America, versus 62.7% in Dallas.  
Houston also has a higher share of international passengers (17.9% 
versus 11.0% in Dallas).  These data suggest that Houston has a 
larger role as gateway for immigrants and visitors in Texas Urban 
Triangle.

U.S. gateways with largest number of Figure 165. 
domestic linkages, 2005.

Source:  Gavinha (2007).

Dallas, and to a lesser extent Houston, have been become major 
hubs for domestic US transportation.  2005 data for all commercial 
airports in United States show that Chicago had the largest number 
of enplanements, totaling 38.8 million (6.2% of the national total), 
closely followed by Atlanta (38.2 million), then New York (35.4), Los 
Angeles (32.3), Washington (28.4), and Dallas (28.1) (BTS 2007).  
 
In aggregate, these top six gateways accounted for almost one out 
every three enplanements in the US (32.2%).  A second group of 
nine cities, with between 15 and 23 million enplanements each, 
came next, including Houston (11th, 19.3 million).  Two other Texas 
Urban Triangle metropolitan areas were also among the 40 largest 
gateways for domestic air transportation:  Austin (36th, 3.6 million 
enplanements) and San Antonio (37th, 3.5 million).
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rank metropolitan area
all linkages

over 250,000 
enplanements

Total
>500 
miles

total
>500 
miles

1 Washington 171 106 34 18

2 dallas 170 121 36 26

3 Minneapolis 168 118 15 13

4 Atlanta 161 94 46 27

5 New York 160 117 29 20

6 Denver 159 99 24 21

7 Detroit 157 90 19 14

8 Chicago 156 104 38 25

9 houston 147 108 22 17

10 Philadelphia 147 99 19 12

11 St. Louis 144 84 7 5

12 Pittsburgh 144 76 7 2

13 Memphis 141 86 1 0

14 Charlotte 139 76 11 6

15 Las Vegas 138 106 23 16

37 Austin 110 92 3 1

43 San Antonio 98 85 3 1

Notes   Texas major gateways are shown in bold.
Source:  Bureau of Travel Statistics and author’s calculations.

rank Texas city foreign city foreign country passengers

44 Houston London UK 448,740
46 Dallas London UK 435,972
59 houston Amsterdam netherlands 372,536
67 houston Paris France 317,622
72 dallas Frankfurt germany 299,593
78 dallas Tokyo Japan 273,123

142 Houston Tokyo Japan 158,976
149 dallas Sao Paulo brazil 154,353
161 Houston Frankfurt Germany 143,324
170 Houston Sao Paulo Brazil 130,790
173 dallas Zurich Switzerland 130,215
177 Dallas Paris France 125,426
203 dallas buenos Aires Argentina 111,599
213 dallas Santiago Chile 101,216
217 Houston Lima Peru 97,851
221 Dallas Lima Peru 96,220
245 houston bogotá Colombia 70,896
248 dallas Seoul South Korea 67,502
253 Houston Caracas Venezuela 64,064
254 Dallas Caracas Venezuela 63,567

Notes:  Passengers refer to total passengers starting their trips at the location;  in 
transit traffic was not considered.
  For each foreign city the top Texan gateway is shown in bold;  if numbers were too 
close no gateway is highlighted.

Source:  United States Department of Transportation and author’s calculations.
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Freight Transportation

The value of freight generated in, sent to, or circulating 
through Texas has been growing significantly.  It 
amounted to $1,125 billion in 1998, $589 being 
originated in the state (BTS 2002).  The bulk of the 
freight related to intra-state shipments, with 88% of 
the outbound weight sent to, and 77% of the inbound 
coming from in-state destinations.  Most was shipped 
by road, with a share of 78% of the weight and 51% of 
the value for inbound freight, and 54% of the weight 
and 64% of the value for outbound freight.  The volume 
and value of freight is expected to increase substantially: 
from 1998 to 2020 the projected growth is 70% in 
volume, and 226% in current dollars.  See Figure 166.

TRAnSPoRTATion

 Freight shipments to and from Texas by mode, Figure 166. 
1998-2020.

Source:  Bureau of Transportation Statistics, 2002 Commodity Flow Survey.

Combined truck flows shipments to and from Texas, 1998.Figure 167. 
Source:  Bureau of Transportation Statistics.

The Texas Urban Triangle benefits from a favorable 
geographical location, and has been a critical hub for 
goods circulating between the East and the West Coasts, 
and between Mexico and the Northeast.  Figure 167 
illustrates this role showing the main routes for inbound 
and outbound freight in 1998.  

The most significant variation for the period 1998 - 2020 
is expected in the total weight shipped by highway 
trucking, which is projected to increase from 57% to 
63% of the total, from 1,008 to 1,872 million tons over 
the period. The selective nature of this traffic, flowing 
through major highways, can be appreciated in Figure 
168, where actual 1998 and projected 2020 volumes 
are shown.  The pressure will be especially strong in 
the major interconnections in the Texas Urban Triangle, 
and major routes linking the Triangle to the rest of the 
country and to the Mexican border.  

