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ABSTRACT

With the increase of population in big cities,

urban industrial districts are constantly seeking
new development to realize the conversion from
single-functional to multifunctional systems, to
equip the city with diverse public spaces. The Port
of Houston operates at the dynamic confluence

of industry, transportation, and ecological
systems, and has been a major driver of Houston's
economic growth over the last century. However,
behind the prosperous economic growth, the port
suffers from the isolation with the surrounding
communities. Based on the “2045 Port Houston
Master Plan,” the Landscape Planning and Design
for the Port of Houston project focuses on urban
space activation and ecological environment
restoration through landscape planning and
design methods, while facing the challenges of
ecological environment, urban spatial pattern re-
positioning, and other urban issues. The project

is expected to build an economically, socially, and
ecologically healthy industrial waterfront zone.
Port Houston, beyond its primary function as an
economic driver, becomes a more visible and
substantial force in urban governance of advancing
the region’s activation and resilience.
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The new Port Gateway
Bridge connects the
communities on both
sides of Buffalo Bayou,
and the historical rail
bridge layered in the
background view is
preserved as the city's
heritage.
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An ecological
restoration pilot project
on Atkinson Island. The
dredged material is
refilled into the island
after purification,

and the vegetation
secession brings a nice
wetland back to the
gulf.
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concentric to nature-
concentric.
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1 Background Introduction

The Port of Houston, Texas, United States integrates multiple
location advantages such as transportation and ecological
resources of the oil industry, with the ship channel’s length
of about 84 km in total. Over the past century, the Port of
Houston has been a major driver of economic growth of
Texas, bringing nearly 1.35 million jobs and economic outputs
of USD 339 billion, which represents 20.6% of the Texas
GDP'". However, in terms of spatial organization, there is a
lack of interaction between the port with the city and citizens.
At the same time, the continuous development of large ships
increases the demand of waterway dredging, and the sediment
accumulation generated by dredging projects also occupies the
surrounding natural spaces. Galveston Bay, where the port is
sitting, is under the long-term impact of sea level rise and port
industrial development, resulting in the continuous deterioration
of ecological environment and serious loss of biodiversity.

To better responding to future challenges, the Port of
Houston Authority (PHA) has proposed “2045 the Port
of Houston Master Plan” (the 2045 Plan hereafter), while
collaborating with the United States Army Corps of Engineers
(USACE) to ensure the ecological and environmental safety of
waterways and surrounding waters. The Landscape Planning
and Design for the Port of Houston project described in this
article takes the 2045 Plan as an opportunity to improve the
ecological, cultural, and social qualities of the port, in order to
build the port into a compound waterfront industrial zone that
meets the current and future needs of the city through landscape

design.
2 Project Investigation and Problem-Finding

The site of this project consists of two areas. Area 1 covers
the west end of the port, where there are a large number of
abandoned factories left by industrial vacation-retreat; buildings
such as the visitor center and PHA headquarters are also located
here. Area 2 is located at the estuary of the port to the Galveston
Bay, adjacent to the large dock of the Port of Houston, covering
the gateway to the port. There are many constructed islands
piled up by dredged sediment (Fig. 1).

At the beginning of the project, the design team exchanged
views with PHA and conducted detailed site investigations
by water and land. At the same time, through symposiums
with management departments and mayors to understand
environmental, economic, and cultural development of the

surrounding cities.



2.1 Separation between the Port and the City

By studying the industrial development of the Port of
Houston and collecting the feedback of public participation, the
design team found that the close connections between the port
and the city are fading away. Historically, the port had been
surrounded by a rich variety of productive transactions and
recreational activities—the city was born from the port, and the
port economy supported the development of the city. However,
the benign interaction has been limited by the city’s single
secondary industrial development. In the past few decades,
Houston witnessed an inland-toward expansion, entering a
process of self-growth” away from the port. Due to safety
concerns, several kilometers of iron fences were built between
the port and the city. Most of water area is isolated from the
urban living area, with very limited spaces open to the public.
As a result, it is difficult for citizens to access to the port area
for leisure or recreation, while the port lacks opportunities to
showcase its services to the city. As the largest industrial port
in the United States, the Port of Houston is almost completely
separated from the City of Houston.

Houston, as one of a very small number of American cities
which have not developed any zoning plan, accommodates 6
early built large residential communities along the waterways
that lack of supporting infrastructure planning, and only
scattered community parks were built in recent years.

