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ABSTRACT
UMass Amherst Campus Gren Infrastructure Planning
Conventional stormwater management methods are a major problem in urban areas that can result in erosion, sedimentation,
flooding and the contamination of natural waterbodies that can be harmful for wildlife and costly for humans. This project will focus
on the integration of green infrastructure and UMass campus planning with the goal of solving stormwater management issues on
campus. We propose a series of green infrastructure interventions that will increase infiltration and time of concentration, reduce peak
flows of runoff, and filter sediment. These interventions will allow for the removal of catch basins and pipes, reduce pavement, and
add vegetation. Additional positive externalities are in the form of other ecosystem services such as the enhancement of habitats, the
promotion biodiversity on campus, and improvement of education, all while improving campus aesthetics. The goal of this project is
to improve the campus experience, protect natural resources, and to convince people to be more accepting of green infrastructure as
an approach to stormwater management. Stormwater management projects are justifiable due to the harmful nature of conventional
methods to the environment, new regulations and standards by the EPA, and recent improvements and research into sustainable best
practices and green infrastructure. College campuses are prime locations for the application of new artistic and scientific principles for
stormwater management because of their urban scale and makeup, and access to research, monitoring capabilities, and opportunities
for teaching and learning.
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UMASS AMHERST CAMPUS GREEN INFRASTRUCTURE
PLANNING CHAPTER 1
INTRODUCTION

INTRODUCTION
This project proposes a campus wide green infrastructure
masterplan for stormwater management at The University of
Massachusetts Amherst. The purpose is to illustrate how green
infrastructure can and should be an integral part of the campus
landscape. In addition to the masterplan, three areas where selected
to show detailed designs for different parts of the campus. These
plans intend to highlight possibilities for green infrastructure and
design, as well as exploring possible typologies for best practices
that may be additionally applicable elsewhere on campus and
beyond. This document is intended to assist campus planning
in their future planning endeavors, educational awareness, and
permitting. Our hope in aiding planning efforts is to help UMass
flourish into the future as a more sustainable, responsible, and
healthy university. Although managing stormwater is only a part of
achieving this goal, it will provide multiple benefits for the campus.
UMass Amherst and Stormwater
Situated in the rich agricultural land of the Connecticut River
Valley in central Massachusetts, UMass Amherst was established in
1863 as Massachusetts Agricultural College. Located approximately
100 miles to Boston and 150 miles to New York City, The University
of Massachusetts at Amherst is a nationally renowned institution
with a long tradition of campus planning. This tradition dates
back to 1866 when the first plan for the campus was proposed
by Frederick Law Olmsted. Although successive planning efforts
in the modern era have documented strategies for continued
development of the campus, with the fast pace of development
on campus, UMass Amherst has experienced exponential growth
that has been difficult to keep up with over the past hundred years.
This has resulted in a fragmented landscape and large tracts of
impermeable surface consisting mostly of new buildings, roads, and
parking lots. Currently the campus is faced with a changing climate
and new permitting for stormwater management, and must resolve
issues related to runoff from the campus at large, and the water
Chapter 1 Introduction
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bodies it affects downstream.
Tan Brook is the "natural" system that the UMass campus relies on
for stormwater management. It winds its way from a small pond
in Amherst, past the elementary school, Middle School and High
School, through downtown Amherst where stormwater from a
parking lot and the main street are discharged directly into the
stream. Mostly underground, the brook is then piped onto the
UMass Campus and into the campus pond, the most significant
cultural icon on campus. From the pond it is culverted into a stream
bed where it proceeds to the Mill River.
Over 60% of the Tan Brook watershed is off-campus,
indicating an imperative to address key water quality issues in the
watershed context, especially in downtown Amherst where the
water quality is largely affected. On campus over 2200 catch basins
and a complex network of almost 40 miles of pipe speed runoff into
the pond and brook. During large rain events high water levels in
the Mill River have caused pipes to surcharge on campus, flooding a
major parking lot and a gymnasium. Water quality in the Tan Brook
and pond suffer from sediment accumulation and contamination of
nitrates, phosphates, and heavy metals from roads and parking lots.
The university has been proactive in solving stormwater problems
on campus and have installed more than one large “stormceptor”
unit to extract suspended solids coming from Amherst, and on site
water management is required for new buildings; however, little
has been done to address existing buildings and landscape, and
stormwater is not addressed at the larger scale.
The Need for Green Infrastructure
Green infrastructure on campus is not just the "right thing to
do", the "best course of action", or something the campus will be
required to implement, it is all of these things. As the campus has
developed over time, current conventionial methods of stormwater
management have proven to be deficient. As the campus continues
to develop there is a necessity explore and implement green
2
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infrastructure and best practices in stormwater management. This
necessity is based on current climatological trends from global
climate change, improvements in stormwater best practices and
sustainability research, an ideological shift towards preserving
natural systems, the aging campus infrastructure, as well as new
permitting by the EPA
Climate Change and Sustainability
Since the late 1980’s and early 1990’s scientists have been
studying the effects of man’s influence on the global climate (Oreskes
2004). The findings of these countless studies have determined
that global warming due to greenhouse gasses has caused a shift
in the earth’s climate and weather. This has different implications
for different regions around the world but includes changes in
temperature, and increases in the frequency and severity of weather
events (Houghton IPCC, 1995). It is now scientifically proven that
climate change exists, and it has presented one of history’s great
challenges to mankind. Only time will tell whether people can
reverse this process or more likely adapt to it, but the challenges of
climate change are not stopping people from trying. Recent trends
in sustainable best practices and Low Impact Development (LID)
have accepted the accountability of man to the environment, and
are mankind’s best chance of making the world suitable to meet the
needs of future generations.
In 2007, University of Massachusetts President Jack Wilson
accepted and signed the American College and University
President’s Climate Commitment (ACUPCC). This commitment
recognizes the need to make changes in policy and behavior to
"avert the worst impacts of global warming and to reestablish the
more stable climatic conditions that have made human progress
over the last 10,000 years possible.” This committed the entire
UMass system to address global climate change and to accelerate
the research and educational efforts to equip society to re-stabilize
the earth’s climate. (ACUPCC 2006) Since then the UMass leadership
has continued this commitment creating a climate action plan
Chapter 1 Introduction

Figure 1.
Flooded parking lot under heavy rainfall
Source: http://dailycollegian.com/2010/10/04/15-best-songs-to-listento-in-the-rain/

3

and multiple sustainability initiatives, along with building student
education, involvement, and awareness.
Stormwater Management
Part of the commitment to sustainability is stormwater
management. Due to global climate change, the frequency of
high precipitation weather events in the Northeast United States
is expected to increase. (Houghton IPCC, 1995) In addition there
is reason to believe that due to this increase in precipitation
volumes, current systems alone may not adequately sized to
handle such events. (Ashley et al., 2005) The university has decided
to incorporate BMP's (best management practices) and green
infrastructure such as rain gardens, vegetated swales, green roofs
and other stormwater treatment initiatives in all new construction
to reduce stormwater runoff, remove contaminants, and reduce
peak flows. They have been largely successful incorporating
these elements into several large new buildings on campus. The
university has decided to implement the same technology for
existing stormwater issues as well. (UMass Climate Action Plan,
2010) Here they have been most successful in the development
of the Southwest Corridor, that utilizes permeable paving, runnels,
rain gardens, and swales that removed over 25 catch basins in the
area. Aside from that project, there are no other large scale green
systems in place for water management. There are other site based
systems, but they are not a part of a larger scale network of green
infrastructure.

Figure 2.
Raingarden in parking lot reduce surface water runoff
Source: http://www.maxcohendesign.net/umass-rain-garden.html
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In 2016 UMass Amherst will be considered under a new
permit by the EPA as a Non-Traditional MS4 (Municipal Separate
Storm Sewer System) in which they much comply with stricter
water management policy. Eventually this permitting will obligate
“Enhanced BMPs” for water management including public education
initiatives, new development and redevelopment regulations, as well
as good housekeeping requirements. Part of the MS4 program also
includes the development of a comprehensive stormwater program.
This program will include a stormwater master plan as well as
Chapter 1 Introduction

stormwater management campus standards. Future identification of
contaminants in natural water bodies or currently impaired waters
that the UMass system contributes to may lead to the development
of impaired water implementation plans as well. If the campus is
contributing to designated impaired water bodies (a designation by
the EPA) the campus may face even more stringent regulations for
the campus, which they will need to create an additional plan for
university compliance.
Tan Brook
Tan Brook is the backbone of UMass Amherst water
management. It is the natural hydrologic system that flows
through the core of campus. Largely piped underground, Tan
Brook originates at a small pond in Amherst. It then travels past
an elementary school, Middle School and High School, through
downtown Amherst, where storm water from a parking lot and the
main street are discharged directly into the stream. From there it
flows under the UMass Campus to the campus pond. Catch basins
from the east side of campus are also connected downhill to the
pond where water is run through a stormceptor that removes
suspended solids before discharging into the pond. The rest of the
catch basins on campus are discharged into the stream at one of
two outflows into Tan Brook downstream. There is one overflow
outlet that discharges on the edge of the athletic fields.
This system has caused severe problems with the natural
hydrology of the Tan Brook. There is an accumulation of sediment
from downtown Amherst, excessive volumes of water flushed into
the pond and downstream, and contamination flushed from parking
lots and streets.
Green Infrastructure Planning
In the immediate future the UMass Amherst Campus
Planning office will have to create a stormwater management plan.
A large focus of that plan should be a green infrastructure plan to
Chapter 1 Introduction

Figure 3.
Water quality of Tan Brook
Source: http://4.bp.blogspot.com/-MVrTiiSIggQ/T2ad7L0kwAI/
AAAAAAAAAsA/Z6sCgdgxJIY/s1600/IMG_0215.jpg
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begin to replace portions of the traditional stormwater system to
better handle stormwater issues of quality and quantity. This report
is intended to assist campus planning with research and design of
such a plan for green infrastructure on campus. This report is also
built on the following premises:
•

•
•

•

Figure 4.
Green infrastructure stormwater management
Source: http://www.stephenstimson.com/University-of-Massachusetts
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The use of green infrastructure will be necessary to prevent
future stormwater issues on campus based on more frequent
storms with greater volumes of rainfall that may overburden the
current aging stormwater system.
Best practices and LID strategies are part of the mission and
commitment set by the UMass community with the ACUPCC and
Climate Action plan.
MS4 Permitting creates an opportunity to further explore
stormwater best practices at larger scales using regional or
system based approaches, as well as requiring the campus to
further education and public involvement
There is an ideological, moral, and soon regulatory imperative
to protect and improve the natural systems that are negatively
affected by current stormwater management practices on
campus

For this project, we seek to integrate green infrastructure
and UMass campus planning with the goal of solving stormwater
management issues on campus. We propose a series of green
infrastructure interventions that will increase infiltration and time
of concentration, reduce peak flows of runoff, and filter sediment.
These interventions will allow for the removal of catch basins
and pipes, reduce pavement, and add vegetation. Additional
positive externalities are in the form of ecosystem services, besides
just stormwater management. The implementation of green
infrastructure will enhance habitats, promote biodiversity on
campus, improve education, and provide a new aesthetic for the
campus. The goal is to improve the campus experience and make
people more accepting of green infrastructure as a approach to
stormwater management
Chapter 1 Introduction

UMASS AMHERST CAMPUS GREEN INFRASTRUCTURE
PLANNING CHAPTER 2
LITERATURE REVIEW AND CASE STUDIES

LITERATURE
The University of Massachusetts is over 153 years old and
is an internationally recognized research university. The campus
landscape should reflect the state-of-the-art research that is taking
place within the buildings by incorporating new approaches to
managing stormwater, designing public spaces that meet the
needs of the campus community and create "campus", historic
corridors, understanding the flow and movement of people through
campus, dealing with large areas of impervious surfaces, and the
implementation of green infrastructure and renewable energy
resources.
2.1

Designing Public Spaces and Creating “Campus”

When designing any public space, numerous site elements
should be considered. One must consider the size and location
of the space and its relationship to other places, the number of
users, who the users are, and what they want to do with the space.
One always must consider the climate and site conditions from
sun and shade to existing vegetation and hydrology. Any number
of considerations must be made to achieve good design, and an
understanding of how these site elements relate to the human
experience is paramount to good design. (Dee 2001, pg.8)
Just as important to creating good design is the form and
continuity of the design. "Forms should be manipulated so that
there is a strand of continuity between multiple images,...near and
far, static and moving, attentive and absent minded. (Lynch 1960,
pg. 109) These forms are related to Lynches paths, edges, districts,
and nodes which create a process of spaces from smaller to larger
and that coalesce with landmarks to create dynamic places. Lynch
continues that it is also about the character of the site as well.
Figure 5.
LaRico
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UMass Campus from Student Center: Photo by Joseph

"There is an increasing attention to detail and to uniqueness
Chapter 2 Literature Review and Case Study

of character, as familiarity develops . Vividness of elements
and their precise tuning to functional and symbolic
differences, will help to provide this character. Contrast will
be heightened if sharply differentiated elements are brought
into close and imaginable relation. Each element then takes
on an intensified character of its own." (ibid, 109)
Although this is a general description of the interplay of
site elements it is important to consider not only cohesion of site
elements and the ease at which a site is traversed, but the details
and use of contrast to highlight site features to heighten the
legibility and character of the site.
Similarly Jan Gehl highlights the significance of a legible
framework in design.
"Just as it has been noted that automobile traffic tends to
develop concurrently with the building of new roads, all
experience to date with regard to human activities in cities
and in proximity to residences seems to indicate that where a
better physical framework is created, outdoor activities tend
to grow in number, duration, and scope." (Gehl , pg. 39)
Some site elements can have a significant effect on how a
site is used. One very significant issue is the conflict that occurs
between pedestrians and automobile traffic. Jan Gehl also uses the
example of Copenhagen Denmark to discusses how the removal of
automobile traffic not only improves the quality of the site but can
increase the number of people using the site.
"When the main street in Copenhagen was converted to
a pedestrian street in 1962 as. the first such scheme in
Scandinavia, many critics predicted that the street would be
deserted because "city activity just doesn't belong to the
northern European tradition." Today this major pedestrian
street, plus a number of other pedestrian streets later added
to the system, are filled to capacity with people walking,
Chapter 2 Literature Review and Case Study
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sitting, playing music, dra'fing, and talking together." (Ibid,
pg.39)
Designing a campus shares many of the same elements as a
city or other urban area, however is slightly different in the context.
Creating "campus" alludes to an idea of community building that is
something different than the neighborhood or district. Kenney et al.
state that, "The meaning of the physical campus and the message
it sends to students, faculty, staff, and visitors is fundamental to
achieving every element of the institutional mission." (Kenney et
al. 2005, pg.73) As educational institutions the colleges first and
foremost mission is to create a lasting educational experience, which
sets it apart from strictly urban design standards. There should be
more of a focus on place making.
Figure 7.
Postcard from MAC Showing the Chapel and Pond

Source:
http://scua.library.umass.edu/exhibits/scrap/page2.

"A memorable campus with unique inviting spaces
strengthens the institution by deepening the ways in which
people experience it. The meaningful places on campus
enhance a student’s college experience from everyday
experiences to once-in-a-lifetime events." (Ibid, pg.74)
This kind of placemaking however, requires a larger
commitment to planning by the institution. This commitment can
pay off when approached correctly.
2.2

Campus Heritage and Preservation

The campus environment directly correlates with education
and the college experience. College campuses are fulfilling multiple
roles for the student, not only as a place to learn but to live as well.

Figure 6.
Photo of an Olmsted Designed Park
Source: http://s3.amazonaws.com/37assets/svn/72_0401-00509-15_
FLONHS_
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“Universities are products of history and tradition. Not only
are they institutions of scholarly learning, but they also are
sites of memory and meaning, with cultural spaces that have
played host to decades or even centuries of ritual.” (Broussard
2009)
Chapter 2 Literature Review and Case Study

Broussard argues that all too often collegiate institutions
overlook the importance of the landscape to the college experience,
recommending that colleges and university not “underestimate
the power of special, transformational, and even sacred spaces on
their campuses” (Ibid, 2009). By overlooking the landscape, college
officials neglect the bond that students make with the place and
therefore the institution. He continues to state that because of the
role of the university as a transitional place, being most students
first opportunity away from their parents as they transition to
adulthood, the college campus can hold a “unique emotional
resonance” that can become almost sacred to the student through
their continued development. Often these places already exist on
campus but they must be recognized, maintained, and supported.
Opportunities also exist to create meaningful new spaces by
identifying areas that are neglected or undermanaged and improve
them for student use (Ibid, 2009). These “sacred” spaces compose
the heritage of a site. This heritage can have ramifications further
than simply evoking emotion:
“Heritage intrinsically is site and institution-specific. It has
emotive as well as symbolic appeal. As to topicality and utility,
it can be employed to represent the positive aspects of the
institution’s history, its current standing in higher education
and its prospects … Campus Heritage can nurture alumni
attachment and affection for their college or university, and
in turn motivate their involvement in institutional promotion
and advancement.… Campus Heritage is also a splendid
extension of one of the college and university’s fundamental
missions: collector, and custodian, initiator and interpreter of
collective memory.” (Dober 2005, p. 6)
Dober highlights the importance of heritage to an institution
as it establishes a measure of success and comparison amongst
other institutions, while creating an alumni base for future support
and advancement. Especially during difficult economic times this
relationship with alumni can be crucial to an educational institutions
success.
Chapter 2 Literature Review and Case Study
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Figure 8.
UMass Permacultur Garden from Stockbridge Rd

Source:
http://www.umassdining.com/sustainability/permaculture

“Reference to heritage can provide leaders with an element
of emotion and sentiment in their appeals for support and
funding for high-priority deferred maintenance and new
construction at a time when public and private universities
are struggling to fund human resources and financial aid and,
in some instances, to simply survive.” (Dober 2011, p.37)
		
Craig et al. take the idea of heritage planning a bit further
arguing that a process must be established to determine which
places to preserve and how to go about preserving them. To do
this Craig et al. establish a sort of rubric as a process for heritage
planning. In large part they identify heritage planning as being
almost synonymous with the historic preservation of buildings and
landscapes. (Craig et al. 2011, pg.58)
They also present a phased process that they believe could
serve as a standard in campus planning. The initial step in heritage
planning is to clarify its purposes and outline its benefits. They
believe that a case must be made for the preservation of a given
site along with an assessment of benefits associated with it
“This descriptive discipline will be helpful in developing
convincing case –statements for fiscal and political support.
Having a clear vision and establishing the goals of the
planning effort will also help to establish priorities for
ensuing projects. Clear goal statements can be used as
metrics against which one may evaluate options that develop
during plan implementation—and as a possible means for
addressing difficult choices later on.” (Ibid 2011, pg.62)

Figure 9.
UMass Permaculture Garden from Franklin Dining

Source:
http:www.umassdining.com/sustainability/permaculture/
history.umass.permaculture-initiative
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After this phase they suggest an inventory of buildings and
landscapes. This inventory should be as detailed as possible not
only to ascertain existing conditions, but to understand the original
intent of the design and what alterations have been made over time
and why. This inventory will also help to evaluate the conditions
of site elements to help determine possible reuse, rehabilitation,
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and budget. The final phase is developing an understanding of
regulatory requirements. This may determine any preservation
designations the site may qualify for as well as clarifying what
restrictions may exist and identifying opportunities for funding. (Ibid
2011, pg.62-63)
Craig et al. also consider sustainability as a major justification
for heritage planning. They state that “the most ecologically
responsible building solution is often to retain what is already
constructed”. (Ibid 2011, pg.56) They believe that sustainability,
ecology, and preservation are not mutually exclusive.
2.3

Multifunctional Landscapes, Ecological Design, and
Sustainability

College campuses perform multiple roles for the student and
must often create diverse spaces to accommodate all the functions
that are desired or required. In addition, the landscape may have
to perform other roles such as allowing for transportation systems
or infrastructure, such as water management systems. Especially in
urban environments with limited space, this results in a need for
landscapes to perform multiple functions.
“Multifunctional landscapes are those landscapes that can
provide multiple functions. If more than one use on a certain
location is possible, it is multifunctional land use”. (Kato and
Ahern 2009, pg.799) Kato and Ahern argue that such landscapes
are more attractive than single use landscapes as multifunctional
landscapes fulfill the needs of a more diverse user base with various
recreational, cultural, and ecological needs. Some of the functions
a landscape may have include aesthetics, social and psychological
well-being, education, recreation and ecology. (Ibid, pg.800) They
also argue that multifunctional landscapes are more desirable than
single purpose landscapes for three reasons:
“(1) natural systems (e.g.. wetlands) provide various ecological
services that are multifunctional; (2) multifunctional land
Chapter 2 Literature Review and Case Study

