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ABSTRACT

The focus of this research is on re-design of degraded riparian systems in a desert
climate and urban context. Specifically, it explores a landscape approach for rehabilitating
the Tucson’s Arroyo Chico Wash. Analyses were
performed to assess the site condition within its
context to determine an appropriate treatment
that addresses social and ecological functions.
In particular, a greenway plan that implements
water management infrastructure was designed
on the site, creating social and ecological benefits for surrounding communities. Ultimately,
it is the author’s intent to establish a framework
and principles for similar riparian projects in
urban environments.
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01 Introduction

Why Arroyo Chico?

01 Introduction

Site Overview
Project Background

Riparian ecosystems are declining
throughout the southwestern United States, and
the remaining ones have been given more attention due to their ecological and social functions.
However, progress in preserving and enhancing
the remaining systems still remains a challenge.
This report applies current research findings
and noted strategies at a variety of sites along
Arroyo Chico Wash in Tucson, Arizona. The intent of the work is to illustrate stormwater management and greenway design approaches at the
urban scale that ultimately better serves the city
fabric and inhabitants.

View of the Santa Cruz River (the main river Arroyo
Chico runs into) near downtown Tucson in 1904 and
today

Arroyo Chico (also known as Tucson Arroyo) is an ephemeral watercourse located in the
central area of Tucson. The wash and its tributaries -- High School Wash, Railroad Wash, Citation Wash, Paseo Grande Wash and Naylor Wash -- drain an area of 11.4 square miles located in
central and downtown Tucson. The watershed is fully developed and contains a mix of residential,
commercial and industrial area. The 6 miles’ section from Reid Park to Downtown Tucson is chosen as the study site.
Arroyo Chico has its uniqueness in several aspects:
As a watercourse, Arroyo Chico makes a great contribution to urban runoff management
and flood control, especially the flooding issue of 4th Avenue business district, which is downstream of the wash.
As a natural resource, it provides a habitat for wildlife and functions as a corridor in landscape ecology.
As an urban greenway, it goes through the central neighborhood, connects downtown and
a series of open spaces, presenting a great potential for recreational use.
Thus, the improvement of Arroyo Chico will help urban runoff and flood control, serve the neighborhood as a natural feature and a recreational amenity and make contribution to the revitalization of Downtown Tucson.

Downtown Tucson

The Santa Cruz River is usually a dry riverbed
through much of the year, unless the area receives significant rainfall. This was not always the case, as it was a
combination of human errors and natural catastrophes
in the late nineteenth century that led to the decline of
the Santa Cruz.

Arroyo Chico and neighborhood open spaces
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01 Introduction

Previous Efforts on Arroyo Chico
The concept of a linear park following the Arroyo Chico
Wash from Reid Park to Downtown Tucson has existed
for a long time. Previous work that focuses on different
issues has been done by Pima County Regional Flood
Control District and the City of Tucson in cooperation
with the U.S. Army Corps of Engineers.

Time Line
1986

1992

• Arroyo Chico Area
Plan

• Arroyo Chico Grade
Separation
Demonstration
Project

1996

2004

2007

• Arroyo Chico
Detention Basin
Project

• Arroyo Chico
• Downtown
Greenbelt Bicycle &
Infrastructure
Pedestrian System
Study
Kino Parkway to
Parkway Terrace

Research Question
What are some of the appropriate and applicable strategies for rehabilitating the ecological function and enhancing the social value of Arroyo Chico Wash in Tucson?

Goals & Objectives
1. Use water management practice to rehabilitate the
Arroyo Chico's degraded riparian system.
-Provide an analysis that assesses the water condition of Arroyo Chico and its watershed
-Provide a water management design example for Arroyo Chico
2. Design a riparian landscape that focuses on ecological
and social benefits for the surrounding neighborhood
-Provide a site analysis
-Create a master plan for Arroyo Chico
-Create specific site plan for 3 focus areas

This project will provide an

Flood Control

Arroyo Chico

Water
Treatment

alternative design to make Arroyo Chico better serve the City of Tucson

Key words that will be addressed in this project:
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Recreation

3. Provide a conceptualize future vision for greenway
enhancement and stormwater management along Arroyo Chico Wash.

Greenway

Stormwater Management

Ecological Restoration

Community Design

Arroyo Chico Riparian Design
Integrating stormwater management with greenway enhancement

9

02 Literature Review

Water Management

02 Literature Review

Water management is the key to a riparian rehabilitation project. This part of literature review includes
theories of groundwater hydrology, stormwater management and water related green infrastructure. It seeks to illustrate an understanding of water dynamics in riparian systems, find a proper strategy for flood control, and water
quality improvement.

The Water Balance

Literature review organization

Water Management
• Riparian system
• Stormwater
management
• Water treatment
• Wetland
• LID (Low Impact
Development)
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Eco-rehabilitation
• Landscape
ecology
• Restoring
biodiversity
• Human impact on
eco-system

Design Strategies
• Design
considerations
• General principles
• Techniques
• Greenway

The term refers to the balance between the input of water from precipitation and snowmelt and the
output of water by evapotranspiration, groundwater
recharge and stream flow. It is used for computing irrigation demand, the soil moisture stresses under which
natural vegetation can survive, the prediction of stream
flow, water-table elevations, and human impact. The
equation components include interception, evapotranspiration, overland flow, change in soil moisture,
change in ground water storage, and groundwater runoff. (Dunne and Leopold, 1978)
Water cycle

Stormwater Management
From the viewpoint of environmental health,
the most important aspect of stormwater design is what
the design causes water to do.
Previous approaches such as detention basins
and stormwater wetland ponds failed in some ways
mainly because they modify the excess runoff before it
passes on downstream, but does not change the fact that
it has been created in the first place.
When rain falls on vegetated soil, it generally infiltrates. Further infiltrating water removes pollutants,
if there are any present, recharges groundwater, and restores stream base flow. In contrast, when an impervious cover seals the soil surface, rainwater is deflected
across the surface. The surface runoff flushes pollutants
directly into streams; flooding, erosion, and habitat
loss occur. Infiltration is lost, so groundwater declines;
streams and wetlands go dry in summer; aquatic ecosystems die; and public water supplies decline.

Difference between pervious and impervious surface
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Infiltration, unlike any surface approach to storm-

02 Literature Review

water management, is capable, within the limitations
of specific sites, of solving most of the problems of urban runoff such as peak flow, base flow, groundwater
recharge and quality. It calls on the power of the underlying landscape. It should be implemented at the beginning of stormwater design. An important yet simple
principle to remember is water belongs in the subsurA landscape, like any other open, dynamic system, ab- face. The only part of stormwater we need to manage is
the part we are not able, for some site-specific reason, to
sorbs its inflows, stores them, turns them into resources,
restore through infiltration.
and uses them to maintain itself (Ferguson, 1994). The
result is that floods are moderate, erosion and sedimentation are in equilibrium, pollutants are degraded, the
wetlands are sustained, and public water supplies are
secure.