Actual and estimated average daily truck traffic, 1998 and 2020.Figure 168. 
Source:  U.S. Department of Transportation.
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TRAnSPoRTATion

Texas Freight Railroads
 
The vast majority of freight rail lines in the state belong 
to private companies, with the exception of a few miles 
in the Dallas-Ft. Worth and Austin areas.  Burlington 
Northern Santa Fe and Union Pacific are the principal 
carriers in the state, and almost everything entering 
and/or leaving the state by rail must use the tracks of 
one of these companies (see Figure 169).

The majority of Texas railroads are single tracked, with 
trains unable to pass each other except at passing 
sidings and in rail yards.  When coupled with the large 
amount of traffic flowing to and from Mexico due to 
the North American Free Trade Agreement (NAFTA) and 
the high volume of goods taken in at Texas seaports 
and leading to the interior of the US, this creates a 
rail system that is always heavy with traffic.   Future 
projections show a significant increase in rail freight 
traffic over the next twenty years.  Major investment will 
be necessary to keep the rail system functioning.

The use of railroads for freight transportation remains 
the most efficient way of transporting mixed freight 
over medium and long distances.  One train can carry 
the same amount of freight as several hundred trucks, 
occupying less space, using less fuel, and only requiring 
a very small crew.  But in spite of a greater return on the 
investment in terms of the carrying capacity, and being 
less costly to build a second track then to build extra 
lanes of highway, most freight is carried by trucks, and 
the trend is increasing.

Texas rail lines.Figure 169. 
Source:  http://freight.transportation.org.

Rail freight transportation to and from Texas, 1998.Figure 170. 
Source:  Texas Department of Transportation.
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The largest volume of 
freight carried inbound 
and outbound of Texas in 
1998 was concentrated in 
a few major routes, and 
structured around the axis 
between Houston and 
Kansas City (see Figure 
170).  
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Texas Sea Ports

Texas has 13 seaports of different sizes and levels of 
activity scattered along the Gulf Coast.  Three clusters 
are especially important (Houston-Texas City-Galveston, 
Beaumont-Port Arthur, and Corpus Christi) (see Figure 
171).  Through these ports, Texas ships and receives 
large quantities of freight each year that makes its way 
via road and rail through the Texas Urban Triangle.  
Maintaining and improving rail and road connectivity 
with the seaports will enhance the efficiency of goods 
movement.  

Tonnage handled by Texas ports, 1990-2000.Figure 171. 
Source:  U.S. Corps of Engineers.

Cameron Muhic &
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port 1990 2000 % change

Houston 126,178,000 191,419,000 52

Texas City 48,052,000 61,586,000 28

Galveston 9,620,000 10,643,000 10

Beaumont 26,729,000 82,653,000 209

Port Arthur 30,681,000 21,387,000 (31)

Freeport 14,526,000 30,985,000 113

Port Lavaca 5,097,000 10,552,000 107

Corpus Christi 60,165,000 82,973,000 38

Brownsville 1,372,000 3,268,000 138

Source:  U.S. Corps of Engineers.
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introduction

The management of solid waste in Texas is primarily the responsibility 
of private companies and local governments.  The state government 
does not provide solid waste management services, but it can fund 
assistance programs.

The Texas Solid Waste Disposal Act (Texas Health and Safety Code) of 
1989 requires the Texas Commission on Environmental Quality (TCEQ) 
to prepare a state-wide Solid Waste Management Plan, including 
hazardous and non-hazardous wastes.  The main goal of the State 
Solid Waste Management Plan is to provide guidance to organizations 
involved in waste management, to ensure it is performed in ways 
protective to the human health and environment. According to the 
plan’s guidelines, all state agencies and institutions are required to 
implement recycling programs and promote the use of recycled 
materials.

At the metropolitan and regional level, solid waste – and especially 
municipal solid waste (MSW) – falls under the responsibility of 
the state’s 24 Councils of Governments (COGs). Each COG has the 
responsibility of developing a Municipal Solid Waste Management 
plan for its jurisdiction.

Hazardous wastes are primarily generated from industrial sources. 
Under Texas regulations, non-hazardous wastes generated by 
industrial facilities are categorized as Class 1, Class 2, and Class 3 
wastes. Class 2 and 3 wastes are considered less harmful to the 
environment and human health than Class 1 wastes. While industries 
must report the type of waste they produce and the amount of Class 
1 waste they generate, they do not have to report how much Class 2 
or Class 3 wastes they generate or how they dispose of these wastes. 
Class 2 and 3 wastes are managed by MSW facilities.

Class 1 Wastes:

Regulated asbestos-containing material;

Materials containing specific toxic chemical constituents that 
exceed regulated concentration levels, although not enough to be 
considered hazardous;

Liquids that are ignitable at levels above 150 degrees F, or solids and 
semisolids that contain chemicals considered to be ignitable under 
certain conditions incidental to storage, disposal, or treatment;

Semisolids and solids that, when combined with water, exhibit 
corrosive properties;

Empty containers that held hazardous substances or Class 1 wastes, 
unless the residue has been completely removed through certain 
processes, such as multiple rinsing;

Wastes containing more than 50 parts per million of total 
polychlorinated biphenyls (PCBs);

Petroleum wastes associated with exploration, development, and 
production of crude oil, natural gas, or geothermal energy and 
containing more than 1,500 parts per million total petroleum 
hydrocarbon (TPH);

All non-hazardous industrial solid waste generated outside Texas 
and transported into or through Texas for storage, processing, or 
disposal.

