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INTRODUCTION

The treatment of stormwater runoff in con-
ventional urban development has been driven
by an attitude of “out of sight out of mind.”
This attitude reflected the view that storm-
water runoff has no value as a useful resource
and adds little to the amenity (aesthetic, recre-
ation, education, etc.) of an urban environ-
ment. (Wong & Eadie, 2000)

This attitude, however, is beginning to hold less sway:
we are starting to see a change as stormwater manage-
ment design expands beyond the traditional approach
of simply controlling flow rates and keeping costs
down as communities recognize environmental im-
pacts far beyond storm sewers and dry detention
basins. Such innovative stormwater management
should be a part of any “green building” program. Ex-
actly why some communities are now recognizing
that artful rainwater design can add value far beyond
the required hydrological function may be difficult to
pinpoint; however, communities have recognized that
artful rainwater design can add value far beyond the
required hydrological function and that rainwater sys-
tems can reflect the objectives and values of prospec-
tive users and not be viewed simply as a stormwater
disposal systems. Although stormwater management

facilities must meet hydrological objectives (such as
flow rate, volume, frequency, duration, and quality),
they can also have other tangible positive outcomes,
particularly added community value, such as people-
pleasing landscapes and designs that reveal something
about rainwater and natural site processes. We need
to be able to better assess the range and nature of
these other outcomes and how we might approach
stormwater design to achieve more added value.
Therefore, this study investigates attributes of storm-
water management design that enhance a project’s
non-hydrological values.

What is “added value” in stormwater management
design? According to Frank Spink (Bookout et al.,
1994), “A consensus has always existed among many
design professionals and developers that good design
makes a significant contribution to the value of a de-
velopment project.” The concept of adding value via
stormwater design is based on creating designs that
not only address stormwater in environmental and
utilitarian ways, but that skillful collaboration of many
design disciplines can create projects recognized by
municipalities, clients, and users as enhancing both
property values and quality of life. Simply stated, art-
ful rainwater design creates multi-objective projects of
which stormwater management is only one of the ob-
jectives. According to Wong and Eadie (2000),
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There is no place for the attitude “stormwater
management should be left to engineers, or
wetland design should be left to landscape 
architects.” History has clearly shown that 
employing a single-disciplined approach to
design more often than not leads to failure 
of the design. 

New design opportunities for artful rainwater de-
sign are created in part by new U.S. Environmental
Protection Agency regulations that require thousands
of municipal governments to create, develop, adapt,
and implement stormwater management programs to
reduce non-point source pollution (USEPA, 2005).
These regulations are often satisfied by bioretention,
infiltration and many other distributed rainwater
management systems integrated in the framework of
earthwork, walkways, structures, and plantings that
accompany new building. Designers around the world
involved in land management and stewardship see
such regulations as an important step forward, and
many creative firms see potential for significant bene-
fits beyond satisfying new regulations. Innovative rain-
water design can be used to create places recognized as
beautiful, meaningful, and educational—from lush
rain gardens to plazas that artfully expose how rain-
water flows across and infiltrates into land. This new
focus on multi-objectivities can transform stormwater
management facilities into artful rainwater designs
that increase property values and function as commu-
nity amenities, whether people learn about our hydro-
logic cycle and ecological systems or simply enjoy an
attractive design. If this opportunity is so significant,
why hasn’t it been embraced as standard practice? 

One reason is many stormwater treatment designs
fail to add value that is easily recognized by the public.

A homeowner stares uncomfortably out the back
window at the bioswale that collects stormwater
from the home where she lives. “I know it’s good
for the environment,” she says apologetically, “but
I can’t help wanting to mow it down—it just
looks messy to me.” 

A major university scraps an innovative land-
scape plan that includes porous paving, bioswales,
and native plantings for a new building. An of-
ficial explains, “It’s just too different from what
we’re accustomed to. The extra cost isn’t offset by
a clear benefit.” 

If artful rainwater design is to become better rec-
ognized as a community asset, the two critical gaps
represented by these statements must be addressed.
The first gap is between the public’s concern with the
appearance of stormwater facilities and most design-
ers’ lack of concern with appearance. The statement
of the homeowner given above typifies public reac-
tion to the visual character of much ecologically fo-
cused design: the designs often look messy, unsightly,
and unkempt to the public eye. This issue has been
addressed by numerous researchers including R. Ka-
plan (1983), Kaplan et al. (1998), Herzog (1989),
Pennypacker (1993), and Nassauer (1995). Joan Nas-
sauer has not only studied the problem but offered
solutions (1995, 1997), as has Marcia Eaton (1997).
They have shown that people value neatness in their
landscapes as a symbol of stewardship and good citi-
zenship. Still, too few designers have succeeded to
date in incorporating rainwater design in ways that
are appreciated by the public. Unfortunately, storm-
water facilities are often engineered simply to solve ex-
cess runoff problems with no concern for aesthetic or
other qualities. This, in turn, causes the second gap. 

This second gap is represented by the second state-
ment above: If rainwater management facilities are
not seen as offering a clear “value-added” amenity—
one that attracts business for developers and/or cre-
ates a desirable image and good public relations—
land owners will not spend money to properly
maintain existing systems, nor will they invest in ad-
ditional stormwater management construction. De-
sign for stormwater facilities then focuses on finding
the lowest-cost solutions rather than creating value-
added amenities. Thus, an extraordinary opportunity
is lost. This article therefore reports on observations
and analyses of innovative projects to answer this
question: What attributes of stormwater management
design enhance a project’s attractiveness and/or value?
The intent is to provide examples of proven and prac-
tical ideas to designers who wish to create their own
artful rainwater designs in the urban landscape.

BACKGROUND
The fundamental ideology of protecting public
health, safety, and welfare that focuses on desired hy-
drological outcomes is well documented in current
stormwater management publications (Roesner &
Matthews, 1990; Tourbier, 1994) along with specific
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stormwater management techniques for promoting
groundwater recharge, reducing pollutant loads, pro-
tecting stream channels, preventing increased over-
bank flooding, and safely conveying large floods
(Schueler et al., 1992; USEPA, 2005). Specific tech-
niques for creating, restoring, and protecting aquatic
habitat has also become common in stormwater man-
agement manuals (Coffman, 2000; Hager, 2001; Ur-
bonas et al., 1989). But no current manuals for
stormwater design specifically present best manage-
ment practices as a means to enhance the aesthetic,
experiential attributes or other values in urban land-
scapes. Roesner and Brashear (1999) studied the con-
tent of existing stormwater management literature and
reported that a number of design manuals have been
developed to address the control of urban runoff for
stormwater-quality and -quantity issues. However, they
concluded that not only is there a considerable lack of
information about what constitutes a properly designed
stormwater management facility, but that there is also 
a complete lack of comprehensive design guidance for
municipal planners and engineers that addresses public
acceptance or perceived value as a design criteria. 

