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Executive summary
Introduction

The urban heat island (UHI) is a well-documented
phenomenon in which urban areas tend to be
approximately 20 degrees warmer than the
surrounding rural areas. The UHI can be felt all
year round, but is felt more acutely during the
summer and can contribute to heat-related illness
and death. Extreme heat events are contributing
factors in approximately 714 deaths every
year in the United States, more than any other
extreme weather event. As our world becomes
more urbanized and our climate continues to
warm, mitigating the negative impacts of UHI has
become an utmost priority for many communities.

Background

Southeast Colorado Springs encompasses
approximately 12 square miles and is home to
approximately 74,000 residents (US Census, 2019).
These residents make Southeast the most diverse
community in Colorado Springs and are also the
most impoverished. Southeast Colorado Springs
is a community detached from the city, with high
rates of crime that have given it a reputation as
an undesirable community; this is in contrast with
the rebranding
that the city has
just undergone
as “Olympic City”,
which invokes a
feeling of heroism
and endless
possibilities.
The Southeast
is not without
its champions,
though, and
there is a strong
grassroots energy
that city planners
are capitalizing
on.
The Southeast
not only differs
from the city in
reputation, but in
temperature.

A report from Colorado College presented to City
Council in 2019 notes low-income communities
are approximately 1.6 degrees Fahrenheit warmer
than the rest of the city (McKindra & Kummel,
2019). In looking at the landscape of Southeast
compared to Colorado Springs, it is apparent
that the tree canopy coverage that marks the
history of Colorado Springs does not extend to the
Southeast. As Colorado Springs embarks on their
first community planning efforts, the city planners
are interested in exploring the inequities of heat
distribution felt in the Southeast and develop
mitigation efforts aimed to create a healthy
environment and a vibrant community.

Objective
The client for this project is the City of Colorado
Spring’s Comprehensive Planning Division. The city
is developing its first community planning effort
and has chosen Southeast as its first community,
signaling the city’s commitment to an developing
an equitable city. As part of this planning effort,
the city is seeking to understand how to build
climate resiliency into their planning efforts and
have tasked the student researcher to provide
recommendations on how the UHI can best be
mitigated.
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Additional research was conducted to better
understand how other municipalities have begun
to mitigate the impacts of UHI. It was found that
municipalities that have undertaken steps in
combatting UHI have often employed varying
strategies, ranging from tree plantings to zoning
updates, have all sought co-benefits in utilizing
Background research also informs us that UHI
and use policy tools and green infrastructure. The
is often felt disparately among lower-income
information in this research then informed the
communities and communities of color. Emerging methodology for the remainder of the report.
research has begun to link historic housing
policies with UHI. Through ‘red-lining’, a process
in which the Homeowner’s Loan Corporation
(HOLC) drew risk-maps based on racial
An analysis of the community’s demographics and
discrimination and rated these neighborhoods
built environment was conducted, utilizing data
from “A” (green) to “D” (red), is no longer a
available from the Colorado Department of Public
legal practice, its effects can still be felt today;
researchers have noted that there is a 2 degree Health & Environment (CDPHE), the US Census and
spatial data available from the city of Colorado
Celsius difference in neighborhoods that had
Springs and the county of El Paso. The analysis
previously been rated “A” than neighborhoods
conducted of the demographics of Southeast
that had received a “D”-rating. Some studies
indicates that Southeast is a community that is
have found that even without formal redvulnerable to the impact of UHI and extreme heat,
lining maps, segregation persisted and that
with a median income that is only 68% of the
marginalized groups today tend to live in
communities that lack tree coverage and have an median income for the city of Colorado Springs
excess of impervious pavements. These risks are and a population whose diversity is double that of
then compounded with the age and health status the city as a whole. Southeast is also a very young
community, with 10% of the population under the
of individuals, as children under the age of five
and adults over the age of 65 are less capable of age of five and 8% over the age of 65.
self-regulating their body temperatures, while
those with pre-existing respiratory and heart
conditions are susceptible to heat illness.