Solid WASTe

Class 2 Wastes:

Containers that held hazardous or Class 1 industrial wastes where 
the residue has been completely removed and the container is 
unusable;
Containers, of less than 5-gallon capacity, that held Class 1 wastes;

Depleted aerosol cans;

Non-surgical & non-radioactive medical waste, not including breast 
implants, orthopedic devices, and other “artificial, nonhuman 
devices removed from a patient and requested by the patient”;

Paper, cardboard, linings, wrappings, paper packaging materials, or 
absorbents that do not meet hazardous, radioactive, or industrial 
Class 1 criteria;

Food wastes, glass, aluminum foil, plastics, Styrofoam, and food 
packaging that result from plant production, manufacturing, or 
laboratory operations.

Class 3 Wastes:

Wastes not meeting the conditions of Class 1 or 2, including 
chemically inert and insoluble substances, samples without 
detectable levels of PCBs or hydrocarbons, and wastes that pose no 
threat to human health or the environment;
Inert, insoluble solid waste materials such as rock, brick, glass, dirt, 
and some rubbers and plastics.

Waste generation and minimization 

The quantity of hazardous waste generated over the past decade 
has been stable in Texas, despite the 71 percent growth rate posted 
by the manufacturing sector.  Generation of Class 1 Non-Hazardous 
waste has been decreasing in Texas, overall posting a decrease of 
48 percent between 1993 and 1997.  Nonetheless, as of 2001, Texas 
still led all states in the nation in the amount (tonnage) of industrial 
hazardous waste produced. In 1999, the EPA reported that Texas 
industries generated 14.9 million tons of hazardous wastes out 
of a total of 40 million tons – nearly 37% of all wastes generated 
throughout the U.S (U.S. EPA, The National Biennial RCRA Hazardous 
Waste Report. June 2001, Exhibit 1).  As industries realize that waste 
is lost profits and an indicator of inefficiency, they are changing their 
industrial processes to produce less waste. 

geneRATion oF hAZARdoUS WASTe 

by indUSTRy in TexAS, 2001

Chemicals and Allied Products                   62.6%
Petroleum Refining                                       27.7%
Electric, Gas, Sanitary Services                    6.6%
Metals, Electrical, and Electronics               1.1%
Other                                                                    2.0%

Source: Joseph Walton, Waste Planning and Assessment, Texas 
Commission on Environmental Quality, September 22, 2003.

Note: Numbers are preliminary and subject to change.

generation of hazardous Waste by industry Figure 172. 
in Texas, 2001.

Munmun Parmar

 110



T E XA S U R B A N  T R I A N G L E
Framework for future growth

Sustainable Urbanism, Plan 675, Spring 2007, Professor Michael Neuman

Applied Planning, Plan 662, Fall 2006, Professor Elise Bright

Department of Landscape Architecture and Urban Planning

Municipal solid waste (MSW) management

Municipal Solid Waste (MSW) is defined as “solid waste resulting from 
or incidental to municipal, community, commercial, institutional, 
and recreational activities, including garbage, rubbish, ashes, street 
cleaning, dead animals, abandoned automobiles, and all other solid 
waste other than industrial solid waste.” (Solid Waste Management in 
Texas Strategic Plan 2001-2005)

Non-Hazardous wastes in Classes 2 and 3 are accepted at some 
MSW facilities that do not require special handling, and with prior 
authorization from TCEQ.  In Texas, wastes from Construction and 
Demolition (C&D) are also considered as a part of municipal waste, 
which diverges from the standard followed by EPA; as a consequence, 
waste generation and disposal rates in Texas tend to be higher than in 
other states.

Municipal Solid Waste (MSW) landfills 

MSW Landfills are mainly owned by private companies which charge 
a disposal fee per amount (generally per ton) of waste disposed.  
These landfills must be registered with the TCEQ, and are required to 
report the types and amounts of waste processed or disposed at the 
facility. This report not only lets the TCEQ keeps track of changes in the 
generation and disposal of municipal waste, but also the number of 
operating facilities, their location and capacity.

As of 2005, there are 249 MSW landfills in Texas, of which 218 were 
classified as ‘open’. Of these landfills, 186 (85%) were active (accepting 
waste) and 32 were inactive (still open but not accepting waste).  Three 
landfills ceased operation in 2005 and 28 landfills were reporting in a 
post-closure status. 

ToTAl Solid WASTe diSPoSAl And  PeR CAPiTA 

diSPoSAl RATe in TexAS, 1986-2000

disposal refers only to solid waste received by permitted landfills.Figure 173. 
Source: TNRCC, Annual Reporting Program for Permitted MSW Facilities: 1997 Data Report (November 30, 1998), Attachment 6. 

TNRCC, Strategic Plan, Fiscal Years, 2003-2007. Vol. 2.

Solid WASTe

The total disposal in the state in 2005 was 29.67 million tons. The 
disposal rate using EPA standards, i.e. excluding C&D debris, was 5.55 
pound per person per day, which is above the EPA national average 
of 4.5 ponds per person per day.  Residential waste and commercial 
waste each comprise approximately one-third (33%) of the municipal 
solid waste stream, followed by construction and demolition which is 
approximately 20%. See Figure 173.