15

use can save scarce space-especially in high population
density areas such as cities…; and (3) planning and natural
resource management have shifted from single-purpose
planning/ management to multi- purpose planning/
management.” (Ibid, pg.799)
For these reasons a multifunctional landscape is not only
more desirable, but key to sustainable landscape development by
appealing to more people that will have a more vested interest in
the care and maintenance of a property, adding to the resiliency of
the landscape over time. (Ibid, pg.799)

Figure 10.
Joseph LaRico
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Walking Trail Through Birches and Aspens: Photo by

Part of creating a resilient landscape is what Ian McHarg
referred to as “designing with nature”. In his cornerstone work by
that title, he expresses the idea that an ecological sensibility be
paramount to designing the landscape. He believed that in doing
so environmentally destructive impacts could be minimized and
human environments could be more successfully integrated with the
environment they are surrounded by. (McHarg, 1969) This concept
has led many to use ecological systems and theory to influence
landscape design. The opportunity exists to improve intensively
managed landscapes through the greater influence of ecological
landscape design.( Lovell and Johnston 2009, pg.212) Lovell and
Johnston recommend an ecological design process to improve
site function and aesthetics by paying attention to existing natural
systems. This process is to describe project site and landscape
context, characterize and analyze existing features and functions,
develop master plan using an ecosystem approach, develop site
designs to reveal ecological function, and to monitor ecological
function. This process allows the designer to more fully understand
the natural systems on site in order to make design choices that
accurately represent these conditions. This approach also looks at
systems as a basis for design and education by highlighting natural
systems as focal points in the landscape. As part of this systems
approach, system functions are monitored for performance in order
to accurately preserve and maintain them. (Ibid, pg.213)
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As stated by Kato and Ahern multifunctional landscapes
are more desirable. Another contributor to the desirability of a
multipurpose landscape is the ability to be more aesthetically
attractive than single use landscapes in the diversity that it can
create on the site. Woodland, soil, water, and other natural systems
“equally contribute to and reiterate the spatial experience...each has
equal presence in the landscape” (Berrizbeita, p. 194). Aesthetics
however, are based on people’s perception.
“Visual image of landscape can evoke the common feeling;
express the history and the evolving process of the site; give
people a direct experience of the historic landscape of the
site, which presents a clear view of the characteristics that
distinguish the site from other places. The form and materials
hold information about local resources, techniques, styles,
and land use.” (Huang et al. 2010, pg. 155)
This suggests Multifunctional ecological landscapes could
be more aesthetically pleasing than single use landscapes when
designed properly taking inference of culture, ecological context,
and natural systems. It should be noted however, that although
there are distinguishable factors that affect perception, human
perception is difficult to measure. Huang et al. try to add measures
to personal feelings on aesthetics while trying to cross-reference
site functionality, with mixed success. They argue however that it is
an important experiment for sustainable design that merits further
exploration. They look at design as “the human and nature, both
the aesthetic and the technology, not only the result but also the
process. Sustainability is the objective, ecological principle is the
basic, and harmony is the characteristic.” (Ibid, pg. 262)
One of the more widely discussed concepts in planning and
design is the idea of sustainability. A widely accepted definition
of sustainability is the ability for humanity “to make development
sustainable to ensure that it meets the needs of the present without
compromising the ability of future generations to meet their own
needs.” (Bruntland 1987) This is easier said than done with an ever
Chapter 2 Literature Review and Case Study
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rising population and dramatic increase in urbanization. Currently,
over 50% of the world’s population lives in cities. Over 70% are
predicted to be living in cities by 2050. This has led to an increased
interest in landscape ecology to develop theories and create new
methods to establish more resilient urban communities. Urban
design under this construct is:
“Any intentional change of landscape pattern for the
purpose of sustainably providing ecosystem services while
recognizably meeting societal needs and respecting societal
values.”

Figure 11.
Misquamicut Beach Westerly, RI after Hurricane Sandy
Source: h t t p : / / w w w. b o e m . g o v / u p l oa d e d I m a g e s / B O E M / B O E M _
Newsroom/Press_Releases/2014/

This gives added value to design as a service with not only aesthetic
goals but social and ecological responsibility (Ahern 2013, pg.12031205).
There is also the idea of resiliency and adaptability given
unknown variables, (i.e. political stability, economics, natural
disasters, and climate change). This allows for design to be more of
a part of infrastructure as it is responsible for the mechanisms that
give a city or community the ability to recover from a disturbance
and return to its previous condition. Landscape Urbanism as
a theory also embraces uncertainty and ecological dynamics,
accepting that certain unknowns exist that cannot be planned for.
As a result some plans must allow for change over time (Ibid, 12051206).
2.4

Figure 12.
Sewer Pipe Discharging into Stream
Source: http://www.lexisnexis.com/legalnewsroom/resized-image.
ashx/__size/500x400/__key/
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Climate Change

One of the major reasons for the emergence of resiliency
and adaptation as popular topics in landscape architecture is
climate change. It is now a widely held belief and scientific fact
that humans have altered the natural climate of the Earth. This
has caused global shifts in water levels as well as shifts in weather
patterns making for more extreme weather events. In the eastern
United States this means more frequent higher volume precipitation
events. (Houghton IPCC, 1995) Some estimate models indicate that
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“flood risks may increase by a factor of almost 30 times and that
traditional engineering measures alone are unlikely to be able to
provide protection” (Ashley et al., 2005). This indicates a need for
alternatives to conventional methods as they will not be able to
achieve desired results on their own.
2.5

Environmental Effects of Urban Development and 		
Conventional Storm Water Management Methods

Aside from the possibility that current infrastructure will not
be able to handle increased water volumes; in the US today there is
a nationwide epidemic of failing infrastructure. This epidemic is not
exclusive to cities as a large percentage of the nation’s infrastructure
has aged past its intended lifespan. (LePatner 2010) In addition to
this, conventional storm water management techniques have been
proven to be environmentally harmful in many respects.
Storm water is defined as rainwater and melted snow
that runs off streets, lawns and other sites. In a natural system,
when it rains or snows, the storm water is quickly absorbed and
infiltrates underground and be stored in an aquifer or flows into
the streams and rivers nearby. The problems with urban stormwater
management are caused in part because of high concentrations
of people living in small areas. This creates a situation where
large impervious areas are constructed for ease of living and
transportation. The result is an alteration of the natural hydrologic
cycle. Water is no longer able to infiltrate in the ground and so must
be conveyed or collected. (Niemczynowicz 1999, pg.3) According
to Natural Resource Defense Council, the amount of rain converted
to runoff under natural condition should be less than 10 percent,
but because traditional storm water management stops rainwater
infiltrating under the ground, the local watershed’s natural water
cycle is negatively impacted and ground water cannot be recharged
normally. The result is water table will become lower under drought
conditions and the condition will worsen.
Traditional approaches were to remove water as quickly
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Figure 13.
Stream Bank Erosion
Source: http://upload.wikimedia.org/wikipedia/commons/d/dc/Pimmit_
Run_erosion.JPG
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as possible from urban areas. Water was shed into culverts and
dumped into streams, rivers, and oceans. As far back as the 70’s
people began to notice the negative effects of the conveyance
approach “and began to focus on detention, retention and recharge.
During 1980s and 1990s stormwater came to be considered a
significant source of pollution, and the main goals of stormwater
management shifted to protection of the natural water cycle and
ecological systems by the introduction of local source control,
flow attenuation and treatment in natural or (mostly) constructed
biological systems such as ponds, wetlands, and root-zone
treatment facilities.” (Niemczynowicz 1999, pg.3) Although there has
been a shift in attitude toward storm water management, most of
the changes are implemented in new infrastructure. The reality is
that most stormwater is still managed by the traditional conveyance
approach that quickly releases it into natural hydrologic systems like
streams and rivers.
Figure 14.
Surface runoff flow into catch basin

Source:
http://storiesfrombeyondthepond.com/environmental-issues/

2.6

Detrimental Impacts to Hydrological Cycle

Stream ecosystems that receive surface and piped runoff
from urbanization and impervious surface areas are detrimentally
impacted through alterations in the river’s natural flow regime.
“Alterations to the five critical components of the natural flow
regime—magnitude, frequency, duration, timing, and rate of
change—through human impacts decrease native species’ variation
and promote the propagation of non-native generalist species.
Landuse change, especially urbanization, alters the magnitude and
frequencies of high and low flows, causing physiological stress to
species adapted to the altered natural conditions.” (Davis et al. 2006
pg.14, Poff et al. 1997)

Figure 15.
Traditional infrastructure cannot deal with extra
stormwater
Source: http://www.mckimcreed.com/newsletter/2012/winter/PipelineTriage/
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Some of the conditions that runoff can create downstream
include “increases in bank fill events, increased flooding, increased
peak flows, decreased base flow, stream enlargement, stream
incision, severe stream bank erosion, sedimentation, changes in
morphology, increased instream sediment load, increased sediment
transport, aesthetic degradation, degradation of designated uses,
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and loss of fish populations”. (Davis et al. 2006) These hydrological
effects then ripple through surrounding ecosystems affecting an
even wider area. Another well-known issue with urban runoff into
natural systems is pollution. Currently, “a large number of pollutants
such as pesticides, hormones and other synthetic chemicals –
have been identified as posing an emerging problem,” along with
bacteria harmful to wildlife and people. (Fletcher et al. 2013, pg.262)
Currently, stormwater runoff from urban areas is the number one
source of water pollution nationwide. (NRC, 2009)
Within these urban areas, parking lots are a major contributor
of water contamination. In traditional parking lot design, gutters,
drains, pipes are usually applied to help to move the surface runoff
from parking lots to the surrounding water body efficiently. Most
parking lots use paving material such as asphalt concrete, which
is widely used in various projects in US because it is durable and
impervious, making stormwater easier to collect and direct to
catch basins on the surface. According to USGS’s study, impervious
man- made surface can generate 2-6 times more surface runoff
than the natural surface. (U.S.EPA,(2007) ) In addition, much of the
stormwater runoff from parking lots is contaminated.
2.7

Figure 16.
Polluted stormwater get charged into waterbody
Source: http://storiesfrombeyondthepond.com/environmental-issues/

Non-point Source Pollution

“Non-point source pollution” is any source of water pollution
that does not meet the legal definition of “point source” in section
502(14) of the Clean Water Act. According to the definition by
Clean Water Act, ‘The term “point source” means any discernible,
confined and discrete conveyance, including but not limited to any
pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container,
rolling stock, concentrated animal feeding operation, or vessel or
other floating craft, from which pollutants are or may be discharged.
This term does not include agricultural storm water discharges and
return flows from irrigated agriculture.’(Copeland, Claudia, 2010)
In recent years, storm water runoff in urban areas has
been identified as a significant source of non-point pollution for
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Figure 17.
Polluted river after storm events
Source: http://commons.wikimedia.org/wiki/File:Stormwater_culvert_along_
Dobney_Ave.jpg
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Figure 18.
Surface runoff is polluted by pollutant on impervious
surface
Source: http://bakken.com/news/id/80478/company-must-submitfollow-plan-blowout/

local water bodies. When rainwater flows through the impervious
pavement such as road surfaces, parking lots, and building roofs
the runoff will collect different kinds of pollutants. One recent study
shows that the runoff from urban and road surfaces has high levels
of pollutants, including suspended solids and heavy metals, which
are toxic and harmful to humans and wildlife. (Barrett, M.E.; Irish,
Jr., L.B.; Malinia, Jr., J.F.; and Charbenuea, R.J.1998) According to the
report from the U.S. Geological Survey (USGS), parking lot sealant
is a significant source of non-point source pollution, specifically
polycyclic aromatic hydrocarbons (PAHs), a known carcinogen that
can be toxic to fish and wildlife.(Van Metre, P. et al, 2006) This is in
addition to the leaking of oil, antifreeze, and hydrocarbons from
parked cars that stay on parking lots surface till it rains. When a
precipitation event occurs the pollutants will flow with storm water
runoff into catch basins where it is directly piped into surrounding
streams or rivers, negativeky effecting natural water resources.
Those toxic pollutants will gradually accumulate in fish and
other aquatic plants, and subsequently affect the food chain. When
predators eat the fish or other animals eat the aquatic vegetation,
those toxic substances will transfer from lower level to upper level
in food chain and accumulate affecting multiple animal populations
with a multitude of harmful affects.
Additional pollutants are added to natural water-bodies by
overburdened sewer systems in areas with CSO’s (combined sewer
overflows). These systems are often old and cannot effectively
handle large volumes of stormwater runoff, causing storm water
to overflow and combine with actual sewage. This will result in
numerous negative impacts from algal growth from nitrification that
greatly influences the water-body’s habitat, to human health risks.
2.8

Figure 19.
Polluted water affect eco-system
Source: http://mde.maryland.gov/programs/Water/319NonPointSource/
PublishingImages/Forms/AllItems.aspx
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Heat Island Effect

Heat island effect is defined as anurban area that is
significantly warmer than its surrounding rural areas due to human
activities.’EPA,2009) According to the recent research, urban areas
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are 2 to 8 ºF hotter in summer compared with surrounding less
developed areas due to this increased absorbed heat. (EPA,1992)
Parking lots are a major contributor to heat island effect because
most parking paving material is asphalt which is a dark and heat
absorbent.
Heat island effect has far reaching effects in urban areas.
Surrounding neighborhoods have to be more reliant on air
conditioning, which lead to more CO2 emissions. (Pomeranz, Melvin)
The research shows that electricity demand for cooling increases
1.5–2.0% for every 1°F (0.6°C) increase in air temperatures, starting
from 68 to 77°F (20 to 25°C), suggesting that 5–10% of communitywide demand for electricity is used to compensate for the heat
island effect.(Akbari, H. 2005.)
Heat island effect can also affect people’s health. When
the surrounding environments temperature becomes too high,
people will experience respiratory difficulty, exhaustion, and even
heat stroke. Children and older people are at additional risk for
possible health complications. According to the Centers for Disease
Control and PreventiWeon’s estimation, from 1979–2003, over
heat weather condition cause more than 8,000 people’s deaths
in the United States. And this number exceeds the number of all
mortalities resulting from hurricanes, lightning, tornadoes, floods,
and earthquakes combined together.(Center for Disease Control and
Prevention. 2006.)

Figure 20.
Hot parking lot in summer
Source: http://www.beaumontenterprise.com/news/article/Study-linksglobal-warming-to-Texas-heat-waves-3696642.php

Heat island effect also impacts surrounding natural systems.
During precipitation events, the heat absorbed by asphalt paving
will be transferred to water. This causes the water temperature to
rise. When the warm water flows into the surrounding stream or
river, the temperature change disturbs natural habitat and aquatic
life.
Although there are many problems with traditional methods
of development and stormwater management, there have been
improvements as the result of these issues. With an increase in
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Figure 21.
Asphalt absorb more heat make surface temperature
higher
Source: http://www.beaumontenterprise.com/news/article/Study-linksglobal-warming-to-Texas-heat-waves-3696642.php
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population and resources remaining constant or on the decrease,
there has been a shift in the perception of the importance of
storm water. “Once regarded only as a nuisance, stormwater is
now increasingly regarded as a resource.” (Fletcher et al. 2013,
pg.262) In order to mitigate the effects of storm water into the
natural system, and maximize its benefits, while still maintaining
desired function, many new methods are being developed “based
on small-scale, environmentally sound technologies that involve
natural or constructed biological systems for stormwater treatment.”
(Niemczynowicz 1999, pg.3) These technologies are often referred
to as Green Infrastructure.
2.9

Figure 22.

Leaves of a Green Ash Tree: Photo by Joseph LaRico

Green Infrastructure

Green infrastructure as we know it today “uses vegetation,
soils, and natural processes to manage water and create healthier
urban environments. At the scale of a city or county, green
infrastructure refers to the patchwork of natural areas that provides
habitat, flood protection, cleaner air, and cleaner water.” (EPA 2015)
It involves the use of landscape features to store, infiltrate, and
evaporate stormwater. This reduces the amount of water draining
into sewers and helps reduce the discharge of pollutants into area
water bodies. (Benedict et al. 2006)
2.10

History of Green Infrastructure

Beginning in ancient times, people understood the
importance of managing stormwater from constructed areas in
order to “ensure the functionality of the constructed sites and
guarantee public health.” (Barbosa 2012, pg. 6787) Early stormwater
infrastructure was common in the ancient world constructed in
Rome, in Ancient Greece (300 BC to 500 AD), Crete (from 2000 BC)
and at least as far back as the Mesopotamian Empire (3500e2500
Figure 23.
Rain Garden at LSL Building at UMass Amherst
Source: http://wilsonarch.com/wp-content/uploads/2014/03/UMA_LSL14.
jpgImage_14_
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BC).” (Ibid 2012) Several of these ancient systems have operated for
very long periods of time, some until modern times. For example,
several underground aqueducts in Hellas and other parts of the
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world are still in operation after millennia. (Angelakis and Zheng
2015, pg.461) In addition it is known that a number of ancient
civilizations (e.g., Minoans and Etruscans) “lived in harmony with
nature and their environment, and their knowledge played an
important role in sustainable water supply and the management
of future cities.”(Ibid 2015, 461) These planning methodologies of
the ancient world are similar to our concept of green infrastructure
today, and a lot may be learned by studying or referring to these
systems as they might apply today.
Although “green infrastructure” is a more modern term, even
our modern notion of green infrastructure began over 145 years
ago with Frederick Law Olmsted, Sr., the designer of New York’s
Central Park and The Emerald Necklace in Boston. He believed in
the interconnectivity of green space for public and environmental
health. He also utilized swales and wetlands for water management.
These are concepts that designers have revisited to deal with
modern issues of habitat fragmentation, public health, and
stormwater management in urban areas. (McMahon 2000, pg.4)
2.11

Figure 25.
Porous Pavement
Source: http://blogs.uoregon.edu/springfieldstormwater/

Green Stormwater Infrastructure

Green Stormwater Infrastructure ( GSI) "disconnects
impervious surfaces from the sewer system by directing stormwater
runoff through green stormwater management practices (SMPs)
such as green roofs, porous pavement, and vegetated bioretention
areas. GSI reduces the volume of stormwater runoff from impervious
surfaces by utilizing processes such as infiltration, evaporation,
transpiration, and reuse.” By incorporating these processes in an
urbanized environment runoff is diverted from overburdened sewer
systems in an effort to normalize the hydrologic cycle and filter
pollutants. GSI establishes a large scale system to manage water;
however green infrastructure is also being implemented at the site
scale. Low impact development practices (LIDs) are “micro-scale
control practices used to bring the natural hydrology of a site close
to that of its predevelopment conditions (i.e., before development
occurs).” (Ahiablame et al. 2013, pg. 151) Both utilize the same
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Figure 24.
Porous Pavement
Source: http://www.lakecountyil.gov/Stormwater/BMPs/Pages/
PorousPermeable.aspx
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methods but are differentiated by scale. (Duffield Associates and
LRSLAA 2013)
2.12

Figure 26.
Main parking lot at the Morton Arboretum
Source: http://www.sustainablesites.org/certified-sites/mortonarboretum

Low Impact Development (LID)

LID is an approach to land development (or re-development)
that works with nature to manage stormwater as close to its source
as possible. LID employs principles such as preserving and recreating
natural landscape features, minimizing effective imperviousness to
create functional and appealing site drainage that treat stormwater
as a resource rather than a waste product. There are many
practices that have been used to adhere to these principles such as
bioretention facilities, rain gardens, vegetated rooftops, rain barrels,
and permeable pavements. By implementing LID principles and
practices, water can be managed in a way that reduces the impact of
built areas and promotes the natural movement of water within an
ecosystem or watershed. Applied on a broad scale, LID can maintain
or restore a watershed’s hydrologic and ecological functions. LID
has been characterized as a sustainable stormwater practice by the
Water Environment Research Foundation and others. (EPA)
2.13

Parking Surface Material

Most parking lot paving in the US is the combination of
asphalt and concrete. These materials are impervious, absorbing
heat and will collect storm water on the surface causing storm water
runoff.