Executive summary
Background Research
The initial phase of this project began with
completing background research into the topic
of UHI. Academic literature and case studies
provided an understanding of the generation
UHI and the social vulnerability associated with
UHI and extreme heat. Research has shown that
there are three main contributors to UHI: (1) lack
of vegetation (2) excess pavement (3) buildings.
Each of these contributors have different
uses associated with them that contribute to
higher temperatures in cities, such as energy
consumption in buildings and heat absorption
from pavements, as well as indirect contributions,
such as vehicle traffic that utilizes pavements.
Some of the literature notes that while UHI is
more likely to be contributed to larger cities,
density can actually help mitigate the impact of
UHI and that suburban communities, particularly
disinvested communities, are likely to suffer from
higher temperatures than their neighboring city as
a result of suburban sprawl.

Existing Conditions

An examination of the built environment reveals
that though the community is dominated by
single-family homes and in the southwest portion
of the study area. Commercial use is the prevailing
land use along Academy Boulevard whose zone
code mandates as many as one parking spot
per 100 square feet, depending on use. This
has resulted in a sea of parking lots, totaling
approximately 130 acres, largely located in
outdated and underutilized shopping plazas along
Academy Boulevard. Academy Boulevard, once an
analysis of tree coverage along this corridor has
revealed that few trees exist, indicating that this
corridor is in need of intervention.
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of this report, it is also important that develop actions to mitigate gentrification that has been associated with both
green infrastructure and redevelopment.
The following are specific recommendations for implementation into a form-based code aimed at combatting UHI:

Executive summary
Recommendations
The final recommendation from this research
is to adopt a form-based code along Academy
Boulevard, with regulations aimed at mitigation
measures designed to combat UHI. Unlike
conventional zoning, a form-based code directs
the focus of policy away from uses and focuses
on the interaction of development and the built
environment to encourage the development
of pedestrian-oriented places. Through the
redirection of regulations from the use of a
parcel to its relationship to its surroundings,
planners can begin to build resiliency into their
community planning efforts and foster a healthy
relationship with the community by developing
a new zoning code that is built on and codifies
community vision. The benefits of a FBC extend
beyond climate resiliency and could help spur
development along the corridor to bring much
needed jobs and tax revenue to the corridor.
Though the development of a FBC with specific
measures to combat UHI was the goal of

Road diet
» Remove one lane in each direction along Academy Boulevard
» Install bike lanes and dedicated bus lanes to encourage multi-modal transit use
and

Landscaping
» Discourage the use of rock-scaped landscaping
» Encourage landscaping that meets the public right of way
» Require low-water maintenance landscaping

Buildings:
» Require cool roofs on new developments
» Require open-space dedications for new developments
Pavements:
» Require shade trees in public right of ways
» Adopt parking maximums and consider removing parking requirements at
future transit hubs
» Require parking lots be paved with lighter materials, provide pedestrian paseos
or walkways and shade parking stalls with landscaping or solar paneled stalls
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CHAPTER 1
Introduction
Problem Statement
Urban Heat Island (UHI) is an anthropogenic
phenomenon that occurs when an urban area
experiences higher temperature than the
surrounding rural areas. While most associated
with large, dense cities, UHI is also known to occur
in low-density developments, where tree canopy
is low and impervious surface is dense. While
there have been some arguments that UHI could
be beneficial for colder climates, UHI is caused
by, and contributes to, global climate change and
has adverse effects on human health. As the
impacts of climate change become more acute,
UHI becomes more dangerous to human health as
extreme heat events become more likely to occur
and have longer durations (EPA, 2008). In Colorado
Springs, the number of extreme heat days has
increased from nine to 16 per year, since 1971.
(Climate Central, 2020).

The client for this project, the Comprehensive
Planning Department for the city of Colorado
Springs, is seeking to understand how the UHI
impacts their most vulnerable community,
Southeast Colorado Springs. he clients are
beginning the process of producing the city’s firstever community plan, of which community health
and climate change are expected to be central to
the report. The clients are aware that while the UHI
exists in much of the city, it is disproportionately
felt in the Southeast. The clients are seeking
guidance on how land use tools may be deployed
to mitigate the effects of the UHI.