Texas is estimated to have between 20 to 30 years of available MSW 
landfill disposal capacity. However, these facilities are not equally 
distributed over the entire state of Texas. Voluntary waste reduction at 

the source, along with recycling programs, are stressed by the govern-
ment.  Both source reduction and recycling have helped to limit the 
growth in the generation and disposal of municipal solid waste.

In 2005, there were 12 permitted landfills and 5 registered facilities 
that recovered landfill gas for use as fuel. They collected 7.795 billion 
cubic feet of methane gas, which was then used to generate 14.91 
million kilowatt-hours of electricity for on-site facility use and 483.01 
million kilowatt-hours for sale or off site use. 
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bRoWnFieldS And SUPeRFUnd SiTeS

Brownfield Sites

Brownfield sites are defined as places where the expansion, redevelop-
ment, or reuse may be complicated by the presence or potential pres-
ence of hazardous substances, pollutants or contaminants.  They often 
correspond to old industrial areas which were abandoned when their 
activities and/or infrastructure became obsolete.

In Texas the Brownfield Site Assessments (BSA) Program was estab-
lished primarily for conducting environmental site assessments to de-
termine toxic clean-up requirements for polluted sites. The principles 
of the clean-up program are:

promoting partnerships between landowners, developers and •	
the public sector
strengthening the marketplace•	
protecting the environment•	
sustaining reuse•	

Assessing brownfields helps communities understand the risk associ-
ated with a site.  Generally information can be obtained about proper 
cleanup and possibility of reuse of the site;  the risk of exposure due 
to contamination is eliminated by an initial cleanup.  Federally-funded 
Targeted Brownfields Assessments (TBA) can be conducted on con-
taminated sites.

The Railroad Commission of Texas (RRC) conducts environmental 
assessments for the United States Environmental Protection Agency 
(EPA). Their program is called the Brownfields Response Program. 
Though focusing primarily on the remediation of oil and gas sites, it 
also offers incentives for voluntary cleanup through the Voluntary 
Cleanup Program (VCP), which applies when the land owner was not 
involved in the contamination.  A map showing the location of the VCP 
sites and TBA sites is shown in Figure 174. 

Map showing Texas brownfields Site  Figure 174. 
Source: (http://www.rrc.state.tx.us/divisions/org/brownfield/).

The map shows clearly three major concentrations 
of brownfields sites in the state, one of them in the 
Houston area, and the other two lie outside of the Texas 
Urban Triangle.

bRoWnFieldS And SUPeRFUnd SiTeS
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Contamination can travel from one site to other sites. Most sites in 
Texas are included in the Active VCP and being actively cleaned up. 
The city of Dallas has 

cleaned up a number of brownfields and put them to good use (see 
Figure 175).

Sites involved in the ‘brownfields Success Stories’ in dallasFigure 175. 
Source:  (Ref:http://www.dallas-edd.org/images/community_redevelopment/brownfields/Brown24apr06_811.pdf).

One of the success stories in Texas brownfields history is the building 
of the Astrodome in Houston.  The site was originally occupied by a 
railroad station, an industrial facility, and a number of metal corrugated 
buildings. The owner of the site, the Harris County Sports Authority, 
entered the site into the Texas Voluntary Cleanup Program and funded 
the site’s cleanup.  The site now has a stadium with a capacity for seat-
ing 42,000 people, easily accessed and fully equipped with parking. It 
is Currently under review for redevelopment into other uses.

Superfund Sites

The idea of a national superfund to fund toxic clean-ups began in 1980 
when the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA) was passed by Congress, creating a fund for 
cleaning up hazardous waste sites.  The fund was originally financed 
by the Potentially Responsible Parties (PRP), which were considered by 
the EPA as the responsible parties for cleaning up the hazardous waste 
sites, paid partly by the parties themselves, and partly federal funds.  
Toxic sites to be cleaned up were evaluated, given a priority level, and 
placed in the National Priorities List (NPL). Usually sites under Super-

fund designation have a federal cleanup responsibility, in contrast to 
the Voluntary Cleanup Program of the Texas Brownfields Program. 

The Superfund Site Discovery and Site Assessment Program (SSDSAP) 
is the program responsible for identifying and ranking sites in the state 
of Texas. It identifies and assesses sites if contaminants are previously 
documented, the site is abandoned or inactive, and if efforts have been 
made for voluntary cleanup.  The relative priority for remedial action 
is estimated through a Hazard Ranking System (HRS), which assesses 
the potential human health risk due to exposure from calculates a 
score from a scale of 0 to 100.  Any site with a score of 28.5 or higher is 
eligible to be placed in the NPL; if some of these sites are declared as 
“not” NPL, they still can be placed into a State Superfund Registry. 

An NPL site must undergo various steps, including a Feasibility Study / 
Remedial Investigation and an evaluation of human health exposure, 
before it is deleted from the list.  There are currently 38 sites in Texas 
which are on the NPL. Because their priority for cleanup is high, they 
are governed by the federal Superfund program.  A map showing the 
locations of the Superfund sites in Texas is shown in Figure 176.
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Active Federal and State Superfund Sites by County, Figure 176. 
September 2003.