In addition, the port forced a split of these communities
geographically, making them isolated from each other, thus
social interaction is only limited within individual community.

Moreover, the future urban positioning and development
momentum of Houston still rely on whether the port can
introduce derivative industries of manufacturing, including
financial industry, tourism, and service industry related to the
port.

2.2 Industrial Ports Encroach Ecological Space

Different from most other coastal ports, industry of the Port of
Houston covers, in addition to linear waterways, more than 600
km” of the entire gulf waters, including coastal prairie, forest
meadow, wetland, oyster reef, marshland”, and other habitat
types, providing homes for a large number of plants, fish, and
other wildlife species. More importantly, Houston is located
along the North American Central Flyway'*! for which its urban
forests and wetlands are a crucial stop point for migration birds.
However, the development of the port encroaches a large amount
of natural space, the Dredged Material Placement Areas” at the
estuary destroyed the habitats of migratory birds. Furthermore,

the pollution of oil spilled in the gulf makes aquatic biodiversity
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drops dramatically”. The traditional mariculture and fishing
industry disappear, the glorious plant and animal paradise is
replaced by the scene of mechanical operation and shipping

industry.

2.3 Space Wasting of Dredged Material Placement Area
Through field investigation, the design team found that
a large number of Dredged Material Placement Areas were
distributed in both design areas (Fig. 2), but mostly covered with
wild vegetation. The treatment of dredging materials has been a
hot topic in the development of waterway. Dozens of kilometers
of waterway in the Port of Houston requires continuous
dredging projects to maintain the draft depth requirement of
ships. The large amount of engineering and the huge cost of
manpower and material resources are rarely challenging other
large industrial ports (with compact space arrangement) in the
United States (such as Seattle, New York, and Los Angeles).
There are 15 Dredged Material Placement Area along the coast
of the Port of Houston'®, and the annual cost of waterway
dredging is as high as USD 70 million"”. As several existing
Placement Areas have reached their maximum capacity, the
2045 Plan proposed to expand several of them and build new
ones."” How to reuse the idle placement spaces that has reached
the maximum capacity challenges the port’s future development.

3 Design Strategies

By studying other landscape planning projects for waterfront

industrial areas, including the East Detroit Riverside Area

Planning Framework!, Manhattan Waterfront Planning and

VOLUME 8/ ISSUE 5/ OCTOBER 2020

D

S)

Dredged Material
Placement Areas are
sites accepting soils
that have been dredged
from the Houston

Ship Channel. The site
management process
includes carefully
dewatering and ditching
a site to dry, after
receiving dredged
material.

BTSRRI AT LUK
REBOEMIE, UKk
12 SLB AR LAY Tl Rl

LHE
E=Ro

View from the
observation platform:
visitors can get
panorama views of port
museum and the u-turn
basin with industrial
working scene.




10.

SR / ISR

B iR T T HSERU
Yo, AILUAEEIET
JANSE, FiLERR
RIRM R MR AER
Tk fn RiE A & iT
=R

View from hot-air
balloon: visitors can get
magnificent panorama
of the gulf with the
natural scenery of
foreground wetland and
the operation scene of
industrial shipping.

Design''”’ in New York, and Portland Waterfront Industrial

Transformation'"", the design team summarizes the principles of
industrial waterfront management: under concepts of ecological
restoration, the planning and design increase the city’s ecological
resilience by leveraging the services of urban waterfronts,
improving space dynamic and enriching the diversity of urban
space use.

To respond to the site issues, the project prioritizes urban
activation and ecological landscape restoration, and formulates 4
design steps. First, reconnect the city and the port by enhancing
spatial and social flows. Second, restore the basic ecological
function of the site through environmental management. Third,
create rich and varied public activity spaces, activate the port
area, and improve social services. Finally, introduce art designs to
integrate the port with the city and promote the cultural services
of the waterfront industrial area.

3.1 End the Isolation by Establishing City-Port Slow Traffic System

Since the City of Houston does not have zoning plan, the
absence of sidewalks in the city’s transportation network leads
to a high pedestrian fatality rate. The design team collected
the public participation feedback on the need for safe outdoor
walking and cycling routes, and created a slow traffic system
connecting the port area and the urban communities. The
design combines with the undergoing urban green trail network,
develops cycling and walking lanes, and establishes a safe slow
road network on the community scale. Thus, communities are
connected, and the port area is attracting people and providing
them with social and leisure opportunities (Fig. 3, 4).