In typical urban watersheds, pavements cover one third
of the land. They produce two-thirds of the runoff and
almost all the petroleum-based pollution. Therefore
paved areas that are reclaimed for infiltration provide
a vast and cost-free resource for watershed restoration,
thereby minimizing urban runoff and pollution. Porous pavements allow us to take care of a large part of
the urban runoff problem at the source, where the rain
falls, without having to get into downstream basins at
all. The surface infiltration rate declines in the first 4-6 A typical water harvesting approach: With the power of
years after installation, but it can still be larger than rain landscape, it transforms stormwater from a flooding liability into a free irrigation resource.
intensity in most places. (Francis, 2002)

A stormwater pond may provide three basic functions: flood control; water quality enhancement; and ecological
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and aesthetic values.
Flood control: a stormwater pond shall be able to collect as much runoff as possible and as effectively as
possible. The best place to locate a pond is where surface runoff naturally goes. Groundwater conditions and the
infiltration rate through pond side and bottom surface are critical in the determination of flood control volume
and water budget. The latter can also impact water quality and ecological functions.
Water quality: Detention time would be better between 24 and 40 hours. The larger the infiltrate rate, the
smaller the detention time will be. If possible, it is best to maximize the distance between inlet and outlet; minimize "clean water" ,”, such as roof runoff, moving through retention ponds to maximize treatment for "dirty water",
such as roadway runoff.
Ecological and safety impacts: The water quality can be important to wildlife, which somehow is contradictory to the stormwater quality treatment function. To minimize the conflict, runoff shall undergo pretreatment as
much as possible; pollutant-tolerant vegetation shall be chosen for pondscapes, and a minimum 3:1 slope shall be
used.
A public concern is mosquito breeding. Biological and chemical controls are available for this issue. Biological controls are preferred because the biological controls specifically target mosquito larvae and are harmless
to human or wildlife, unlike many chemicals even at standard doses (Mclean, 1995).

Constructed wetlands can provide several benefits

for the management of urban watersheds, including:
1) stormwater management and control, 2) non-point
source pollution, 3) treatment of wastewater, and 4) creation of habitats for wildlife. Instream wetlands are an
alternative only in low-order streams. They treat a significant portion of the water, but it's vulnerable during
flooding and might be very unpredictable in its ultimate
stability. Riparian wetlands are more often used to capture flooding water and sediments and slowly release
the water back to the river after the flood passes. A riparian wetland fed by a pump-driven system creates the
most predictable hydrologic conditions for the wetland,
but at an extensive cost of equipment and maintenance.
The advantages of locating several small wetlands in the
upper reaches of a watershed rather than fewer larger
wetlands in the lower reaches should be considered.
A constructed wetland typically comprises two
cells or zones, an open water inlet zone and a macrophyte zone. The function of the inlet zone is to maximize detention storage for the settling of coarse to
medium-sized fractions of suspended solids, and to
control inflow to the macrophyte zone. It reduces the
maintenance requirements of the macrophyte zone and
provides a means of bypassing large floods around the
macrophyte zone to “protect” the vegetation and epiphytes.
Preliminary principles of wetland design include (Mitsch, 1992):
-Designing the system for minimum maintenance; the system of plants, animals, microbes, substrate, and water flows should be developed for selfmaintenance and self-design (Mitsch and Jorgensen,
1989; Odum, 1989);
-Designing a system that utilizes natural energies;
-Designing the system with multiple objectives,
but identify at least one major objective and several secondary objectives;
-Give the system time to develop; do not overengineer the site. Natural systems should be mimicked
to accommodate biological systems.

Tucson Sweetwater Wetlands is a water treatment facility. It is designed to clean the backwash water from Tucson Water's Reclaimed Water Treatment Plant.

Ponds versus Wetlands
Ponds and wetlands promote different water
quality treatment processes by virtue of fundamental
differences in surface area to volume ratio and water
level fluctuation.
Ponds generally provide a higher level of stormwater detention compared to wetlands and are thus expected to be more effective in promoting sedimentation
as a mechanism for stormwater pollutant interception.
However ponds also have a higher propensity
for poor flow patterns as characterized by the presence
of short-circuit flow paths and zones of stagnation. The
lack of emergent vegetation can also influence its effectiveness in the removal of fine suspended particles and
soluble pollutants.
Each of the above factors are overcome in constructed wetlands, with their characteristics including:
- two dimensional flow pattern ensuring effective utilisation of the available storage;
- a diversity of aquatic macrophytes within the detention system which promote uniform flow conditions;
- the presence of aquatic macrophytes facilitate effective
removal of fine particulates and soluble pollutants;
- a more rapid rate of degradation of deposited organic
material;
- a progressively less reversible sediment fixation of
contaminants in the substratum.
The most efficient systems are going to be represented by treatment trains containing both ponds and
wetlands. (Wong, Breen & Somes, 1999)
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Biodiversity

02 Literature Review

Low-impact development (LID) is the general term

used to describe an alternative, innovative, and comprehensive suite of low-level land development principles
and practices designed to create a more hydrologically
functional urban landscape. This aids in maintaining
or restoring an ecosystem's hydrologic regime in a watershed. The basic considerations in LID are: 1) minimization (less grading, disturbance, soil amendments,
pipes, curbs and gutters, and impervious surfaces), 2)
maintain the predevelopment time of concentration, 3)
maintain the redevelopment curve number and runoff
volume, and 4) pollution prevention.

10% Rule: The amount of total impervious area (TIA)
LID Project: Patridgeberry Place stormwater treatment is used as a benchmark for determining the "health" of
area, Ipswich, Massachusetts
a watershed. The Center for Watershed Protection has
greatly popularized the relationship between watershed
imperviousness and stream health and has reported
that stream health impacts tend to begin in watersheds
with only 10 to 20% imperviousness threshold.