Source: (Ref: http://www.texasep.org/html/wst/wst_5iab.html).

As of the year 2000, federal funds available for 
cleanup in the state of Texas amounted to $24 
million.  By the year 2004-2005, $63 million had 
been earmarked for the cleaning up of hazardous 
waste sites in Texas. The cleanup process was 
slow, but recently faster alternatives have been 
developed, liberating sites more quickly for 
potential redevelopment.
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Education is considered as a key area for planning in Texas for two 
major reasons.  The first follows its relatively young population and 
ongoing high growth rates, and this is translated in a fast growing 
schooling population.  Texas ranked 6th in the nation in student 
population growth over the last decade (Strayhorn 2006), and this is 
also translated into more instructors, more infrastructure and larger 
education budgets.  The second deals with the need to improve the 
education levels of the population, and especially those active in the 
labor market, in order to remain competitive in an increasingly open 
economy.  This section discusses major issues organized in two major 
areas – public education and higher education.

Public education

The state’s relative performance compared to other states is shown by 
the low rankings in selected key indicators (Strayhorn 2006):

49•	 th in verbal SAT scores and 46th in average math SAT scores
36•	 th in high school graduation rates
33•	 rd in teacher salaries, and out of pace with the national 
average

Student performance in Texas public schools has been low in basic 
areas.  For example, only 40% of 4th graders scored at or above 
proficiency at math in school year 2005, and just 29% scored at or 
above proficiency in reading. More than 15% of schools were identified 
as requiring improvement based on adequate yearly progress in 2004.

 
In 2004, there were 1,227 operating school districts in Texas.  Public 
school enrollment was 4,383,871 (fall 2005), having increased by 11.1% 
between 1999 and 2005, most notably among Hispanics (+28.7%), 
Asian/Pacific Islanders (+33%), and the economically disadvantaged 
(+25%) (see Figure 177).  At the same time enrollment decreased 
among white students (-5.1%), a sign that they may be moving 
towards private education.  By year 2030 total enrollment is expected 
to reach 6.8 million. By 2030, a staggering 88% of students will fall into 
the definition of economically disadvantaged.

Public education enrollment in Texas, 1995-2030.Figure 177. 
Source:  Texas Education Agency.

In 2005, there were 294,547 teachers employed 
in public K-12 schools, and this figure is 
expected to have a net increase of about 
200,000 until year 2030 (see Figure 178).  
The student to teacher ratio in public and 
elementary schools (14.9:1) had not significantly 
improved since the year 2000, and is expected to 
remain relatively stable.

Public education staffing in Texas, 1995-2030.Figure 178. 
Source:  Texas Education Agency.

edUCATion

The number of administrators is growing faster than teachers. While 
the number of teachers had increased, the numbers of non-teaching 
staff members had grown even more, and this trend is expected to 
continue in the next decades.  There was a 32.5% increase in the 
number of central administrators, 28.5% growth in the number of 

professional support staff, and 26.1% more campus administrators. 
Since 1999, yet the number of teachers grew only 13.3%. In absolute 
terms, the number of non-teaching new jobs to be created between 
2005 and 2030 will be close to 280,000.  

Jennifer opon
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The average salary of public school teachers in 2005 was $41,009.  The 
disparity between the average Texas salary and the average U.S. salary 
has continued to grow;  in 1999,  Texas teachers were paid $5,541 less 
that the national average;  in 2005, that figure had increased to $6,799.  
This growing gap has made it increasingly difficult to both keep some 
of the best teachers in the state, and to attract additional teachers from 
other parts of the country.
 
Similarly, the average expenditure per pupil in Texas elementary and 
secondary schools has continued to lag behind that of the national 
average, and in fact this disparity has grown each year.  In 1999, Texas 
spent on average $281 less that the U. S. national average expenditure 
per pupil;  by 2005, the gap had grown to $1,476.  Texas ranking in the 
nation by expenditure per pupil has been falling consistently, and from 
25th in 1999 had slipped to 40th by year 2005.

higher education
 
The number of students attending Texas colleges and universities 
increased by 23.6% from Fall 1999 to Fall 2005, faster than in 
elementary and secondary schools;  the highest net growth occurred 
in state & community colleges and universities, with net gains of about 
125 and 80 thousand, respectively (see Figure 179).  From 2005 to 2030 
higher education enrollment is projected to increase almost three fold, 
reaching 3 million.  The number of university students is projected 
to increase from 553 to 1,633 thousand over the same period, 
corresponding to an increase of 195%.

Some 24.5% of the Texas population of 25 years or older held a 
bachelor’s degree or higher, making Texas the 35th state ranked in 
the nation.  Despite the strong growth rates projected for the next 
decades, the ranking is not expected to improve substantially.
 
Texas has three of the 20 largest degree-granting institutions in 
the nation (University of Texas at Austin, Texas A&M University and 
the Houston Community College System).  Only six (2 public and 4 
private) of Texas’ 145 higher education institutions were ranked among 
the nation’s top 100 (USN 2007).  Only one private institution, Rice 
University, ranked among the nation’s top 50, ranking in the top 20.
 