The biggest challenge in the construction of slow traffic
systems is to coordinate the pedestrian / bicyclist circulations
with the port industrial transportation. The design team and PHA
held a series of discussions and site surveys to ensure the design
would not impact the existing vehicle traffic loop on the site
while reducing the number of vehicle lanes and increasing spaces
for walking and cycling. In addition, the port operation space is
compacted with efficiency, only reserving the iron fence in part
of the operation area that needs safety protection. The design
also preserves the bridges of the waterway system as historical
landscape heritages, and builds new paralleling bridges across
the river to link up the surrounding community parks, ending the
geographical isolation of communities on both banks (Fig. 5).

3.2 Spatial Governance through Ecological Restoration
The design team gradually restored the natural ecosystem
invaded by industrial development and enhanced the ecological
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resilience of the coastal industrial zone through Dredged Material
Placement Area purification and redevelopment, shoreline
restoration, and reconstruction of migratory birds habitats.

As a working industrial port, it is difficult for the design
team to directly introduce a large area of public green space
into the site, while the waterway must also meet the navigation
requirements. A lot of vacant Dredged Material Placement Areas
on the site become a focal point for redevelopment. For many
years, PHA has launched a pilot project which restores several
Placement Areas within Area 2 into wetlands with dredged

t"! would

sediment''” (Fig. 6). This 50-year-spanning projec
introduce native plants and increase biodiversity by creating inter-
tidal wetlands as animal and plant habitats, after the Placement
Area reaches its maximum capacity and finishes the precipitation
and dehydration process. Besides, for the City of Houston, which
suffers from severe summer floods, the large area of impermeable
hardscape paving is the main cause of floods"*. The practice of
sponge city construction in China, such as Liupanshui Minghu
Wetland Park and Jinhua Yanweizhou Park, provides references
for the site’s adaptive design to floods'". After the Dredged
Material Placement Areas become restored wetlands, they can
act as natural flood drainage (in addition to the ship channel)
and inundable riparian areas which can also slow down runoff,
establishing resilient landscapes.

The shallow sea area of the site has moderate water
temperature and rich nutrients; moreover, Area 2 enjoys an

oyster cultivation history, making it suitable to use oyster reefs
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in the ecological restoration. The project designs oyster reefs at
the gentle slope in the southern edge of Area 2. The reefs are
constructed with cylindrical units filled with oyster shells—the
cylindrical form echoes the oil tank shape at the Port of Houston
and emphasizes the uniqueness of the port’s industrial legacy.

In addition, there is only one artificial bird island (with a
diameter of 160 m) within the sea area to the south of Area 2,
which cannot meet the needs of large numbers of migratory
birds. Meanwhile, more Dredged Material Placement Areas are
planned to build. To this end, the design expands the Dredged
Material Placement Area in the southernmost part of Area 2,
and restores it into a dedicated island for migratory birds by
facilitating the vegetation succession of forests. By studying
precedents such as Palm Island in Dubai and Landmark Islands
in Toronto, the design team uses the PHA logo as the prototype
for the layout design. The island is designed with serrated edge,
in order to increase coastal length that would help birds directly
access to the waters, particularly offering sanctuaries for young
birds'"®!. Forests, meadows, shallow water areas, and deep water
areas are arranged outward from the center of the island in
order to enrich the diversity of migratory bird habitats (Fig. 7).

The restoration of the entire ecological shoreline is a
powerful measure to reduce the oil pollution in the gulf
region. Spatial governance of the idle lands employs ecological
restoration to realize the effective integration of space. The
restored aquatic ecological environment would improve the

stability of coastal ecosystem and the reuse of dredged wastes.
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3.3 Enhance Interaction by Increasing the Vitality of the Port
After discussing with the city government and PHA, the
design team believed that how to reshape the relationship
between the port and the city and enhance their interaction is
the primary issue to be addressed before bringing new impetus
to the port-city development. To activate the industrial port and
promote its services, it is necessary to introduce more tertiary
industries and public activities into the site, and enhance the
interaction between the port and people—both citizens and
tourists. One of the difficulties is how to reasonably create public
activity places in the industrial port area. The 2045 Plan inspires
the design team: the increasing size of ships requires a greater
draft depth, which needs continuous expansion of channels.
Moreover, the height restrictions on urban viaducts prevent

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

159

larger ships from entering the current u-turn port, making it
imperative for the port to move downstream. By vacating the
industrial lands of the port by stages and transforming them
into urban public spaces as industrial heritages, more waterfront
destinations will be created to the surrounding communities,
and the mutual integration of the port and the city will be
enhanced (Fig. 8). Such a phased design also echoes the strategic
repositioning of the city’s industrial land use.

