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Houston context /
Historical perspective: The City Based on Oil

Foundation of Houston: Railroad, oil and ship channel

Houston was established by the Allen brothers at the conflu-
ence of Buffalo and White Oak Bayous in 1836. At first, it was 
just 147 swampy acres in the middle of nowhere. In 1850s, 
because of its location, Houston became the railroad hub to 
transport inland products, cotton majorly, to the port of Galves-
ton and Beaumont. Railroad networks grew bigger onwards. 
In 1890s, Houston was already the railroad center of Texas. 
After the huge storm in 1900, which destroyed almost entire 
Galveston including the port, Houston ship channel was con-
structed and took over the shipping business from Galveston. 
At the same period, oil was discovered in 1901. Railroad, oil 
and ship channel became three major factors influencing urban 
development in Houston. 

The Allen brothers 
founded a new city at 
the confluence of Buffalo 
and White Oak Bayous.

The city grow to approxi-
mately 9 square miles and 
had a population of 44,000.
• 1901 Discovered oil

The population expanded beyond the 
central core, the city annexed area 
along the ship channel for controlling 
navigation and wharfage.
• 1914 Ship channel constructed

The city expanded double of it’s 
size and reached nearly 600,000 
population.
• 1942 Ship industry and 

medical center established 
(because of WWII)

• 1948 First highway was con-
structed (reaching Galveston)

Railroad network was the backbone of urban growth in Hous-
ton. In the 1940s, automobiles started to become the major 
transportation. Most of highways were built alongside rail-
roads, and they reinforced the developments rapidly. The size 
of Houston grew into double in this period. Urban pattern in 
Houston is basically following the ‘‘Jefferson Grid’’, especially 
in the early development. (see the Houston wards map from 
1920, p.12) Since oil was discovered and ship channel was 
constructed, energy (oil) and exports are engines drive the 
economy in Houston until today. 
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Houston context / 
Geographic perspective: The Bayou City

Where the city was born: Buffalo bayou

Houston was established by the Allen brothers at the 
confluence of Buffalo and White Oak Bayous in 1836. 
The Bayous provides the transportation in the early 
years. People’s life was highly related with the water in 
that period. After the port of Galveston was destroyed 
by the storm in 1901, people decided to protect the 
exports by moving into the edge of Galveston bay. 
Houston ship channel was constructed and opened in 
1914. It locates at the month of Buffalo and White Oak 
bayous. Industries started to occupy the waterfront on-
wards. Today, the water is more disconnected with the 
urban fabric, especially near the ship channel.

Port of Galveston

Houston Ship Channel

Galveston

Bay

Left
Source: Map of Galveston Bay, Houston, and 
vicinity (c. 1900), from the 10th edition of Ency-
clopædia Britannica.

Right
Houston, 1891 (Source: Perry-Castañeda Li-
brary Map Collection)

















Challenge /
Flooding with heavy rainfall

Flat plain and heavy rainfall result the city with 4332 km of 
drainage ditches, channels, and bayous, but they are still not 
efficient to protect the city from flooding. During Tropical Storm 
Allison in 2001, the deluge of rainfall flooded 95,000 automo-
biles and 73,000 houses throughout Harris County. Tropical 
Storm Allison destroyed 2,744 homes, leaving 30,000 home-
less with residential damages totaling to $1.76 billion. (National 
Hurricane Center, 2001)

Floodplain in Harris County

    Floodway
    100-year Floodplain
    500-year Floodplain
    100-year Coastal Floodplain

Floodplain in Harris County 
(Source: http://mycity.maps.arcgis.com/)
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Overview 

Why intensification

Urban intensification is seen as a way to deliver sustainable 
development. It has been suggested that denser communi-
ties have the potential to support walking, cycling and public 
transport, lessoning the reliance on the car (Banister et al., 
1997). Denser development within the city boundaries also 
saves greenfield land from development (Breheny, 1996). In-
tensification is also proffered to have social and economic ben-
efits: goods and services are more equitably distributed (Elkin, 
1991), infrastructure costs are lowered (Newman, 1992) and 
there is the possibility for increased vibrancy, vitality and social 
interaction on the streets (Katz et al., 1994).