The importance of designing stormwater-manage-
ment facilities in a way that adds perceived value to a
project or community is not a new concept. Beauti-
fully designed detention ponds have always been 
recognized by developers and communities for their
visual, recreational, and hence monetary value (Book-
out et al., 1994; Ferguson & Debo, 1994; Tunney,
2000). Many new stormwater-treatment methods in-
cluding bio-retention, vegetated swales and rain gar-
dens are starting to be recognized for their ability to
add beauty and perceived value to a community in
part because of how these methods are being used in
places such as Maplewood and Burnsville, Min-
nesota, to enhance the streetscapes (MPCA, 2005). A
few authors have recognized that stormwater-treat-
ment systems have the potential to add various and
distinct design values to a project (Göransson, 1998;
Wenk, 1998; Niemczynowicz, 1999; Thompson &
Sorvig, 2000; Dreiseitl, Grau, & Ludwig, 2001; Drei-
seitl & Grau, 2005). Under the leadership of William
Thompson, Landscape Architecture Magazine has
published many examples of artful rainwater designs
that add value, (see, for example, Leccese, 1997;
Thompson, 1999; Brown, 2001; Thompson, 2004;
Echols & Pennypacker, 2006). But few studies have

shown how non-hydrological stormwater manage-
ment design attributes can add value. Two exceptions
that stand out are: Peter Stahre’s research showing
how efforts in Malmö, Sweden, have created value,
and literature from the United Kingdom based on
SUDS (Sustainable Urban Drainage Systems) that
address the developing amenity attributes of storm-
water management design.

Peter Stahre has documented the variety of values
in stormwater management, stating: “The character-
istic feature of sustainable stormwater management is
that quantity and quality issues are handled together
with amenity” (2006). Stahre classifies the “positive
values of open storm drainage” as aesthetic, biologi-
cal, cultural, ecological, economic, technical, educa-
tional, environmental, historical, recreational, and re-
sulting public relations (Figure 1). 

The United Kingdom has recently introduced
policies that include amenity factors in stormwater
management as a key part of the “urban drainage tri-
angle” (Figure 2). 

Sustainable urban drainage regulations in the
United Kingdom now require amenity to be evaluated
equally with quality and quantity for all new drainage
plans. Originally the amenity designation focused on
creating added value in wildlife habitat and open
space; however, SUDS revised the definition to in-
clude “community value, resource management (e.g.,
rainwater use), multi-use of space, education, water
features, habitat creation, biodiversity action plans”
(National SUDS Working Group, 2003).

Although these publications do offer new ideas
that can add ideas for designers to consider when cre-
ating new stormwater management systems, they do
not address specific project attributes or outcomes.
This paper examines existing artful rainwater design
projects in order to identify and clarify the specific
stormwater management design attributes that can
add value to a project and is an important contribu-
tion to stormwater design literature because of the
potential for artful rainwater design to: 

1. raise property values through attributes that
could encourage developers to create stormwater-
management facilities that surpass minimum 
requirements;

2. help policy planners and design review boards
better understand the added value impact of

Volume 2, Number 4 105
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stormwater management, potentially offering
guidance for revisions to existing regulations; 

3. provide greater public exposure to, engagement
in, and education about ecological stormwater is-
sues for the protection of aquatic systems and
clean water;

4. provide design strategies for integrating stormwa-
ter management throughout a site rather than the
pursuing an “out of sight out of mind” approach;
and

5. enhance the likelihood of regular maintenance by
making stormwater management facilities a clear
and visible added value.

RESEARCH METHODS
This research is an analysis of innovative projects and
the observed project attributes revealing the added
value of innovative and artful stormwater manage-
ment. A few precedent-setting projects created by a
relatively small number of design firms making use of
new stormwater management strategies have demon-
strated that designs of stormwater management sys-
tems has great potential to enhance public acceptance
or perceived value. A list of projects from around the
nation was developed by reviewing the past ten years
of design awards presented by the American Society
of Landscape Architects (ASLA, 1997-2007) and the
American Institute of Architects (AIA/COTE, 1997-
2007) for projects that clearly included stormwater

management systems designed to create added
value—i.e., increased value focused on stormwater
management. Examples of exemplary rainwater de-
sign in the United States found in this first search in-
clude but are not limited to the work of: 

Andropogon Associates, Ltd., Philadelphia, PA

Mayer/Reed. Portland, OR 

Murase Associates, Portland, OR

Nelson Byrd Woltz, Charlottesville, VA

Olin Partnerships, Philadelphia, PA

Pierce County Environmental Service, Pierce
County, OR

Portland Bureau of Environmental Services, Port-
land, OR

Seattle Public Utilities, Seattle, WA 

Wenk Associates, Inc., Denver, CO

The designers of the projects that won American
Society of Landscape Architects or American Institute
of Architects awards along with leading educators,
publishers, and experts in stormwater issues were
asked to suggest other projects that best represented
exemplary artful rainwater design. This process was
continued until study participants no longer sug-
gested additional projects and the projects most fre-
quently suggested were included for consideration in
this study. This process generated a list of twenty-one

106 Journal of Green Building

FIGURE 1. Positive Values of Open
Storm Drainage (Stahre, 2006).
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artful rainwater designs that represent a diversity of
settings, project types and runoff treatment methods.
The projects selected through this process are: 