Source: Urban Land Institute
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Introduction

Background
Southeast Colorado Springs encompasses
approximately 12 square miles and is home to
approximately 73,000 residents (US Census,
2019). As I will discuss in chapter three, these
residents make Southeast the most diverse
community in Colorado Springs and are also the
most impoverished. Southeast Colorado Springs
is a community detached from the city, with high
rates of crime that have given it a reputation as
an undesirable city; this is in contrast with the
rebranding that the city has just undergone as
“Olympic City”, which invokes a feeling of heroism
and endless possibilities. The Southeast is not
without its champions, though, and there is a
strong grassroots energy that city planners are
capitalizing on.
The Southeast not only differs from the city in
reputation, but in temperature. A report from
Colorado College presented to City Council
in 2019 notes low income communities are
approximately 1.6 degrees Fahrenheit warmer
than the rest of the city (McKindra & Kummel,
2019). In looking at the landscape of Southeast
compared to Colorado Springs, it is apparent

compared to Colorado Springs, it is apparent that
the tree canopy coverage that marks the history
of Colorado Springs does not extend to the Southeast. As Colorado Springs embarks on their first
community planning efforts, the city planners
are interested in exploring the inequities of heat
distribution felt in the Southeast and develop mitigation efforts aimed to create a healthy environment and a healthy community.
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Introduction
Goals and Objectives
This project is intended to achieve two primary
goals. The first is to understand how Southeast
is impacted by UHI. This will involve extensive
background research, spatial and demographic
analysis and the identify case studies of best
practices that are most relevant to the local
context of both the Southeast community and
Colorado Springs.
The second goal is to develop a set of
recommendations that align to the city’s goals
of health and equity in climate adaptation.
These recommendations will be developed
through background research but will also
incorporate stakeholder input and feedback to be
representative of the community. This
report will acknowledge the inequities of the built
environment in Southeast Colorado Springs and
incorporate principles of environmental justice
throughout the report.

Remainder of the Report
The remainder of this report will discuss
the generation and impacts of UHI and how,
by addressing UHI, other city goals, such as
walkability and increasing access to green
space, may be achieved. Then, it will provide a
snapshot of the Southeast community through
the built environment and social demographics
to better understand the context that will
ultimately influence the outcomes of this report.
Following the existing conditions analysis, an
analysis of opportunities and barriers exist in
the planning context and built environment to
understand the potential limitations to feasibility.
Finally, the report will conclude with a set of
recommendations based on background research
and an analysis of the community,
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CHAPTER 2
Background Research
The urban heat island effect is a unique
anthropogenic phenomenon that causes the
urban areas to experience higher temperatures
than the surrounding rural areas; in some
instances, the temperature differences can range
by 20 degrees (EPA, 2008). The causes of UHI can
be summarized as: lack of vegetation, an excess
of pavement and inefficient buildings (Gago et
al, 2013), each associated with other human
activities that negatively impact the environment,
such as energy consumption and transportation.
Though UHI is present all year, it can be felt more
acutely and become more dangerous during
heatwaves; between 2004 and 2018, the Center
for Diseases (CDC) has estimated that 702 people,
on average, die annually due heat events, more
than in any other weather events (CDC, n.d.). Since
2006, the number of extreme heat days have
increased from nine to 16 (El Paso County, 2021)
and this trend is expected to continue as the
climate continues to change.

Trees
In analyzing UHI, researchers believe that
examining tree canopy and impervious surfaces
are best indicators for determining where
the UHI effect (Kim & Guldmann, 2014). Trees
provide an essential cooling service through
evapotranspiration, which is the process in which
water vapor is released from leaves and into the
surrounding air, creating a cooling effect. Shade
trees have proven to be effective in
cooling the surface temperature; tree groves, for
instance, have been shown to be as much as 9
degrees Fahrenheit cooler than their nonshaded
surroundings (EPA, 2008). Trees also offer
triple-bottom line sustainability, as they not only
provide shade, but capture carbon that has been
released in the air and act as a mitigation tool
for stormwater retention and bio-filtration (EPA,
2008). In dryland environments, trees are a more
complicated tool for mitigation, as they can be
water-intensive and slow to mature (Gago et al,
2013); trees in these environments should be
carefully selected to ensure compatibility.

Pavement

Buildings

As a second indicator of UHI, pavement plays a
pivotal role in the generation of UHI. During peak
temperatures in the summer, pavement can
range between 120 and 150 degrees Fahrenheit
(EPA, 2008), with darker materials, such as
asphalt, absorbing more solar radiation than other
pavement materials. This is due to the albedo of
the material of asphalt versus concrete. Albedo
is the ability of material to reflect solar radiation,
thus the higher the albedo, the more reflective the
material. While the UHI is generally more severe
during the day, pavement and other low albedo
materials extend the heat well into the night, as
these materials typically cool at a slower rate.
While pavement is a prime driver of the UHI effect,
research and mitigation efforts have been more
slowly to develop effective alternatives to low
albedo pavement, largely because temperature
of the pavement is influenced by solar radiation,
as well as convection generated by traffic usage
(EPA, 2008). Traditional pavements do offer
needed benefits to urban environments, such as
accessibility for all users and cheap maintenance,
where alternatives, such as permeable pavers,
are more expensive and may not offer ADA
compatibility (EPA, 2008). When considering
alternatives to pavement, placement and context
must be carefully considered.