Review themes

The intention of this project is to research the suitable strate-
gies for Houston suburban intensification, while also consider 
the solutions for improving energy consumption and flooding 
risk during the transformation process. Following theories and 
methodologies are reviewed according to these three themes: 
reduce automobile dependency, sprawl repair, and stormwater 
management.  The review will further discuss the difficulties 
of integrations between compact development and stormwa-
ter water management within current American context, which 
lead to the  challenges and research focus of this project.









Suburban intensification target / 
Suburbs typologies in America

Clarify intensification target

To identify the proper targets for repair, it is essential to under-
stand the form and structure of sprawl in the American built 
environment. Sprawl can take place in intensely urban areas, 
but most is found in suburban areas. There are three gen-
erations of suburbia that vary in form as related to urbanity 
and walkability: prewar suburbs, post-war suburbs, and the 
late 20th-century exurbs. While the pre-war suburbs are often 
complete communities, the latter two types abandoned the pe-
destrian-centered neighborhood structure in favor of auto-cen-
tric dispersion.

Project focus : post-war suburbs

The second generation of suburbs was single-use, low-den-
sity development spurred by new incentives from the federal 
mortgage system and the increase in automotive infrastructure 
and use. The second-generation suburbs began to develop in 
the 1920s, but flourished after the end of World War II, when, 
under the auspices of national defense, the federal govern-
ment created the interstate highway system, the largest in-
frastructure project the country had ever seen. Ironically, the 
main achievements of this monumental effort were to facilitate 
personal mobility and undermine the fundamental walkability 
of American urbanism. 

This project chose to focus on this type of suburbs in Hous-
ton base on several reasons. In Houston, the inner city within 
Loop 610 is mostly cover by this suburbs typology. Due to the 
fast expansion and social-economic status of residents, basic 
common facilities (such as sewer system, parks and traffic in-
frastructure) ad private properties weren’t well constructed or 
maintained in some districts. These districts lost the population 
gradually and led to decay. This phenomenon brought out a 
serious metropolitan consequence: increasing development in 
the outer periphery while decreasing population in the inner 
core. (see p.51 “Houston population change” for further in-
formation)

Contents and drawings of 

this section (p.29-33) are 

cited from, “Sprawl repair 

manual”, Tachieva, 2010  





Suburban intensification:
Sprawl repair

Tactic of sprawl repair

The primary tactic of sprawl repair is to insert needed elements 
– buildings, density, public space, additional connections – to 
complete and diversify the mono-cultural agglomerations of 
sprawl. By systematically modifying the reparable areas (turn-
ing subdivisions into walkable neighborhoods) and leaving to 
devolution those that are irreparable (abandonment or con-
version to park, agricultural, or natural land), sprawl can be 
reorganized into complete communities.

Sprawl repair: regional, community and block scale

Sprawl repair should be designed at all urban scales, includ-
ing repair of a regional domain, transforming sprawl elements 
at the community scale, and reconfiguration of conventional 
suburban blocks and the reuse, expansion, and adaptation of 
single structures. 





Block scale

Urban design at the block scale deals with techniques for trans-
forming blocks into smaller urban increments and preparing 
them to become part of a future pedestrian-friendly urban 
fabric. Large suburban megablocks are broken down into a 
finer grain of smaller blocks by introducing new streets and 
passages, thereby establishing a coherent pattern for further 
redevelopment. 

Community scale

Urban design at the community scale concentrates on re-
structuring sprawl into neighborhoods, transit corridors, and 
well-balanced districts that have short walking distances to 
daily needs and provide healthier environments to a multigen-
erational population. The pedestrian shed discussed previously 
is a simple but essential tool in the pursuit of order and walk-
ability in auto-oriented suburban environments.