Ecosystem Rehabilitation
Riparian ecosystems in arid climates differ in
many respects from those is more humid climates. One
of the more obvious differences is the abrupt transition
between the mesic riparian zone and surrounding arid
areas.
For the Arroyo Chico Wash rehabilitation project, the ecosystem should be given higher priority than
the watershed with only ephemeral flow. Ecosystem
management has been defined as "protecting and restoring the natural functions, structure and species composition of an ecosystem that are interrelated" (National
Park Service, 1994). The goal of LID from an ecological
perspective is to achieve a state of hydrologic homeostasis. This is the state of dynamic self-regulation where
the ecosystem is able to maintain essential hydrologic
processes and functions to sustain its viability and to
avoid changes that would destroy it.
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Economic burden of ecological restoration
Although increasing money has been made
available for ecological restoration, it is not always clear
whether the results have been valued, in terms of economic gains. An analysis of 75 projects reported in a
recent publication of the Environmental Protection
Agency(Kusler & Kentula, 1990) shows that 31% were
deemed to have been successful, while 19% were regarded as unsuccessful. The success of the remaining
projects was unknown due to the lack of monitoring
data.
In practical terms, the cost of ecological restoration is usually the first hurdle that has to be overcome
before any work can be carried out. One way to put restoration costs into perspective is to compare them with
the market value of restored land. The general conclusion is valid that restoration often costs more than the
potential value of the restored land. The restoration cost
often depends on the scale and objectives of projects.
However, there is a great deal of restoration that we can
do to facilitate natural succession, often without incurring high costs. Cheaper options may take longer, since
they rely more upon natural processes for the creation
of habitats.

All the ecosystem processes reviewed so far, depends
upon biological diversity. These processes of increasing biodiversity begin to operate whenever we create
or restore an ecosystem. The original restoration may
introduce only a few species of plants and no animals,
but the developing ecosystem provides the opportunity
for many other organisms to colonize. Increased diversity will be beneficial for long-term stability of ecosystems, since there is more potential for diverse systems to
adjust to changing environmental conditions (Schulze
& Mooney, 1992). In some cases, the new species may
have direct commercial value.
Based on landscape ecology and the study of natural
patches, some spatial principles for maintaining and restoring natural diversity are instructive for design:
1. Large areas of natural communities sustain more species than small areas.
2. Many small patches of natural communities in an
area will help sustain regional diversity.
3. The shape of a natural community patch can be as
important as the size.
Long, thin reserves are optimal for catching immigrants and functioning as corridors to help direct
emigrants to suitable larger reserves; but they do not allow development of distinct interior habitats. A circle is
the shape with the least edge per unit area therefore, the
use of a more circular area is recommended, if space is
limited and interior habitat is desired.
4. Fragmentation of habitats, communities and ecosystems reduces diversity.
5. Isolated patches of natural communities sustain fewer
species than closely associated patches.
6. Species diversity in patches of natural communities
connected by corridors is greater than that of disconnected patches.
7. A heterogeneous mosaic of natural community types
sustains more species and is more likely to support rare
species than a single homogeneous community.
8. Ecotones between natural communities are natural
and support a variety of species from both communities
and species specific to the ecotone.

Existing ecological communities may be the focal point of a landscape plan, and high quality communities,
in general, require minimum effort to achieve multiple objectives for aesthetics, wildlife, and economics. Planting of ornamental native species with value as wildlife food and cover may be desired to enhance the aesthetics of
a high quality community. More disturbed or degraded communities may require more aggressive programs of
weed eradication combined with extensive planting.
Arroyo Chico Riparian Design
Integrating stormwater management with greenway enhancement
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02 Literature Review

Greenway & Design Implementation
Greenway

Riparian Rehabilitation Techniques

General Design Principles
Integrated system: Catchment rehabilitation

With the previous work done by the city, the
linear open space along Arroyo Chico Wash provides
great opportunity for pedestrian and bicycle passage.
It links parks, cultural features, historical sites and city
center with each other and goes through populated areas. It serves to protect and enhance remaining natural
resource. All of these make Arroyo Chico a perfect site
for greenway development.
To plan and design a successful greenway trail,
the following issues need to be addressed:
1. the types of users
2. the type of trail: land or water based, single- or multiple-user oriented
3. how the trail will fit into the existing natural landscape
4. the type and width of the trail tread
5. the type of tread surface
6. the safety of the trail user
All the concerns will lead to design details that
respond to specific site condition.
4 greenway planning strategies (Jack Ahern, 1995)

is seldom undertaken, which makes river rehabilitation
somewhat cosmetic. To solve complex water problems,
an integrated water management can be more effective
than individual water management actions. This strategy is based on relationship between different water
functions, management activities and interest groups.
However problems at catchment level are relatively
complex and uncertain. This suggests a design focus at a
proper scale while considering the system (Waal, Large
& Wade, 1998).
Rehabilitation projects were often carried out
based on subjective ideas about what a stream should
be like due to a fundamental lack of knowledge, resulting in limited ecological benefits.
In an analysis of 576 restoration projects in the
Southwest (National River Restoration Science and
Synthesis), more than 50% of projects were less than or
equal to 3 km in length. This situation creates a challenge for integrating the ecosystem as a network. Furthermore, small disparate projects make it hard to track
project implementation and monitoring data which is
important for future projects.

Let nature do its own thing: Design strategies

should give enough thought to natural process such as
erosion, sedimentation, seepage and natural succession
of vegetation. Because of the riparian system's complexity, the project cannot take account of every aspect. The
design should seek to build a good framework, and account for the natural processes.

1. Revegetation: Used as a stabilization technique, improving the aquatic habitat and preventing loss of land
by erosion.
2. Gully erosion control: This involves construction of
weirs, grade control structures, and battering, revegetation and fencing of active gully banks.
3. Meander reinstatement: Artificial cutoffs reduce river
length and can cause erosion to the full river depth. Meander reinstatement is an attempt to reduce velocity and
therefore alleviate erosion.
4. Wetland: Wetlands could develop under a highly irregular flooding regime and generally tolerate more disturbance than a river. A proper distribution of a series
of wetlands could be a support for the stability of riparian system.
4. Example of artificial habitat enhancement: A physical
habitat constructed by rocks and logs enhanced habitat
in 1983 at Ovens River in Australia. The rocks provided
hydraulic diversity and a variety of shelter areas, and the
log structure created a deep scour pool, thereby increasing the area of habitat suitable for fish shelter. It is a clear,
feasible landscape approach that can be implemented by
structures and involve human activities.
5. Water quality improvement: Research in Dandenong
Creek, Australia suggests the improvements of its water
quality were attributed to improved pollution surveillance, pollution control, and progressive sewer of the
catchment. These measures contain significant human
control, and can easily result in poor habitat condition.
6. In-stream stabilization: The bed and bank stabilization in Mullum Creek, Australia involves construction
of low graded rock weirs designed with a 10% slope to
allow passage of wildlife. The structures acted as catalysts for natural sedimentation and regeneration of vegetation.
Other successful measures for rehabilitation include increase pool depth, exposure gravels for spawning, formation of bars of silt below structures, gabion
deflector that directed low flow to opposite stable bank,
deposition of river sediment downstream, and creation of low velocity habitats seasonally contiguous with
swifter main channel (Gipel & Collier, 1998).

Boston Emerald Necklace: the earliest landscape design that applied greenway concept
16
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03 Case Reviews

Water-related Projects

03 Case Reviews

Projects are selected by their unique design approaches
that respond to their site’s condition. Two major focuses
are on water management and greenway design.