Figure 27.
Raingarden at main parking lot, Morton Arboretum

Source:
http://www.sustainablesites.org/certified-sites/mortonarboretum
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Currently there are various permeable paving material to
choose from that could replace traditional asphalt and concrete
parking material. Permeable pavement is defined as a group of
permeable paving options that allow natural infiltration rates of
stormwater into the soil through certain design techniques and
material substitutions.(New York State Department of Environmental
Conservation, 2007,) Considering the characteristics of permeable
pavement, it is usually considered as one of the Best Management
Practices, but in most cases permeable pavement needs to be used
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with other BMPs to provide effective stormwater management
benefits.(U.S. EPA, 2007)
Porous asphalt and cement are permeable pavement
materials, that can store stormwater temporarily before it infiltrates
into the underlying soil.(U.S. EPA, 2007) The porous pavement is
a less dense material that can allow stormwater can flow through,
and there is a underlying stone bed designed with overflow control
structure to make sure water won’t rise up to pavement level. During
the storm water events, water can be stored in the space among
crushed stone, and gradually infiltrate underground over time.
On appearance, many porous pavement materials looks
very similar to traditional paving material, but they can bring many
sustainable benefits. Experts comment that porous pavement is the
most effective and affordable technique for addressing stormwater
management from development. (Cahill, T. et al, 2005)
2.14

Natural Landscaping And Indigenous Plantings

Figure 28.
Mowing contributes to air pollution
Source: http://lawnmowers.homesurroundings.com/

In many urban areas, landscape, lawn, and ornamental
planting material are not native to the local area. Because they are
not local species, they often need more work to maintain and to
keep them alive and healthy. They often need irrigation systems to
provide extra water, and frequently require pesticides to kill insects
and need chemical fertilizer to make them grow. These pesticides
and fertilizer can affect local water quality, polluting water and
negatively effecting local aquatic habitat. A large portion of urban
open space is grass, which requires frequent maintenance and
mowing. According to research, mowing is a big contributor to air
pollution. Data shows that in one hour a lawn mower emits as much
pollution as a car driving 350 miles.(U.S. EPA, 2001,)
Compared with traditional landscaping, natural landscaping
can provide numerous benefits. Natural landscaping can reduce
landscape installation and maintenance costs, limit harmful chemical
pollution, reduce potable water use and pollutant air emissions,
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Figure 29.
Landscape use of local plant material
Source: http://st.houzz.com/simgs/68518b3e0a5d9be4_4-1000/
provide%20anean-landscape.jpg
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reduce damage from stormwater,and improve habitat and increase
biodiversity. Compared with traditional ornamental plant materials
which include many non-native species, local plants can adapt
better to the local environment because they are native. They often
require less care and maintenance and are more likely to resist
local insects and are acclimated to the climate conditions as well.
In addition, native plants can provide food and habitat for local
wildlife species, bringing various benefits to the local ecosystems
and contribute to biodiversity. (San Mateo County, 2007.) Using
other LID strategies like solar panels, renewable energy can replace
traditional methods as well.
2.15

Figure 31.
Canopy can provide shade for cars
Source: http://www.lakecountyil.gov/Stormwater/BMPs/Pages/
PorousPermeable.aspx

Figure 30.
Solar canopy can provide light and security camera
Source: http://www.thegreenskeptic.com/2011/04/solaires-parkingcanopies-cool-solution.html
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Solar Energy

Solar energy is a well known clean energy source. According to a
survey, if an American household used solar energy for 20 years,
it could help them save 20000 dollars. And the efficiency of solar
panels is improving greatly over time.
There are two types of solar panels that are widely used, one is
amorphous silicon panel, the other is mono crystalline silicon panel.
The mono crystalline panel has longer history. It is made of thin
crystalline silicon disks with metal conductors aligned in a grid and
then covered by a thin layer of glass. It is still the better of the two
in terms of energy output and efficiency. The problem of mono
crystalline panel is their efficiency will be lower when panels are
overheated. (Dirjish, 2012)
Compared with mono crystalline technology, amorphous panels
are still a quite new technology. They are more consistent under
variance in temperature and can be more resistant in extreme
temperature conditions. They are created through the laying of
multiple thin layers of silicon. Each of these layers specializes in the
absorption of different layers of the solar spectrum. And the way of
amorphous panel allows panels become thinner and lighter. These
two kinds of solar panels both have advantages and disadvantages,
according to study, under the normal state, both solar panels can
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produce almost same amount of energy.(How, np).
The types of solar panel canopy are often divided into two,
one can provide the full coverage to protect cars from various
weather, and another provides more gaps allowing more sunlight to
go through to the pavement. The choice of which type depends on
the goals and objectives of the project.
According to UMass Amherst Solar Energy Plan 2013, UMass
Amherst (UMA) is mandated by the Governor’s Executive Order
484 “Leading by Example – Clean Energy and Efficient Buildings”
to “Procure 15% of agency annual electricity consumption from
renewable sources by 2012 and 30% by 2020.” Currently UMass
Amherst only owns and operate one solar panel array on the
UMass Research Farm in South Deerfield. It will be very important
to demonstrate UMass’s commitment to renewable energy by
expanding solar energy and bring it closer to the center of the
campus.
Installing solar panels needs a lot of open space. Installing
solar panels on large parking lots around campus is a good
opportunity for this. Large parking lots can provide sufficient area
to be covered and allow more energy to be produced. According to
the plan, “Parking lots 11, 22, and 33 located in the south western
quadrant of the campus, lot 25 south of Forestry Way near the
Mullins Center, and lot 32 near the Visitor Center would be covered
with parking canopies mounted with solar photo-voltaic arrays.”

DRAFT

2013

UMass Amherst Solar Energy Plan

Ezra Small
Campus Sustainability Manager
esmall@facil.umass.edu
7/9/2013

Figure 32.

UMass Amherst Solar Energy Plan

Solar canopies can provide various benefits. They can provide
shelter for people and cars from sun, rain and snow, infrastructure
for electric car charging stations and other energy needs, and light
fixtures and security cameras can be set under canopy to help
improve night time safety.
2.16

Benefits of Stormwater Management Practices (SMP)
SMP’s have been widely studied and proven to be effective.
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Figure 33.
Solar canopy proposed for parking lot
near visitor center
Source: http://www.umass.edu/sustainability/greencampus/visitors-center-solar-canopy
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Rain gardens and swales remove contaminants such as nitrates,
phosphates, heavy metals and harmful bacteria (Davis et al. 2001,
pg. 5-14) as well as reducing peak flows and increasing time of
concentration, (Dietz and Clausen 2005, pg. 136) although factors
in construction such as soil composition, substrate, and vegetation
affect effectiveness. (Virahsawmy et al. 2014) Pervious paving allows
for infiltration (Booth and Leavitt 1999) and green roofs can help
to insulate buildings, clean air pollutants, and slow and collect
stormwater. (Oberndorfer et al. 2007)
In addition to the environmental benefits, SMP and LID strategies
have major economic benefits. The implementation of green
infrastructure is less expensive and can reduce gray infrastructure
capital costs, as well as the need for additional water treatment
plants. (EPA 2014)
Figure 34.

“Green infrastructure features such as green roofs, tree
planting, and rainwater harvesting reduce energy usage
and costs by helping to dampen daily temperature variations
in buildings, providing shading, wind blocking, and
evaporation benefits, and reducing potable water use and
associated energy demands.” (Ibid 2014, pg. 8)

Observer studying how people use plaza space

Source: Whyte, William H., 1980, The Social Life of Small Urban Spaces
(Video)

The economic value of green infrastructure is incredibly important
to its wide spread implementation, as cities, towns, and universities
are often burdened by budget constraints.
2.17

Figure 35.
Water feature in front of Metropolian Museum of Art
Source: Photo by Zhuoya Deng
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Spatial Perception of Outdoor Spaces

According to William H. Whyte’s research, they studied a
series of outdoor spaces, what they found was the lack of crowding
in many of those spaces. And they started to study the difference
between those outdoor spaces which has few people, and other
spaces which can attracted lots of people. The methods they use to
study spaces are: studying a cross section study of spaces; charting
how people used plazas; using time-lapse cameras recording
spaces; recording the dawn-to-dusk patterns of spaces; making
Chapter 2 Literature Review and Case Study

periodic circuits map of spaces to study where people were sitting;
interviewing people to found where they worked, how frequently
they used the space; and watching people to see what they did
(Whyte, 1988).
2.18

The Characteristic of Best-used Spaces

For the result of their research, they found some interested
phenomena that related to spaces. In most cases the space
users came from the surround buildings, such as Paley park
and Greenacre. The best-used spaces are sociable places, with
a proportion of couples and groups. The best-used spaces also
have a higher proportion of women. The best-used spaces attract
food truck come during lunch time. The best-used spaces are welldefined places which has steps, borders and sculptures (Whyte,
1988).
2.19

The Design of Seats

“People tend to sit most where there are places to sit.” (Whyte,
1988). Attractive spaces always have enough seat to sit. And the
most basic seating is built into a place, such as steps and ledges.
Originally, we might think the height of ledges around sixteen
to seventeen inches seems optimum, but according to Whyte’s
research, people will sit almost any height between one foot and
three foot. Steps work for the same reason, especially for the corners
of steps. Movable chair is another wonderful feature in spaces, users
can choice the siting place by them own: to move into the sun, or
out of it; to move closer to edges or closer to someone. The related
number of sitting space is related the size of the plaza as well (Whyte,
1988).
2.20

Figure 36.
Paley Park, New York City, NY

Source:
Photo by Zhuoya Deng

Design with Sun and Shade

It is fair to say that the sunlight is the essential influencing
element to determine whether a space is successful or not. In the
video recording that Whyte created, he illustrated how people love
Chapter 2 Literature Review and Case Study

Figure 37.
Movable chairs in front of Metropolitan Museum of Art

Source:
Photo by Zhuoya Deng
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to follow the sun, where the sun was, they sat; when the sunny areas
moved, they followed. The cameras recorded the progression of
sunlight and shadow at the Seagram’s Plaza and followed people’s
movements throughout the course of a day. However, the impact of
the sun on Paley Park was slight different. In the shadow, people are
used the park as they had before. One reason that may cause the
change might because of the hot weather, it is the best time to sit
beneath the tree to get some shadow from (Whyte, 1988).

Figure 38.
Tree canopies provide shading in Brant Park, NY
Source: Photo by Zhuoya Deng

Figure 39.
Mini golf in Brant Park, NY
Source: Photo by Zhuoya Deng
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CASE STUDIES
Case Study 1
Southwest Concourse
Stephen Stimson Associates
The southwest concourse is a pedestrian corridor at the
University of Massachusetts, Amherst located between high rise
dormitories that house over 5,000 students during the school year.
This revitalization project sought to use the topography of the site
to control the flow of water and incorporate green infrastructure,
for on-site stormwater management. This was achieved through
a network of porous paving, runnels, bioswales, and rain gardens
that collect, cleanse and filter stormwater. Green infrastructure is
also used to provide a highly-visible educational showcase of LID
techniques and methods. The original landscape, which was 70%
impervious hardscape, was reduced to just 40% hardscape allowing
60% to be vegetated with native plant species. By using green
infrastructure to manage stormwater over 25 catch-basins where
removed as well as hundreds of feet of sub-surface drainage piping.

Figure 40.
Raingarden at Southwest residential, UMass Amherst
Source: http://www.umass.edu/sustainability/green-campus/
southwest-concourse

In addition to green infrastructure utility upgrades where
made to improve energy efficiency. A combination of native
materials like recycled granite, and sustainable materials like IPE was
used to evoke the character of UMass' natural surrounding while
being ecologically conscious. Spaces and paths where designed to
increase interaction between students by creating outdoor spaces
that interrupt the main flow of traffic to entice students to sit or
congregate.
Figure 41.
Raingarden at Southwest residential, UMass Amherst
Source: http://www.stephenstimson.com/University-of-Massachusetts
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Case Study 2
Main Mall, University of British Columbia
Karen Kiest Landscape Architects; Phillips Farevaag Smallenberg

Figure 42.

Cascading raingarden water feature-1

Source: http://planning.ubc.ca/vancouver/projects-consultations/
completed/public-spaces-campus-landscape/ university-boulevardwater

On the Main Mall at the University of British Columbia a
cascading water feature collects stormwater from lawns and paths
into a central feature of cascading pools. The water is cleaned
through biofiltration bays and then stored in a cistern below
University Square. The cleaned water is then released into the
environment in a more controlled manner, reducing the volume
of water and the effects on the natural hydrologic cycle that the
system drains into, such as scouring and bank erosion downstream.
Some of the water is fed to a fountain at the top of the quad that is
timed to reflect different times of the campus day. Called the "Pulse"
the water is regulated by a computer system that times the jets
with class breaks reflecting the "rhythm of campus life" as well as
conserving the energy that is used.
This water feature and walkway replaces roads and parking
lots that once bisected the academic core of campus. Now areas
for walking, sitting, gathering, as well as active recreation areas
make up this academic core. With this project they significantly
reduced pervious paving while creating a vibrant pedestrian district
in the campus academic core. This not only improved stormwater
management, but beautified the campus and greatly improved
student life.

Figure 43.
Cascading raingarden water feature-2
Source: http://planning.ubc.ca/vancouver/projects-consultations/
completed/public-spaces-campus-landscape/ university-boulevardwater
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Case Study 3
Marsh Hall Quad, Salem State University
Wagner Hodgeson
The Mar sh Hall Quad, at Salem State Univer sity in
Massachusetts is a residential hall project that is located adjacent
to a sensitive tidal salt marsh. The lawn is a large pitched plane
that directs stormwater into a linear bioswale where water can be
cleaned in native grasses before it enters the marsh. The bioswale is
lined with stone-filled gabions and extends through the quadrangle.
The gabions give an architectural expression to what is primarily a
natural process. There is also wood that tops some of the gabions
for seating. Wood bridges allow access to the quad and invite
students onto the lawn. The openness and lack of criss- crossing
paths make the quad ideal for active recreation, and plants are
selected for year round interest. By fully integrating stormwater
management into the site program elements it also serves to
educate residents to the process and current practices of treating
stormwater.

Figure 44.
Gabion stair terrace at Marsh Hall of Salem State
University
Source: http://www.wagnerhodgson.com/projects/educational/salemstate-university-marsh-hall

Figure 45.
Lawn in front of Marsh Hall Quad
Source: http://www.dimellashaffer.com/images/portfolio/thumb__salemstate_2007-halls_8.jpg
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Case Study 4
Water Conveyance Channels
Freiburg "Bächle" Germany, and Cordoba Spain

Figure 46.
Pedestrian enjoy play with channel water

Source:
http://lisastown.com/inspirationwall/category/water/page/2/

Located in Southwest Germany, the town of Freiburg has a
unique system of water conveyance channels in its city center that
are constantly flowing due to water diverted from the Dreisam River.
Originally built around the 13th century these channels brought
fresh water into the town for everything from drinking water for
livestock, to water to put fires out. Today, this fresh water serves as
a great place to sit and dip your feet as either a local or a tourist in
the warmer months. It also serves as part of the cities stormwater
management, conveying water to the natural systems downstream
in surface channels as opposed to a subterranean system. A
secondary benefit of the water channels is a cooling effect to city
corridors during the warm months.
In Cordoba Spain, outside the Grand Mosque and La
Mezquita, are rain gardens originally built in the Middle Ages that
use a series of runnels to collect rainwater which is diverted into
planting areas containing orange trees. As the water moves it fills up
each area, irrigating the trees before it moves into the conventional
system. If need be the system can be modified with wood boards
places in slots in the runnel. This system efficiently uses rainfall
which can be a scarce commodity in this arid region without a lot of
maintenance or work to do so.

Figure 47.
Continues flow of
water in channels
Source: h t t p : / / l i s a s t o w n . c o m /
inspirationwall/categor y/water/
page/2/
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Figure 48.
Channel water
used for irrigation
Source: http://jeffreygardens.
blogspot.com/2011/03/patio-delos-naranjos-cordoba-spain.html
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Case Study 5
The One Ohio State Framework Plan
Sasaki Associates, Inc., Watertown, MA

The Ohio State University is ver y close to downtown
Columbus, OH. and is one of the largest Universities in the country.
Olentangy River separates the campus into two parts. Because of
the physical condition, the campus feels like two parts. The East part
and the West part have poor connectivity, so one of the goals of this
project is to make the campus feel more connected.
The Olentangy River would be an iconic element in the
design. It could be a great opportunity for the campus, but also
could be a big challenge for the design. The degraded physical
condition shows that 11% of the campus is in constant threat of
flood. So the design has to solve the flood issue first. An existing
overflow dam proliferates the poor ecological health of the river. By
removing the dam, redesigning Cannon Drive as flood protection
and restoring the natural ecology, the restoration will provide a
corridor to support ecological, academic and social engagement.

Figure 49.
Campus Stewardship
Source: http://www.asla.org/2012awards/368.html

The other innovative design element are green corridors
that follow the hydrologic pattern. This will connect the regions of
campus, while also protecting the ecology. However, sustainable
design was not a promise, it is an organic component in the design
process. The river corridor was not a simple design that protected
the river corridor, but transferred the river corridor into an active
research and learning corridor, a recreation zone and a highly
efficient infrastructure conduit enabling multimodal transportation
and stormwater management.
Figure 50.
Masterplan areal of the framwork plan
Source: http://www.asla.org/2012awards/368.html
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Case Study 6
Shoemaker Green
Andropogon Associates Ltd.

Figure 51.
Shoemaker Green
Source: http://www.asla.org/2014awards/601.html

Figure 52.

Raingarden designed by Andropogon Associates Ltd.

Source: https://www.andropogon.com/work/academic/university-ofpennsylvania-2/
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Shoemaker Green is a new, 2.75-acre public green in the east
University of Pennsylvania between Walnut and Spruce Street. The
new commons is both attractive and environmentally progressive.
This project integrated ecological design and human space into a
beautiful and fitting campus space. The large green open space in
the center provides flexible gathering spaces throughout the site
and accommodates a multitude of uses (Figure 5). It also creates
a sense of beauty that celebrates the historic fabric of the campus
while introducing a 21st Century interpretation of the campus
standards.
There are two approaches to manage stormwater. The first
strategy is to convey stormwater into a large rain garden. The rain
garden located in the lowest point is a carefully designed basin
that captures, stores and filters water. The rain garden is planted
with native species that were selected for their durability, drought
resistance, and deep root system (Figure 6). The second approach
is to collect stormwater runoff from the site roof and divert it
to an underground 20,000-gallon cistern through the process
of conveyance, filtering, and storage of stormwater for reuse as
irrigation. Any excess water that is not taken up by the soils and
plants is captured in this bed through an under drainage system
and conveyed to a large cistern and stored for reuse. Another key
point for this project is that a five-year monitoring plan has been
developed to help landscape architects, University of Pennsylvania
faculty, students and staff, and the general learners to understand
green infrastructure. Through the monitoring of stormwater quantity
and quality entering and exiting the site, people can learn how
efficient green infrastructure is.
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Case Study 7
Morton Arboretum
Morton Arboretum is a 1700 acre outdoor museum of
trees. Its visitor center is located just next to Meadow Lake
and the east branch of the Dupage River. This green parking
lot project received a grant from the EPA Clean Lake Program.
BMPs such as bio-swales and pervious pavements are
applied in this project. The rainwater is designed to flow into
and through bio-swales get treated before entering Meadow
Lake and Dupage River. The function of the bio-swale is to
collect rainwater and provide longer time for storm water
to be infiltrated and filtered, the plants and soil help to trap
the pollutants before water flows into the aquifer and enters
ground water.
Interlocking concrete pavers are applied as permeable
paving material in this parking lot. Compared with traditional
permeable asphalt and permeable concrete, interlocking
concrete pavers are more durable and have very high
strength, which allow this paving material the ability to
withstand heavy traffic loading.

Figure 53.
Main parking lot at the Morton Arboretum

Source:
http://www.sustainablesites.org/certified-sites/mortonarboretum

Figure 54.
Raingarden at main parking lot, Morton Arboretum

Source:
http://www.sustainablesites.org/certified-sites/mortonarboretum
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Case Study 8
Rutgers University Solar Parking Lot
In 2012, Rutgers University installed over 32-acres of parking lot canopies on their Livingston campus with a solar PV system that generates 8MW of electricity worth over $1.2 million
annually. The main goal of the project was to produce alternative
energy and reduce the campus’ carbon footprint. The parking lot
provides 60% of Livingston Campus’ annual electricity, composed
of 45 canopies with 31,032 panels of 260W each. At the same
time, solar canopies help to cool down the temperature of pavement, reducing the heat island effect caused by asphalt paving.

Figure 55.
Solar parking lot in Rutgers University
Source: https://www.youtube.com/watch?v=jGLzCG7lvWs

Figure 56.

The Livingston campus project is being installed by Sundurance Energy in seven sections—five of which are complete.
The solar canopies represent a unique partnership between the
school, the solar company, and Key Equipment Finance. Rutgers
needed to take advantage of a treasury grant from the state of
New Jersey which would provide for 30 percent of the cost of
the installation, but couldn’t as a nonprofit. So, the school sold
their rights to Key while maintaining the ability to keep all of the
electricity generated by the panels, and all of the revenue earned
from their Solar Renewable Energy Credits. As a result of this
agreement Rutgers University did not pay the upfront cost of
construction, rather they pay the company that financed the project for the electricity they receive. After 15 years period, the University will be able to purchase the system at the full fair market
price estimated at $3.6 million.