Finally, buildings contribute to UHI in both
material and form. Like pavements, buildings
absorb solar radiation and slowly emit heat. The
design of buildings also influences the energy
consumed for heating and cooling, which in turn
has an impact on greenhouse gases released
into the atmosphere. This is especially true of
buildings in less dense areas , where the energy
consumption is 11 to 20% higher than compared
to highly dense areas (Gago et al, 2013).
While UHI is typically associated with more
urbanized areas, such as New York City, Los
Angeles, and Philadelphia, one study has
suggested that low-density, single=family
housing is the largest contributors to the UHI
effect (Kim & Guldmann, 2013). This is further
corroborated by the research conducted by
Lariviere and Lafrance that find that urban
density is the largest variable that leads to
year-round reduction of energy consumption
(Lariviere and LaFrance, 1999, as cited in Gago
et al, 2013). Though dense areas can contribute
negatively to UHI through “urban canyons”,
which restrict air flow (Gago et al, 2013), tall
buildings offer shade in the summer and wind
breaks in the winter. Suburban communities,
however, may lack tree canopy depending on
socioeconomics (Harlan et al, 2008) or age (EPA,
2008) and whose impervious surfaces cover a
greater area.
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Background Research
Health and the UHI
In the US, heat and heat-related illnesses kill
more than 600 people every year and occurs not
only during extreme heat events, but on days
with a moderate increase in temperature. (CDC,
n.d.). As communities become more urbanized
and extreme heat events become more likely,
annual deaths from heat exposure could increase
anywhere from 50-300% (Heavside et al, 2017).
Those most vulnerable to the effects of heat are
children under the age of five and elderly adults
over the age of 65, whose bodies are unable to
regulate heat as well as others (Heavside et al,
2017). Others vulnerable to heat are those with
pre-existing heart and respiratory disease. These
individuals, regardless of location, are most likely
to suffer the health impacts of UHI effect.

access to air conditioning to cool their homes and
and are more likely to live in homes that have less
insulation (Heavside et al, 2017). In determining
the risk of morbidity caused by UHI, studies have
shown the type of dwelling and UHI intensity are
the best indicators, though one study has indicated
that the age of the individual create a “triple
jeopardy” scenario (Heavside et al, 2017).

Social Vulnerability

As the impacts of UHI are being discussed, it is
important to keep in mind those who are most
vulnerable to its effects. Social vulnerability
According to the CDC, young children under the age
of five, the elderly over 65, and those with preexisting respiratory and heart conditions are most
at risk of heat- related illness or morbidity (CDC,
n.d.).
Socioeconomics also play a role in vulnerability.
Low-income people, including those experiencing
Other vulnerabilities arise when factoring in
homelessness, face a disproportionate risk to heat
socioeconomics. Emerging research strongly
than any other income group. Studies have pointed
suggest a correlation between land-use and
to the lack of air-conditioning in older homes that
socioeconomics (Heavside et al, 2017; Harlan et
al, 2008; Hoffman et al, 2020), which then in turn low-income people occupy (Heavside et al, 2017;
Gago et al, 2013; Hoffman et al, 2019) as being a
impacts resident’s health. Low-income people
living in older buildings, for example, may not have factor of risk, however, these same studies have