1. First San Diego River Improvement Project

Project Introduction

Design Details

The first San Diego River Improvement Project
was originally completed in the late 1980s. It is a sustainable and functional flood control system that preserved
the natural habitat. This project represents an excellent
example of restorative design within an urban context,
that is a testimony to nature's ability to heal itself, and
able to survive within a busy transportation corridor
and provide human connections to the natural environment.

The first completed segment included a 2.5 mile
section encompassing 42 acres of riparian woodland
and 15- acre freshwater re-vegetation. The design and
construction of the first phase spanned seven years
from planning to completion.
The first phase of the project has been completed for over twenty years and the resulting landscaped
corridor contains created wetland habitats, wildlife preserves, picnic areas, bikeways, and pedestrian paths.
Most importantly, the project has reduced and controlled the seasonal flooding which previously plagued
the Mission Valley area each year.
River channel permits flows of seasonal stormwater while maintaining a year-round recreational
amenity for the community.
An elevated light rail line with two transit stations within the corridor allows for easy access to surrounding multi-family residential development.
(http://www.asla.org/2011awards/309.html)

Site Context
The area once known for rich agriculture and
dairy farms evolved into a mix of sprawling commercial hotel and retail development that had continued to
narrow the river channel and impact the natural floodplain. Seasonal flooding brought heavy damage and
limited access to businesses each year. As development
occurred the river also became an eyesore with garbage
collecting along its banks with disregard and allowed
deterioration of the natural habitat.

18

First San Diego River view 1980 and today

Arroyo Chico Riparian Design
Integrating stormwater management with greenway enhancement

19

03 Case Reviews

Significance and Uniqueness
The project used the dynamic energy of nature
and successfully preserved natural habitats, enhanced
nature and provided value for the local community. The
teamwork of designers, engineers, and city and agency
staff is a key factor of success which indicates looking at
restoration project in broader view with multiple perspectives. What remains remarkable about the project
today is how difficult it is to accurately located the limits
of the original design because of expanded areas of additional habitat that have evolved from the simple corridor limits.

2. The Floating Garden: Yongning River Park

Project Introduction
Yongning River is the main river in Taizhou, a
historical city at the east coast of China. The landscape
architects designed a park that is accessible to both
tourists and locals, while providing an alternative flood
control and storm water management solution that is
considered a model for the entire river valley.
Significance and Uniqueness
"Arresting architectural forms playing off natural vegetation create a sensory experience.” This park
demonstrates an ecological approach to flood control
and storm water management, while also educating
people about other solutions to flood control beyond
engineering. It also demonstrates a multi-functional
riparian park that enhances human experience in the
nature while minimizing negative impact.
20

Design Solutions
The concept of the park is a composition of two
layers: the natural matrix overlapped with the human
matrix, or the “floating gardens”. The natural matrix is
composed of wetland and natural vegetation designed
for the natural processes of flooding and native habitats.
Above this natural matrix, float the gardens of humanity composed of a designed tree matrix, a path network,
and a matrix of story boxes.
The design draws on the following aspects:
(1) A stormwater process analysis: showed the flood security patterns at every 5, 20, and 50 years level. These
analyses become the basis for the site design of the park.
(2) An flood control solution: a wetland system, based
on the regional flood security pattern analysis enabled
flood control and water management to become an integral part of the park design.
(3) The matrix layer for the natural processes: composed
of a restored riparian wetland along the flood plain
and an outer wetland (lake) outside of the river bank
that runs parallel to the river, the entirety of the park
is covered with native communities. During the monsoon season, both the riparian wetland and the outside
wetland are flooded. During the dry season, the outer
wetland will still be submerged from both the retained
water and fresh water from the inlet located in the upper reach of the river. Year round, water is accessible to Nature and human layers of Yongning River Park
park users.
(4) Native wetland plants, trees and bamboos are massed
along the riverbank and throughout the design not only
to ensure successful establishment of the vegetation, but
also to promote continuity of the design with the surrounding ecosystem.
(5) The upper layer for the humanity which "floats" above
the seasonally flooded natural matrix, is composed of
groves of native trees, a network of paths extends from
the urban fabric downwards the park while a matrix of
story boxes which allude to the culture and history of
the native land and people punctuate the landscape at
strategically placed points. The use of boxes is a design
approach to frame a human scale scene for a special
theme within a large landscape background.
(http://www.turenscape.com/english/projects/project.
Story boxes that enhance the local cultural experience
php?id=323)
Arroyo Chico Riparian Design
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3. Shanghai Houtan Park

Project Introduction

Design Strategy

Built on a brownfield of a former industrial
site, Houtan Park is a regenerative living landscape on
Shanghai’s Huangpu riverfront. The park’s constructed
wetland, ecological flood control, reclaimed industrial
structures and materials, and urban agriculture are integral components of an overall restorative design strategy to treat polluted river water and recover the degraded waterfront in an aesthetically pleasing way.

Regenerative design strategies used to transform
the site into a living system that offer comprehensive
ecological services included: food production, flood,
water treatment, and habitat creation combined in an
educational and aesthetic form. The site was an innovative demonstration of the ecological culture for the 2010
Expo in Shanghai.

tion, education, and research. The terrace design of the
wetland alleviates the elevation difference between the
city and the river, safely reconnecting people to the water’s edge. Additionally, the existing concrete floodwall
was replaced by a more habitat friendly riprap that allows native species to grow along the riverbank while
protecting the shoreline from erosion.

(1) Constructed Wetland and Regenerative Design

(2) Memory and Prophecy

Through the center of the park, a linear constructed wetland, 1.7 kilometers (one mile) long and 530 meters (16.5 – 100 feet) wide was designed to create
a reinvigorated waterfront as a living machine to treat
contaminated water from the Huangpu River. Cascades
and terraces are used to oxygenate the nutrient rich water, remove and retain nutrients and reduce suspended
sediments while creating pleasant water features; Different species of wetland plants were selected and designed
to absorb different pollutants from the water. Field testing indicates that 2,400 cubic meters (500,000 gallons)
per day of water can be treated from Lower Grade V to
Grade III. The treated water can be used safely throughout the Expo for non-potable uses, and save half a million dollars in comparison with conventional water
treatment.
The wetland also acts as a flood protection buffer
between the 20- and 100-year flood control levees. The
meandering valley along the wetland creates a series of
thresholds creating visual interest and refuge within the
bustling world exposition with opportunities for recrea-

Overlapped in the matrix of ecologically regenerated landscapes are layers of agricultural and industrial pasts as well as the future of post-industrial ecocivilization.
Inspired by the fields of Chinese agricultural
landscape, terraces were created to break down the 3-5
meter (15-18 foot) elevation change from the water’s
edge to the road, and to slow the runoff directed to the
stream in the constructed wetland. It provides a premier
educational opportunity for people to learn about agriculture and farming within the city.
The industrial spirit of the site is celebrated
through the reclamation of industrial structures and
materials. Shanghai is the birthplace of China’s modern
industry and the iconic structures that remained onsite
have been transformed into hanging gardens and overlook platforms.