Solar parking lot in Rutgers University


Source:
http://newbrunswick.rutgers.edu/about/livingston-campus
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Case Study 9
Spring Preserve Solar Canopy
The Preserve is located approximately three miles west of
downtown Las Vegas, Nevada. It is built around the original water
source for Las Vegas, the Las Vegas Springs. The Springs Preserve
includes colorful desert botanical gardens, museum galleries,
outdoor concerts and event venues, an indoor theater, historic
photo gallery, and a series of walking trails that meander through a
wetland habitat. Part of this project showcases a dual use concept.
The parking area is actually the roof of the reservoir and the shade
structures in various areas are photovoltaic cells used to generate
power for the site.
Over their 30-year operating life, the systems will generate
clean electricity and save the equivalent of 5.8 million barrels of
oil. The project uses no water and is emission free. A key solar
benefit is that maximum power is developed during summer, when
electricity use is at its highest and state transmission lines are the
most constrained. By avoiding hundreds of tons of carbon dioxide
emissions, it is equivalent to planting 1,320 acres of trees or saving
on 350 million miles worth of car trips.

Figure 57.
Solar Canopy
Source: http://www.basinandrangewatch.org/Solar-TheSolution.html

The Public Utilities Commission approved the $22.6m Las
Vegas project as part of Nevada's 2001 Renewable Energy Law. It
is part of Nevada Power's plan to meet its 7% renewables target
(with 5% coming from solar). Besides renewable power, the Springs
Preserve arrays provide shaded parking for up to 200 cars. That
makes the solar panels very visible to visitors, increasing awareness
of the installation and the technology

Figure 58.
Solar Canopy
Source: http://solardoneright.org/index.php/site/about/
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Case Study 10
Hamilton College Arts Neighborhood
The new Theatre and Studio Arts Building for Hamilton
College will be built on an open, sloping site. The facility will be
constructed along the southern edge of the property to shape
an interior lawn, which slopes gently down to a pond at the site's
center. The project's highest element, the Flexible Theatre, is placed
at the hilltop to make a visual connection between the new project
and the old campus.

Figure 59.
Raingarden in Hamilton College
Source: http://www.reedhilderbrand.com/works/hamilton_college_arts_
neighborhood

The studio arts center and theater is an important building
for student life in Hamilton College. The designer designed a
pond a terraced wetland system to create the beautiful outdoor
environment for the whole building complex. Also the landscape
help to work as flood control and management, treating the
stormwater runoff from the parking lot uphill and the runoff from
the building’s roof.

Figure 60.
Raingarden concept in Hamilton College

Source:
http://www.reedhilderbrand.com/works/hamilton_college_arts_
neighborhood
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Case Study 11
Stormwater Master Plan- Georgia Institute Of Technology
jB+a, inc. planning + landscape architecture, Savannah, GA
T h e G e o r g i a I n s t i t u t e o f Te c h n o l o g y i n i t i a t e d a
stormwater master plan designed by jB+a with the goals
of capturing and reusing water, reducing water volume,
mimicking the natural process, and exceeding regulator y
requirements. Their stormwater model established a successful
precedent of a campus stormwater management master
plan. Glade Pond is the terminal feature, which demonstrates:
•

Harvesting rainwater from rooftops, store it in a “clean” water
cistern and reuse it for toilet flushing in all future buildings;

•

Using the stormwater overflows from the clean water cistern
for irrigation and Eco-Commons surface water features;

•

Further reducing the volume that enters the City’s combined
sewer system by infiltrating stormwater flows into the soils;

•

Interconnecting and generally regionally locating the cisterns.

Figure 61.
Clough Commons Roof Garden
Source: Stormwater Master Plan,2013,Georgia Institute Of Technology

Figure 62.
Stormwater Master Plan General Approach

Source:
Stormwater Master Plan,2013,Georgia Institute Of Technology
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Case Study 12
The Brochstein Pavilion At Rice University
The Office of James Burnett, Solana Beach, CA

Figure 63.
Students studying under the canopy
Source: http://www.ojb.com/project/2-The-Brochstein-Pavilion-at-RiceUniversity-1/

To accommodate impromptu gatherings of students and
faculty, Rice University commissioned The office of James Burnett
to design the Brochstein Pavilion and its associated landscape in
campus. The 6,000 SF pavilion offers light refreshments and features
a 10,000 SF covered outdoor terrace. Set in a field of decomposed
granite, a grove of 48 Allee Lacebark Elms respond to the grid of
the building and organize the space between the Pavilion and the
adjacent Fondren Library. ( Sources: project brief, The Office of
James Burnett website)
Such design provides a "social hub" for the heart of the
campus, defined by chief landscape architect James Burnett, offering
a cafe and food place, rest area for students to hang when they
have time between classes. It gives a new and different focus of
approaching and experiencing the library and this side of campus,
which transformed the Central Quadrangle from a void into a
positive energetic social center.

Figure 64.
Central axie and tree matrix of the court yard
Source: http://www.ojb.com/project/2-The-Brochstein-Pavilion-at-RiceUniversity-1/
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Case Study 13

10:35 AM

11:50 AM

12:45 PM

01:10 PM

12:30 PM

01:50 PM

02:15 PM

02:30 PM

A Social Life Study of Small Urban Spaces in NYC
Recording time: Summer time between 9:00AM to 3:00PM
Study site location: North Front Ledge at Seagram's, NYC
Whyte's research of the social life of small urban spaces,
introduced an interesting study method that analyzed people's
movements and preferences of public urban spaces throughout
times of the day, as well as the movement of shadows in those
spaces. He used time-lapse photography overlooking the plazas
and recorded daily patterns.
This study reveals interesting phenomena which include how
people respond to the heat and temperature change within a space,
how their choice of occupancy is related to the accessibility of the
spatial quality and sense of comfort. People shift their occupancy of
the site wherever the sunny spot is during the day, wherever the sun
goes they sit, wherever the shade is, they leave. People commonly
prefer to sit and gather at places that are convenient for rest, talking
and relaxing, such as corner spots, lower staircases, and water
features.
This research method introduced an effective way of
establishing baseline data for studying people's behavior in the
urban environment.

Figure 65.

Camera Setup for A Day in the Life of the North Front
Ledge at Seagram's Before the People Arrive
Source: Whyte, William H., 1980, The Social Life of Small Urban Spaces
(Video)
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UMASS AMHERST CAMPUS GREEN INFRASTRUCTURE
PLANNING CHAPTER 3
METHODOLOGY

INTRODUCTION
This masters project explores the use of green infrastructure
on the UMass Amherst campus as a way of managing stormwater
and providing clear wayfinding for students as they move through
the campus. The major steps are: Literature Review; Case Study; Site
Inventory and Assessment; Green Infrastructure Master Plan; Green
Infrastructure Detail Plan; and Green Infrastructure Evaluation.
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Figure 66.

List of literature review

Figure 67.

Case study of Southwest

Figure 68.

Site analysis of campus

Literature review

Case study

Site inventory & assessment

The literature review provides
the background information needed
to inform the design of the green
infrastructure plans. The critical topics
include climate change, sustainability,
the benefits of green infrastructure, low
impact development (LID), stormwater
management practices, campus planning
and design, and the work of William
Whyte on how people use spaces based
on sun and shade. This information will
be synthesized for our use.

Several projects that illuminate
the critical issues identified in the
literature review will be studied which
provide examples at different scales.
Some of the case studies are chosen
for their similarity to site conditions at
UMass Amherst, while some are chosen
for their progressive and inspirational
use of green infrastructure planning and
design.

The site analysis will start from
a large scale: the mill river watershed,
move to the Tan Brook watershed, and
finally to a detailed site inventory and
assessment at the campus scale. At
the largest scale, we will be able to get
more context and understanding of
the conditions on the UMass campus.
The site analysis at the campus scale
helps us get a general sense of what
the opportunities and challenges are to
integrate green infrastructure in specific
areas on campus.
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5/19/2015

Green Values National Stormwater Management Calculator

DISPLAY PRINTABLE FORMAT

CALCULATOR
Getting Started

Lot Information

Green Improvements

Predevelopment

CREATE A PERMANENT LINK

Runoff Reduction Goal

RESET VALUES

Conventional Development

Advanced Options

Getting Started

The National Green Values™
Calculator is a tool for quickly
comparing the performance, costs,
and benefits of Green Infrastructure,
or Low Impact Development (LID),
to conventional stormwater
practices. The GVC is designed to
take you stepbystep through a
process of determining the average
precipitation at your site, choosing a
stormwater runoff volume reduction
EPA Smart Growth
goal, defining the impervious areas
of your site under a conventional
development scheme, and then choosing from a range of Green Infrastructure Best
Management Practices (BMPs) to find the combination that meets the necessary
runoff volume reduction goal in a costeffective way.
RESULTS

Volume Control

The Green Stormwater BMP(s) applied in this scenario
decrease the site impermeable area by 42.9% and capture
300% of the runoff volume required. Compared to
conventional approaches, the green practices in this
scenario will decrease the total lifecycle construction and
maintenance costs by 8% (in net present value).
Coefficients and Runoff

Land Use

Costs

Benefits

Volume Control
Required Volume Capture from 0.5" over Impermeable Surface (ft3)
Volume Captured by current BMPs (ft3)
Permeable Pavement on Parking (ft3)

Figure 69.
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Green infrastructure master plan

Figure 70.

Stockbridge detail plan

1,250

Percentage of Required Volume Captured by current BMPs (%)

Figure 71.

http://greenvalues.cnt.org/national/calculator.php

417
1,250
300

Green infrastructure evaluation

Green infrastructure master plan

Green infrastructure detail plan

Green infrastructure evaluation

Different types of green
i n f r a s t r u c t u re a n d b e s t p r a c t i c e s
will be applied in multiple sites and
conditions on campus. The campus
green infrastructure master plan should
form a system to maximize function
and effectiveness. The proposed green
infrastructure will improve stormwater
management on campus while adding
multiple additional benefits to the
landscape and students who study on
the UMass campus.

Several detailed designs will be
proposed in this project: the historic
Stockbridge Road Corridor, the plaza in
front of the Student Union, and Parking
lot 25. Each project represents an area
of campus with unique character and
challenges.

A cost benefit analysis will be per
formed to evaluate green infrastructure
vs. conventional stormwater
management practices. This analysis will
be helpful in educating and persuading
people to integrate green infrastructure
into more campus planning initiatives.
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UMASS AMHERST CAMPUS GREEN INFRASTRUCTURE
PLANNING CHAPTER 4
APPLICATION

4A INTEGRATING GREEN INFRASTRUCTURE INTO UMASS CAMPUS
By Meilan Chen
Committee Chair: Mark S. Lindhult Professor of Landscape Architecture
Committee Member: Niels La Cour Senior Planner in UMass Amherst Campus Planning
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Chapter 4A Integrating Green Infrastructure Into Umass Campus

4A-1 INTRODUCTION
UMass Amherst Campus
UMass Amherst was founded in 1863 as Massachusetts
Agricultural College. After World War II, the student enrollment
experienced rapid growth, and the campus physical assets
also increased correspondingly. Therefore the percentage of
impervious surfaces on campus became greater and greater,
which makes stormwater runoff an issue that could not be
ignored.
For the existing condition, stormwater is drained directly
into an engineered drainage system which is initially discharged
into the Tan Brook and then flows into the Mill River. The
stormwater carries trash, heavy metals, bacteria and other
pollutants from the roads, parking lots, buildings that degrades
water quality. When a heavy storm occurs, the engineered
system does not usually have the capacity to drain the water
promptly. Because this has resulted in several areas on campus
being flooded, the university was forced to build an overflow
system to divert water from Tan Brook to the Intramural Fields.
Even this system has failed when the Mill River reaches flood
stage and backs water back up on campus. A more sustainable
solution needs to be found.
This master project proposes a green infrastructure system
for UMass Amherst as the solution to the flooding issue The
green infrastructure will represent UMass Amherst’s historic and
cultural icon, the campus pond, which is fed by Tan Brook. About
40% of Tan Brook watershed is the UMass Campus. UMass
Amherst is significantly affected by the water quality and water
quantity in Tan Brook. The purpose of this project is to explore a
suitable green infrastructure system that fits the UMass Amherst
campus. The master plan reveals natural systems throughout
campus, provides educational opportunities and frames the
campus pond with rain gardens. This green infrastructure will
Chapter 4A Integrating Green Infrastructure Into Umass Campus

Figure 72.

UMass campus pond and library
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also engage people in the beautiful integration of historic,
cultural and natural systems. Another benefit of this green
infrastructure system is that it will reduce the cost compared the
traditional way to repair or maintain the drainage system.
Research Questions
• What are the challenges and opportunities to integrate green
infrastructure into the UMass Amherst campus?
• What should a sustainable campus landscape look like?
• What strategies can be used to incorporate green infrastructure
into the existing campus landscape?
• What role can green infrastructure play in students’ campus
life?
• How much economic benefit can we get from the green
infrastructure system?

Figure 73.
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Research questions on campus green infrastructure planning
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Research Goals
People

Environment

Economy

•

•

Solve the stormwater management
issues in an innovation way;

•

Save money in drainage system
maintenance;

•

Create habitat and increase
biodiversity;

•

Reduce energy consumption;

•

Create job opportunity.

•

Create a desirable campus
environment that provides students
useable and beautiful outdoor
spaces;
Improve the sidewalk system
and provides students with clear
wayfinding through campus.

Figure 76.
Green infrastructure provides
students outdoor space

Source:
college-students-on-campus-facebook

•

Improve the air quality on campus.

Figure 74.
Figure 4A-2: Green infrastructure
improves campus environment
Source: http://bslaweb.org

Chapter 4A Integrating Green Infrastructure Into Umass Campus

Figure 75.
Figure 4A-3: Green infrastructure
creates job opportunity
Source: https://umasspermaculture.wordpress
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Research Objectives
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Figure 77.

Improve water quality

Figure 78.
Reduce 30% of catch basins
Source: snokingwatershedcouncil.org

Figure 79.

Reduce surfaces runoff

Figure 80.

Reduce 40% impervious surfaces

Figure 81.
Reuse stormwater
Source: www.interiorsandsources.com

Figure 82.
Reduce energy consumption
Source: solairegeneration.com
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Figure 83.
Provide education benefit
Source: water.epa.gov

Figure 84.
Provide recreation function
Source: water.epa.gov

Figure 85.
Improve air quality
Source: gievidencebase.botanicgardens.sa.gov.
au

Figure 86.
Increase biodiversity

Source:
http://inhabitat.com/nyc/pratt-studentspush-the-envelope-with-multifunctional-greenroofs

Figure 87.
Increase environmental beauty

Source:
http://www.wolflandscape.com

Figure 88.
Increase job opportunity
Source: studio-ci.net
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4A-2 SITE ANALYSIS
The digital data used in this analysis was collected with the
help of UMass Office of Campus Planning and the wealth of data
available from the Town of Amherst Geographc Information System
(GIS) website. I used ArcGIS and other software to perform this
site anslysis. The site analysis started from a large scale: Mill River
watershed, then moves to Tan Brook watershed, and finally goes to
the campus detail analysis. The maps covered Mill River watershed
land use, Tan brook watershed analysis, UMass soil, slope, outdoor
space, impervious surfaces, sidewalk etc. By doing the site analysis, I
got the conclusions of the challenges and opportunities to integrate
green infrastructure in UMass campus.

Figure 89.
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Using GIS doing campus site analysis
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Mill River Watershed

Mill River Watershed Land Use

Figure 90.
The Tan Brook runs through UMass to Mill River, and then
finally goes into Connecticut River. Thus, the water management in campus
will directly affect the Tan Brook water quality and water quantity, and it will
finally affect the Connecticut River’s water quality and water quantity.

Figure 91.
Mill River watershed upper area was covered by large area
of forest, and in the down area it was covered by agriculture and urban land
use. The UMass is located in the southeast of Mill River watershed where
the urban land use is dominated in this area. It is very necessary to do the
stormwater management at UMass as a lot of surface runoff will happen in
this area.
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Mill River Watershed

Figure 92.
The Tan Brook runs through UMass to Mill River, and then finally goes into Connecticut River. Thus, the water management on campus will directly
affect the Tan Brook water quality and water quantity, and it will finally affect the Connecticut River’s water quality and water quantity.
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Drainage System

Figure 93.
The existing drainage system only has gray infrastructure
to deal with stormwater. Over 2200 catch basins and a complex network
of almost 40 miles of pipe speed runoff into the pond and brook. Large
stormwater volumes during rain events greater than 25 years that cause
surcharges in the system and occasional flooding of parking lots and the
gymnasium.

Chapter 4A Integrating Green Infrastructure Into Umass Campus
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Slope

Soil

Figure 94.
UMass is located in hilly area. A large area’s slope is over 8%,
especially in the Orchard Hill area, where most of slope is over 8%. However,
when the slope is over 8%, it is not easy to apply green infrastructure. A
special green infrastructure tool cascading pool was chosen to apply in the
deep slope area.

Figure 95.
There are three major types of soil at UMass campus: urban
land, sandy loam, silty substratum. From the map we can see that most of
area we need to apply green infrastructure are covered by urban land soil,
which is not good for vegetation.
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Elevation

Outdoor Space

Figure 96.
The highest point is in the northeast area of Orchard Hills,
which is 410 feet. And the lowest points are in campus pond and the campus
center, which is 220 feet. When the harvest storm happens, the outside of
campus center would fill with stormwater. It would be possible to solve the
stormwater issue if we apply the green infrastructure in this area.

Figure 97.
There are large open spaces around the campus area. Some
of these play an important role for students’ recreation function. However,
in the center core area, the outdoor space for the students is very limited. It
is very important to provide suitable small outdoor space in this area that
would fit the existing site condition for students’ outdoor activity.
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Existing Trees

Sidewalk

Figure 98.
The existing trees in UMass campus provide canopy, increase
the beauty, and also infiltrate the stormwater. Some of these trees are over
hundred years. It is a great resource for our green infrastructure system so we
need to keep all of them.

Figure 99.
The existing campus plan has a very complex sidewalk
system. This sidewalk system helps to link all buildings together. The major
sidewalks are figured out through the observation of people movement. To
apply green infrastructure in these major sidewalks will not only infiltrate the
stormwater, it will also give the students a beauty sense of the campus.
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Impervious Surface

Outdoor Space

Figure 100.
There is about 60% of impervious surface in the campus
core area. This impervious surface comes from Buildings, driveway, sidewalk,
and large area of parking lot. Large amount of impervious will decrease the
amount of infiltration, and it will also increase the surface runoff. All these
result will affect the stormwater peak flow.

Figure 101.
There are large open spaces around the campus area. Some
of these play an important role for students’ recreation function. However,
in the center core area, the outdoor space for the students is very limited. It
is very important to provide suitable small outdoor space in this area that
would fit the existing site condition for students’ outdoor activity.
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4A-3 DESIGN CINCEPT

Keep Existing Forest

UMass Campus Green Infrastructure Planning
Through the site analysis, I got the conclusions that what
are the opportunities and what are the challenges to integrate
green infrastructure into UMass campus. The big opportunity
for UMass is that there are a lot of valuable existing resources
such as the existing forest and trees in or around the campus.
And the challenges include that the deep slope makes it hard
to apply green infrastructure in some area, the urban soil is
not good for planting or infiltrate stormwater, a high percent
of impervious in the core area makes it lacking the space for
outdoor spaces or green infrastructure. The basic concept of
this green infrastructure planning is that keep the existing
valuable resources, apply suitable green infrastructure tools
in each area, and use the major sidewalk system to link these
green infrastructure patches together to make them a network.
The campus green infrastructure will form a system to manage
stormwater on campus.

Figure 102.
The existing forest around the campus core area is a great
value source for UMass campus. It can improve our environment. The color
leaves in fall create a beautiful scene for UMass campus. So the first step of
the campus green infrastructure planning is to protect the nature resources,
including the existing forest as well as the nature wetland.
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Green Corridors

Green Infrastructure follows the Hydrology Pattern

Figure 103.
The designed green corridors in the major pedestrians
and the major vehicle roads both achieve the human's requirement and
the stormwater management these two goal at the same time. This green
corridors system will form the basic structure of green infrastructure systems
for UMass campus.