10th@Hoyt , Portland, OR

110 Cascade, Seattle, WA

Automated Trading Desk, Mount Pleasant, SC

Buckman Heights, Portland, OR

Cedar River Environmental Center, 
Cedar Falls, WA

Stephen Epler Hall , Portland, OR

Glencoe Elementary School, Portland, OR

Growing Vine, Seattle, WA

High Point Development, West Seattle, WA

Maplewood Rainwater Gardens, Maplewood, MI

Melrose Edge Streets , Seattle, WA

Seven Corners Market, Portland, OR

New Seasons Market, Portland, OR

Oregon Convention Center, Portland, OR

Oregon Museum of Science and Industry, 
Portland, OR

Outwash Basin at Stata Center MIT, 
Cambridge, MA

Pierce County Environmental Services, 
Chambers Creek, WA

Siskiyou Green Street Project, Portland, OR

SW 12th Avenue Green Street Project, 
Portland, OR

Water Pollution Control Laboratory, 
Portland, OR

Waterworks Garden, Seattle, WA

This selection process is admittedly biased by the
publicity regarding and relative popularity of particu-
lar projects. Certainly, the process, based as it is on in-
tentionally identifying information-oriented examples
rather than random sampling, has likely overlooked
many excellent projects because they were unknown
to the study participants. This must be recognized and
accepted as a necessary limitation of studying any
evolving design subject. A second limitation in this se-
lection of artful rainwater deigns is that most of the
projects on this list are located in or near Seattle,
Washington, and Portland, Oregon. This is likely a re-
flection of some combination of the nature of rainfall
in these areas that may encourage designers to trans-
form excess runoff from a common nuisance to a de-
sign asset and the establishment of strict stormwater
regulations in these municipal regions. It is not sur-
prising that most of the suggested artful rainwater de-
sign projects are in the U.S. Pacific Northwest; how-
ever, it is likely that many of the projects’ attributes
will prove adaptable for use in other regions. 

A variety of information was gathered about each
project using websites, published literature, telephone
and in-person conversations with designers, and site
visits to talk with local municipal officials and to
gather additional project information as needed. The
information for each project was documented using
voice recordings, journal notes, drawings, on site
sketches and photography. It was then collected, or-
ganized, reviewed, and analyzed to look for specific
observed attributes in each project that related specifi-
cally to the stormwater management design. The pre-
liminary analysis and resulting attribute list was based
on this question: “What are the attributes of storm-
water management design that enhance a project’s 

Volume 2, Number 4 107

FIGURE 2. Development of more
sustainable urban drainage systems 
and the “Urban Drainage Triangle”
(CIRIA, 2001).

JGB_Fall07_b01_echols.qxd  12/7/07  10:42 AM  Page 107

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



attractiveness or values?” The preliminary list yielded a
wide variety of different project attributes, primarily
because websites, interviewees, on-site signage and
published articles often referred to the same project at-
tributes using highly varying vocabulary. The list was
then reduced by combining and categorizing the at-
tributes from preliminary list based on differences and
similarities. After constructing the second list, the in-
formation gathered for each project was reexamined to
determine how or whether each observed attribute ac-
tually used stormwater management to create attrac-
tiveness or value as well as how well the attribute cate-
gory and description fit. Attributes in specific projects
that did not fit the categories and descriptions were re-
analyzed, resulting in modification of the categories
and descriptions or elimination of the attribute as “not
a common attribute of stormwater management design
that enhances a project’s attractiveness or value.” Each
project was then reanalyzed to determine if each attrib-
ute category would be easily observed or if it were
somewhat less observable due to the project design or
other factors. This information was organized in a ma-
trix to identify the common attributes observed in each
study project and is presented in Table 1.

As can be seen in Table 1, the project attributes
observed and presented in this research were not ob-
served in every project. Nor does the list include all
potential project attributes that could be observed by
other researchers in artful rainwater design as is com-
mon in qualitative research. Rather this study is in-
tended to present common project attributes that de-
signers may use in their own artful rainwater designs
to enhance a project’s attractiveness or value.

There are assumptions and limitations in this
study that should be acknowledged. First, and per-
haps most significant, is the assumption that artful
rainwater design is beneficial and desirable, and that
any additional design, construction and maintenance
effort and costs can be counterbalanced by value
added. Second is the assumption that design critique
by knowledgeable observers can derive useful under-
standing of value added. The third limitation is that
added value consists of human appreciation as deter-
mined by conventional western aesthetics and values.
A final limitation is that all the projects reviewed are
located in the United States. While there is notewor-
thy work of artful rainwater design abroad, temporal

and financial limitations restricted the project study
sites in this research to the United States.

FINDINGS 
The artful rainwater design projects analyzed in this
study revealed that designers are using artful rainwa-
ter design to address stormwater-management issues
while creating recognized amenities in the urban
landscape—designs that invite visitors to explore,
learn, and enjoy aesthetically pleasing landscapes that
are publicly recognized as clear value added urban
amenities. There are many lessons to be learned from
existing works such as understanding which design
factors contribute to a high level of public apprecia-
tion and acceptance. The project attributes most
clearly observed through this study of artful rainwater
designs are: 

Ecological Legibility—communicates ecological
and hydrological function

Maintenance Strategies—provides specific meth-
ods and guidance for upkeep

Information Systems—provides alternative media
to raise stormwater awareness 

Physical Accessibility—encourages people to see,
touch or play with rainwater

Multiple Use—integrates multiple uses beyond
stormwater treatment

Visual Integration—creates visual coherence be-
tween the form and function of a space

Public Awareness—demonstrates a community’s
existing knowledge about stormwater 

Perceived Value—creates recognized added eco-
nomic value

Municipal Commitment—creates positive agency
action and inter- agency cooperation

The first six are observed design attributes that can
be created by stormwater-treatment systems whereas
the last three are observed community attributes that
foster better stormwater design. Specific distinctions be-
tween design attributes and community attributes may
not always be clear or relevant. For example, the com-
munity attributes of public awareness and perceived
value can also be enhanced by designs that bluntly pro-
mote the importance of stormwater management. That

108 Journal of Green Building
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some attributes may be both design- and community-
focused should not detract from their ability to en-
hance a project’s attractiveness or value. The impact of
the attributes can also be cyclical—for example, exem-
plary artful rainwater design may foster greater com-
munity recognition and support for stormwater man-

agement, thus fostering greater municipal commit-
ment that in turn motivates designers to create more
artful rainwater designs to stretch design beyond what
has been achieved to date.

The project attributes are described further in
this section with reference to selected examples from

Volume 2, Number 4 109

TABLE 1. Attributes observed in each study project.

Legend
The artful rainwater design attribute directly
relates to storm water management design and 
was easily observed in the project.