Site Context
Houtan Park is located on the waterfront of
Huangpu River in the city of Shanghai. The site contains
a riverfront wetland. Traditional agriculture has been
around this field for over a thousand years, and in the
past century industry turned the site into an abandoned
brownfield. The water of Huangpu River was highly
polluted with a national water quality ranking of Lower
Grade V, the lowest grade on a scale of I-V and is considered unsafe for swimming and recreation and devoid
of aquatic life. There were flood control constructions
most of which were concrete walls, with trash on the
tidal lands and inaccessible to the waterfront.

The linear wetland with native vegetation

Significance and Uniqueness
The water treatment system by the power of nature creates a model for other water management projects. It is a large-scale living machine that can be duplicated in some places to solve water problems. At the
same time, the design enhanced the history of the site
by creating new forms. It has great educational potential
for showing how to design with nature. It allows people
to experience and enjoy the ecosystem, and provides
education and aesthetic pleasure.
(http://www.turenscape.com/english/projects/project.
php?id=443)
22

Structures are created to recall memories of the old industry
Arroyo Chico Riparian Design
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Greenway Projects
4. Tucson Sweetwater Wetland

5. The Floyds Fork Greenway

Project Introduction

Significance and Uniqueness

The Sweetwater Wetland is a water treatment
facility in Tucson between I-10 and the Santa Cruz River, and is designed to clean the backwash water from
Tucson Water's Reclaimed Water Treatment Plant. As a
water treatment facility, it is one of the most important
facets of the City's Reclaimed Water System. Treated
water filters through sediments beneath the recharged
basins and replenishes the local aquifer. This reclaimed
wastewater is recovered by extraction wells during periods of high water demand and distributed for reuse
in Tucson's golf courses, parks, schools and other large
turf irrigation areas.

It creates an urban wildlife habitat and helps
establish and enhance the wildlife population in harmony with Tucson’s urban environment. It is an outdoor classroom that provides educational experience in
natural laboratory settings for teaching about ecology
and water resource management. It demonstrates a successful water management and treatment facility in the
same context with the Arroyo Chico

Design Details
The wetlands total 17.3 acres and were built
with two parallel flow pathways (east and west). Each
side has a pathway that consists of two settling basins
followed by one polishing basin. The outflow from the
wetland area is combined with secondary effluent and
delivered to the newly constructed recharge basins. A
small stream feature was constructed as part of the wetlands as an aesthetic enhancement. The wetlands were
considered a public amenity and features such as walking paths, public restrooms, and interpretive signage
were incorporated into the design. A small evaporation
bed was constructed to treat sewage from the public
restrooms. The evaporation bed is a closed system and
does not contribute recharge water to the basins.
(http://cms3.tucsonaz.gov/water/sweetwater)
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Project Introduction
The Floyds Fork Greenway, also called The Parklands, is a systemic, world-class addition to Louisville’s
parks system that includes four major parks linked by
a park drive, a first-rate urban trail system and a remarkable water trail, all tracing Floyds Fork, a classic
Kentucky stream. Visionary in its scope and approach
to sustainable design, the plan defines a blueprint to
increase biodiversity through habitat preservation and
enhancement, improve water quality through innovative stormwater management techniques, preserve agricultural land, and measure the regional sustainability Egg Lawn’s prominent feature will be an 82-acre great lawn accomcosts and benefits of plan proposals implemented over modating a variety of programmed activities such as festivals, balloon launches, and outdoor performances.
time.
Design Details
The master plan for The Parklands includes:
• 100 miles of new trails for hiking, biking and horseback riding
• 19 miles of canoe trails along Floyds Fork Creek
• Children’s playgrounds, walking paths, and parks
• Numerous facilities for family picnics and community
events
• Accessible fishing holes, canoe launches, ball fields
and much more
Meadow Marsh could accommodate a variety of uses including
(http://theparklands.org/)

wetland bio-filtration that removes sediments and pollutants carried by stormwater and an ecofarm demonstrating sustainable agriculture practices.
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Environmental Benefits
• The Parklands will preserve and enhance
nearly 80 percent of the land for natural landscape, which will result in environmental
benefits, including improved air and water
quality and increased wildlife habitat. 21st
Century Parks is establishing The Parklands
as a powerful educational resource to encourage hands-on learning for our region’s school
children, while simultaneously inspiring opportunities for adults and families.
• The Parklands will create a significant urban habitat corridor that will stretch 15 miles
within Louisville’s boundaries, linking together what are today scattered fragments of
forest. It will protect and enhance the landscape for countless species of plants and animals including:
• 25 species of reptiles and amphibians
• Over 40 species of fish
• 20 species of rare freshwater mussels
• Federally endangered gray and Indiana bats
• 19 species of mammals such as otters, flying
squirrels, mink and beaver
• 138 species of birds
• 450 species of native plants including the
endangered Kentucky glade cress
(http://www.asla.org/2009awards/572.html)

6. Buffalo Bayou Promenade

Project Introduction
The Buffalo Bayou Promenade connected Houston's downtown core to the river park to the west under and through a neglected and near impossible mess
of freeways and bridges, adding 23 acres of parkland
to Houston's inner city. The landscape architect's early
visioning and then implementation converted a trashsoaked eyesore — intimidating to pedestrians and detrimental to flood control efforts — into 3,000 linear feet
of urban park that provides a prominent gateway to
downtown Houston.
Design Strategies

Programs along the greenway meet the need of a variety of recreational use
Significance and Uniqueness
At large scale, it is a good example of a systematic approach that addresses greenbelt for development protection. It created a framework for a long term development and divided the large area into manageable sections.
It is an effective connection for neighboring communities and other meaningful parts of the city. Other greenway
designs could use it as an example of planning such a space for a relatively long term outcome.
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The landscape architect balanced the stark, urban infrastructure with the bayou's sinuous forms.
Exposed concrete, recycled crushed concrete, and galvanized steel were all chosen for their durability, cost effectiveness, and contextual relevance. Special attention
was paid to the design of railings, walls, walks and signage so that they would be able to withstand degradation due to potential erosion and water borne debris. A
robust vocabulary of galvanized steel railings and other
metal objects was conceived to acknowledge the gritty
urban context and to withstand tough environmental
conditions. Recycled concrete cobble-lined swales were
placed to absorb the destructive, high volume flows of
water pouring from the surface of the freeways.
The planting design re-established a living green
tissue into the sterile zone of bayou leading up to the
urban core. By removing invasive monocultures and
installing a large variety of native, flood-resistant riparian vegetation and trees, the designers significantly im-