Figure 104.
The Basic concept of green infrastructure patches is design
green infrastructure according to the existing hydrology pattern. So the first
step is doing the nature hydrology drainage pattern analysis, and then figure
out the low point in the small area. The green infrastructure can be designed
in these low areas to collet the stormwater for each area.
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4A-4 MASTER PLAN
The campus green infrastructure system
combines the existing tree canopies, the
proposed green corridors, green infrastructure
patches, and the campus proposed tree
canopies. It also reduces the amount of
impervious pavement. All these would form
a system to help to deal with the campus
stormwater.

Figure 105.
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Campus green infrastructure master plan
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4A-5 DESIGN ANALYSIS
Reduce Catch Basins
When the green infrastructure is
applied, it will help to deal with the stormwater.
So some of the catches can be removed. The
orange color represents the catch basins that
can be removed in the future. About 750
of 2,200 catch basins can be removed if the
green infrastructure is totally applied. With the
green infrastructure system, it will reduce the
need and expense to replace the catch basins
and other drainage infrastructure.

Figure 106.
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Plan of removed catch basins
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Green Roofs

Figure 107.
The proposed green roofs including the existing
buildings that can be installed the green roofs, and most of the proposed
new buildings. These green roofs will help to infiltrated stormwater, and they
will also reduce the energy consumption.

72

Green Walls

Figure 108.
The green wall is a green infrastructure tool that
can efficiently reduce the energy consumption, but only require very limited
space. The proposed green walls are in the buildings that have full sun for
plants.
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Rain Gardens

Figure 109.
Most of the rain gardens are designed in the place
where people are easy to access. The proposed rain gardens will collect the
stormwater from the surrounding area to help to infiltrate the it, improve the
water quality. Proposed rain gardens will also provide education function,
recreation function for the people.
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Bio-swales

Figure 110.
Bio-swale is a very flexible tool that can be used
in many areas such as parking lots, sidewalks, and the driveways etc. as
the space it required is not very strict. So most of the parking lots can be
proposed with bio-swales to help to collect stormwater from the parking lot.
The linear corridors such as driveways and sidewalks can also be proposed
with bio-swales.
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Permeable Pavements

Figure 111.
The porous asphalt would be used in the parking lots,
driveways, and the bike lanes. The permeable pavement would also be used
in the outdoor paved space. It will reduce about 20% percent of impervious
pavement in the campus with the application of permeable pavement. This
permeable will have to increase the stormwater infiltration.
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Underground Cisterns

Figure 112.
The underground cisterns were proposed in the areas
where the soil is hard to infiltrate the stormwater or the areas where there are
no enough space to apply soft green infrastructure. The underground cisterns
will collect stormwater will be used for irrigation for nearby plantings.
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Cascading Pools

Figure 114.
The cascading pool is the special green infrastructure
tool that can apply in the deep slope area. The major areas are in the Orchard
Hills where the slope is over 8%. The cascading pool will help to reduce scour
and erosion by reducing flow velocity, and to encourage sediment settlement
by reducing the effective slope of the cascading pool.
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Constructed Wetlands

Figure 113.
Constructed wetlands not only can control water
quantity, but also can improve water quality efficiently. With the application of
constructed wetlands, it can help to infiltrate the pollutants such as nitrates,
phosphates, and heavy metals from roads and parking lots, and it can also
help to reduce the sediment accumulation.
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4A-6 RAIN GARDEN IN THE INTRAMURAL FIELDS
The proposed rain garden is on the edge of intramural
fields as there is one branch of Tan Brook outflow in here.
The proposed rain garden will help to increase the time of
concentration and increase the infiltration. The vegetation in the
rain garden will also create habitat for the wildlife and increase
biodiversity. The rain garden also provides a good resource
for researchers who wish to monitor infiltration rates or runoff
volumes and gives students the opportunity to learn green
infrastructures benefits.

Figure 115.

Rain garden near soccer field

Figure 116.

Rain garden perspective

Environmental Education

Increase biodiversity

Rain garden increase the
time of concerntration
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4A-7 BIO-SWALE IN NORTH PLEASANT STREET
A bio-swale is proposed on the North Pleasant Street.
The challenges to apply green infrastructure in this area are that
there is very limited space for green infrastructure. Some of the
place needs to be regarded so the rainwater from the street can
flow into bio-swale before it fall into nearby catch basins. So
the proposed bio-swale can help to reduce the surface runoff.
It helps to collect the stormwater from the nearby impervious
surface and then infiltrate it. The tree canopy is also proposed
on this street. Trees not only deal with stormwater efficiently, but
also provide shading for people, reduce the urban heat island
effect and improve the air quality.
Figure 118.

Figure 117.

Bio-swale perspective

Bio-swale in North Pleasant St.

Improve air quality

Easy to walk through campus

Storm
w

ater fl
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Bioswale reduce surface runoff
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4A-8 CONSTRUCTED WETLAND IN CAMPUS POND
The water quality in campus pond is a big issue as several
outflows coming from North Pleasant Street and the Fine Arts
Center service area go directly into the campus pond. So the
sediments and contamination such as nitrates, phosphates, and
heavy metals coming from the driveway go directly into the
campus pond. The proposed constructed wetland in the campus
pond will improve the water quality by removing the sediments
and pollutants. The constructed wetland will also provide habitat
for wildlife.
Figure 120.

Figure 119.

Constructed wetland in campus pond

Constructed wetland perspective

Improve water quality

Provide habitat for wildlife
Create seating area for students
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Green Infrastructure Volume Control
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Benefit Analysis
Total Annual Benefits ($): 683,772
Total Life Cycle Benefits ($, NPV): 21,667,101
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4A-10 CONCLUSION
A number of sustainable and green infrastructure tools
were proposed in the UMass campus to manage stormwater.
Green infrastructure is a great opportunity in UMass campus
planning. It is a cheapest and most flexible way to treat
stormwater. Compared traditional grey infrastructure that can
only manage stormwater problem, green infrastructure not only
treat stormwater management function, but also bring social,
economic, and environmental benefits. Due to these benefits,
green infrastructure is more suitable for campus planning and
also meets financial problem. Green Infrastructure tools include:
-Green roofs: 27%
-Planter boxes: 41,600ft2
Cisterns/Rain barrels: 1000,000gal
Rain garden: 3,600,000ft2
Native vegetation: 80%
-Vegetation filter strips: 50,000ft*12ft
Road side swales: 60,500ft*12ft
-Swales in parking lot: 60,500ft*12ft
-Trees: 3,000*1,200ft2
Reduce Street width: 15%
-Permeable pavement on parking: 60%
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4B REVITALIZING STOCKBRIWDGE CORRIDOR
Considerations for Design and the Implementation of Green Infrastructure for Stormwater Management
By: Joseph LaRico

Figure 124.

Stockbridge Rd. existing conditions looking north. Photo by Joseph LaRico
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Photo by Joseph LaRico
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4B-1 INTRODUCTION

Stockbridge Corridor
Stockbridge Road is a significant corridor on the University
of Massachusetts campus. Once an automotive through road, it is
now primarily a pedestrian route to the many classroom buildings
sited along the road. One of the major considerations for this site
is that it is a historic corridor and the location of several of the
oldest buildings on campus including the Stockbridge House, the
oldest building in Amherst. It is unique on campus for the number
of historic buildings on both sides that make up the central core of
the corridor, while modern buildings have been built on either end.
There is a great diversity in architecture, as well as diversity in the
landscape as there are a number of gardens on or near the corridor.
There is precedent for implementing green infrastructure on the
site as two rain gardens have already been built to the north at the
LSL and to the south in lot 62. The parking on the southern side
is expansive and little runoff is treated. With Further development
planned there is now an opportunity to design the corridor to
create a comprehensive landscape. Major construction has been
completed in the north at the Life Science Laboratory, and new
construction is about to be underway for the Integrated Design
Building to the south as well as a major steam line replacement
running east west through the Morrill courtyard. With all this new
development slowly surrounding the site, the renovation of this
corridor should be considered for a capital campaign project.

Figure 125.
Stockbridge Rd. existing conditions on ground looking
north. Photo by Joseph LaRico
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For this project my intent is to create a pedestrian corridor
that reflects and acknowledges the significance and history of
Stockbridge Rd. while recognizing the needs of the present. This
includes not only new infrastructure but green infrastructure as
well to manage water on site, and serve as a tool for learning. The
purpose of this project is to show the potential for a heavily used
but fragmented landscape on the UMass campus. The design
Chapter 4B Revitalizing StockbriWdge Corridor

intends to connect the newer landscapes with the old in a coherent
manner respectful of both; maintaining the historical integrity, while
meeting the needs of modern users and the sensibilities of best
practices associated with sustainability and green infrastructure.
This project will benefit the field of landscape architecture by
showing a fusion of new and old in an ever growing world where
this juxtaposition is occurring at an ever increasing rate as infill
development rises accordingly with population. I hope to create
a landscape that respects the historical nature of the site, fulfills
the needs of primary users, achieves the goals of the UMass
Master Plan, and incorporates green infrastructure for stormwater
management according to the the ACUPCC, UMass Climate Action
Plan, and future MS4 permitting by the EPA. Parts of this document
may also be used in the landscape master plan, and may be useful
for future endeavors to fund and build such a project. This project
can also serve as an example for the future revitalization of other
historic corridors both on campus and beyond.

Figure 126.
Stockbridge Rd. existing looking at Franklin Dining
Commons. Photo by Joseph LaRico
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Project Goals

My goals for this project are:
-To organize pedestrian and vehicular circulation to minimize
conflict and create an enjoyable pedestrian experience
-Improve the physical campus, beautify, and revitalize the corridor
-To incorporate new development and historic buildings into a
comprehensive design
-To propose an approach though design that meets the current
needs of the university while respecting the historical integrity and
heritage of the site
-To articulate through design the UMass community’s commitment
to sustainability by managing runoff on-site

Project Objectives

The objectives related to these goals are:

Figure 127.
Stockbridge Rd. existing looking south at University Club.
Photo by Joseph LaRico
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-To create a legible framework of pedestrian pathways
-To organize vehicular and service circulation and parking to
minimize pedestrian conflict
-To plan a series of open spaces for outdoor recreation and
gathering
-To incorporate and expand on the Frank Waugh Arboretum
-To incorporate sustainability and best practices in stormwater
management
-To relate green infrastructure to program elements of the site
-To identify opportunities for sustainability education and
demonstration
Chapter 4B Revitalizing StockbriWdge Corridor

Methodology

My methodology included a review of the literature
pertaining to campus design and planning that applies to UMass,
and specifically the Stockbridge Corridor. Case studies related to
various best practices were analyzed for examples that may be
implementable for the UMass campus. A site analysis of Stockbridge
Rd. and the surrounding area was made. The UMass 2012 Master
Plan as well as previous plans and efforts for the corridor were
reviewed for elements desired by the campus that need be included
in the design. During the process, experts from the campus
planning department were consulted for advice and critique. Based
on the information and consultation a masterplan was designed and
evaluated for success in completing the goals and objectives for this
project.
My methodology included:
-Literature Review
-Case Studies
-Site Analysis observing existing conditions
-Site Assessment of historic buildings and conditions
-Review of Previous Plans and efforts for the corridor
-Consultation of Campus Planning Department
-Development of a Masterplan Design
-An Evaluation of the Masterplan and design goals

Figure 128.
Stockbridge Rd. existing looking south at University Club.
Photo by Joseph LaRico
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4B-2 Site analysis

Site Context

Stockbridge Corridor

UMASS

The site is located on the east side of the UMass Amherst
campus, between Thatcher Way and North Pleasant St. and
bookended by the Studio Arts Building to the south and the
Integrated Science Building (ISB) to the north. The entrance to
Stockbridge Rd. is an an asphalt drive located off of Thatcher Way
across from Hills, leading into lot 62 and ending unceremoniously
in front of Wilder in a handful of parking spots across from Durfee
Garden. Just across North Pleasant St. is the central campus and
to the south is Downtown Amherst where shops and restaurants
provide amenity to the large student population.
The corridor primarily consists of academic buildings, several
of which are historic. The Stockbridge House, now a part of the
University Club is the oldest building in the Town of Amherst. All of
the historic buildings are situated to face Stockbridge Rd. with the
exception of Skinner which faces North Pleasant St. Franklin Dining
Commons is also on the site which is a highly trafficked destination.

Downtown Amherst

Figure 129.
Stockbridge Rd. is located on the east side of
campus just north from downtown Amherst.
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Pedestrian circulation on the site is largely east-west moving
as students from the dorms travel into or through the site. There is
also a primary pedestrian route up the north-west spine which leads
toward the Campus Center and upper campus. Pedestrian flow is
often interrupted as vehicular conflicts exist throughout the central
corridor, especially around lot 62. Multiple conflicts also exist along
the periphery at the crosswalks across North Pleasant St. although
these crossings are well marked and pedestrians have the right of
way. Many of the conflicts that exist on Stockbridge Rd. are due to
a lack of distinction between pedestrian and vehicular pathways.
North Pleasant St. is the primary vehicular path and is the major
artery from Amherst to North Amherst.
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Bike circulation is similar to pedestrian, however bikes
do tend to use North Pleasant more frequently than they use
Stockbridge. Most buildings are equipped with bike parking. Bus
access for the site is along North Pleasant St. and the bus does not
travel Thatcher Way.

Site Boundary

There is a good deal of impervious surface on the site that
consists largely of parking lots, road, and buildings, (the largest
impervious area being lot 62). There is also some open space most
notably the permaculture garden behind Franklin, Durfee Garden,
and the Morrill courtyard. There is also the Waugh Rhododendron
Garden on the north-east and the historic pond landscape just
across North Pleasant. These open spaces create a green corridor
east-west across the site. To the north there is also a large forested
area called Prexy's Ridge that is on a steep unbuildable slope.

Thatcher Way

Stockbridge Rd.

.
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For the most part the site is handicap accessible except on
the west side from Stockbridge Rd. to North Pleasant St. Slopes here
exceed 8%. On the north end heading toward the LSL, the accessible
route is through the LSL building. Water on the site runs primarily
east to west and there is ridge north of Wilder that splits the site
watershed and sends water to the north or south. There are two
rain gardens located on either end. One is located in the new LSL
landscape and the other is at the south end of lot 62. It should be
noted however that these raingardens do not treat the vast majority
of water on site. There are over 80 catch basins in the corridor and
thousands of feet of drainage lines.

N. Pl

There are many trees on the site including a number of
significant trees. The significant trees range from class trees to a
group of trees in Durfee Garden that were planted by the founder
of the MAC, William Clark. This is not to suggest that the rest of the
trees on site are not important. There is a wide selection of noble
and ornamental trees on the site that are all specimens in their own
right. Stockbridge Rd. is often used for plant walks and ID labs for
the Plants in the Landscape course.

Figure 130.
Stockbridge Rd. was once a through road that
now dead ends in a pedestrian plaza.
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Buildings

Building Use
Observatory

ISB
To Orchard Hill
Dorms

Student
Center
Hasbrouck Skinner

ILC

LSL

Chancellor’s
House

I

IV

Durfee

Morrill Wilder
Science
Center

h
Nort

UMASS

University
Club

II
III

Franklin
Dining

sant

Plea

Clark

French
Thatcher Way

Campus
Pond

University
Health Services

t
Stree

Fine Arts
Center

Fernald

Downtown Amherst
Studio Arts

Hills

Historic

Figure 131.
Stockbridge Rd. has several historic
buildings in it's core.
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Academic

Residential

Dining

Academic Support

Figure 132.
Figure: Though the area is primarily
academic, it is located on the periphery toresidential
buildings and dining halls.
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Desire Lines

Popular Destinations

Figure 133.
There are three major east west desire
lines that cut through the area from the dorms to central
campus, while Stockbridge Rd. is the central north-south
spine.
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Circulation

Auto Primary

Pedestrian Primary

Auto Secondary

Pedestrian Secondary

Parking Area

Conflict Areas

Figure 134.
T h e re a re a n u m b e r of p e d e s t r i a n
vehicular conflicts due to parking and vehicular access
through the core. There is little designation between
pedestrian and vehicular paths.
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Bike Circulation

Bike Primary

Bus Circulation

Bike Parking Racks

Bus Route

Bike Secondary

Figure 135.
Bike ciculation largly follows automotive
paths, but there are a number of bike riders traveling
through the site from the dorms to central campus .
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Bus Stop

Figure 136.
Pleasant St.

The bus access for the site is on North
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Open Space

Arboretum

Prexy’s Ridge

Waugh
Rhododendron
Garden

Morrill
Courtyard
Durfee
Garden
Historic
Pond
Landscape

Permaculture
Garden

Grass/ Vegetated

Forested

Gardens and Historic
Landscape

Figure 137.
There are a series of gardens to the north
that create a green corridor east-west. North-south is
more fragmented by roads and parking lots.
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Trees

Forested

Significant Trees

Figure 138.
There are a number of significant trees
from class trees to heritage trees. The area is also full of
specimen trees that need to be preserved.
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Impervious Surface

Figure 139.
There is a large amount of impervious
surface on the site most notably lot 62 to the south.
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Accessibility

Accessible Path

Handicap Parking

Non-accessible Path

Accessible Entrances,
Ramps, Elevators

Figure 140.
The site is mostly accessable except
heading west from the corridor where some slopes exceed
9%. The route heading north is accessible through the LSL
building.
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Stormwater

Stormwater Infrastructure

Overland Flow

Site High Point

Drainage Lines

Ridge

Rain Gardens and
Pond

Catch Basins

Figure 141.
Water on site flows north or south from a
ridge in the middle of the corridor. Water that flows south
is collected and accumulated in lot 62 where it is mostly
collected in catch basins.
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Water Retention
Tanks

Figure 142.
There are dozens of catch basins on site
and hundreds of feet of drainage lines. Water tanks to the
north collect water for timed release and could eventually
be reuse rain water in the building.
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Figure 143.
buildings.”

Source:
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“Historically, Stockbridge Street was a tree-lined street with a scale conducive to the integration of residential-style houses with small academic

http://scua.library.umass.edu/youmass/doku.php?id=w:wilder_hall
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4B-3 HISTORIC ASSESSMENT

Buildings and Their History
Stockbridge Road is one of the oldest corridors on campus. It
is named after Levi Stockbridge who was the first farm superintendent
and instructor of agriculture, who later became the fifth president of
Massachusetts Agricultural College, now known as the University of
Massachusetts. Stockbridge Road is the location of his home, originally
built by Samuel Boltwood for his family in 1728. It was purchased by
the University in 1864. The house still stands today on its original site,
now known as the University Club. The Boltwood-Stockbridge House,
as it was known, is the oldest house in Amherst. In addition to the
Stockbridge house, Stockbridge Rd. contains a number of other historic
buildings. Attached to the Stockbridge House is the Homestead,
or Cowles House, that was moved to the site in the early seventies.
This house was built around 1730. The majority of the other historic
buildings on Stockbridge Rd. were built in the early 1900s during a
large period of expansion for the university. Clark, Fernald, French,
and Wilder were all built between 1905 and 1912. Stockbridge Rd. is
also on the west side of Durfee Conservatory. Originally built in 1867,
the conservatory was replaced in 1954 with the structure that stands
there today. In 1948 Skinner hall was built, and from 1950-1966 Morrill
Science Center was built on the eastern edge of North Pleasant St.
Franklin Dining Hall was built in 1965 between French Hall and Fernald.
(http://scua.library.umass.edu/youmass)

Figure 144.

Durfee Conservatory- 1867
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Durfee

Figure 145.

Current building Durfee Range- 1954
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Figure 146.

French Hall- 1912

French
University
Club

Fernald

Figure 147.
Stockbridge House and Cowles House
(University Club)- 1728/1730; Oldest house in Amherst

Figure 148.
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Fernald Hall- 1910
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Figure 149.

Skinner Hall- 1907
Skinner

Wilder

Clark

Figure 150.

Wilder Hall- 1905

Figure 151.

Clark Hall- 1948
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4B-4 PREVIOUS PLANS

In my research for the site I found several previous efforts and
plans for Stockbridge corridor. Upon analyzing them I found several
consistent themes that helped to validate my own objectives. All
the plans made Stockbridge a pedestrian only corridor with limited
vehicular access for service and maintenance. In each there was also
a recognition that there needed to be seating and recreation areas,
and the East Side plan as well as the Payette and Towers/Golde
report had each done charrettes that indicated this was desired by
user groups. Most of these plans turned lot 62 and the lot in front of
Fernald into a quad, which appears to be an obvious conclusion for
design, and many had reoccurring design themes that hearkened to
the natural surroundings and agricultural heritage of the site.
Figure 152.