After the pedestrian sheds are determined, the neighborhoods 
and town centers are shaped using a range of urban design 
techniques. They include introducing new building types to al-
low a greater mix of uses, connecting and improving thorough-
fares to be more pedestrian friendly, and rationalizing parking 
to accommodate future urbanization and eliminate underuti-
lized parking.

Defining open and civic space is an essential urban design 
technique that involves the creation of a hierarchy of well-de-
fined spaces for common use. The integration of local food pro-
duction is becoming a predominant trend and is recommended 
for all repair sites, as they can easily accommodate gardens 
and allotments, even while their urbanism is being redesigned.

The repair at the community scale is closely interrelated with 
the redesign of suburban thoroughfares. Designed exclusive-
ly for cars, with only velocity and capacity in mind, suburban 
thoroughfares must be repaired into complete streets, mean-
ing they safely and comfortably accommodate pedestrians, bi-
cyclists, public transit, and vehicles. 

Community scale principles

• Determine pedestrian sheds
• Introduce new building types to allow a greater 

mix of uses 
• Rationalize parking to accommodate future ur-

banization
• Involves the creation of a hierarchy of well-de-

fined spaces for common use, ex. local food 
production

• Repair thoroughfares into complete streets: 
safely and comfortably accommodate pedestri-
ans, bicyclists, public transit, and vehicles. 
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Opportunity /
Bayou Greenway

It was in 1912 that Arthur Comey, a visionary urban planner, 
laid out a master plan for Houston where its park system is 
organized around its bayou corridors.

“The bayou city of Houston is in store for one of the largest 
parks projects in the nation. As of now, the major bayous are 
disconnected from one another and leave many communities 
without access to green space. Houston has 75 miles of trails 
along the major bayous but has the potential to expand the 
trails to 150 miles in the city, connecting 77 parks with linear 
greenways along the banks of its bayous. Nearly 60 percent 
of all Houstonians would live within 1.5 miles of one of these 
parks or trails.’’ (Houston Park Board)

‘‘Ours is a city where currently the automobile creates our ge-
ography.  We are connected by huge ribbons of concrete and 
pavement as far as the eye can see. Yet inside the concrete 
sprawl, we must create parallel connections at the human 
scale. …We may have a sprawling city, but the sprawl of our 
city is powerfully matched by the sprawl of our waterways.” 
(Houston Water Board)

There are the main aspects that Houston wants to tackle with 
this project: 
• Alternative transportation for commuting, ex. Hike and 

bike trails
• Wet-bottom detention areas flood prevention 
• Natural water purification and runoff reduction
• Recreation opportunities
• CO2 sequestration 
• Increasing property values along the corridor

Left page
Master plan from Arthur Comey, 1912 (source: 

Houston Park Board) 

Right page top
The two maps show the Greenway project the 

area alongside bayous into continuing green 
corridors (Source:Houston Parks Board)

Right page bottom 
Photos show the section of buffalo bayou near 
downtown(Photo credit: http://www.flickr.com/

photos/23910074@N07/8592296523/

Right page middle right
The plan shows how the Greenway project will 
connect the open space along bayou (Source: 

Houston Parks Board)





Opportunity / 
Recyclable urban elements:
Parking lots, vacant lots, un-used public space

Parking lot
The bottom graphics in the next page show the incredibly high 
percentage of land is occupied by the parking in the down-
town Houston. This situation also happens in the other parts  
of Houston, while the parking need is actually lower than the 
provided parking space.

A major part of the strategies for intensification in this project 
focus on a better use of the existing built-up areas or in other 
words to ‘build the city inwards’. Here are the three main ur-
ban elements that are considered with high potentials to be 
recycled.

Vacant lot
The top map in the next page points out that while the city is 
still expanding outwards, some existing built areas are losing 
the population. Lots and buildings become vacant, especially 
inside the second loop.