The design builds a landmark observation tower in Area 1
(Fig. 9), from which visitors can enjoy the panorama view of
the port to the east, and the downtown Houston skyline to the
northwest. A landmark hot-air balloon is set up at the north end
of Area 2. Visitors can enjoy the magnificent natural scenery and
industrial operation scenes at the estuary (Fig. 10). In addition,
in order to effectively utilize the vacated industrial space, the
design retains the historical cotton warehouse and transforms
it into an artist center on the south bank, creating a new hub
for the surrounding communities. A container market square
celebrating the port’s industrial identity will be built on the
vacant lot (Fig. 11), and the container yard in Area 1 that to
be vacated will be built into new urban destinations such as
restaurants and water entertainment islands.

In addition to urban public spaces, natural ecological
experience is also very important. In the process of site
investigation, Area 2, as the gateway of the port, gives
magnificent views to the design team members. The design
dedicates to bring magnificent natural landscapes to tourists
combining with eco-tourism that integrates playful science
education programs (Fig. 12). Restoration of oyster shell reefs in
shallow and gentle slope in the southern edge of Area 2 introduces
the public with regular volunteer work to maintain the habitat
(Fig. 13). The idle space of Dredged Material Placement Areas is
designed to form seasonal flowering landscapes with cylindrical
units as planting bed separation. The established migratory bird
island will provide tourists with precious scientific resources
for bird watching. Also, an ecological sightseeing trail network
is constructed in Area 2, which combines public education
exhibitions of habitats and vegetation interpretation system.
Overall, the trail network links up the flowering landscapes,
oyster shell reefs, bird watching platform, camping area, and
other ecological experiencing spaces.

3.4 Improve Spatial Quality via Introducing an Artistic
Landscape Corridor

It is also an important part of this project to build an
artistic landscape corridor that combines with urban interface

design and helps with visual guidance. Given that the site is a



large working port with limited open spaces to be repurposed,
color painting to the existing industrial structures and elements
through artistic approaches is considered an easy and effective

method (Fig. 14).

The typical color palette of containers in the port is used for
the facade design of waterfront platforms on both sides to form
a continuous artistic corridor; iconic industrial plants, granaries,
and other buildings on the site are selected for color painting
and logo design (Fig. 15). The design also extends the artistic
approaches to the visual design of main traffic arteries and other

urban infrastructure of the city with color painting and lighting
installations, greatly enhancing the atmosphere of spatial
integration between the port and the city.

4 Public Participation and the Implementation of Master
Plan

4.1 Public Participation and Coordination
In the United States, public participation is always an
important part of landscape design, which facilitates the direct
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Gateway landscape
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typical container color
palette with entry wall
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containers, both sides
of the ship channel

are improved by art
installations.
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communication between designers and site users. Different from
the preliminary site survey mode widely adopted in China which
is mainly in forms of user visits and design concept display, the
public participation work in the United States needs to elect
representatives of non-profit organizations, enterprises, and
community residents in an organized way, so that citizens have
the opportunity to express their ideas on the site design at the
beginning of the project. Due to the large scale of this project,
the public participation needs to cover a number of large
communities, enterprises, and ecological resource protection
agencies. The design team makes improvement on the pattern
of public participation: based on GIS and demographic data,
public participation zones were defined by industry types,
population distribution, and the distance to the port area;
elected representatives were invited to separate public meetings,
to better collect citizens’ ideas and understand their cognition
of the port; in the form of design workshops, residents are
allowed to map out the acceptable walking distance to their
daily leisure spaces, favorite activity venues, and forms of leisure
and recreational activities (Fig. 16). Comparing with the generic
collection of public opinions, such a zonal public participation
model can more effectively inform the design of specific areas
within the port.
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During the public participation process, many residents
from the surrounding communities designed various forms
of port visits and expressed their willingness to board cruise
ships to visit the waterways. Conservation organizations have
also raised the prospect of encouraging tourists to participate
into the creation of reserves. Residents generally have a high
enthusiasm for accessing the natural environment of the port,
and have designed the places for hiking, camping, fishing, and
other waterfront activities at the estuary of the port. Also, the
desire to transform their frequently used motorized roads into
safe walking or cycling spaces to meet the needs of community
connectivity and outdoor sports has been emphasized. The
feedback from public participation provided the design team
with lots of inspirations and sources.