emphasized the need to move away from air
conditioning as a solution for cooling homes, since
air conditioning contributes to GHG emissions.
Instead, planners should be looking towards
reducing surface coverage of impervious
pavements and increasing the tree canopy
coverage. Recent studies have shown that lower
income people and ethnic minorities are more
likely to live in areas with a lower tree canopy
coverage and with higher rates of air pollution
(Hoffman et al, 2019). The vulnerability to heat
for low income people is not only linked to their
wages but is also a product of U.S. housing
policies whose goals were to institutionalize
segregation through ‘red-lining’, a process in
which the Homeowner’s Loan Corporation (HOLC)
drew risk maps based on racial discrimination and
rated these neighborhoods from “A” (green) to “D”
(red), is no longer a legal practice, its effects can
still be felt today.
In their study on red-lining and UHI, Hoffman et
al analyzed 108 HOLC maps and compared them
to UHI maps of the same neighborhoods. Their
analysis concluded that red-lined neighborhoods
were, on average, 2 degrees Celsius warmer
than “A”-rated neighborhoods, due to land use
patterns and vegetative covering that contribute
to UHI. Similarly, a study published by Sharon
Harlan and a team of researchers has shown
that even without a redlining map, Phoenix,
Arizona experiences racial segregation in their
neighborhoods. This segregation has led to
neighborhood disinvestment with similar land

use patterns that observed in the Hoffman study,
with little tree coverage and an overabundance
of pavement, which may lead to a difference
in the air temperature of up to 13.5 degrees
Fahrenheit (Harlan et al, 2008). These studies
show that patterns of disinvestment drive an
inequitable distribution of heat in cities and
require a neighborhood-based approach to begin
to mitigate the effects of the UHI.

key takeaways
The background literature provides a deeper
understanding of the generation of the UHI
and how its impacts can be felt disparately
across vulnerable communities.
The literature also provides insight on
mitigation measures and their co-benefits.
Trees, for example, not only provide shade
and cooling, but absorb CO2 and provide
stormwater retention and biofiltration.
UHI is complex and overlaps with other
environmental issues and mitigating UHI
provides opportunities to address other
issues of concern.
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Background Research
Case Studies
denver green roof ordinance
Denver’s Green Building Ordinance was initially
known as the Green Roof Ordinance, was adopted
in 2018 and is one of the most comprehensive
efforts in the nation to limit a buildings
contribution to UHI and climate change. Under this
ordinance, new and existing buildings with over
25,000 square feet are required to install cool
or green roofs, as well as the use of other green
infrastructure or the use of renewable energy.
Under this proposal, an in-lieu fee was developed
to allow property owners to opt out by paying
into the city’s Green Building Fund, this fee ranges
from $17 per square foot for existing buildings to
$25 per square foot for new developments. This
fee takes advantage of opportunities presented
through new development and redevelopment
happening throughout the city to invest in trees
and greenspace, water quality improvements and
roof top solar initiatives for affordable housing
developments, as well as creating affordable
housing. Denver’s holistic approach to sustainable
planning is one of the few in the nation to directly

address UHI, while recognizing the long-term cost
benefits of green infrastructure. (Karlik, 2020).
phoenix walkable urban code
In 2015, Phoenix, Arizona adopted a new unique
zoning code known as the Walkable Urban
(WU) code, which replaced the transit-orient
development (TOD) code to create a zoning code
aimed at creating pedestrian-Wfriendly spaces.
The concept was spurred by investment in
public transit with the introduction of light-rail,
which was intended to connect the sprawled out
neighborhoods of Phoenix to one another and the
downtown area and to inspire dense development
closer to the downtown area to reduce autotraffic.
Responding to criticism that walking in Phoenix is
unrealistic, given the hot temperatures that define
Phoenix’s summers, the WU code intentionally
targeted pavement as a key tool for mitigation.
The ultimate vision for the WU code is to reclaim
pavements with parks and open spaces through
open space requirements in new developments,
landscaping and siting requirements to shade
public right of ways and private parking lots.

The WU code has been piloted in the East-Lake/
Garfield district, where the city received a HUD
Community Challenge Grant and have continued
to receive funding through capital improvement
projects (CIP). The WU code has since been
expanded to four other neighborhoods along the
light-rail corridor and can be applied to parcels
within 1/2 mile of a light-rail stop.
seattle green factor
Seattle Green Factor was first adopted in 2006
and expanded in 2009 in response to concerns
that more dense development could have adverse
impacts on the environment. Planners examined
case studies from Europe to develop a landscape
scoring card that would address a variety of
environmental concern, from urban heat island to
ensuring food access.
The scorecard acts as a “carrot and stick” policy,
through requiring environmentally beneficial
landscaping and offering incentives for projects
that bring landscaping into the public right of way
or pedestrian view. Developers have flexibility in
meeting the minimum score by providing a variety
of options to choose from, such as green roofs,
green walls and food gardens and has resulted in
collaboration between landscape architects and
the various departments that are involved in the
approval process (ULI, 2017).