proved the wildlife habitat in the area. Nearly 300,000
plants, include over 640 trees, were planted within the
project site. Groves of native trees were used to soften
the harsh urban infrastructure, buffer noise and mitigate the scale of the freeways. White trunk sycamores
provide a visual extension of the concrete freeway columns. Green ash, a native riparian tree, was planted
along the river's edge, creating a shade canopy over the
water, cooling the water and enhancing habitat. The system of ground-plane plant material also sought to respond to the demanding physical conditions and needs
for an urban park. Areas under existing trees and freeway structures and along banks were planted with ferns,
ruellia, and other robust native plants to provide a lush,
green ground-plane that would resist erosion and be
maintained easily.
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Because Buffalo Bayou is the principal drainage
system for much of Houston, the design team had to
treat the waterway and its banks with special care. Gabion edge treatments allow for safety and visual clarity.
The stepped design provides water egress at any point
while allowing floating storm debris to pass through.
The gabion cages, utilized over 14,000 tons of recycled
crushed concrete. The open gabion cages also allows
tree roots and riparian ground covers to form a natural
edge while providing a porous foundation for the riparian benthic community.
Significance and Uniqueness
This project created open spaces under a labyrinth of highways and turned an once impenetrable
place into an enjoyable park space. It also demonstrates
how to combine water management and greenway design and to connect the city core to river front. The project augments several other downtown revitalization efforts focused on improving Houston’s quality of life.

Design Implications
from case reviews

The general considerations include:
Design should create healthy framework and locate a proper limit of the original design to let nature grow itself.
Different design phases should be considered based on a hierarchy.
The overlapped layers of human activities and natural matrix could be applied to minimize the human impact.
Flood control and water quality control should be achieved at the same time. Engineering approaches and local
methods are valuable experience for understanding man-made natural system.
New forms should be created along with existing structures to achieve consistency and enhance visitors’ experience of the site.
The 3 miles’ wash should be considered in a watershed perspective to address major issues and realize its function.
Public activity, especially recreational use, is the key to a living landscape corridor. For the underutilized site, attractions and amenities must be enhanced for visitors.

28
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04 Site Analysis

Water

04 Site Analysis

More than 100 years ago, the Santa Cruz River
flowed nearly year-round through Tucson. This supply
of water has slowly disappeared, causing Tucson to seek
alternative sources.
Tucson currently draws water from two main
sources: Central Arizona Project (CAP) water and
groundwater. In an effort to conserve water, Tucson is
recharging groundwater supplies by running part of its
share of CAP water into various open portions of local rivers to seep into their aquifer. Additional study is
scheduled to determine the amount of water that is lost
through evaporation from the open areas, especially
during the summer. The City of Tucson already provides A signage on Park Avenue detention basin by Arroyo Chico, indi[reclaimed water] to its inhabitants, but it is only used cating the site is using reclaimed water for irrigation.
for "applications such as irrigation, dust control, and
industrial uses." (Reclaimed Water, Tucson.gov) These
resources have been in place for more than 27 years, and
deliver to over 900 locations.

Site Inventory
The context of Tucson
Desert Climate
Located in the Sonoran desert, Tucson has a
desert climate with two major seasons (summer and
winter), plus three minor seasons (fall, spring, and the
monsoon). Though Tucson receives more precipitation
than most other locations with desert climates, it still
qualifies due to its high evapotranspiration in spite of
receiving 11.8 inches of precipitation per year; in other
words, it experiences a high net loss of water.

Downtown Revitalization
For nearly 200 years, Downtown was the mercantile center of Tucson. However, Post-War growth
was accommodated largely in newly developing suburbs
located to the north and east of the Downtown area. The
decline of the Downtown retail sector, noticeable by the
1970’s, accelerated dramatically in the 1980’s. Today,
Tucson has over 43 million square feet of commercial
space, while Downtown Tucson currently has 550,000
square feet, about 1% of total.
For years, planning efforts and infrastructure
construction have been done by the city to bring a renaissance. The Downtown Tucson Partnership esti- Downtown Tucson
mates that over the past three years, more than $320
million in public and private investment has been made
downtown. Thus, Arroyo Chico, as an important natural linkage to downtown, will have a great opportunity
to be further developed for the revitalization.

The monsoon season is important for the desert
for bringing remarkable precipitation. It begins from
June, and typically continues through August. During
the monsoon, the humidity is much higher than the rest
of the year. It also comes with intense thunderstorms
and rainfall, which can cause flash floods. Large areas
of the city do not have storm sewers, so monsoon rains
flood the main thoroughfares, usually for no longer
than a few hours. A few underpasses in Tucson have
“feet of water” scales painted on their supports to discourage fording by automobiles during a rainstorm.
Arizona traffic code Title 28-910 was instituted in 1995
to discourage people from entering flooded roadways.
Despite all warnings and precautions, however, three
Tucson drivers have drowned between 2004 and 2010.
Winter in Tucson is mild relative to other parts
of the United States. With a less strong sunshine and relatively high humidity, Tucson’s winter provides a good
climate for outdoor recreation.
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University of Arizona

Tucson weather data

As the first university in the state of Arizona, U
of A has huge impacts on the city and especially surrounding neighborhood. It provides a large number of
students as users of the site and increases the value of
Residents’ age distribution of the Central Neighborhood
the wash in recreational and educational functions.
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Watershed

Floodplain

The 100 year floodplain includes central neighborhood,
industrial area and downtown business district. Along
Arroyo Chico wash, flood areas are distributed in Kino
Parkway and downtown. Area before Kino doesn’t have
flooding issues mainly because the detention basin in
Reid Park.

Pathway across Arroyo Chico and flood warning sig4th Avenue district has been suffering from flood issue nage along the wash
for a long time. Efficient control upstream can reduce
flood pressure in downtown area.

Tucson Arroyo Watershed
Arroyo Chico

Tucson Arroyo: 7,044 acres’ watershed
Arroyo Chico Wash:
6 miles in length
(from Reid Park to Downtown)
about 3 miles daylighted
average 100 feet in width;
629 acre-feet annual stream flow
Total Tucson water production is about 160,000 acrefeet in 2000.
Estimated average annual runoff is 106.7 acre-feet per
square mile. This area produces 1,174 acre-feet runoff,
about 1% of total Tucson water production.