� YES

� SOMEWHAT

� NO

10th@Hoyt, Portland, OR � � � � � � �

110 Cascade, Seattle, WA � � � � � � � � �

Automated Trading Desk, Mt. Pleasant, SC � � � � � �

Buckman Heights, Portland, OR � � � � � � � � �

Cedar River Environmental Center, Cedar Falls, WA � � � � � � � �

Stephen Epler Hall, Portland, OR � � � � � � � � �

Glencoe Elementary School, Portland, OR � � � � � � � � �

Growing Vine, Seattle, WA � � � � � � � � �

High Point Development, West Seattle, WA � � � � � � � � �

Maplewood Rainwater Gardens, Maplewood, MI � � � � � � � � �

Melrose Edge Streets, Seattle, WA � � � � � � � � �

Seven Corners Market, Portland, OR � � � � � � � �

New Seasons Market, Portland, OR � � � � � � � �

Oregon Convention Center, Portland, OR � � � � � � � � �

Oregon Museum of Science and Industry, Portland, OR � � � � � � � �

Outwash Basin at Stata Center MIT, Cambridge, MA � � �

Pierce Country Environmental, Chambers Creek, WA � � � � � � � � �

Siskiyou Green Street Project, Portland, OR � � � � � � � � �

SW 12th Avenue Green Street Project, Portland, OR � � � � � � � � �

Water Pollution Control Laboratory, Portland, OR � � � � � � � � �

Waterworks Garden, Seattle, WA � � � � � � � � �
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specific projects. Only a few of the study projects are
used as examples in the article, because this research
is focused on the different project attributes that add
value; it is not intended as a case study of individual
artful rainwater design projects. 

Ecological Legibility. Rainwater design can visually
communicate ecological and hydrological function
under various weather conditions and through sea-
sonal changes. Respect for the immediate environs,
as well as the environment in general, can be com-
municated and achieved in simple and appropriate
ways; for example, the use of native plantings that
will be able to withstand the conditions of the area,
whether drought, frequent storms, etc. Likewise, the
transient nature of water can be communicated with
water-holding, filtering and infiltration facilities of
various sizes to reflect different amounts of evapo-
transpiration, recharge, and discharge that would

naturally have occured on the site before develop-
ment. Even the choice of building materials and
forms—for example local stone used to construct
overhanging rock outcroppings as they appear in
nearby streams—can be used to emulate the natural
features and characteristics of local aquatic environ-
ments. An excellent example of ecological legibility 
is Stephen Epler Hall at Portland State University
shown in Figures 3 and 4. 

In this design by Mithun, the visible rainwater
journey is particularly striking during rain events:
water shoots down a five-story downspout and out
into a rock-filled basin; it then overflows into a run-
nel that directs water across the courtyard and into a
“biopaddy” (a sunken plant-filled basin). To ensure
that people stop and enjoy the stormwater show, two
benches are strategically placed to face the stormwater
system. To make the experience even more inviting,
the benches sit under a freestanding roof (great for

110 Journal of Green Building

FIGURES 3 AND 4. Stephen Epler Hall at Portland State University.
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use during the rain), and are backed by a wall to cre-
ate an effective sense of “prospect and refuge.” This
design clearly encourages people to experience the
artful rainwater story at Epler Hall.

Maintenance Strategies. Rainwater designs need to
include plans and specifications for both functional
and visual upkeep or else they will not work or appear
as intended, thus resulting in lower public acceptance
and often lower property values. According to Paul
Thomas, (2003) “Maintenance for landscapes that
function as surface stormwater systems is different
than typical park landscape care. Issues that must be
addressed include: weed-related training and mainte-
nance will be needed to deal with increase in weeds;
clear, understandable edges for different landscape
types are needed to guide maintenance staff on ap-
propriate practices for each area; access must be pro-
vided for equipment needed to clean out facilities;

and, maintenance practices will require assessment
and modification as landscapes establish”. An excel-
lent example of maintenance strategies is SW 12th
Avenue Green Street in Portland, Oregon, shown in
Figures 5 and 6.  

The SW 12th Avenue Green Street Project has re-
ceived a national design award of honor from the
American Society of Landscape Architects. Kevin
Robert Perry, a Bureau of Environmental Services
green street specialist, designed the innovative street
stormwater project ledges at both ends of the biore-
tention facilities so that street debris is collected at a
place where maintenance crews can easily use a simple
flat shovel to remove it. Keeping the collection system
on the surface and close to the sidewalk and street
makes it obvious when cleaning is needed. Even the
plantings are arranged in a neat grid making it easy to
distinguish between the plants intended to stay and
the weeds to be removed. 

Volume 2, Number 4 111

FIGURES 5 AND 6. 12th Avenue Green Street in Portland, Oregon.
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Information Systems. Effective communication and
education requires more than on-site signage. Websites,
interpretive rainwater trails, fieldtrips, and other alter-
natives can raise community awareness of stormwater
impacts with television advertising, newspaper and
radio advertisements, displays, environmental programs
for businesses, and stormwater ambassador programs
for local schoolchildren. Rainwater design can be used
as part of an integrated environmental awareness pro-
gram. Such a program could include developing web-

112 Journal of Green Building

FIGURES 7 AND 8. Maplewood
Rainwater Gardens Information
Systems—Online Photos and Web Page
(Maplewood Minnesota Rainwater
Gardens—web page).

sites and ongoing design competitions to create com-
prehensive and continuing outreach-based strategies
that facilitate community understanding of and thus
the prevention of stormwater pollution. The municipal-
ity of Maplewood, Minnesota, provides an excellent 
example of information systems; it is shown in Figures
7, 8, 9, and 10. 

The Maplewood Rainwater Garden design by
the City of Maplewood, Minnesota, working with
designer Joan I. Nassauer (professor of landscape
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FIGURES 9 AND 10.
Maplewood Rainwater Gardens
Information Systems—Planting
Plans and Planting Details
(Maplewood Minnesota
Rainwater Gardens—web page).
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architecture at the University of Michigan) provides
comprehensive information on the planning, de-
sign, construction, and long-term maintenance of
raingardens built in Maplewood’s residential neigh-
borhoods. This information includes reports about
public acceptance, design processes, recommended
plants, soil preparation, and many other types of
educational information that citizens can use to
plan, design, install, and maintain rain gardens in
their own communities. The information is offered
in such a way that any community-minded group
can learn everything needed to create similar rain
gardens in their own towns.