Description

1997 East Side Plan- Campus Planning & LARP
“Conceptual Plan for the Stockbridge Historic Core and Pedestrian
Mall. In this plan, a vehicular drop-off at the northern end of the
Mall is met by a bosque of trees. The entire Mall will be livened by
plantings of specimen trees, seating areas, and connections to the
destinations and continuing pathways along its length.”
Figure 153.

Description

“
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Clark’s Passage” Plan- Dean Cardasis
“It is a design proposal that resurrects the historic “passage”
between the center of Amherst and the heart of the Massachusetts
Agricultural College. It replaces what had evolved into a haphazard
automobile-oriented landscape. Clark’s Passage includes The Path
and The Wall which defines it. It is bounded on the east and west
by the facades of historic buildings and Durfee Gardens as well as
a series of new courtyards and gathering spaces. It is anchored on
either end by new pedestrian plazas.”
Figure 154.

Description

Figure 155.

Description

2005 Stockbridge District Master Plan- Payette
“The open space concept for the Stockbridge District Master Plan
intends to help establish the ever-changing “Genus of Place” of
the University of Massachusetts in Amherst while providing the
necessary framework for the areas future growth. The master plan
open space concept divides the area into three primary zones:
Agricultural Heritage, Historic District, and Natural Forest.”
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2009 Stockbridge District Landscape Design Report- Towers/Golde
“It will encourage both social engagement and emotional
connection with the regional landscape, with the history of
the institution, and with the missions of the visual arts and
sciences facilities that dominate the precinct. Key to the success
of the project was careful vetting through a broad community
constituency. The proposed expansion of the University Arboretum,
the agrarian history of the institution, and the need for multi-use
event space all dictated the design and vocabulary of this new
pedestrian destination on campus.”
Figure 156.

Description

2012 UMass Amherst Campus Master Plan
"A major component of this plan was the reconfiguration of
Stockbridge Road, which was envisioned as a primarily pedestrian
way that would be enhanced with landscape improvements
clarifying building entrances and service roads, and connecting to
existing landscapes such as Durfee Gardens."

Figure 157.
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Description
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4B-5 SITE ISSUES

Based on all of the site analysis and research I was able to
distill the site issues into a few major priorities that will need to
addressed in the design in order to achieve the objectives and goals
of the project. These are by no means the only issues on the site,
but are significant issues to design that became apparent through
analysis or were reoccurring in reports for previous designs of the
site. The most prevalent issues are:
-There exists an illegible framework of pedestrian and automotive
pathways
-Vehicular and service circulation as well as parking are not
organized in an efficient manner to minimize impact on the
pedestrian framework
-There is an obvious deficiency of outdoor recreation and gathering
spaces.
-Parking lots create an expanse of impermeable surface that
contains contaminants from automobile use that is largely untreated
-Sustainability and best practices in stormwater management are
not widely implemented or related to program elements of the site
Auto Primary

Pedestrian Primary

Auto Secondary

Pedestrian Secondary

Impermeable

Conflict Areas

Seating and
Recreation Areas

Figure 158.
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Figure 159.
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Thatcher Way
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IDB
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Stockbridge way master plan

Chapter 4B Revitalizing StockbriWdge Corridor

4B-6 STOCKBRIDGE WAY MASTER PLAN

The revitalized Stockbridge Way is a pedestrian only path through this historic and academic corridor. The heritage of the site is
evoked by the materiality of the walkways that uses red brick pavers to accentuate the paths from the historic buildings, and an edging
of granite sets on either side of the main path in homage to the granite used in the buildings construction. The plantings reflect the
heritage of the site as well, using indigenous trees that line the main path restoring Stockbridge Way's stature on campus.
A new large open space is created in front of Fernald as the Arts Quad. This space is intentionally left open with minimal paved
paths to make the area more suitable for active recreation as well as passive. The permaculture garden as well as Durfee Garden are
incorporated into the design as they are, recognizing their importance to the campus at large. The addition of the Arts Quad to the area
would create a new north-south green corridor that would connect to the east-west corridor that already exists.
Seating is introduced in abundance with many options. There are more traditional seating options, like in front of Fernald where
there is a small plaza with campus standard benches. As one travels north there are seating walls much like the agricultural boundary
walls that are found in the area, and monolithic stone benches are set in the lawns to provide shade and invite students into the grassy
areas. Further north still there is wood topped over laid-stone benches that reflect those found within Durfee garden in order to tie the
garden design into the path design. The transition of the seating along the path as well as variations in plantings reflects the variety of
architecture and design along the path. In order to tie in the existing landscapes and buildings with the new landscape, I felt compelled
to respect their individual significance and design. I felt that to treat the entire corridor homogenously would make the landscape
uncharacteristic of many of the buildings and landscapes.
As much stormwater as possible is captured, or infiltrated on site. This requires several different methods and techniques. Along
the main path, two systems are created to collect and infiltrate the stormwater. Starting at the northern circle water is collected and
conveyed in a runnel system that transports the water to a rain garden where water is then infiltrated. Stormwater that falls south of
the access rd crossing is collected in second runnell that collects runoff from the permaculture garden and brings it into a long linear
bioswale that runs along the arts quad. Wood bridges span the swale from the main path to invite students into the lawn. Water is also
collected on site. Half of the French Hall roof will provide water collection for the permaculture garden. Another rain garden is located
behind Wilder that is also connected to a larger collection tank in order to collect the water from the landscape as well as the roofs of
Wilder and one of the Morrill classroom buildings. Once the water is collected it can be time released into the conventional system or
reused should one of the surrounding buildings be equipped for it in the future. The IDB, Morrill courtyard renovation, and any new
buildings will also have their own green infrastructure systems to manage all stormwater on site.
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4B-7 SUB-REGIONAL MASTER PLAN

One of the difficulties designing Stockbridge Way
is the myriad of designed landscapes that needed to
brought together into one comprehensive design. Also,
due to the complicated nature of campus development I
felt the need to include phasing to allow for transition and
adaptation over time as projects are completed or funds
become available.

1
2

Designed Landscapes

3

4

1. LSL landscape - Towers/ Golde
2. Morrill Courtyard - Fuss & O'Neil
3. Durfee Gardens - Dean Cardasis
4. Wilder Hall Landscape Resto - Brock Cutting
5. Stockbridge Way Revitalization - Joseph LaRico
6. IDB Landscape - Stephen Stimson Associates
7. Studio Arts Landscape - Stantec

2

5

Areas for future development
1. South of LSL
2. Location of French Parking Lot
3. Former location of Hills

6
3
7

Figure 160.
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Sub-regional master plan

Chapter 4B Revitalizing StockbriWdge Corridor

4B-8 PHASING

1
2

3
4

5
7

6

sant

Plea
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Thatcher Way
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Do to the evolving nature of the site, it will be important to
phase this project over time as development occurs. The first phase
occurs after the completion of the IDB project and the Morrill
Courtyard renovation that are currently in development. This phase
is the most dramatic, turning the north half of Stockbridge way into
a pedestrian only corridor. Do to parking needs, lot 62 and the lot
in front of Fernald remain. With the completion of projects slowly
working towards the central corridor it is a natural progression to
then renovate Stockbridge Way. Many of the water management
features are implemented at this time including a runnel to a
centrally located rain garden, a rain garden and cistern for water
collection behind Wilder, and water collection for the permaculture
garden from the roof of French Hall.
PHASE I
1. Circle is converted to a sundial with a weather vane and compass
rose to celebrate the agricultural heritage of the site
2. Runnels are built along the east side of the new walk
3. Rain garden behind Wilder
4. Seating areas of different types are installed along the walk
5. Water from French Hall roof in collected and gravity fed to tank at
permaculture garden
6. Rain garden between French and Franklin
7. Parking south of University club is converted to permeable
asphalt
8. The new Stockbridge way is built as a concrete walk with cobble
edging from IDB lots to circle north of Wilder
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Figure 161.

PHASE I
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The second phase of this project focuses on the southern
portion of the site. At this time the Hills building is demolished
and replaced with a parking lot. This replaces parking in the core
allowing the lot in front of Fernald to be removed and replaced
with an Arts Quad. Access still remains to lot 62 as it is unlikely the
university would replace this lot until another building was sited
at that location. A bioswale is installed at the hills lot, setting an
example for what should be a campus standard for all lots, even
temporary ones.
PHASE II
Thatcher Way

h
Nort
sant

Plea

1. "Temporary lot" is converted to Arts Quad (-40 spaces)
2. Seating area installed at Fernald
3. Hills is demolished and temporary parking lot is built (+88 spaces)
4. Bioswale is installed to collect runoff from the lot and swales are
made part of the campus standard for temporary lots

t
Stree

1

2
3

4

Figure 162.
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PHASE II
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During this final phase a next era of infill development
begins, and a building is built on the remaining lot 62 site. This
allows for the completion of the pedestrian corridor. At this time the
rest of the water management features are introduced. This includes
a second runnel that conveys water to a large linear bioswale on the
east side of the arts quad, and a rain garden to collect runoff from
the new building. The morrill greenhouses are also demolished and
replaced with a new small quad with seating.
PHASE III
Thatcher Way

sant

Plea

2
t
Stree

3

4

Figure 163.
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1. Second runnel is installed west of permaculture garden (Franklin)
2. Morrill greenhouses are removed, and a small quad with seating
is built
3. Next phase of infill development begins (-63 spaces, net loss 15
spaces)
4. Full buildout of Arts Quad is achieved including bioswale and the
pedestrian only corridor is completed

PHASE III
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4B-9 PATH TYPOLOGIES

Figure 164.
Pa t h a n d l a n d s c a p e a r e
pitched into runnel that begins in front of
Durfee, ornamental trees are planted (where
utilities allow)

3'

10'

3'

1'

Figure 165.
Goshen seating areas along
the path with wood tops engage Durfee
garden

Figure 166.
Large mature trees
characterize the central corridor
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Figure 167.
Monolithic stone seating is
placed just off the path inviting users into
the lawns and providing a transition into the
landscape around the IDB

Figure 168.
Cobble edge is reduced on
either side and runnels run into a bioswale

2'

10'

2'

3'

4'

Figure 169.
Lanscape is more
characteristic of the natural history of the
region with native plants and materials
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4B-10 PEDESTRIAN IMPROVEMENTS AND WATER TREATED

The revitalized Stockbridge Way is a pedestrian only path through this historic and academic corridor. By removing vehicular
access through the interior, pedestrian conflicts are greatly reduced and there is a clear delianation of vehicular and pedestrian pathways.
Green infrastructure along the path is able to treat over 5.6 acres of land. The Stockbridge Way plan would account for 66% of the water
treated or collected on-site.
Figure 170.

Before

Figure 171.

Figure 172.
Treated

After

GI and Sub-Watersheds

15,417 ft2

20,078 ft2
29,847 ft2
2

4,547 ft

24,971 ft2
3,374 ft2

61,105 ft2
39,532 ft2

47,576 ft2
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Auto Primary

Pedestrian Primary

Auto Secondary

Pedestrian Secondary

Parking Area

Conflict Areas

Total Treated Area = 246,447 ft2 = 5.66 acres
My Proposal = 163,376
= 3.75 acres (66% of total)
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4B-11 WATER COLLECTION BEHIND WILDER HALL

A rain garden behind Wilder Hall collects the water that flows down the hill along curbs that
open into the garden. Water is infiltrated through a grass and soil layer and then collected in a
crushed stone layer that pitches into a perforated pipe. The downspouts that already exist there are
piped into collection tanks as well. The location of the tanks was chosen due to a lack of utilities in
that area.
Figure 173.
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Water collection behind wilder hall
Rainfall is colected
into the gutters

Rainfall is colected
from a portion of
the roof

Overland flow is
directed into the
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Wa t e r c o u l d b e
reused if building
is fitted for it in the
future
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Perforated through grass and
soil layer
Pipe
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gallon
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Check Dams
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Water can be
time released
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4B-12 WATER COLLECTION FROM FRENCH HALL

French
Hall

Half of the French Hall roof is connected to a tank that is elevated approximately seven feet
above the permaculture garden. That tank is then connected to another located in the garden and
the collected water is gravity fed to the lower tank. From this tank an appropriate water supply can
be maintained to install timed drip irrigation in the garden. The connection would be highlighted by
a blue plexiglass plate that would extend from one tank to another.

Figure 174.

University
Club

Franklin
Dining

Water collection from french hall

Rainfall is collected
from the gutters into a
tank
Automatic water
control valve fills water
collection tank to
desired level

6,000
gallon

Water is gravity
fed into water
line

Water line is exposed by
Plexiglas plates with light
blue hue highlighting the
connection
7ft.

2,000
gallon

Access Road
Gravity fed drip
irrigation for
permaculture garden
Rainfall collected from French could
exceed 22, 713 gal./ month (for 1/2
the roof at 95% collected)
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Water Budget for Permaculture
garden is approx -6, 472 gallons per
month ( growing season)
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4B-13 RAIN GARDEN IN CENTRAL CORRIDOR

Figure 175.

Rain garden in central corridor

Existing Conditions
1. Water collected from 1/2 of French roof
is gravity fed and reused in permaculture
garden, the connection is highlighted by a
blue Plexiglass case that houses the pipe

1
2
3

2. Some plantings like these birches are
chosen to reflect plantings in other areas
of the corridor to create a consistent plant
palette
3. Red brick pavers with granite trim are
used to highlight the walks from each of the
historic buildings

4

4. Cement forebay is intended to collect
sediment and debris to ease maintenance

5

6

7

8

5. Rain garden collects water from the
runnel and surrounding area slowing it and
allowing it to infiltrate into the ground
(infiltration area of approx. 621ft2)
6. Opportunities for sitting along the main
path and along the rain garden allow for
new seating options close to the dining
commons
7. Rain garden plantings consist primarily of
grasses that require only semiannual cutting'
other plants are planted in groups to make
this process easier
8. Adequate lighting is added to be more
appropriate to the pedestrian scale
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4B-14 ARTS QUAD AND BEGINNING OF STOCKBRIDGE WAY

Fernald

The Arts Quad is a much needed open space amenity for the area, where students have
the opportunity for active or passive recreation. The gentle slope alows sheet flow to collect into
the long linear bioswale that runs along the quad while also making the quad ideal for individual
activities like frisbee or catch, as well as larger gatherings and events. The quad replaces a former
parking lot reducing impervious surface greatly from existing conditions and adds numerous trees
for shade in the warmer months.

Stockbridge
Way

IDB

Water from roof
is collected in vegetated
areas around building

Figure 176.
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10' Walk
to IDB

14' Walk
4' Swale
(2' Cobble Edges)

IDB

Arts Quad

2.3% Slope

Fernald

2.75% Slope

Seating at Fernald

Section of arts quad and beginning of Stockbridge way
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Plant species are chosen to
fortify native populations
of trees or to increase
diversity in the arboretum

Multiple seating
areas provide areas
for gathering and
respit

Existing Conditions

Small bridges invite
users to the lawn

Area for active
recreation
Stormwater is cleaned
and infiltrated into a
bioswale

Appropriate lighting
can increase use during
later times of day

Materiality and scale
clearly define a
pedestrian only zone

Figure 177.

Arts quad and beginning of Stockbridge way
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4B-15 SUMMARY OF SUSTAINABLE FEATURES

Figure 178.
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Rain garden

Figure 179.

Bioswale

Figure 180.

Water collection

A number of sustainable and green infrastructure features
were added to Stockbridge Way in the master plan design to manage
stormwater on site and to reflect the campus commitment to sustainable
building practices. These features are meant to be functional and diverse
to appropriately handle stormwater and provide other ecosystem services,
while simultaneously providing a highly-visible educational showcase of
LID techniques and methods. Although water capture is not currently a
priority on campus it was largely considered in this design not only for
demonstration, but should water capture be something the campus needs
or is able to take advantage of in the future. Green Infrastructure features
include:
-Rain gardens
-Bioswales
-Planting of indigenous and climate zone hardy plants
-Water collection
-Reduction of impervious surfaces
-Surface-water conveyance
-Use of indigenous materials
-Use of pourous asphalt
-Overall diversity of sustainable features for education

Chapter 4B Revitalizing StockbriWdge Corridor

4B-16 GOALS AND OBJECTIVES ACHIEVED
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The Stockbridge Way master plan design creates a more
legible framework of pedestrian pathways. By removing parking and
vehicular circulation from the central corridor, pedestrian conflict
is greatly decreased. A series of much needed open spaces was
created for passive and active recreation, as well as multiple options
for gathering and sitting. Gardens and other landscape elements
are connected to form a coherent green corridor. In upcoming
development over 80 trees are proposed to be planted, this
proposal adds 69 more with a total of over 149 new trees planted
for site. A variety of sustainable features were added for functional,
educational, and demonstrative purposes, largely to handle
stormwater on site. Green infrastructure is directly integrated with
program elements of the site providing a highly-visible educational
showcase of LID techniques and methods. In all, the total treated
area is over 246,447 ft2 (5.66 acres). My Proposal equals 163,376ft2
(3.75 acres) which is 66% of the total treated area. This will treat
over 153,627 gallons for the first inch of rain fall per rain event. This
would result in the removal of over a dozen catch basins along with
hundreds of feet of drainage lines. Overall impervious surface would
be reduced by at least 40%.

Durfee

Fine Arts
Center

IDB

Studio
Arts

Figure 181.
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Stockbridge way green infrastructure master plan
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4C Strengthening the Campus Experience
Using Green Infrastructure as A Landscape Design Method to Improve People's Experience at the University of
Massachusetts Amherst
By Zhuoya Deng
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Chapter 4C Strengthening the Campus Experience In Ellis Way

4C-1 INTRODUCTION

Chapter 4C Strengthening the Campus Experience In Ellis Way

contribute many benefits, such as reduce surface stormwater
runoff, improve water quality, reinforce water infiltration
into the ground, establish wildlife corridor, create outdoor
platform for studying and monitoring green infrastructure
application, and improve the visual quality and campus
experience of this site.
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Northern part of Ellis Way between GRC and Du
Bois Library (Figure 182) is the one of most heavy traffic
corridors on the campus of University of Massachusetts
Amherst. Buildings around this part of corridor are mostly
for academic uses. Students and faculties commonly use this
part of corridor to transfer between classes and rooms, which
form high velocity of pedestrian flow that occupies the major
North South Corridor from Whitmore to the Du Bois Library.
On the other side of Ellis way, buildings are heavily used for
students’ life and campus social activities, such as Student
Union and Campus Center. Students and faculties usually
enjoy lunch and dinner at the lower lever floor in these two
buildings during noon and dusk. Therefore, it is obvious
that this part of corridor is essential to effect students and
faculties’ experiencing of the campus. The current condition
of this part of Ellis way includes numbers of vegetation area
along each sides of the corridor, one large open space sited
between Student Union and Campus Center, the width of this
part of corridor varies between 24feet to 90 feet, where the
two widest section are the one in 90 feet in front of Student
Union and the other in 40 feet in front of Campus Center.
These unique spatial characters of the site reveal great
potential and opportunity to improve the experience of the
northern part of Ellis Way by create a much more sustainable
and joyful landscape.
This project intent to create a pedestrian corridor
of pleasant walking experience, with ecological and
educational functions of green infrastructure by constructs
a series of open spaces and plazas for people to gather and
relax. With the assist of Campus Green Infrastructure Plan, the
implementation of green infrastructural in this project can

Machmer
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Integrated
Learning Center

S. College

DuBois
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Figure 182.
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Goals & Objectives

The goal of this project is to explore the best strategies to
increase users’ appreciation of the campus landscape by integrating
green infrastructure components on the University of Massachusetts
Amherst campus. This will be done by exploring people’s
perceptions of landscape spaces and their related behavior pattern.
To achieve this, the design shall meets following criteria:

Figure 183.
Raingarden in CyFair College
Source: http://www.swagroup.com/project/cyfair-college.html

•

The design should provide a coherent form
that improves the current campus design.

•

The design should achieve ecological functions of green
infrastructure such as mitigating the volume of stormwater
and reducing sediment loads and pollution in the water.

•

The design should meets the needs of students,
faculty and staff based upon the analysis of pedestrian
movements through the site.

Figure 184.
Lighting feature in Rochester Institute of
Technology Global Village and Global Plaza
Source: http://www.swagroup.com/project/cyfair-college.html
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Methodology
•

Study the key factors that determine the success of designed
public landscape through case studies and literature review

•

Use video recording camera to collect data about people’s
movement patterns between classes in the study location

•

Consult with UMass Campus Planning Department Experts

•

Analysis the site existing condition through observation and
computer aid data analysis

•

Develop an logical design process based on previous site
analysis and collected data through video recording

•

Identify research limits and challenges, provide final conclusion
and advice of improvement for future research.