100 year floodplain
500 year floodplain
Arroyo Chico Wash

Flooding on 4th Avenue during a storm filled the Tucson Thrift Shop with 8 inches of water in six minutes on
Aug. 03, 2007

Why are washes important
Washes in Tucson provide many important serviceswildlife habitat, recreation, stormwater conveyance,
and groundwater recharge. Some washes have been
covered with concrete or asphalt, but most parts of Arroyo Chico remain in natural states, providing pockets
of native habitat in the middle of the city.
Why are watershed important?
Watersheds can help us make connections between each
other, and between ourselves and environment. Within
a watershed, water creates many linkages:
Upstream/Downstream
Surface/ Groundwater
Shared interests
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Zoning

Transportation & Open Spaces
The major problem with the existing trail and bike route
is the lack of continuity. The bike route only goes along
Arroyo Chico in a short section between Reid Park and
Tucson Boulevard. For users trying to follow the wash,
it is very easy to get lost.
At the intersections with major streets, there are lack of
facilities(pedestrian lights or path) for pedestrian and
bikers.

The intersection of Tucson Boulevard and Arroyo Chico

Arroyo Chico connects a number of resources on its
watershed including:
7 parks
3 sports complex
15 schools
2 historical districts
hotels and shopping centers

Residential-Single Family

Light Industrial

Medium Density Residential

Intensive Commercial

High Density Residential

Local Commercial

Green Open Space
Bus Route
Bike Route
Arroyo Chico

The distribution of landuse shows more residential use
upstream, while more commercial and industrial use
downstream. It suggests more disturbance downstream
than upstream.

On Tucson city crime map in 2012, the site presents a
low crime rate compared to other parts of the city. A secure environment suggests opportunities for night use.
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Create downtown
linkage

36

Replace concrete channel
with vegetation

Security

Vacant lands

Intersections with major traffic
destroy continuity

Flood hazard

Make alternative park design
for stormwater management

Sports amenities closed to public

Concrete channel

Isolated Ironhorse Park

Park Avenue detention
basin appears as a
large pit

04 Site Analysis

Constraints & Opportunities

Make greenway open to
neighborhood watch

Design pocket parks
for community

Create safer pedestrian
cross
Create amenities for
public

Create bridge structures
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Arroyo Chico Multi-Use Project

Because of the uniqueness of Arroyo Chico
wash, Pima County Regional Flood Control District
and the City of Tucson in cooperation with the U.S.
Army Corps of Engineers (ACOE) have undertaken a
multi-phase flood control, environmental restoration
and recreation project: the Tucson Drainage Area/Arroyo Chico Multi-Use Project. The project area covers
approximately 6 miles of the Arroyo Chico Wash from
Alvernon Avenue to its confluence with the Santa Cruz
River near St. Mary Road. The project includes several
phases:
Phase 1, Randolph South Detention Basins
which were completed in April 1996;
Phase 2A, Cherry Field Detention Basin which
was completed in December 2008;
Phase 2B, Park Avenue Detention Basin Complex which was constructed by the ACOE beginning in
August, 2010.

Design Program
Elements in the program are designed to achieve the
project’s goals: greenway enhancement, and stormwater
management. Each detailed design responds to its site
condition.

Cherry Baseball Field Detention Basin, a look from Arroyo Chico

Originally constructed in the 1920’s, a 1.7 miles’
segment of the lower watershed main channel is conveyed underground. Because of the increased runoff due
to urbanization of the watershed, the capacities of the
open channel/culvert sections are generally inadequate
to convey the peak flows during intense thunderstorm
events. It’s another reason for the frequent and severe
flooding of residential, commercial and industrial areas
Park Avenue Detention Basin Complex plan
along the wash. Flood damages to both private properties and public infrastructure are estimated by the
ACOE at $2.7 million (1998 prices) annually, resulting
in a benefit-cost ratio of 1.3:1.(Pima County Regional
Flood Control District, 2010)
Phase 2A Cherry Field Detention Basin is a
baseball field and an offline flood detention basin. It can
contain 223 acre-feet of storm water during a 100- year
event (1/4 of the watershed runoff). However, it did not
become a part of the Arroyo Chico greenway system because it is next to the channelized part of the wash and
has fence along it.
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Phase 2B Park Avenue Detention Basin Complex aims to restore degraded riparian ecosystem and
preserve existing native habitats. But it appears as a
large sunken space and is not inviting the neighborhood
to use it. Alternative design should be considered to include neighborhood recreation as well as dealing with
water and ecological issues.

The detention basin under construction in 2010

Elements
a

Function

Quantitative
Characteristics

Greenway multi-use trail

Create safer walking and 3 miles long, 16 ft wide
biking environment
north tread, 12 ft south
tread

Brick pavement, continue
from Reid Park to Diamondback bridge (downtown)

Rest stops with seating and Provide rest areas with 15 in total , 10 north, 5
shade structures, drinking amenities, enhance consist- south
fountains
ency

Location visible from main
traffic, or adjacent to parks

Bridges over wash

Reduce flooding hazard

Concrete surface with
painted pedestrian crossings

Riparian park

Flood control and public 120,000 square ft, with 2
recreation
major detention basins and
2 riparian buffer areas

Apply water detention and
treatment sequence, use
trail to divide spaces

Community pocket parks

Rest area for greenway us- 10 in total, average
ers, neighborhood recrea- 100 ft x100 ft in size
tion

Build on vacant lands along
the wash, with micro-basin
sequence and amenities

Other open spaces

Public recreation, flood 1 large park on Kino Pkwy,
control, attraction for po- 3 adjacent to ball parks
tential users

Playgrounds for water detention

7 in total, 24 ft wide

Qualitative
Characteristics
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Master Plan
Concept: Green Necklace

An alternative design for the
detention basin

Greenway enhancement details

The design concept aims to enhance the connection of
Arroyo Chico as a landscape corridor and expand the
green spaces to surrounding neighborhood.
The design strategy is:
Find existing open spaces, and create new ones on potential places. Use Arroyo Chico to connect them together and form a green necklace in the urban context.
Among Jack Ahern’s (1995) 4 greenway strategies, this
design takes a more aggressive approach based on the
significance of Arroyo Chico. It tries to connect disturbed and segmented parts and rebuild the greenway
system.

Bridge

Create community pocket
parks as green patches and water pockets

Country Club

Diamondback
connection

Provide open spaces for public
recreation and flood control

Tucson Blvd

Broadway

Kino Pkwy

Enhance connection at intersections with major traffic

Greenway enhancement

Pocket parks

Riparian Park

Kino Pkwy open spaces
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Focus Areas Design

1. Greenway enhancement

Painted pedestrian
cross

Wash

shading structure

Trail for pedestrian and bicycles

Residence housing

Design strategy

0		

25		

50 ft

Most people are only using the north side of greenway for daily recreation due to the abundance of shade. Based
on this observation, the design uses the limited resources and puts more vegetation, wider tread and amenities on
the north side for bike and pedestrian to enhance summer/day use.
Details
-Wash: Make more curves on wash channel and use rocks to reduce flood pressure.
-Trail: Separate pedestrian and vehicles for safe walking environment.
-Node: Bridge connection for vehicles, painted pavement and traffic lights for pedestrian. Locate seating and shade
structures close to intersections to make the greenway more visible from major traffic.
-Security: Keep trail open to the neighborhood watch.
42
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Greenway Details

The neighborhood greenway can serve different recreational uses. Amenities on the left include drinking fountain
and seating for people to take a rest and get close to the wash; the right side is open for users to enjoy the desert
plants in the neighborhood frontyard.