Physical Accessibility. People want to see, touch,
and play with water especially in urban environments
on hot summer days. This realization is reflected in
the works of Herbert Dreiseitl in which water design
invites children and adults to interact and play with

water and water systems. On the other hand, in re-
sponse to liability fears most traditional stormwater
management systems are intended to keep people
away from and out of the water. Yet, rainwater design
can be created in ways that foster interaction with
water without creating safety concerns by simply
splitting runoff into gentle shallow small flows and
diverting the large flows safely away to appropriate lo-
cations. Such systems also allow the first flush to be
easily diverted into infiltration and evapotranspira-
tion facilities that more closely re-create a site’s natu-
ral hydrological processes. Cedar River Watershed
Education Center provides a compelling example of
physical accessibility as shown in Figures 11 and 12.

The rainwater system at Cedar River Watershed
Education Center is expressly designed to encourage
visitors to see, hear, and touch the water. Rainwater is
conveyed from the roof via downspout into a sculpted
basin; from that point the water traverses a stone ter-

114 Journal of Green Building

FIGURES 11 AND 12. Cedar River Watershed Education Center.
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race in an elegantly meandering fashion. The water
trail is clarified, enhanced, and made safe by a steel-
grating cover perforated with gentle curves that extend
the “liquid” theme, alternating with river pebble fill.
Another physical accessibility opportunity is the Entry
Court where stone steps are purposely designed to en-
tice visitors to sit so as to watch and touch the water.

Multiple Use. Rainwater designs that integrate mul-
tiple uses will have greater public acceptance and add
more value than designs that only provide stormwater
treatment. Examples of multiple use include commu-
nity play fields created in open space that also serves
dry-detention purposes; accessible open water used
for fishing and boating as well as retention; stormwa-
ter wetlands with boardwalks and viewing stands that
protect the environment and serve educational pur-
poses; and visual amenities provided when colorful
bioretention plantings are incorporated into corpo-
rate and residential landscaping. Properties often gain

in both visual appeal and financial value simply be-
cause they are located next to beautiful riparian
buffers or stormwater wetlands. Quality of life is also
improved when local walking trails, passive recreation
or simple visual attractions create urban amenities
that support greater social interaction. These multi-
ple-use strategies enhance local land values, con-
tribute to neighborhood revitalization, and protect re-
gional environmental resources. An outstanding
example of multiple use is the Siskiyou Green Street
Project in a leafy residential neighborhood of Port-
land, Oregon, shown in Figure 13. 

The Siskiyou Green Street Project could hardly be
simpler or more effective. As shown in Figure 11, a
stormwater curb extension “bump-out” is used to
narrow a neighborhood street near an intersection
and provide useable landscape area. The landscape is
both richly planted with multi-textural sedges and
ferns and is intersected by river rock dams and weirs.
This simple project provides a wonderful example of

FIGURE 13. Siskiyou Green Stormwater Curbs with narrow driving lane to slow traffic.
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multi-functionality—the extensions not only filter
and slow stormwater runoff, they also serve as traffic-
calming devices by narrowing the road. Moreover, the
streetscape beautification is compatible with the area’s
residential plantings. In addition an opportunity for
educating the public is also taken. The simple signage
in the landscaped curb extensions offers brief text and
simple graphics that show how the system works and
what it accomplishes.

Visual Integration. Rainwater designs that visually
fit with the existing and proposed form and function
of a space will have greater public acceptance than
designs that challenge visual expectations. The scale
and character of open space, parks, and greenways is
often quite different from that of downtown urban
centers and plazas. Likewise, rainwater designs need
to fit visually and culturally into the surrounding en-
vironment. For example, an aboveground corrugated
steel tank used as a cistern may be visually appropri-
ate when used as part of an environmental education

program for a suburban Midwest school; however, it
may look out of place in a New York urban business
plaza. That is not to say that the visual impact of
rainwater design could not contrast with the existing
infrastructure, but rather that the visual impact
needs to be considered in light of the local context. A
particularly effective example of visual integration is
the courtyard of 10th@Hoyt, an urban apartment
courtyard in Portland, Oregon, shown in Figures 14
and 15.

The courtyard displays an understated orthogonal
composition, and the materials, colors, and textures
create an aura of subdued elegance appropriate for an
upscale apartment building in Portland’s Pearl Dis-
trict. The rainwater system is exposed as a water trail
that is both unusual and consistent with the overall
courtyard aesthetic. The system starts with a copper
downspout running down the face of the five-story
building, with rainwater from the downspout follow-
ing an intriguing path along a stepped aqueduct,
then dropping into a river rock–filled basin, before

116 Journal of Green Building

FIGURES 14 AND 15. Courtyard at the 10th@Hoyt Apartments.

JGB_Fall07_b01_echols.qxd  12/7/07  10:42 AM  Page 116

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



re-circuiting over Cor-ten fountains. Downspout-
and-runnel systems in two other corners of the space
present variations on the same theme. The entire dis-
tinctive composition is serene as well as captivating—
it is perfectly appropriate design for this stylish apart-
ment complex.

Public Awareness. Rainwater designs will be consid-
ered and implemented more often and with greater
success in communities where there is an existing and
robust understanding of stormwater issues and associ-
ated water-quality benefits. Stormwater management
and design is now an essential component of almost
every land-planning and site-design project. Al-
though the public often believes that water-pollution
problems come from industrial effluents, in many
areas, up to 70% of the pollution in the streams,
lakes, and rivers actually comes from non-point
sources such as urban runoff (U.S. EPA, 1994). The
effective placement, use, and maintenance of rainwa-
ter designs often require public participation and ac-
ceptance. However, the public is by no means always
on board. Community acceptance of rainwater design
often lags behind the new rainwater regulations; how-
ever, it has been suggested by municipal officials that

innovative rainwater treatment can be more easily in-
tegrated into designs that enhance public awareness
and demonstrate how design can complement and
work with existing watershed and stormwater protec-
tion programs. Pierce County Environmental Ser-
vices Facility in Chambers Creek, Washington, shown
in Figures 16 and 17, presents a particularly effective
public-awareness strategy that straightforwardly pro-
motes the importance of stormwater management.

At the Pierce County Environmental Services Fa-
cility, the water trail is incorporated throughout the
site and uses a variety of water-treatment approaches
and design techniques. The trail begins on a corner
of the building with a scupper discharging rainwater
into a concrete spiral basin. Runoff from the basin
flows into an adjacent wetland that visitors can ex-
plore from a curving boardwalk. Effective signage
maximizes opportunities to heighten public aware-
ness by explaining how the system diverts runoff
into different conveyance/infiltration swales and by
suggesting future treatment strategies. Making dif-
ferent rainwater treatment systems visible educates
visitors in regard to stormwater treatment strategies,
including the new methods for managing storm-
water runoff.  