Design Process
By using the method that I learned from William H. Whyte,
I set a time-lapse GoPro camera on the 23rd floor of UMass
Library overlooking the student union plaza area and recorded
the pedestrian movement patterns for one day. By studying this
recording, I found the major desire line taken by students and
several secondary movement patterns that occur between class
time. It also became evident that this area is also a major hub for
students activities. This information helped to guide me in the
development of my master plan and the location of the major path,
secondary paths and major gathering spaces. Once this framework
was established, it became necessary to regrade the contours to
guide stormwater to two rain gardens. To define the edge of the
spaces, I set up the planting bed and location of trees.
Chapter 4C Strengthening the Campus Experience In Ellis Way

Figure 185.
Library

View on design area through 23rd floor of UMass

Figure 186.

GoPro camera set up for recording
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4C-2 SITE ANALYSIS
Study Area
T h i s s t u d y a re a w a s c h o s e n
to represent an area of campus with
significant daliy pedestrian flow in order
to expose the maximum number of
students to a beautiful example of green
infrastructure. The study area is defined
by North Pleasent Street to the east, the
front of Graduate Research Center and
Knowles Lab to the north, Haigis way
to the west, and the DuBois Library and
the north edge of Campus pond to the
south. This study area includes several
major facilities that are key hubs for
academic and social life on campus.
T h e re s u l t of t h e s t u d y w i l l
illustrates significant pedestrian
movement patterns and preferences,
therefore addressing issues and provide
references for future infrastructure
improvements for the area, particularly
in front of Campus Center and Student
Union.

Figure 187.
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Study area
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Existing Condition
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Building Types
Building types indicates property
of campus facilities which include
administrative, academic, residential and
student life. These categories illustrates
student activities and life patterns
by defining points of departure and
destinations.

N Pleasant S
t

Major Connection
Therefore based on building
types, major connection of student
movement patterns can be predicted
by indicating major path, secondary
path, major hubs, and bus stops. The
hierarchy of these connections were
predicted based on varies frequency of
visit, capacity of occupancy. The analysis
shows high velocity of pedestrian flow
on Ellis Way.

Administrative
Academic
Residential
Students' Life
Figure 188.
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Building type study
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Major Path
Secondary Path
Major Hub
Bus Stop

Figure 189.

Major connection study
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Impervious Surface
The existing pavement surface
within the study area is mostly asphalt
impervious pavement and grass. They
have been layed out based on the needs
of building accessibility and do not
represent the most appropriate path for
pedestrian flow. The over all composition
is fractured and does not provide best
stormwater management functions
in terms of the ability to reduce and
absorb surface water runoff. The future
improvement suggests replacing all
asphalt pavement with permeable
material.
Ground Surface Water Flow
According to campus contour
data, the area in front of the Campus
Center is the second lowest spot next
to campus pond. This brings significant
challenges to the drainage of the
area, particularly during heavy rain
fall seasons. However there is also a
potential for this area to become the
ideal site of establish major stormwater
management components.

Figure 190.
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Impervious surface study
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Surface Runoff

Figure 191.

Ground surface water flow study
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Green Space
Drainage Pipe
Man Hole
Catch Basin

Figure 192.
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Permeable surface with drainage system study
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Shadow Study
These four images shown to the
right represent the shadow movement
of the buildings around the site from
9am to 5pm on four different dates:
September 2nd, October 15th, December
5th, and April 29th. Each image illustrates
one hour per shadow coverage on site
during the day. It is very clear that on
April 29th, the shadow coverage is the
shortest meaning that the site receives
the most sunlight when compared to
the other three dates. On December
5 th , the shadows are the longest and
the site receives the least amount of
sunlight. According to the findings from
the literature review, most people enjoy
staying in sunny places rather than in
the shade – especially during the Fall,
Winter and Spring when the majority of
students are on campus. Therefore the
areas that receive the most sunlight for
outdoor gathering spaces within the site
perimeter have the best opportunity to
become much more attractive spaces for
students, faculty and staff. The spaces
in front of Student Union and Campus
Center reveal the highest potential as
the most popular gathering area on the
campus.
Figure 193.
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SEP02_09AM-17PM

OCT15_09AM-17PM

DEC05_09AM-17PM

APR29_09AM-17PM

Shadow study
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Students Movement Pattern Study
The series of screen shots
captured from my video recording (left)
illustrate how the majority of students simply follow the orange circle.
Figure 193 summarizes a general
flow over 10 minutes of students
pedestrian movement during the peak
changeover of classes around 10am
in front of Student Union and Campus
Center.
Based on the video recording
and previous sampling data (both in
individual subjects and time), between
9am to 5pm, Northern part of Ellis Way
has the highest volume of pedestrian
traffic among all paths. Figure 194 gives
a detailed illustration of traffic hierarchy
and indication major hubs. Beyond these
findings, there are several interesting
observations also worth noting. First,
students who cut through the campus
center and come out of the Student
Center and continue to connect the
major North South Corridor that goes
from Whitmore to the Du Bois Library;
Second, some students just stand and
talk for an extended time in this space.
It is an important nexus where. Finally,
the food truck (Baby Berk) comes every
day between 12pm- 4pm in front of
Student Union.
Figure 194.
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Students movement pattern
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TIME: 10:00am
DATE: 04152015
Figure 195.

Major Path
Secondary Path

Pedestrian movement pattern in 10 minutes
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Major Hub
Major Path
Secondary Path
Figure 196.
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Students movement pattern between 9am to 5pm
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4C-3 DESIGN PROGRESS
Design Progress
To simplify the findings from
previous analysis, Figure 195-197 shows
a process of recompose resulted data
into triangle shapes and attaching
blocks. The form that been generated
become the base of skin for new design.

Gathering Spaces
Major Path
Figure 197.
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Spatial formation 1

133

Gathering Spaces
Major Path
Secondary Path
Figure 198.

134

Spatial formation 2
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Gathering Spaces
Major Path
Secondary Path
Figure 199.

Spatial formation 3
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4C-4 MASTERPLAN
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Masterplan Design Statement
The new design of the area in front of Student Union and
Campus Center establishes a new outdoor social hub and redefines
the major pedestrian axis for the campus connecting all major
campus facilities The new design features a major pedestrian
corridor as the improved section of Northern part of Ellis Way;
several secondary paths leading accesses into buildings and the
rest of campus. The paths form natural division of spaces featuring
a variety of programs and uses, including outdoor cafe, large
grass lawn, and a hard surface plaza with lighting features. The
entire design reorganizes canopies and vegetation to be coherent
with spatial formation, in addition, adapting green infrastructure
components that include two major raingardens, bioswales, and
pervious pavement.

Design Analysis
Figure 198 - 207 explains detailed fuctions in services of the
new design, which include pedestrian and vehicular circulation,
gathering spaces, pervious and impervious pavement, green space,
vegetation, raingarden, tree canopy and soptelevation and surface
water flow.
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4C-5 DESIGN ANALYSIS

Figure 200.
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Pedestrian circulation
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Premanent Access
Period Access
Figure 201.

Vehicular circulation
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Figure 202.
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Gathering spaces
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Spaces
Entries
Decomposed
Granite
Figure 203.

Pervious pavement

Chapter 4C Strengthening the Campus Experience In Ellis Way

1 inch = 80 feet

0 10 20

40

80 Feet

141

Figure 204.
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Impervious pavement
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Figure 205.

Green space
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Figure 206.
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Vegetation
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Figure 207.

Raingarden
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Elm Tree
Red Maple

Figure 208.
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Tree canopy
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+208.50
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Figure 209.

Spot elevation and surface water flow
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Path

Lighting feature

Lighting Plaza

Section of rain garden in front of campus center

Path

Figure 210.
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4C-6 SECTIONS

Campus Garage

Figure 211.
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Rain Garden

Baby Berk

Canopy Plaza

Path

Rain Garden

Machmer

Rain Garden

Path

Canopy Plaza

Planting Beds

Path

Canopy plaza section A

Rain Garden

Figure 212.

Student Union

Machmer

Figure 213.

Student Union

Canopy plaza section B
1 inch = 30 feet
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4C-7 STUDENT UNION PROPOSED

Figure 214.
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Student union existing
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Figure 215.

Student union proposed
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4C-8 CONCLUSION

Figure 216.
GPS tracking of people's running movements in Boston
Source: http://flowingdata.com/2014/02/05/where-people-run/#jpcarousel-33714
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With all the efforts of literature review, case studies, site
analysis, and design process, this project demonstrates how site
observation and recording of human behavior can be a powerful
research tool to help designers to make appropriate design
decisions in order to maximize peoples' appreciation of green
infrastructure. A simple method of using a camera to create a time
lapse recording of a site for an extended period of time is easy
and affordable to generate convincing data for the site analysis.
However, it is necessary to point out that the current finding
could be more accurate and convincing if the recording method
could identify and rule out the influence of one time events such
as unusual pedestrian patterns generated by a special event. For
example, within the current recording, between 1pm to 5pm, a
special celebrative event attracted a large number of students
lined up to play large trampoline games over the northern lawn
of Student Union. Although this unusual event disturbed the usual
pedestrian flow, it is important to see how pedestrian movements
are likely to be altered in response to something that is likely to
be repeated in different forms. It is hard to determine if this could
happen in a regular base that could effect the follow up design
decision process without further more accurate finding and analysis.
The possible improvements may be to increase sampling time
over different dates and seasons. Enlarging the database can help
to identify anomalistic events. Another approach is to use GPS
tracking of student's movements using their phones to understand
where they walk. This could also improve accuracy and reveal more
convincing data findings.
The design provides a coherent plan that is fully integrated
with the new comprehensive campus master plan proposed by this
project (Figure 217). Compared to the previous campus master plan
(Figure 218), this new master plan removes the southern part of Ellis
Way, which starts from the north edge of campus pond to the east
edge of campus pond. The design decision is based on the video
recording, which indicates the major pedestrian flow is between
Chapter 4C Strengthening the Campus Experience In Ellis Way

the Graduate Research Center area and Whitmore building along
the northern part of Ellis Way and North South Corridor, and the
key connection place for this pedestrian path is the space between
the Student Union and Machmer Hall. Combining all the features
of the design, a new look of the northern part of Ellis Way in front
of Student Union is given to introduce a completely different set
of spatial experiences. This area will become a new outdoor social
hub, favored campus courtyard, event holding plaza and simply
a beautiful landscape for students and faculties to play, rest, chat,
read and enjoy.
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Figure 217.
Location of Norther part of Ellis Way in New Campus green
infrastructure master plan
Source: image created by Meilan Chen
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Figure 218.
Location of Ellis Way in Proposed Master Plan by UMass
Amherst Campus Planning
Source: http://www.umass.edu/cp/MPFinal.pdf
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4D FROM 'DRIVE' TO 'WALK'
A Sustainable Proposal for Parking Lot 25 and 12
Bin Liu
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4D-1 INTRODUCTION
Parking Lot 25
Parking lot 25 is in the northeast of the UMass campus, next
to Mullins center, taking about 14.44 acres land and provides over
1700 parking spots. Most of the users of this parking lot are UMass students also some faculty. Most of the parking space often be
occupied during the school time. Because this parking lot is next to
Mullins Center, during the events like basketball games or hockey
games, parking lot 25 is a popular spot for people to park their car.
It is one of the important places to leave impressive to public about
UMass Amherst campus.
The reason this place was chosen as a study and design
site is that this parking lot is adjacent to the outflow of Tan Brook
which then flows into the Mill River. The eastern part of the site is
higher and western part is lower in elevation (Fig 1), so during a rain
event, all the stormwater will flow through the parking lot, bringing
along a lot of pollutants, and then draining directly into Tan Brook
. The stormwater runoff from this place can have negative effects
on Tan Brook and the Mill River. Another reason is because this
parking lot is frequently used, and is a busy place during events
happening in the Mullins center. A large number of automobile are
the big non-point pollution source so it is necessary to introduce
green infrastructure into this place, helping to treat stormwater and
protecting the watershed’s water quality.
Another major consideration is the application of solar panel
canopies in this parking lot. According to the UMass Amherst Solar
Energy plan, “Parking lots 11, 22, and 33 located in the south western quadrant of the campus, lot 25 south of Forestry Way near the
Mullins Center, and lot 32 near the Visitor Center should be covered
with parking canopies mounted with solar photovoltaic arrays.” This
provides an important reason why it is necessary to provide solar
canopy on parking lot 25.
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Figure 219.

Existing condition of parking lot 25

Figure 220.

Existing condition of parking lot 25
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For this project, my idea is to create a green parking
lot prototype providing people a better parking and walking
experience. This place will integrate best management practices,
beautiful design and clean energy. The new parking lot will perform
as green infrastructure providing multiple functions.
At the same time, it will be a great oppor tunity to
demonstrate the idea of sustainability, making people be more
aware of environmental issue by watching how clean energy get
generated from sunlight and how stormwater be collected and
treated on site.
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Figure 221.

Existing condition of parking lot 25

Figure 222.

Existing condition of parking lot 25
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Goals & objective
My goals are:
1.To reorganize pedestrian and vehicular circulation, to provide pedestrians with a better walking experience.
2.Improve the campus environment and create a more sustainable
campus.
3.Demonstrate the idea of sustainability to people.
4.Provide campus alternative clean energy.
5.Protect Tan Brook and the Mill River watershed, reduce surface
runoff and improve water quality
Based on the goals, my objectives are:
1.Provide strong visible design elements to guide pedestrians to
their destination.
2.Mitigate the negative effects caused by impervious pavement.
3.Help to reduce the burden to deal with over flow from traditional
infrastructure.
4.Provide opportunities for the stormwater from campus and Tan
Brook to infiltrate and be cleaned before flowing into the Mill River.
5.Produce alternative clean energy
6.Provide shade and protection for people and cars from sun, rain
and snow and mitigate the impact from heat island effect.

Figure 223.
Pleasant green parking lot provide good walk experience.
Source: http://www.svrdesign.com/olympic-college-parking-garden/

Figure 224.
Parking lot with solar canopy
Source: http://www.thegreenskeptic.com/2011/04/solaires-parking-canopies-cool-solution.html
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4D-2 SITE ANALYSIS

Lot12

Lot25
Student Union
Open Space

UMASS

Figure 225.
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Historical Stockbridge
Corridor

Site Position
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Site postion and context
The site is located on the northwest part of the UMass
Amherst campus, next to the Commonwealth Avenue, on the
north of the Mullins Center and Practice Rink. Mill River is on the
west of the site, and daylighted Tan Brook is on the south side
of the site. Campus core area is on the east side of the parking
lot 25, most of the buildings for academic and administrative are
concentrated in there.
Generally eastern part of the campus is higher than the
western part, stormwater flows from east to west, so the site is
the place to receive big volumes of stormwater from the campus.

Joe proposed a green corridor for Stock bridge Road,
explore combine the application of green infrastructure with
historical landscape restoration. Zhuoya proposed a new
green space in front of Student Union, reorganized pedestrian
circulation, created better outdoor open space with Best
Management Practices. As a team, this series of campus
green infrastructure proposals work together to deal with the
stormwater from the high to low spots, create more chances for
stormwater to get treated before finally flowing into Mill River.

Site Boundary
Parking
Office
Parking Lot 12

Mill River

Tan Brook

Central Heating Plant
Figure 226.

Parking Lot 25

Physical
Plant

Earl Lorden Field

Practice
Rink

Site postion and context

Chapter 4D From 'Drive' To 'Walk'

159

Building types and pedestrian circulation

Contaminated Soil

The buildings next to the parking lot site are mostly
Recreation buildings and administrative buildings. By
doing the pedestrian circulation analysis we can know that
Commonwealth Avenue has sidewalks on both sides so it is
possible for students and faculty to walk into the campus core
area. The general walkable distance for people is 0.6 miles. The
image shows that almost 40% of the academic buildings are
walkable for students from this parking lot area.

Under the eastern part of the parking lot, a lot of
waste construction materials are buried under the ground,
many of them are regarded as poisonous and harmful to the
environment. If rainwater infiltrate underground, the acquirer
and underground water will be polluted. So the application of
BMP is not suitable for this part of the parking lot.

Vehicular circulation
The site is connect with Commonwealth Avenue,
Governors Drive and Holdsworth Way. Vehicles from the south
are mostly from Commonwealth Avenue via Massachusetts
Avenue. Vehicles from the north and east are mostly from North
Pleasant Street and Eastman Lane. Holdsworth Way connects
with Campus Center Way which leads to the parking garage.
When parking lot 25 is full, it is possible for visitors to drive to
the campus parking garage to park their cars.
Drainage
There are two main drainage pipes that converge
together next to the lot 25. One is essentially Tan Brook as it
leaves the campus pond with additional water from catch basins
on the western part of campus and the other large pipe carries
all the water collected from catch basins in the northern part of
the campus. All of this stormwater ouflows into the daylighted
Tan Brook and then flows directly into the Mill River. This large
amount of stormwater provides a good opportunity to apply
green infrastructure to deal with stormwater while at the same
time create an attractive and dynamic landscape.
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Building Types
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Pedestrian Circulation
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Figure 228.
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Vehicular Circulation

Commonwealth Ave
Mill River
North Pleasant St

Tan Brook
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Students' Life

Figure 229.

Vehicular Circulation
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Drainage Pipes and Catch Basins
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Figure 230.
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Drainage Pipes and Catch Basins
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Contaminated Soil

Mill River
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Tan Brook
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N

Figure 231.

Contaminated Soil

Chapter 4D From 'Drive' To 'Walk'

165

Existing Topography and Surface Water Flow
Two pipes from northern campus and campus pond meet together. The western part is higher and the eastern part is lower
with the elevation difference being almost 20 feet. From the parking lot to pipe outlet, there is a big elevation change. The average
slope of this area is… The stormwater flow from Csommonwealth Avenue, then flows from west to east through whole parking lot,
most of the water will finally flow into Mill River and part of the water will flow into Tan Brook then Mill River.
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MULLINS
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A
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+140.00

UMass Parking Service

Mill River

Figure 232.
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Existing topography
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Sections
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Figure 233.
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Figure 234.

Section B-B'
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4D-3 EARLY STAGE PROPOSAL

CONCEPT
Water From
Tan Brook

During large rain events high water levels in the
Mill River have caused pipes to surcharge on campus,
flooding a major parking lot and a surrounding gymnasium. Water quality in the Tan Brook suffer from
sediment accumulation and contamination of nitrates,
phosphates, and heavy metals from roads and parking
lots.
Considering these problems, green infrastructure is proposed on the site that will increase infiltration, increase the time of concentration, reduce peak
flows of runoff, filter pollutants and sediment, allow
for the removal of catch basins and pipes,reduce pavement, and add vegetation.
Eastern part of the site will apply bio-swale and
retention basin to treat stormwater. Because of the
contaminated soil, western part will apply solar panel
canopy, stormwater won’t be able to infiltrate underground, and instead they will be piped into a retention
basin to get treated.

Stormwater Runoff

Mill River

Bioswale treat
Waterwheel
rain water
slow down
velocity and
generate energy

Stormwater Runoff
from parking lot

SITE

Piped Water From
Tan Brook and
Campus Pond

Piped Water From Northern
Part of the Campus

Mullin Center

A major issue that the design proposal will address is that all the stormwater carried by the pipes
from the campus pond along with the stormwater
collected from all catch basins in the Northern half of
campus are discharged directly into Tan Brook which
flows untreated into the Mill River.

Focus Area:
Parking Lot 25

The idea is using water wheel to slow down
storm water velocity and use this power to generate
electricity.

Mill River

Figure 235.
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CAMPUS POND

Removed Catch Basin
Kept Catch Basin

Early stage concept
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Master Plan

Figure 236.

Early stage master plan
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Figure 237.

Idea About Bio-Swale On Parking Lot

Figure 238.

Early stage idea on bio-swale and plunge pool
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Plunge Pool
Considering there is a 24' grade change and room available in Parking Lot 25 to create plunge pools for treating stormwater, the discharge point will be moved up hill 20' and will first power a water wheel which will generate energy and create a display for art and public awareness of water's power. The water will then pass through a series of cascading plunge pools that will slow down and cleanse the
water. The parking lot will contain bioswales where infiltration is possible and solar panels in the area of contaminated soils to generate
and demonstrate clean energy and to collect the water and guide it to Tan Brook.

Landscape light use the energy
from the power generate by the
water wheel

Tree canopy
provide habitat
for birds

Permeable
Paving

Water wheel generate
electricity and slows
the water velocity

Improve
Biodiversity

Native Plant
Community

Terrace Slow Down
Water Velocity
PIPED WATER
FROM TAN BROOK
AND NORTHERN CAMPUS

Figure 239.

Plunge Pool Perspective
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Design

Figure 240.