In comparison to other large states, Texas had three nationally 
recognized research institutions (defined as members of the invitation-
only Association of American Universities), while California has nine, 
New York seven, and Pennsylvania four.
 
While student enrollment has been (and expected to keep) increasing, 
the cost of higher education has been going up much faster.  
According to the Texas Higher Education Coordinating Board, the 
average tuition and fees as public universities had increased by 95.5% 
and for community colleges by 71.5% in the period 1999-2005.  From 

fiscal year 2002, just prior to tuition deregulation, to fiscal year 2006, 
the average tuition and fees at public universities increased by 61.4%, 
and at community colleges by 51.3%.  If these trends do not slow 
down, the projected enrollment increases may be dented.
 
As for elementary and secondary education, a similar trend in cutting 
expenditures has for higher education in Texas.  From fiscal years 2002 
to 2007 (and adjusted for inflation), the state budget was cut in terms 
of real dollar, per-student funding for universities dropping by 19.92%;  
for community colleges the per-student cut was 35.29%.
 
In sum, education in Texas is reaching a crossroads.  Enrollment has 
been increasing, which will lead to a larger workforce.  But at the same 
time, dropping expenditures in public education and higher fees in 
higher education will make it harder to keep the current performance 
level, already one of the lowest in the nation.  If this trend remains 
unabated, a major asset Texas will be jeopardized.

higher education enrollment in Texas, 1995-2030Figure 179. .
Source:  Texas Education Agency.

edUCATion
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Texas leads the United States in many facets of energy. Consider 
the following data:

Texas is the leading crude oil-producing state in the •	
country. 
West Texas Intermediate (WTI) – is the primary benchmark •	
for crude oil.
25 refineries account for more than one-fourth of total •	
U.S. refining capacity.
Texas is the leading natural gas-producing state in the •	
country, contributing more than one-fourth of total 
national output.
Texas also leads in wind-powered generation capacity, •	
with over 6 million megawatts in 2006 (EIA 2007c).

Overall, Texas generates and consumes more electricity than any 
other state, and its per capita residential and industrial use are 
significantly above the national average (idem).

The large majority of energy-related infrastructure in the state is 
concentrated in the four metropolitan areas of the Texas Urban 
Triangle (Figure 180). Most energy consumption also occurs in 
these metro areas, due to their large share of state’s population 
and economic activities.

Major energy-related infrastructure in Texas.Figure 180. 
Source: (from http://tonto.eia.doe.gov/state/state_energy_profiles.

cfm?sid=TX).

U.S. and Texas crude oil proved reserves.Figure 181. 
Source: Energy Information Agency, Crude Oil Proved Reserves.

energy sources and their exploitation

Texas has the largest fossil fuel reserves in the country, and also 
sizeable deposits of lignite and bituminous coal; it is has a high 
non-hydropower renewable energy potential (EIA 2007b).

Crude oil Reserves

The state’s crude oil reserves amount to 22% of the proved 
reserves in the country (Figure 181). The size of oil deposits in 
Texas reached its highest value during the early 1950s, when 
it amounted to more than one-half of the nation’s reserves. 
Since then, Texas’ share (and the amount of oil in reserves) has 
been declining, due to extraction and the discovery of offshore 
deposits in the Gulf of Mexico and off the North Slope of Alaska.
The first oil boom started in 1901, when an exploratory 
drill led to the discovery of the Spindle Top field, the first in 
the upper Gulf Coast basin (Meinig 1969). Many important 
discoveries followed, both inland and in coastal platform. Texas 
oil production peaked in 1972, when it reached more than 3.4 
million barrels per day. Since it has been declining rapidly, in 
recent years crude oil output amounted to less than one-third of 
1972 figures (EIA 2007b).

Tony Topping, Joe Seitzer &
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Oil reserves are found nearly through out the state, and the Texas 
Urban Triangle is still an important producer, with 24,404 operating 
oil wells. These wells increasingly conflict with urban land uses as 
sprawl marches outward from the metropolitan areas.

Texas refineries represent the largest concentration in the country, 
and can handle more than 4.6 million barrels of crude per day (EIA 
2007b). Most of them are clustered around major Gulf Coast ports, 
especially Houston, Port Arthur, and Corpus Christi; among them 
is the Baytown refinery, east of Houston. Houston is the focal point 
of a large network of pipelines, used to supply Texas-generated 
petroleum products to consumers east of the Rockies; the Colonial 
Pipeline system, the largest pipeline system in the country, is part of 
the network. See Figure 182.

location of active oil wells in TexasFigure 182. 
Source: Texas Railroad Commission, Oil and Gas Well Counts by 

County.

natural gas

Like in oil, Texas is the also the leading producer of natural gas 
in the U.S., accounting for 26% of all proved reserves (Figure 
183). This figure, significantly below the 1960s levels when 
Texas accounted to about 40% of the nation’s reserves, reflects 
the surge in gas extraction that occurred since the 1970s. 
Texas natural gas production peaked in 1972, when it reached 
more than 9.6 billion cubic feet, and has been declining ever 
since (Swindell 1999/2005). The current output is close to less 
than three-fifths of the 1972 level. See Figure 183.