key takeaways
Relevant case studies provide a template for
future recommendations. The case studies
here demonstrate that for municipalities,
there is no one way to approach UHI, as it is
a broad spectrum of causes.
These examples provide ways that
governments can direct development
to mitigate its impacts, through building
codes and zoning. These approaches also
utilize incentives to achieve the desired
outcomes that extend beyond the minimum
requirements of the code.
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background research
Existing Plans
plancos (2020)
PlanCOS is
Colorado Springs’ first
comprehensive plan
since 2001. PlanCOS is
intended to guide
future development
in the city to create
a vibrant and healthy city in the future. The
plan creates a vision of an inclusive city that
is equitable, vibrant, unique and economically
resilient. This vision is made real by centering
around seven themes, which include policies
to reinvest in vulnerable communities, focus
on corridors, embracing infill opportunities
and supporting land use changes and seeks to
enhance connections between communities and
the environment.

Academy boulevard
economic
opportunity zone
action plan (2014)

The Academy Boulevard
Econnomic Opportunity
pikes peak regioal
Zone action plan o utlines
multi-hazard
a strategy for improving economic conditions
mitigation plan (2020) along the corridor. The plan identifies key issues
to success, including poor pedestrian crossings at
The Pikes Peak
intersections, lack of access to park space, lack of
Regional Multiaccess of multi-modal transit, an over abundance
Jurisdictional Hazard
of parking lots and a lack of residential units.
Mitigation Plan,
Located in an opportunity zone, with financial
published by the Pikes Peak Office of Emergency
incentives from the state, economic planners
Management to identify natural hazards that pose
propose improvements to the built environment in
a threat to people and property in the region and
order to attract new businesses and developments.
to determine best-practices to mitigating hazards
on a regional scale. The plan recognizes extreme
heat as a threat faced by the region that will
Academy boulevard
continue to grow over the years, but offers little
great streets plan
advice for heat mitigation.
(2011)
The Academy Boulevard
Corridor (ABC) Great
Streets Plan was
established to integrate
land use and transportation to revitalize the
corridor, which runs through the heart of
Southeast. The plan envisions a multi-modal
corridor that will be served by bus rapid transit
(BRT) that will become a destination for the
area. The ABC plan identifies key challenges

along the corridor, such as an inhospitable
environment to pedestrians, an excess of parking
and lack of adequate public transit.

key takeaways
The existing plans provides a roadmap for
the city’s and community’s vision for how
to plan for this community. Following the
comprehensinsive plan, the city imagines
a city that leverages its unique qualities,
enahnces quality of life for residents and to
engage with and celebrate the environment.
As demonstrated by the Hazard Mitigation
plan, extreme heat is a concern, but lacks
clear action to begin to mitigate the heat.
Specific to Southeast, there are key issues
in the built environment that prevents the
community from reaching its full potential,
particularly as it pertains to transit, park
access and housing.
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CHAPTER 3
methodology
Background research on the generation of
UHI and the feasibility of implementation for
mitigation and well-documented methodologies
for identifying heat islands provide a general
framework of approach to completing this report.
Few studies on UHI In Colorado Springs have been
conducted, leading to challenges in developing a
recommendation framework, but some studies,
such as the research report developed by Corina
McKendry, Miro Kummel and students from
Colorado College, provide a launching point for
this report. Based on the project objectives and
resources available, the following methodology will
be employed:

1. The first step of the methodology for was to

conduct background research to identify main
contributors to UHI, how UHI impacts environmental
and human health and planning tools available. This
will involve detailed research into the generation
of UHI and mitigation measures, as well as the
implications of UHI on human and environmental
health. This background research was discussed in
chapter two.

2. 1. Examined case studies in chapter two

to understand how other communities have
implemented actions to address UHI. Utilizing
internet research, case studies were chosen to
summarize and present as options for planners in
Colorado Springs to consider for implementation
in Southeast. These case studies have been
supplemented with interviews from planners to
determine the impact that these measures have
had if the information on the efficacy of those
measures is not available online.