Proposed idea on site

Moved Stormwater Pipes
COMMON
W

EALTH AV

E

PRACTICE

RINK

MULLINS
CENTER

New Verison Server Room
Pludge Pool to Slow Down Stormwater
from campus and Tan Brook
Retension Basin to Treat
Stormwater
Fill Soil
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In this parking lot, eastern part will be filled more soil
for two reasons: first by filling more soil, the contaminated soil
will be covered, the depth will be enough for solar canopies’
footing, and water collected from parking lot paving surface
will not be contaminated before being piped into retention basin. Second, by doing fill, the surface runoff on the eastern part
of the parking lot will flow towards the opposite direction, be
collected in the retention basin in the middle.
Most of the surface runoff will be concentrated in retention basin get treated, part of the stormwater will flow into
bio-swales then be piped into retention basin. All the treated
stormwater in retention basin will finally flow into Tan Brook.

Figure 241.

And the outlet of the drainage pipes conveying stormwater from northern campus and Tan Brook will be moved uphill about 20’ high. Several plunge pools and check dams will
be proposed to slow down velocity of stormwater and provide
longer time for water to infiltrate.
The new proposed parking lot will be friendlier to pedestrians. Sidewalk be proposed under the solar panel, after
people park their cars, they can walk along the sidewalk under solar panel to the sidewalk along Commonwealth Avenue
or directly walk to bus stop. A bridge is proposed on plunge
pool, connecting Practice Rink and parking lot, the bridge also
provide a good spot for people to see water and cascade in
plunge pool.

Parking lot 12 proposed design section

SECTION
8' Deep Concrete Footing
1.5% Slope
Existing Soil

Retension Basin
Pipe

Filled Soil

Chapter 4D From 'Drive' To 'Walk'

173

Figure 242.

174

Parking lot 12 and 25 master plan
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4D-4 PARKING LOT 25 MASTER PLAN
The parking lot 25 after design will be a prototype for
green parking lot can have function on stormwater management and solar energy. The whole parking lot will be covered
by solar panel canopies. The canopies will provide shade for
cars, help- ing the temperature in cars won’t go too high. At
the same time, canopy will protect cars from sun, rain and
snow. Light and security cameras will be installed under canopies using the power generated by solar panels.
Under the solar panel, there are sidewalks providing
space for people to walk after they park their car, people can
walk to the places they need to go without worrying about surrounding driving cars. The proposed sidewalk will help to solve
the con- flicting problem between vehicles and pedestrians.
Considering western part of the soil underneath is contami- nated by waste construction material, different strategies
are applied considering different condition. On western part of
the parking lot, more soil will be filled to cover the contaminated soil. The new filled soil will provide space for the footing of
so- lar panel canopies to seat, at the same time provide clean
en- vironment for stormwater get collected in crushed tone
swale then be piped into retention basin get treated and infiltrated. Bio-swale is applied under the solar panel canopies on
the eastern part of the parking lot, because the soil is not contam- inated and stormwater is encouraged to be slowed down
and have more time to infiltrate under ground. Under the bioswale is crushed stone bed to make sure the stormwater won’t
go up to the pavement surface. During the stormwater events,
water can be stored in the space among crushed stone, and
gradu- ally infiltrate under ground overtime. And for rest of the
stormwater cannot have enough time to infiltrate will be piped
into retention basin in the middle of the parking lot get treated.
The general slope of this parking lot is 1.5% to 2%. Eastern and western part are higher and middle part is lower, so the
Chapter 4D From 'Drive' To 'Walk'

stormwater will concentrate to the retention basin in the middle, get treated and then flow into Tan Brook or infiltrate under
ground.
With the drainage pipes be moved to the up hill, several
plunge pools and check dams will be proposed to slow down
velocity of stormwater and provide longer time for water to
infiltrate A bridge is proposed above plunge pool, connecting
Practice Rink and parking lot, the bridge also provide a good
spot for people to see water and cascade in plunge pool.
Local plant materials will be applied in the green space
in this parking lot. Compared with traditional ornamental plant
mate- rials, local plant can adapt to the local environment better be- cause they are native and it will be easier to take care of
them. They are more likely to resist local insects also can adapt
to different climate condition as well. Also those native plant
can provide food and habitat for local wildlife species, so they
can bring various benefits to the local ecosystems and contribute to biodiversity.
So the new proposed plunge pools and bio-swale will
also con- tribute to the local ecosystem and provide food or
habitat to the wildlife
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4D-5 DESIGN ANALYSIS

Figure 243.

Proposed spot elevation and surface water flow

+179.40
+ 167.50

+176.00
+172.00

+

+167.50

160.00

+162.50

+

155.00

+165.00

+

160.00

+ 155.00

+176.10
+175.00

+170.00
+160.00

+149.00154.40
+

The surface runoff will be
collected and piped into
retention basin

+ 167.80
+162.80
+150.00

+162.80
+155.80

Retention Basin
Bio-swale
Retention Basin
PIPED WATER

Plunge Pool

SURFACE RUNOFF
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Figure 244.

Proposed pedestrian circulation

To Marston Hall and GRC

SIDEWALK

To Library
and Student Union

CROSS ROAD

To Recreation Center
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Figure 245.

Proposed vehicular circulation

DRIVE WAY
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Figure 246.

Proposed drainage pipes

Removed Main Drainage Pipe
Proposed Main Drainage Pipe
Regular Drainage Pipe
Man Hole
Catch Basin
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4D-6 STORMWATER MANAGEMENT
The whole site will be covered by a solar canopy to grenate clean energy and protect cars from sun, rain and snow. Because
of the contaminated soil condition that exists underneath the western part of the parking lot, bioswales are not proposed in this
area since water infiltration is not permitted. All of the stormwater in this area will be collected and be piped into a retention basin. Bioswales are proposed for the eastern part of the parking lot under the solar panels. Rainwater will flow into the bioswales,
get treated and infiltrated and then will be piped into the detention basin. All the treated stormwater in detention basin will then
flow into Tan Brook.

Swale
Sidewalk
Stormwater get treated
and infiltrate in bio-swale

Extra Stormwater be piped
into retention basin.

Charge to Tan Brook
Figure 247.
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Proposed stormwater management for parking lot
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Solar Canopy Infiltration Allowed
RUSTED STEEL BOARD
BIO-SWALE

Eight foot wide bio-swales are proposed under the solar panel canopy to collect
and treat stormwater from the paved surfaces
and solar panels. To prevent the plant material
in bioswales from getting damaged from the
rainwater dropping from solar canopy, a 5’ wide
swale filled with crushed stone is proposed in
the center edged with corten steel. The overflow from crushed stone swale will flow into the
bioswale to infiltrate as shown in Figure 244.

CONCRETE SIDE WALK
SOLAR CANOPY

PERMEABLE ASPHALT
24’’THICK 1/4’’ CRUSHED STONE
48’’ THICK 1/2’’ CRUSHED STONE

6’

Figure 248.

8’

5’

8’

48’’ THICK 1/2’’ CRUSHED STONE

6’

Parking lot with bio-swale

WATER PROOF LAYER

20’

RUSTED STEEL BOARD
CONCRETE SIDE WALK
SOLAR CANOPY
REGULAR BITUMINOUS CONCRETE

Solar Canopy No Infiltration Allowed
In the contaminated soil condition area
in the western part of the parking lot, all the
stormwater will be collected in a lined, crushed
stone swale and piped into the detention basin. Sidewalks guide people can walk along the,
walk to bus stop nearby or walk to the sidewalk
about the Commonwealth Ave.

6’

Figure 249.
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8’

6’

Parking lot without bio-swale

20’
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StormWater Management Data

Basic Information
Site size: 14 acre
Annual Rainfall in Amherst: 45.99inch
Storm Type: 90%
Storm Rainfall: 0.97 inch
Parking Spot Number: 844
Green Improvement
1.Swale in parking lot:
Length Average: 240 ft
Width: 15 ft
2.Permeable Paving on Parking lot: 40%
Material: Porous Asphalt and Previous concrete
3. Bio-Retention
2
Amount: 18936 ft
Prepared Soil
Depth 36 inches, Porosity 25%
Underlying Aggregate (Crushed Stone)
Depth 48 inches, Porosity 40%

Volume Control
Predevelopment Af ter Applying Difference
BMP
Average Annual Rainfall
Total Runoff (inch)

Total Runoff Volume(ft )
3

45.60

41.29

-7%

2317,172

12133,036

-7%

0.73

0.05

-93%

36950

1397

-93%

90% Storm
Total Runoff (inch)
Total Runoff Volume(ft )
3

Source: http://greenvalues.cnt.org/national/calculator.php

Volume Control Information
3
Required Volume Capture from 0.5" over Impermeable Surface: 14,850ft
3
3
Volume Captured by current BMPs: 45,742ft Swales 5,742ft
2
Permeable Pavement on Parking: 40,000ft
Percentage of Required Volume Captured by current BMPs: 308%
Decrease in Impervious Area: 41%
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4D-7 PERSPECTIVE OF PARKING LOT

Figure 250.

Perspective of parking lot

Existing Condition

PERMEABLE PAVING ENCOURAGE
INFILTRATION
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STORMWATER GATHERED IN
RETENTION BASIN GET TREATED
INFILTRATED
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4D-8 PLUNGE POOL
Plunge Pool Existing Condition

Figure 251.

184

plunge pool existing condition

Figure 252.

Stormwater outlet

Figure 253.

Daylight Tan Brook
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Plunge Pool Concept
The UMass Amherst campus was shaped by glaciers with the site being located along the edge of glacial Lake Hitchcock. My
concept uses a plunge pool to reflect the glacial landscape in New England. The shape of the plunge pool and stone in the water are inspirated by drumlins and terminal moraines. The smooth slope will be covered by grass and wild flowers. Concrete is poured in shapes
to evoke the forms of drumlins and fish, these small islands in the water can provide places for birds to stay. Two check dams are set to
slow down the water, and provide more time for water to stay and infiltrate. Below the check dam is a water wheel which will generate
electricity. Near the water, various wetland plants will be planted to help to increase biodiversity. At the same time, those wetland plants
can provide habitat for wild life and help to improve water quality.
DRUMLIN

FISH

+

GLACIAL LANDSCAPE

Figure 254.

Plunge Pool Concept
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Plan
The plunge pool creates a new landscape for this parking lot, helping to treat stormwater and also helping to slow down the velocity of the stormwater from campus and Tan Brook, providing more time for stormwater to infiltrate. A bridge is proposed cross the
pool to connect parking lot and practice rink, people can choose walk around the pool or stay in the middle of the bridge to view water
cascade.

TO PRACTICE PINK
AND MULLINS CENTER

Figure 255.
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Plunge Pool Plan
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Section Of Plunge Pool

STORM WATER
OUTLET
SIDEWALK

BRIDGE CONNECT THE SITE
CONCRETE CHECK DAM
WATER WHEEL
WINDMILL

CONCRETE BLOCK REPRESENT
DRUMLIN
WETLAND PLANT

Figure 256.

Plunge Pool Section
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Adapt To Different Climate

Figure 257.

The check dam is designed to adapt to different
conditions. In its normal state, water flows from the
narrower section of dam to make the water wheel turn.
When flooding condition occur, the extra stormwater
will flow through broader section of the weir structure.
Rocks and pebbles will be set along the bank so that
when a drought happens, the rocks will be visible, creating a dry creek landscape.

Drought condition

Figure 258.

Flooding condition

DROUGHT CONDITION
NORMAL CONDITION
FLOODING CONDITION
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Wind Turbine And Led Light
Wind turbines are set near the water as a sculptural and functional element with the turning fan blade makinge landscape more interesting. Also the wind turbine can generate power from wind. A LED light
frame covers the windmill to create a light show and spur interest and
awareness in of the green infrastructure.

WIND GENERATE POWER

POWER FROM WATER WHEEL

Figure 259.

Wind Turbine during the day
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Figure 260.

Wind Turbine during the night
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4D-9 LOCAL WILD FLOWER APPLICATION
Figure 261.

One of my goals is to lower the landscape's need for
maintenance. Compared with traditional cultivated species,
native wild flowers can better adapt to local soils and climate
and have a greater survival rate. Also they can provide food and
habitat for local wildlife species. This can help to improve local
biodiversity.
Because wild flowers are heartier, they don't need
pesticides or fertilizers. Reducing those chemical is also helpful
to improve local water quality and make the soil healthier.

Planting list
Wild Flower
List

Description

Lance-leaved Tickseed

New England American Aster

Black eyed Cone Flower

Ox Eye Daisy

Garden Cosmos

Garden Cosmos

Figure 262.

Botanical Name
Baptisia tinctoria
Claytonia virginica
Coreopsis lanceolata
*Cosmos bipinnatus
Erigeron strigosus
Hepatica acutiloba
Hibiscus moscheutos
Leucanthemum vulgare
Lupinus polyphyllus
Rudbeckia hirta
Solidago gigantea
Symphyotrichum novae‐angliae
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Common Name
yellow wild indigo
Virginia spring‐beauty
lance-leaved tickseed
garden cosmos
rough fleabane
sharp‐lobed hepatica
rose mallow
ox-eye daisy
blue lupine
black-eyed coneflower
smooth goldenrod
New England American-aster

Bloom Season
Summer
Early Spring
Spring to early summer
Mid summer to mid fall
Summer
Early Spring
Summer to early fall
Late spring to early summer
Summer
Summer
Late summer to early fall
Late Fall
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4D-10 PERPSPECTIVE VIEW FROM BRIDGE

Figure 264.

Figure 263.

Description

Existing Condition

You are here.

WINDMILL GENERATE POWER FROM
WIND

NEW
STREET TREES

WATER FROM
TAN BROOK AND
CAMPUS POND

WETLAND PLANT
PROVIDE HABITAT FOR
WILDLIFE

SOLAR CANOPY

WILDFLOWER
LED LIGHT

BRIDGE CONNECT THE SITE

WATER WHEEL
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4D-11 CONCLUSION
The redesigned parking lot 25 will be a good prototype to
demonstrate stormwater management. The proposed solar canopy and
sidewalk will provide people with a better parking and walking experience. And the green infrastructure applied in this project will bring various benefits on environ- mental, educational and financial. UMass campus should try to build such project to demonstrate UMass is a school
support sustainability.
According to the calculation, the new proposed parking lot will
help to treat 45,742 cubic feet of stormwater, and help to decrease impervious area by 41%. When a storm event of 0.73 inches happens, the
BMPs apply in this parking lot can reduce the total runoff volume from
36,950 ft3 to 1,397 ft3, making the runoff depth from 0.73 inch to 0.05
inch, effectively treat 93% stormwater during the storm event.
The project can help to demonstrate a sustainable solution.
When people come to Mullins Center for basketball, hockey or graduation events, or just park their cars, parking lot 25 will be a good sustainable example for people to get influenced, think about what is the right
way to treat stormwater, and the benefits of clean energy and from the
basic, people will experience better parking and walking experience,
enjoy improved landscape.
In conclusion, this project will meet the goals and objectives,
help to provide better parking and walking experience for students, faculty and visitors, help to mitigate stormwater management problems,
provide clean energy, shade and protect cars and improve the campus
environment to create a more sustainable UMass campus.
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UMASS AMHERST CAMPUS GREEN INFRASTRUCTURE
PLANNING CHAPTER 5
CONCLUSION

The goal of this project was to create a green infrastructure plan
for stormwater management at the University of Massachusetts Amherst that manages stormwater more effectively than traditional methods. The projects benefits will be to reduce surface runoff, improve
water quality, compensate for aging infrastructure, provide educational
awareness of LID strategies and best practices, and improve the campus environment, creating a better looking, healthier, more sustainable
campus. In order to achieve this goal, research on managing stormwater, campus design, designing public spaces, heritage planning, pedestrian circulation and social behavior, climate, effects of traditional stormwater management techniques, and the implementation and benefits
of green infrastructure and renewable energy resources was performed.
Along with a literature review, case studies were reviewed both for their
similarities to the UMass site conditions as well as for their progressive
application of green infrastructure and renewable energy. This was important to show precedent for the wide spread application of green
infrastructure on similar sites, but also to better understand these strategies and approaches to stormwater management so we could better
apply them to the campus.
In order to fully understand green infrastructure and how it may
be applied on campus is was necessary to be informed about how water is currently managed on campus, and what issues exist as a result.
Researching and understanding how the Tan Brook watershed works
and how it is being affected was crucial to understanding how the
problems may be remedied. In this case the campus stormwater system
is overburdened during larger rain events, and runoff from buildings,
roads, and parking lots is untreated before it enters the natural hydrologic system. This results in low time of concentration, and contamination of nitrates, phosphates, heavy metals, and high conductivity levels.
The velocity of water during the initial first flush of runoff is also problematic as it causes scouring and disruptions to natural habitats downstream. It was also important to address impending MS4 permitting by
the EPA and what responsibilities the campus has to fix some of these
problems in the future. The landscape design was guided by best practices and contemporary methods of stormwater management using
green infrastructure.
196

Chapter 5 Conclusion

The campus community and site users were also a very significant design consideration. It was very important to consider the wants
and possible needs of the people using the site. Because UMass is an
educational institution, it was especially important to consider what
that means and what special considerations that may entail. All designs
had to be within a general mission to create a rich and safe educational
life experience. It was also important to observe and understand the
movements and social behavior of students, faculty, and staff to create
a safe, legible framework of paths and spaces that suit the user’s desired functions.
Green infrastructure on campus is not just the “right thing to do”,
the “best course of action”, or something the campus will be required
to implement, it is all of these things. As the campus has developed
over time, current conventional methods of stormwater management
have proven to be deficient. As the campus continues to develop there
is a necessity explore and implement green infrastructure and best
practices in stormwater management. By implementing green infrastructure for stormwater management on campus the benefits will be
innumerable. Benefits such as lower overall infrastructure costs, more
efficient use and management of water, the mitigation of contaminated water, and improvement in the health of natural systems are just
primary benefits. Secondary benefits such as cleaner, cooler air, habitat
formation, and lower energy use are virtually innumerable. This project
demonstrates the importance and possibility of implementing green infrastructure for stormwater management at the campus scale, and the
benefits to the campus at large. In doing so the campus will be a more
attractive, more sustainable, and healthier place to live and learn.

Chapter 5 Conclusion
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Literature Review Images and Sources
Image 1-UMass Campus from Student Center: Photo by Joseph LaRico
Image 2-Postcard from MAC Showing the Chapel and Pond: http://scua.library.umass.edu/exhibits/scrap/page2.
Image 3-Photo of an Olmsted Designed Park: http://s3.amazonaws.com/37assets/svn/72_0401-00509-15_FLONHS_
Image 4-UMass Permaculture Garden from Franklin Dining: http://www.umassdining.com/sustainability/permaculture/history-umasspermaculture-initiative
Image 5-UMass Permacultur Garden from Stockbridge Rd.: http://www.umassdining.com/sustainability/permaculture
Image 6-Walking Trail Through Birches and Aspens: Photo by Joseph LaRico
Image 7-Misquamicut Beach Westerly, RI after Hurricane Sandy: http://www.boem.gov/uploadedImages/BOEM/BOEM_Newsroom/Press_
Releases/2014/
204

Works Cited

Image 8-Sewer Pipe Discharging into Stream: http://www.lexisnexis.com/legalnewsroom/resized-image.ashx/__size/500x400/__key/
Image 9-Stream Bank Erosion: http://upload.wikimedia.org/wikipedia/commons/d/dc/Pimmit_Run_erosion.JPG
Image 10-Leaves of a Green Ash Tree: Photo by Joseph LaRico
Image 11-Rain Garden at LSL Building at UMass Amherst: http://wilsonarch.com/wp-content/uploads/2014/03/UMA_LSL14.
Case Studies
Southwest Concourse:
Pictures and information from: http://www.umass.edu/sustainability/green-campus/southwest-concourse
http://www.stephenstimson.com/University-of-Massachusetts
Main Mall, University of British Columbia
Pictures and information from: http://planning.ubc.ca/vancouver/projects-consultations/completed/public-spaces-campus-landscape/
university-boulevard-water
Marsh Hall Quad, Salem State University
Pictures and information from: http://www.wagnerhodgson.com/projects/educational/salem-state-university-marsh-hall
http://landperspectives.com/category/academic-campuses/
Water Conveyance Channels
Pictures and information from: http://lisastown.com/inspirationwall/category/water/page/2/
http://en.wikipedia.org/wiki/Freiburg_im_Breisgau
http://jeffreygardens.blogspot.com/2011/03/patio-de-los-naranjos-cordoba-spain.html
http://localecologist.blogspot.com/2008/02/runnels-in-cordoba-sevilla-and-madrid_19.html

Historic Assessment Photos from UMass Digital Collection: http://scua.library.umass.edu/youmass
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