U.S. and Texas natural gas proved reserves.Figure 183. 
Source: Energy Information Agency, Natural Gas Reserves Summary.
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Based on figures from the Texas Railroad Commission, the counties included 
in the Texas Urban Triangle totaled 15,385 producing gas wells in 2007. Two of 
the largest clusters of gas fields in the state, Austin Chalk and Double A Wells 
(Polk county) (Swindell 1999/2005) are also located within the Texas Urban 
Triangle.

Texas has 10 natural gas market hubs, and one of highest natural gas storage 
capacities in the nation (EIA 2007b); most of the 34 active storage facilities 
are depleted oil and gas fields reconverted for storage. An expansive network 
of interstate pipelines links Texas to the largest consumer markets, including 
California, the Midwest, the East Coast, and New England.

location of active gas wells in Texas.Figure 184. 
Source: Texas Railroad Commission, Oil and Gas Well 

Counts by County.

Coal and uranium mining in Texas.Figure 185. 
Source: Railroad Commission of Texas and Texas 

Environmental Profiles.

Coal and uranium

Texas is a large producer of coal from 13 surface mines, which include five 
of the 50 largest in the United States (EIA 2007b). The major coal mines are 
located in the core of the Texas Urban Triangle, within a triangle broadly 
defined by Austin, Huntsville and Athens, and around Longview (Figure 185). 

Most of the coal extracted in Texas is from lignite, a low-efficiency variety of 
coal. All of Texas coal is locally consumed, often in coal-fired power plants 
close to the mines. Despite its low energy content and higher carbon dioxide 
emissions, lignite has the advantage of having low content of sulfur. Texas 
consumes more coal than it produces, and has to rely on supplies of sub-
bituminous coal from Wyoming. Texas coal consumption and emissions of 
carbon dioxide and sulfur dioxide are among the highest in the United States 
(idem).

Deposits of uranium in South Texas have been mined for decades, especially in 
the mid-1970s when market prices were relatively high. Concerns exist about 
the predominant technique – injection wells, using pumped water to bring the 
mineral to the surface – due to risks of groundwater contamination (TCPS and 
ED 2000). Currently only one uranium mine operates in the state, southeast 
of San Antonio. Two nuclear plants, Comanche Peak and South Texas Project, 
account for about 10% of the State’s electric power production (EIA 2007b).
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Renewable energies

The exposed plains of the western part of the state 
have a high potential to produce energy (Figure 186). 
In spite of its relatively small role in the state energy 
production, Texas is already the largest wind energy 
producer in the country, having surpassed California 
in 2006 (EIA 2007b). In West Texas, there are over 2,000 
wind turbines. The Horse Hollow Wind Energy Center, 
just west of Abilene, is the largest wind power facility in 
the world with a capacity of 736 megawatts.

Wind energy potential in Texas.Figure 186. 
Source: Utility Wind Interest Group at the National Renewable Laboratory, 

Golden, CO.

Solar energy potential in Texas.Figure 187. 
Source: Central and South West Corp.

The potential for solar energy in the state is even higher 
than wind-based, especially under the frequently 
cloudless skies of western Texas (Figure 187). Under 
the impossible assumption that the whole state was 
completely covered by solar panels and no energy was 
lost, the energy received would amount to about 1.5 
times the world’s current energy needs (RRC 1993). 
Despite advantages, solar energy is not cost competitive 
with other alternatives, due both to higher prices and 
subsidies to fossil fuels (TCPS and ED 2000).

It is likely that renewable energy, especially wind 
and sun, will play key roles in the future of the Texas 
economy’s green transition. Once again, as with oil 
Texas could become a world energy leader.
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Texas is not only the largest producer in the country, but also the 
largest consumer (EIA 2007a). Historically the state has been self-
sufficient, but in recent years energy production has been lagging 
behind demand, requiring imports. During the period 1960-2000, 
while population posted an average annual growth rate of +1.96%, 
energy consumption grew at +2.54% (TSCD 2006 and EIA 2007a). As 
population doubled, energy consumption nearly tripled.

In 2004, with a population less than 8%, the Lone Star state consumed 
12 trillion BTUs (Figure 188), or 12% of all energy consumed in the 
United States (EIA 2007a). Texas was the largest consumer of energy 
for industrial uses, and the second (after California) for residential, 

commercial and 
transportation uses. 

Over one-half (53%) of the state’s energy consumption was related to 
the industrial sector, a figure well above the national average of 33%; 
these figures include associated losses. In the same year, the energy 
consumption per capita in the state was above national average for 
industrial (243%) and transportation (123%) uses, and slightly below 
for commercial (94%) and residential (93%) uses.

Overall, the 2004 energy consumption per capita in Texas (over 0.5 
billion BTUs/person per year) more than doubled the equivalent 
figures for states like California, New York, Florida and Arizona, all of 
them with values between 0.20 and 0.25 billion BTUs/person per year 
(EIA 2007a and USCB 2007).

Total energy consumption by state, 2004.Figure 188. 

energy consumption in Texas by type of use, 2004Figure 189. 
Source: Energy Information Administration.