Minimum Recommended Tread Width for Multiuse Greenway Trail:
Pedestrian/ Bicycle 16’; Single-Tread 12’
With a 12’-16’ wide tread, the greenway will be able to
support heavy use by walkers and bicyclists without
user conflicts.
Buffer area with native vegetation will be enhanced between walkway and the wash to reduce the impact.
Similar shading and seating structures will be used
throughout the greenway for consistency of visitors’ experience.
A 2% slope on the road and walkway will conduct the
neigborhood stormwater to the wash.
At night, the place will turn into a tranquil walking space that serves the residents. A proper lighting design and
neighborhood watch will make users feel more secure. It will allow people to avoid the heat at daytime and enjoy
the cool starry night in the desert.
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Stormwater Management Strategy

2. Riparian park
The design strategy is a treatment sequence
combining detention basin and riparian
buffer.

Detention basins provide a higher level of
stormwater detention compared to wetlands and are more effective in promoting
sedimentation as a mechanism for stormwater pollutant interception.

The wash receives filtered
water at a low rate

Plants and microbes for organic material degradation

Rock and gravel filter

Riparian Buffer (ephemeral wetland): facilitate effective removal of fine particulates
and soluble pollutants and degrade deposited organic material.

Detention basin for flood water control and sediment

Combining ponds and wetlands can solve
stormwater problem on both quality and
quantity concerns.

Stormwater from neighborhood

Ponds and wetlands promote different water quality treatment processes by differences in surface area to volume ratio and
water level fluctuation.

Simplified wastewater treatment process in engineering
The design mimics the engineering process of wastewater treatment. Stormwater is collected at the edge of the site
from surrounding neighborhood and then flows into detention basins. The basins will control the flow to next area
and promote sedimentation. Water will then move through rock and gravel under the pathway for filtration. This
will allow large particles to be intercepted. At the ephemeral wetland, lush vegetation and microbes under rocks
will provide bio-reaction to reduce organic materials. They act as activated sludge in aeration tank. The treated
water will finally flows into Arroyo Chico wash.
The water source for riparian buffer vegetation is Tucson
reclaimed water (already used for irrigation on site) .
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Spaces & Activities

Public

Semi-public

Greenway

The riparian buffer has lush vegetation cover, allowing people to enjoy the desert beauty and learn a variety of
plants at the abrupt transition between the xeririparian zone and arid areas. Rocks and structures create more element diversity for this space.

From the detention basin to riparian buffer, the park presents a spatial transition from public to semi-public. The
open spaces will accommodate active recreation for group users. The semi-public spaces, with lush vegetation and
ample shade, can host activities including picnic, outdoor classroom and wetland observation after rain.
The neighborhood activities in the park will attract greenway users. The park will also, on the other hand, invite
more people from neighborhood to the greenway. The interaction will thus benefit the development of Arroyo
Chico.
During the monsoon, the ponds will be filled up with stormwater and play its role as a water management machine. The “floating” trail and shelter structures will provide opportunity for people to watch desert rain, which is
the most beautiful moment in the desert.
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3. Pocket park

0

25

50			

100 ft

A design example of a pocket park that will provide open spaces for communities, harvest and infiltrate stormwater, and enhance the greenway as a patch attached to it.

This design illustrates the use of vacant land to create open spaces as community pocket parks and rest stops for
greenway. The pocket parks also apply water management strategy. Water is captured at the edge, and goes through
a group of micro-basins as a water treatment sequence. Thus stormwater is harvested and infiltrated. The excessive
water will be led to the wash at a constant rate.
The pocket parks, with existing open spaces, will act as green patches along the greenway, enhance the ecological
function and spread the natural feature to surrounding neighborhood.
50

Use of a channel to connect micro-basins and the wash to conduct neighborhood stormwater to the wash. It will allow more underground infiltration happen.
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5. Other approaches for water
management

4. Open space adjacent to
Kino Parkway

Street tree curb cuts & micro-basin for water
harvesting
There are a lot of successful practices in Tucson that apply this technique. It is on a small scale but applies the
same strategy: increase time of concentration and let
infiltration happen.

At the wash intersection with Kino Parkway, the design
replaces the channel with native vegetation, connects
the wash to the baseball field and creates open spaces to
enhance the cultural feature.

This approach can be used throughout the watershed
for street tree irrigation.

Small playground for water detention
between the sports complex and greenway, small playground could be implemented to connect the large
green patches and serve as a public recreation area.
During monsoons, it will perform as a detention basin.
Enhance the cultural
feature (the statue of
Padre Eusebio Francisco Kino)
Create safer pedestrian cross
Connect Arroyo Chico to the
baseball field
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Replace the channel
with native vegetation
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Vision: Design Phases for the Future
Greenway enhancement
Existing Wash

Phase 1: Connect existing segmented parts, make downtown to Reid connection really happen, and make people realize Arroyo Chico’s existence and start to use it

Phase 2: Create open spaces along the wash and connect
existing parks, to enhance the greenway

Phase 3 (future): With street tree project, spread the
green to the watershed to create a green network
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Stormwater management

Existing situation: Arroyo Chico receives all the runoff
generated in the watershed

Phase 1: A series of open spaces help flood control, provide more detention and infiltration

Phase 2: With numerous parks and basins, a water management system will turn the end control approach to
beginning control and finally change the runoff and
flood situation
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06 Conclusion
Arroyo Chico, with its unique location in the urban
context of Tucson and its function of conveying stormwater, presents a great opportunity for an urban greenway development.
Previous work appeared limited in exploring potential
enhancements to Arroyo Chico; this watercourse can
support a comprehensive multi-functional development to enhance the green connection, water management and recreational use.
This project provides alternative strategies on both master plan and detailed design scale. The master plan focuses on a larger-scale strategy to explore the potential
stormwater management and connectedness functions
of Arroyo Chico. Detailed designs aim to create comfortable spaces for users, thus achieving the objectives
of this work.
However, some of the strategies suggested need a large
amount of investment, a deeper understanding of the
natural system, the cooperation of experts in related
majors and all interest groups as well as long-term construction and management.
This project cannot answer all the questions and will
definitely need improvement in practice. But it tries to
apply related theories and the experience of previous
practices to the Arroyo Chico and make it better serve
the city.
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