Volume 2, Number 4 117

FIGURES 16 AND 17. Pierce County Environmental Services Facility.
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Perceived Value. Rainwater design will be considered
and implemented much more often in communities
or developments that understand the economic value
of sustainable planning, design, and management.
Profit need not be the only gain, however; in commu-
nities such as Village Homes, California, and Wood-
lands, Texas, the public readily accepts innovative
stormwater design because over the years such envi-
ronmental features have been shown to enhance resale
values, as well as, the overall quality of life compared
to other communities. Bookout et al. demonstrate
how experiential and educational benefits also arise
from a more varied and creative approach. It follows,
then, that an imaginative approach to design can be a
boon to developer and user alike. The connection be-
tween creative design approach and added value can
clearly be seen in regard to rainwater design. Many
past problems have arisen because conventional sys-
tems do not add value as a site amenity; instead they
become financial liabilities to the owner and/or user,
and further problems ensue as attention to mainte-
nance lapses. Added costs of design and materials

aside, it has been shown that creative and experiential
land development design solutions add significant
value to land development projects (Bookout et al.,
1994). In this regard, perceived value has been created
at High Point, a new neo-traditional residential com-
munity in West Seattle, shown in Figures 18 and 19.

The intent of adding perceived value is observed
throughout the High Point design in elements that
either market stormwater treatment as a community
and ecological good or by bringing a sense of whimsy,
enjoyment, and aesthetic pleasure to the appearance
of its stormwater system. In regard to the former, an
extensive signage system coupled with strategically lo-
cated stormwater treatment facilities line every street
right-of-way. In regard to the latter, water-related im-
agery is much in evidence_even the splash guards at
the base downspouts are decorated with water relate
designs, while decorative concrete castings of dragon-
flies adorn drain inlets. This combination of colorful,
upbeat signage proclaiming the importance of the
stormwater treatment systems and thematic gestures
offered in an artful way make it impossible to miss

118 Journal of Green Building

FIGURES 18 AND 19. High Point Residential Development Signage and Splash Blocks.
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the message that this stormwater is of great value to
this community.  

Municipal Commitment. Rainwater designs are best
developed as interdisciplinary projects supported in
communities that provide inter-agency cooperation
for planning, design and management, as well as,
proactively overcoming or removing regulatory obsta-
cles. For example, community regulations often re-
quire developers to pipe rainfall to a centrally located
regional stormwater management facility; in addition,
regulations may prohibit using untreated rainwater for
non-potable uses in publicly accessible buildings.
Thus many opportunities to create rainwater designs
that could lower annual water use or reduce the cost of
municipal stormwater management systems are sum-
marily eliminated. To overcome these problems, local
public works, planning departments, building regula-
tors and utility companies need to work together to
encourage greater rainwater design integration. Seattle

Public Utilities has demonstrated exemplary munici-
pal commitment through the Natural Drainage Sys-
tem Program. Part of Seattle’s Natural Drainage Sys-
tem Program, the Street Edge Alternative program is
based on retrofitting existing residential streets using
plants, trees, and soils to clean runoff and manage
stormwater flows, as shown in Figures 20 and 21.

The program started with the Street Edge Alterna-
tive on Melrose Avenue at a cost of $850,000 includ-
ing an extensive design and communications budget
due to the city’s recognition of the need to work closely
with local residents. The design was so successful at
Melrose Avenue that Seattle Public Utilities has com-
mitted to retrofitting many more existing curb, swale,
and pipe-drainage facilities in northern Seattle using
natural systems to better manage runoff discharged
into Puget Sound. Moreover, the city has recently im-
plemented several other projects, including those at
Melrose Avenue, Broadview Green Grid, High Point,
and 110 Cascade (Seattle Public Utilities, 2007).

Volume 2, Number 4 119

FIGURES 20 AND 21. Street Edge Alternatives at Melrose and 110 Cascade.
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CONCLUSIONS
Rainwater management is a long standing concern
for architects, landscape architects and engineers,
one that will only be extended as development rates
continue to rise and once-porous acreage is con-
verted to impervious surface. Dealing with runoff is
of paramount importance to property owners and
developers who are faced with the challenges of man-
aging rainwater on site. Stormwater design needs to
be reconsidered and transformed from a reluctantly
addressed, regulated requirement into a clear value-
added component of good design. To help accom-
plish this, designers can seek out, examine, and learn
from a collection of highly successful rainwater de-
sign examples that: 

• provide inspiration and vision to make rainwater
design a focal point of beautiful, interesting
places to live and visit; and 

• demonstrate rainwater design ideas that add tan-
gible value to properties and encourage appropri-
ate development investment. 

There are many examples starting to appear
around the country in which innovative designers
and communities have recognized opportunities to
use artful rainwater design project attributes to en-
hance a project’s attractiveness or value. However,
there are also many examples in which such opportu-
nities have been missed. All of the study projects in
this research successfully manage urban stormwater
for the intended hydrological outcome. Some filter
stormwater, reduce the frequency of excess runoff,
and reuse stormwater for irrigation and non-potable
use. Others use detention, infiltration, or bioreten-
tion to reduce peak flow rates and recharge ground
water. However, it is one thing to divert rainwater to
underground facilities such as filters and detention
vaults, managing and disposing of stormwater as an
unwanted waste product. It is another thing to ad-
dress stormwater in environmentally responsible ways
in order to ensure the ecological health of the rainwa-
ter’s destination. And it is still a better thing to em-
ploy these methods as artful, expressive designs that
call attention to rainwater in ways that create value.
This study demonstrates that many designers have
seized opportunities to combine beauty with practi-
cality to address both long-term ecological outcomes
and added value in the urban landscape. However,