3. Complete an existing conditions analysis

that confirms the need to address UHI in the
Southeast.
This analysis will include demographic data
such as age, income, race, and housing status
collected from the American Community
Survey (ACS), as well as health data from El
Paso County Health to identify indicators for
vulnerability. A spatial land use analysis will
also be conducted, which will focus on land
vacancies, impervious surfaces, and tree
canopy coverage. This data was sourced from

Comprehensive Planning Department at Colorado
Springs and will be used to generate maps
to areas for intervention. Though there has
been some preliminary research conducted
by Colorado College which confirms that the
Southeast is, on average, 1.8 degrees Fahrenheit
warmer than the rest of the city, this analysis
will reinforce the need to address UHI in this
community.

4. Develop a strengths, weaknesses,

opportunities, and constraints (SWOC) analysis
of the municipal code and built environment.
This analysis will help inform recommendations
by analyzing the areas of opportunity and
understanding the constraints presented by
regulations and the built environment

5. Develop recommendations. Finally,

recommendations for implementation will be
proposed to effectively address UHI. These
recommendations will address local needs and
will be supported the best research currently
available. These recommendations will be
compiled into a final chapter
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CHAPTER 4
Existing conditions

Approximately 72,463 people call Southeast
home. These individuals make Southeast the
most diverse in Colorado Springs. According
to 2019 US Census data, approximately 42% of
the population identifies as white, followed by
36% Latino or Hispanic, 13% Black or African
American, 4% identify as multi-racial, 3% as
Asian; less than 1% of the population identifies

The People
Race

Age
85 and over
66 to 85
45 to 65
25 to 44
20 to 24

Not specified

15 to 19

Native Hawaiian/Pacific Islander

5 to 14

Native American

Under 5

Asian

0%

Multiracial
Figure 2: Age

Hispanic/Latino
Black or African American
Co. Springs
SE Co. Springs
Figure 1: Racial Demographics

White
0%

20%

40%

60%

80%

as Native American or Native Hawaiian or Pacific
Islander. Compared to the city, there are twice
as many people identifying as Hispanic or Latino
and 1.5 times as many people who identify as
Black or African American living in the Southeast
and though those who identify as White

5%

10%

15%

Colorado Springs

20%

25%

30%

35%

40%

Southeast

Southeast is also a young community, with a
median age of 29; 28% of the population under
the age of 18 and 10% of the total population
under the age of five and only 8% of the
population is over 65. Examining the same
data set for the city, however, shows that the
median age is 35.5 years old, with only 21% of its
population under the age of 18, while 13% of the
population is over the age of 65.
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Existing conditions
Southeast is also the most impoverished
community in Colorado Springs. The median
house-hold income in Colorado Springs is
approximately $48,644, compared a median
income of $70,527 for the city as a whole. Nearly
half of the community is at or below the poverty
line, while 24% of the population is unemployed.
When compared to the city, Southeast’s
unemployment rate is four times greater, with
poverty levels five times that of the city’s. The
Southeast also has a fairly low level of educational
attainment, with only 12% of the population over
the age of 25 holding a college degree, while for
the city, 40% of the population over 25 has a
college degree. These low levels of educational
attainment can perpetuate the cycle of poverty
and risk housing insecurity if adequate jobs are
not available for the community.

community snapshot
Southeast is the most diverse
community in Colorado Springs,

Median household

with 58% of residents identifying
as BIPOC

income is

8% of residents in Southeast are

40% of Southeast

65 years or older

1 in 10 residents are under the

age of 5

$48,644*

*compared to $77,622 for the city

residents live at or below
the poverty line

24% of working-age

residents do not work
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Existing conditions
The community also suffers from poor health
outcomes. According to data available from
CDPHE, adults I Southeast ranks in the fourth and
middle quintile for heart disease (approximately
5.8-10.2%), with the highest rates seen east of
Academy Boulevard. This is comparable to the city
as a whole, as much of the city ranks between the
middle and highest quintiles

Asthma in adults was also examined to further
understand vulnerability to heat in Southeast.
Residents in the Southeast rank high for asthma
rates in Colorado Springs, with asthma rates in
the fourth and highest quintile (9.1-11.9%). This
number is also comparable where much of the
city ranks in the fourth quartile, as well as the
second (8.8%-9%).