Unused public space
While Houston is depending on a huge amount of motorways, 
the spaces alongside infrastructures are often only used as 
buffer. There are high potentials to provide other functions to 
support the nearby neighborhoods. This kind of un-used pub-
lics can also be found along the water system, rail tracks, etc.





Project aims

The Bayou Greenway project is mainly considering about the 
natural drainage system (blue), bayous, for improving the 
flooding damage from heavy rainfall. If we also take the man-
made system (pink), ditches and channels, into consideration, 
the city can have a stronger water protection (from 2076 km 
to 4332 km). In the project, I elaborate from this point and 
discus how the water system can be transform into not only 
performing as flooding protection but also as crucial element in 
the intensification interventions in suburban. 

The project tries to achieve the objectives in three scales: re-
gion, community and block. In regional scale, the aim is to 
reinforce the water system in different hierarchies, from water-
shed to ditches, in order to increase the storage capacity and 
channel efficiency. From the intensification perspective, urban 
system and flows (sewage, transportation, amenities, etc.) are 
reorganized and adjusted to higher the performance and re-
duce energy consumption.  In community scale, the focus is 
to implement the regional strategies considering living qual-
ities and cultural circumstances. The intention is to research 
the possibilities of design intervention according to water and 
intensification strategies that can bring up the most positive 
spatial qualities. In block scale, the intended achievement is to 
reflect the current urban development quantitative regulations 
and how can they be improved with spatial principles (physical 
design). The conclusion  of this project is to provide a city 
vision for compact urban structure with the considerations for 
water safety and energy, in order to give suggestions for Hous-
ton to sustain in this post-oil era.

Natural and man-made 
drainage system

 (map credit: Susan Rogers, 
Super Houston)









image credit: 
unknown artist from 
Kashmere Garden
community center





Project area













Cause of flooding

Flooding conditions on site

The first image shows the flooding during Tropical Storm Alison 
in 2001. The water level can be up to 3 meters. Most of the 
house are flooded entirely. The second and third image are 
taken after a heavy rainy day. They shows that the infrastruc-
tures, such as sewage and pavement, are inefficient. Even just 
a regular rainfall can create inconvenient for the residents.

Top
Sourece: Harris County 
flood control district









Bayou characteristics :
Hunting Bayou

1
The upper stream of Hunting is different from Little 
White Oak Bayou. It is deep and wide. The  waterfront 
is developed as a park, but people don’t really use it. 

2
The bayou becomes less deep and wide when it goes 
east.
The intersection of Hunting bayou and it’s branch. 

The main stream of Hunting Bayou  
has been partly reconstructed by 
Houston government. The waterway 
and the buffer are wider and the 
waterfront has been developed as 
a linear park. But the park is not a 
successful investment. The facilities 
and accessibility are poorly designed, 
which make the park into a new un-
used space. 
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Community intervention :
Spatial principles explanation 
on three critical locations

Three critical locations

Three critical locations are zoomed-in in the following pages 
to  show the details of interventions. Spatial (building + water) 
principles are concluded as the essential rules to improve the 
current conditions created by urban development regulations.  
The three transformations between existing and intervention 
are: main street intersection/ intensification node, Hunting 
Bayou branch/ multi-function waterfront, and residential lot/ 
secondary greenway. 

Interventions :
1 intensification node
2 secondary greenway
3 multi-function waterfront

Current sites :
1 main street intersection
2 residential lots
3 hunting Bayou branch

2

1

3





current site : main street intersection









current site : residential lots









current site : Hunting bayou branch













Scenarios:  urban density & flood protection
& metropolitan vision

Scenarios : urban density & flood protection

The scenarios try to discuss the dynamic balance of water and 
urban form. Using design interventions at Kashmere Garden as 
the standard point, the scenarios explore four possibilities in 
the extreme conditions, according to the locations and future 
climate change. But still, the changes are based on common 
principles. The centers are all organized at the joints of green 
networks. In the high-density + high-flood-protection scenar-
io, the buildings need to be compact and develop the volume 
vertically to reserve space for water and secured by elevated 
land. If the flood risk is low, high density can be formed with 
middle-rise buildings with more public space in a larger area. 
In the high-density scenarios, transportation with high capacity 
can be established. Low-density + low-flood-protection scenar-
io is considered as local (sub) center. Intensification is applied 
linearly along green connections, and the remained land can 
be considered for local productions.