this study also found that some have not. For exam-
ple, the Outwash Basin at Stata Center MIT in Cam-
bridge, Massachusetts, is likely one of the most inno-
vative stormwater-management designs in this
country because of its ability to control peak flow
rates, filter all stormwater runoff to a very high stan-
dard, recirculate stormwater to irrigate landscape and
reuse filtered stormwater for non-potable use. Yet,
many of the attributes identified in this study as cre-
ating value are not part of the Outwash Basin’s de-
sign. The design does not allow the public to see or
understand ecological and hydrological function;
trash and weeds that collect in the basin can only be
removed by hand; and people cannot see, touch, or
play with the water. No information system exists to
raise public awareness of stormwater issues and no ac-
count is given in site of the system itself. The only sig-
nage that existed at the time of the site visit was an 
8'' × 11'' photocopied paper posted in the public
restroom explaining how filtered stormwater is used
in the building for flushing toilets and urinals. Fit-
tingly enough, the entire stormwater management
system is underground and out of sight. It has the
benefit of not being unsightly, but it is a clear exam-
ple of so many opportunities lost. Contrast this with
the Siskiyou Green Street Project in Portland, Ore-
gon, which is also an innovative stormwater manage-
ment design, but for different reasons. This is a small
project intended to capture, retain, and filter small-
stormwater volumes and demonstrate how small, re-
versible non-threatening design interventions can be
integrated into existing residential streetscapes (Lip-
tan, 2005). The ecological and hydrological function
can be easily understood because the system is built
entirely above ground with a visible stormwater path,
and the pollution is captured and clearly visible to the
public and maintenance crews. Further, on-site sig-
nage includes Portland’s Bureau of Environmental
Services URL, which offers information about design,
construction, and maintenance processes, as well as
water-quality reports, construction documents, fund-
ing, and many other types of educational informa-
tion. The project allows people to see, touch, and play
with rainwater; fulfills a traffic-calming function;
beautifies the streetscape in part because it integrates
visually into the residential area; and educates the
public regarding stormwater issues. Originally de-
signed so that it could be removed if the residents
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were not happy with the outcome, the system has met
instead with public acceptance; other neighborhoods
have asked Portland’s Bureau of Environmental Ser-
vices to construct similar projects on their streets—
some have even offered to pay for the construction
and maintenance costs themselves (Liptan, 2005).

Clearly there are opportunities for artful rainwater
design to contribute to the quality of urban land-
scapes. However, additional design information and
research is needed. Additional photographs and case
study information regarding the artful rainwater de-
signs discussed in this article, as well as others, is
available at this website: www.artfulrainwaterdesign.
net. Additional research is also needed to more specif-
ically address these questions: Why does the public
value artful rainwater design and what attributes are
considered most desirable? What are the goals and
objectives of stormwater management conceived as
site amenity and what design techniques can design-
ers use in their own “artful rainwater designs”? What
are the special maintenance and management needs
of artful rainwater design? How can current green-
building rating systems be adapted to recognize the
value of artful rainwater design? What are the life
cycle costs and where are the best retrofit opportuni-
ties? And most importantly, how can we make sure
that artful rainwater design ideas are considered early
in the design phases of new projects?

Water is far from being just a designer’s resource
or a material: it begs to have its vital possibilities
rediscovered. This starts at the beginning of the
planning process . . . and involves linking up and
integrating elemental themes. 

—Dreiseitl et al. (2001)

REFERENCES 
AIA/COTE. (1997-2007). American Institute of Architects

Committee on the Environment. AIA/COTE Top ten green
projects 2003–2007 and selected pre-2003 winners. Retrieved
November 8, 2007, from http://www.aiatopten.org/hpb/
index.cfm

http://www.aiatopten.org/hpb/profiles2006.cfm
http://www.aiatopten.org/hpb/results.cfm?search=rating&RatingI

D=281&RatingYear=2005
http://www.aiatopten.org/hpb/results.cfm?search=rating&RatingI

D=60&RatingYear=2004
http://www.aiatopten.org/hpb/results.cfm?search=rating&RatingI

D=60&RatingYear=2003

http://www.aiatopten.org/hpb/results.cfm?search=rating&RatingI
D=60&RatingYear=2002,2001,2000,1999,1998,1997

ASLA. (1997-2007). American Society of Landscape Architects.
National Design Awards 1981–2007. Retrieved November 8,
2007, from 

http://www.asla.org/Members/awards/awardwinners/
Awrds2007.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2006.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2005.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2004.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2004.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2003.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2002.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2001.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds2000.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds99.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds98.htm

http://www.asla.org/Members/awards/awardwinners/
Awrds97.htm

Bookout, L.W., Beyard, M.D., & Faber, S. (1994). Value by
design: Landscape, site planning, and amenities. Washington
D.C.: Urban Land Institute. 

Brown, B. (2001). Harvesting what you can’t hold tight: Water—
from sustainable infrastructure to graceful amenity, from dra-
matic actor to scenic prop. Landscape Architecture, 91(7),
66–73, 98–99.

Coffman, L. (2000). Low-impact development manual. Prince
George’s County, Maryland: Department of Environmental
Resources. 

Construction Industry Research & Information Association
(CIRIA). (2001). Sustainable urban drainage systems: best prac-
tice manual. (Report C523). London: Construction Industry
Research & Information Association.

Dreiseitl, H. (1998). The role of water in cities. ASCE/Engineer-
ing Foundation Proceedings of Sustaining Urban Water Resources
in the 21st Century, Malmo, Sweden, Edited by A.C. Rowney,
P. Stahre, and L.A. Roesner. September 7 – 12, 1997.
ASCE/Engineering Foundation. (pp. 25-29) New York. 1998. 

Dreiseitl, H., & Grau, D. (Eds.). (2005). New waterscapes: Plan-
ning, building and designing with water. Berlin: Birkhäuser.

Dreiseitl, H. (Ed.), Grau D., & Ludwig, K.H.C. (2001). Water-
scapes: Planning, building and designing with water. (M. Robin-
son, Trans.). Berlin: Birkhäuser.  

Eaton, M. M. The beauty that requires health. (1997). In J. I.
Nassauer (Ed.), Placing Nature: culture and landscape ecology
(pp. 88-106). Washington, D.C.: Island Press. 

Volume 2, Number 4 121

JGB_Fall07_b01_echols.qxd  12/7/07  10:42 AM  Page 121

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



Echols, S., & Pennypacker, E. (2006). Art for rain’s sake. Land-
scape Architecture, 97(9), 24, 26–30, 32.

Echols, S., & Pennypacker, E. (2007). Retrieved November 7,
2007, http://www.artfulrainwaterdesign.net

Ferguson, B., & Debo, T. (1994). On-site stormwater management:
Application for landscape and engineering. New York: Van Nos-
trand Reinhold.