The share of energy consumption for industrial uses 
has been decreasing, falling from 67% in 1960 to 47% 
in 2004 (see Figure 189). During the same period, there 
was an increase in the share of transportation (18% to 
23%), while the shares of residential and commercial 
usage declined slightly (EIA 2007a). See Figure 189.
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energy losses

The most important change during the period 
1960-2004, perhaps even more relevant than the 
decrease in the share of industrial net consumption, 
was the increase in other uses (from 7% to 20%), which 
the EIA defines as electrical system energy losses (EIA 
2007a). They include energy used in the generation, 
transmission, and distribution of electricity, plus plant 
use and other unaccounted losses; in other words, 
system inefficiencies, which do not include losses 
related with end-user less efficient technologies. 
Comparing 1960 and 2004 figures, Texas losses rose 
from 302 to 2,435 trillion BTUs, a staggering eight-fold 
increase over 44 years; during the same period the 
national increase was close to 364%. Unquestionably 
system losses and their quick growth are becoming 
crucial issues for policy making, but still insufficiently 
researched and understood. Transmission over 
long distances is likely the reason, suggesting local 
consumption of local production. The most remarkable 
finding is their rapid growth, in all sectors except 
transportation (Figure190). electric system energy losses in Texas by type of use, Figure 190. 

1960-2004.
Source: Energy Information Administration.

During the period 1960-2004, residential-related system losses have 
grown faster than other types of uses, passing from 32% to 38% of all 
losses, slightly above the corresponding national averages of 29% and 
37% (EIA 2007a).

The production of energy in Texas has primarily relied in local 
resources, but there have been important shifts throughout the last 
decades (Figure 191). In 1960 practically all energy was produced from 

natural gas and petroleum, which accounted for 98% of all energy 
consumption. By 2004 their combined share had fallen to 80%, and 
petroleum had become the most important source. During that period, 
coal and to a lesser extent nuclear became increasingly important, 
and by 2004 they combined to account for 18% of total consumption. 
Nevertheless, greenhouse gas producing fossil fuels still account for 
the vast majority of energy production in Texas in 2004, 94%!

energy consumption in Texas by source, 1960 (left) and 2004 (right).Figure 191. 
Source: Energy Information Administration.
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In 2004 Texas was the largest consumer of petroleum, 
natural gas and coal in the nation, its share being, 
respectively, 14%, 17% and 7% of the national 
total (EIA 2007a). Texas also leads the country in 
consumption of asphalt and road oil, distillate fuel 
oil, jet fuel, liquefied petroleum gases (LPG), and 
lubricants. In the case of LPG, Texas uses more units 
than all other states combined, primarily in the 
petrochemical industry. The demand for natural 
gas in Texas is directed by the industrial and electric 
power sectors, which in aggregate use more than 
80% of production (EIA 2007b).

eneRgy

energy consumption in Texas by source, 1960 and 2004.Figure 192. 
Source: Energy Information Administration.

electric power sector consumption in Texas by Figure 193. 
source, 1960-2004.

Source: Energy Information Administration.

Minor sources of electric power sector Figure 194. 
consumption in Texas, 1960-2004.

Source: Energy Information Administration.

Electric power is only one part of the energy 
consumption equation, and in 2004 it accounted for 
close to 3,500 BTUs, or 29% of the state’s total energy 
consumption. This figure is well below the national 
average of 39% (EIA 2007a), a consequence of the 
relatively larger needs of industry in Texas, primarily 
met by petroleum. Natural gas and coal have been the 
primary sources of electric power in the state (Figure 
193). The former accounted for 97% of consumption in 
1960, but while its share had decreased to 41% in 2004, 
actual consumption grew more than three fold. 
Use of coal for electricity was irrelevant until the late 
1970s, but by 2004 it had surpassed natural gas as the 
primary source of electric energy (45%). More recently 
nuclear power became the third relevant source of 
electricity, and its share had reached 12% by 2004.
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If current growth rates remain unaltered, the consumption of energy 
in Texas may reach 23,000 trillion BTUs by 2025 (Figure 195). This 
total cannot be satisfied by exploiting existing natural reserves and 
using current technologies. State agencies and forums like the Texas 
Energy Council have been addressing the issue and advancing policy 
proposals (TPEC 2005). Major challenges remain, especially considering 
that most proposals target only electric power, either by aiming 

reducing consumption or developing renewable sources, but rarely 
addressing major issues such as energy losses, system inefficiency, 
technology innovation, and non-electric power energy uses; most of 
which occur in the Texas Urban Triangle and are correlated to land use 
location and distribution.

Total energy demand in Texas, 1960-2025.Figure 195. 
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Appendix A. Projected subsidence (in feet) in the houston area, 1987-2000.

Appendix b. The Air Pollution Standards
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Appendix C. Projected housing Units in the Texas Urban Triangle, 2030.
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Appendix d. The Population Rank in Texas by Counties.
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Appendix e. Total value of state exports in current dollars, 1997-2005.
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Appendix F. Total value of Texas exports in current dollars, 1996-2005.
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Appendix g. Projected employment in the Texas Urban Triangle, 2030.
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Appendix g (Continued). Projected employment in the Texas Urban Triangle, 2030.
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Section i – environment
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