Metropolitan vision

Green network is established to serve as the backbone of in-
tensification. Population is centralize in the centers at the joints 
of green network. Centers generated their own identities and 
perform as different roles to support each other. Public trans-
portations are established in hierarchy between connections of 
centers. Periphery is preserved for natural value and restrict 
the sprawl expansion. 

Flood protection
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Reflection /
Project review from quantitative outcomes

The three main objectives this project are repaired sprawl pat-
terns, low flooding risk, and reduction of automobile depen-
dency (reduction of energy consumption).  In this page, the 
design intervention on community scale is reviewed with the 
quantitative outcomes, in order to examine if the strategies are 
affective to achieve the objectives. The review consists two 
questions as below.

Based on the theoretical analysis: Ped Shed /” Recon-
structing an automobile dependent city” model, does 
the area have sufficient population and amenity to per-
form as a center?

The necessary amount for a reasonable local center (and a 
public transport service to support it) is approximately range 
from about 8,000 to 19,000 residents plus jobs within this 
10-minute walking area (300 ha). The range is from around 
70,000 to 175,000 people and jobs within 30-minute walking 
area (3000 ha) for a town center. Any less than this means 
services in such a center become impractical (Newman & Ken-
worthy 2006). 

Due to the time limits, the intervention doesn’t cover whole the 
10-minute walking area, only demonstrates the central part. 
The designed area is around 10 ha and can accommodate ap-
proximately 1000 residents. But this location is covered with 
a high percentage of waterfronts, which is not the common 
pattern. The calculation should only counted the residential 
area, which is about 3.5 ha. This means this degree of in-
tensification increases density 23 times. The average density 
in this region is 5; so current population should be around 
1450 (5 x 290ha) of the un-designed area. To reach the es-
sential population (8,000) of a town center, the un-designed 
area should increase the density about five times (into 7,000 
person), which seems to be possible. To sum up, although the 
calculation is not precise, from the rough assumption, this de-
gree of intensification is possible to transform the suburban 
into a reasonable center. When more centers are formed in 

the regional structure, strong public transportation network 
can be established. Sprawling pattern can be restructured into 
compact urban form, and the automobile dependency will be 
gradually reduced.

What degree of flooding can be prevent with the de-
signed water storage capacity ?

Long-term data from Harris County Flood Control District 
shows the area has the average of 1-2 days with short but 
strong rainfall per year. The maximum amount is 11.78 cm per 
day approximately. Serious storms also occurred sometimes. 
During the tropical storm Allison in 2001, the heaviest rainfall 
per day is 23.95 cm in the area. 

During the heavy rainfall, the area needs to contain around 
12,000 m3 of water (11.78cm x 10 ha). The estimation of water 
storage capacity for the designed area is 24,900 m3, which  is 
two times more than the need. To consider the general condi-
tion, bayou storage capacity should not be counted. As men-
tioned in the previous chapters, the urban fabric should be 
able to contain and storage water before the water can be 
transport to the bayous to prevent flooding. To calculate more 
accurately, if we only consider the residential area, the street 
profile (greenways plus ditches) can store 2,400 m3 and the 
individual storage is around 1,000 m3. The rainfall per day is 
4,200 m2 within 35ha, which means without any discharge the 
water interventions can contain and storage 81 % of rainfall. 
If the discharge is counted, theoretically, the interventions are 
sufficient to prevent flooding from heavy rainfall. Furthermore, 
the space for water is possible to be reduced and consider to 
use for increasing urban density.
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