Göransson, C. (1998). Aesthetic aspects of stormwater manage-
ment in an urban environment. ASCE/Engineering Founda-
tion Proceedings of Sustaining Urban Water Resources in the 21st
Century, Malmo, Sweden, Edited by A.C. Rowney, P. Stahre,
and L.A. Roesner. September 7 – 12, 1997. ASCE/Engineering
Foundation. (pp. 406-419) New York. 1998. 

Hager, M. (2001). Evaluating first flush. Stormwater, the Journal
for Surface Water Quality Professionals, 2(6). Retrieved Septem-
ber 8, 2006, from  http://www.forester.net/sw.html

Herzog, T.R. (1989). A cognitive analysis of preference for urban
nature. Journal of Environmental Psychology, 9,27–43. 

Leccese, M. (1997). Cleansing art. Landscape Architecture, 87(1),
70–77, 130.

Liptan, T. (2005). Environmental specialist for the City of Port-
land’s Bureau of Environmental Services. Personal interview in
Portland, Oregon, on September 9, 2005. 

Kaplan, R., Kaplan, S., & Ryan, R. L. (1998). With people in
mind. Washington, D.C.: Island Press.

Kaplan, R. The role of nature in the urban context (1983). In I.
Attman and J.F. Wohlwill (Eds.), Behavior and the natural
environment (pp. 127-162). New York: Plenum. 

Maplewood Minnesota Rainwater Gardens. Retrieved January 19,
2007, from http://www.ci.maplewood.mn.us/index.asp?Type=
B_BASIC&SEC=%7bF2C03470-D6B5-4572-98F0-
F79819643C2A%7d

Nassauer, J. I. (1995). Messy ecosystems, orderly frames. Land-
scape Journal, 14(2), 161–170. 

Nassauer, J. I. (Ed.) (1997). Placing nature: culture and landscape
ecology. Washington, D.C.: Island Press.  

National SUDS Working Group. 2003. Framework for sustainable
urban drainage systems (SUDS) in England and Wales. Retrieved
September 14, 2006, from www.environmentgency.gov.uk/
commondata/105385/suds_book_902564.pdf

Niemczynowicz, J. (1999). Urban hydrology and water manage-
ment—present and future challenges. Urban Water, 1, 1–14.

Pennypacker, E. (1993). What is taste, and why should I care?
Design + Values: Council of Educators in Landscape Architecture
Conference Proceedings: CELA, IV, 63–74. 

Roesner, L.A., & Brashear, R.W. (1999). Are BMP criteria really
environmentally friendly? The Institution of Engineers Aus-
tralia, The International Association for Hydraulic Research,
and The International Association on Water Quality, Proceed-
ings of the Eighth International Conference on Urban Storm
Drainage.(Sydney, Australia. 30 August - 3 September 1999;
(eds.) Joliffe, I. B. and Ball, J. E.; pp.1366-1373. 

Roesner, L., & Matthews, R. (1990). Stormwater management for
the 1990s. American City and Country, 105(3), pp. 45–54

Seattle Public Utilities. (2007). Web page Retrieved September 1,
2007, http://www.ci.seattle.wa.us/util/About_SPU/Drainage_
&_Sewer_System/Natural_Drainage_Systems/Street_Edge_
Alternatives/COMMUNITY_200406180902084.asp

Schueler, T., Kumble, P., & Heraty, M. (1992). A current assess-
ment of urban best management practices: Techniques for reducing
non-point source pollution in the coastal zone. Washington,
D.C.: Metropolitan Washington Council of Governments.

Stahre, P. (2006). Sustainability in urban storm drainage: Planning
and examples. Stockholm, Sweden: Svenskt Vatten.

Thomas, P. (2003). Water quality facilities in gardens and public
landscapes, Proceedings of the Colorado Association of
Stormwater and Flood Managers and Urban Drainage and
Flood Control District, Northglenn, CO. Colorado Associa-
tion of Stormwater and Floodplain Managers, Urban Drainage
and Flood Control District, April 9, 2003, (pp. 74-81) Denver,
Colorado 

Thompson, J. W. (1999). The poetics of stormwater. Landscape
Architecture, 89(1), 58–63, 86–88.

Thompson, J.W. (2004). Remembered rain: in Portland, a rainwa-
ter garden celebrates rain falling on an urban setting. Landscape
Architecture, 94(9), 60, 62–64, 66.

Thompson, J.W., & Sorvig, K. (2000). Sustainable landscape con-
struction: A guide to green building outdoors. Washington, D.C.:
Island Press.

Tourbier, J.T. (1994). Open space through stormwater manage-
ment: Helping to structure growth on the urban fringe. Jour-
nal of Soil and Water Conservation, 49(1), 14–21.

Tunney, K. (2000). Innovative stormwater design: The role of the
landscape architect. Stormwater, the Journal for Surface Water
Quality Professionals, 2(1) 30-34, 36, 40-43. Retrieved Sep-
tember 12, 2006, from http://www.forester.net/sw_0101_
innovative.html.

Urbonas, B., Roesner, L., & Sonnen, M. (1989). Design of urban
runoff quality controls. New York: American Society of Civil
Engineers. 

United States Environmental Protection Agency (USEPA).
(2005). National Management Measures to Control Nonpoint
Source Pollution from Urban Areas. (EPA-841-B-05-004).
Washington D.C. Retrieved September 12, 2006, http://
www.epa.gov/nps/urbanmm/pdf/urban_guidance.pdf

Wenk, W. E. (1998). Stormwater as civic and ecological urban
framework. ASCE/Engineering Foundation Proceedings of Sus-
taining Urban Water Resources in the 21st Century, Malmo, Swe-
den, Edited by A.C. Rowney, P. Stahre, and L.A. Roesner.
September 7–12, 1997. ASCE/Engineering Foundation. (pp.
434-453) New York. 1998.

Wong, T., & Eadie, M. (2000). Water sensitive urban design—A
paradigm shift in urban design. Proceedings of the Xth World
Water Congress, [in CD-ROM] 12-16 March 2000, Mel-
bourne, Australia.

U.S. EPA, (1994). National Water Quality Inventory, Report to
Congress. Retrieved September 12, 2006, from http://
www.epa.gov/305b/94report/index.html

122 Journal of Green Building

JGB_Fall07_b01_echols.qxd  12/7/07  10:42 AM  Page 122

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-29 via free access



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