Due to the long-term attention to economic growth, the
government gave priority to the development of the port over
the overall planning of the urban public environment, which
results in the ineffective utilization of urban space on the whole.
There are deep-rooted problems and complex challenges in the
revitalization of waterfront industrial areas. Therefore, in the
future planning and implementation stage, in addition to the
spatial transformation and restoration, public participation
should continue to be integrated in the design process. PHA has
entrusted SWA Group as the leading consulting team to organize
regular meetings with the government, enterprises, and residents,
and to be responsible for promoting and adjusting long-term

planning schemes.

4.2 Implementation of Phased Planning

The project is planned in three phases. The planning
and design of Area 1 is mainly for the coming several years.
According to the converting schedule of port land into
public areas, the whole site will be vacated and withdrawn
for redevelopment, while ensuring the smooth and safe
operation of the port. On the basis of ensuring the security
of regional ecological environment, Area 2 carries out long-term
planning for ecological restoration and eco-tourism development
(Fig. 17):

1) Phase 1 (2018-2025): Complete the renovation and
construction of the public activity spaces in Area 1, and improve
the spatial quality of the artistic landscape corridor; Under the
2045 Plan, PHA and USACE will complete the expansion and
structural construction of Dredged Material Placement Areas to
support ecological restoration.

2) Phase 2 (2026-2035): Complete the establishment of
city-port slow traffic system; Complete the initial process of

vegetation succession of the ecological restoration, and enrich
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the diversity of habitats and animal-plant communities; Promote
the restoration of oyster reef habitat and the natural succession
of the constructed bird island.

3) Phase 3 (2036-2045): Complete the construction of
supporting facilities for eco-tourism, and build vibrant urban
ecological spaces; Improve restored habitats and ecological
corridors to further increase biodiversity; New Dredged Material
Placement Areas are planned to protect the channel against
storm surges.

Before the implementation of the planning schemes, a
phased feasibility study will be carried out, which would
highlight ecological restoration and enhancement of ecological
resilience, and coordinate the allocation of resources. In the
above three phases, PHA is the general coordinator of the
progress assessment; USACE is the supervisor of environmental
quality to ensure the progress of ecological restoration and the
establishment of plant and animal communities at all stages.
The design team is in charge of collecting public participation
opinions in each phase, conducts post-occupation investigation
on built public places, and adjusts the design schemes of the
next phase according to the feedback.

5 Discussion and Reflection

In recent years, the research and practice of urban space
governance, waterfront space activation, and environmental
restoration through landscape design have attracted broad
attention by landscape professionals. Different from most of
abandoned industrial areas, Landscape Planning and Design for
the Port of Houston project requires to ensure the smooth and
safe operation of large industrial port at first. Upon the city’s
development repositioning, the master planning of urban spaces
responds to the current issues by mutually integrating economic,
social, and ecological space, promoting the transformation of
the city’s large area of industrial landscapes toward a multi-
functional system.

The project consists of two strategic frameworks: the
urban and the ecological. On the one hand, the spatial quality
improvement responds to public demands; On the other hand,
the port is being designed as a component of larger-scale
ecosystems, enhancing the resilience of the city against natural
disasters, and improving the overall quality of gulf ecosystem.

As a major planning decision that would profoundly
influence urban space’s future development, careful field
investigation and user group discussion at the beginning of
design is vital. It is necessary to carry out comprehensive

analysis such as community opinion collection, industry
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research on economic functions, sorting out the exiting social
and cultural development and the ecological protection,
implementation of upper planning and government policies—
all of them should be conducted from perspectives of both
economic sociology and landscape design. In addition, for
landscape planning and design projects, designers not only
need to come up with solutions from a static time point of
the site, but also need to formulate comprehensive short- and
long-term planning strategies with proactive, forward-looking
thinking. LAF
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