Figure 5:Asthma in Adults in Southeast
Figure 4:Asthma in Adults in Colorado Springs

Figure 2: Heart Disease in Adults in Colorado Springs

Figure 3: Heart Disease in Adults in Southeast

Esri, HERE, NPS, Esri, HERE, Garmin, USGS, EPA, NPS

Asthma_Prevalence_in_Adults_
Asthma_M_1
Fourth Quintile
Highest Quintile

Bureau of Land Management, Esri, HERE, Garmin, INCREMENT P, USGS, EPA, Esri,
HERE

Middle Quintile
Second Quintile
<all other values>
City Limits

Heart_Disease_in_Adults__CDP
HeartDis_4
Fourth Quintile
Highest Quintile

Lowest Quintile
Middle Quintile
Second Quintile
<all other values>
City Limits
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The community is also rife with opportunity for
economic development. Academy Boulevard
is lined with shopping plazas and office parks,
many of which are outdated and some have been
almost entirely abandoned, with a retail vacancy
rate of approximately 7% and an office vacancy
rate of 8% (Colorado Springs, 2019). It is important
to note that though this is a healthy vacancy rate
much of the recent development has taken

Existing conditions
The Place
The community of Southeast is approximately 12
square miles and is comprised of two zip codes:
80910 and 80916 and is bounded by East Platte
Avenue and Airport Road to the north, Highway
87 and South Academy Boulevard to the south,
Highways 21 and 24 to the west and Milton Road to
the east.
Residential uses dominate the ladscape of
the community, with largely medium density
residential located east and west of Academt
Boulevard, while just adjacent to the corridor is
high density residential. These residential area as
juxtaposed with residential, heavy industrial uses
are prominent in the southwest and northeast
corners of the study area, where heavy industrial
abuts single-family homes, threatening to bring
the two uses into conflict.

Figure 7: Land use patterns in Southeast

place just north of the borders of our study area,
and as figure 8 demonstrates, much of the tax
revenue is also generated north of the study area.
Many of the businesses along the corridor are
auto-oriented, from fast food drive-thrus to gas
stations. The new development to the north has
begun to attract military-contract companies,
such as Raytheon and Lockheed Martin, which
could present opportunities for new development
in the area.

Figure 8: Tax Revenue Heat Map. Source: City of Colorado Springs, authors
annotation
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Existing conditions
A spatial analysis of impervious surfaces,
including parking lots, tree coverage and park
space was conducted to understand how UHI
is generated in Southeast. An overlay map of
these indicators reveals that the residential
areas of the study area are well vegetated
with trees, the commercial areas, particularly
Academy Boulevard, are lacking trees, which
provide a crucial cooling effect to the built
environment. Parks spaces are also a source
of evapotranspiration, but spark spaces are
largely concentrated east of Academy Boulevard,
with no park space available along the corridor.

academy boulevard

Indicators of Heat

Further analysis shows that while much of the
study area is well-developed and paved over, we
can see again that it is Academy Boulevard where
the largest swaths of impervious surfaces are
located. Impervious surface data provided from
the city does not quantify the spatial amount of
impervious surfaces and does not include parking
lots, but an analysis conducted by the author
reveals that there is approximately 120 acres of
parking lot along the 3.5 mile stretch of corridor.

Figure 9: Overlay map of park space and tree data

Figure 9: Map displaying parking lots along Academy Boulevard
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Existing conditions
As a part of the existing conditions analysis,
a strengths, weaknesses, opportunities and
constraints (SWOC) analysis was conducted to
identify opportunities for intervention and to
understand the limits of these interventions.
The following table summarizes the strengths,
opportunities, weaknesses and strengths
observed in Southeast.

strengths

weaknesses

opportunities constraints

Proximity to airport Over abundance of Multi-modal transit Excel energy
parking lots
substation
Proximity to
Inadequate park
Vacant land
Heavy industrial use
downtown
space
Permissable zoning
code
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Existing conditions
Strengths

Weaknesses

Southeast is geographically located just west
of the Colorado Springs airport and southeast
of downtown Colorado Springs. With this
advantageous location, Southeast could be wellpoised to act as a “gateway”to welcoming visitors
to the city.

Southeast’s weaknesses in combatting the
UHI lie in its lack of vegetation and public open
space, as well as the overabundance of parking
lots. Southeast’s public park space is largely
concentrated in the east and northeast section
of the study area, while the western portion,
particulalry the southwestern portion, lacks green
space; furthermore, only 56% of parcels are
within a 1/4 mile walkshed of a public park, while
Academy Boulevard lacks any connectivity.

Opportunities
The community has many more opportunities than
it has weaknesses in addressing UHI. Firstly, the
community is well-connected through a network
of bike lanes and has connections to the Sand
Creek Trail, which runs from the northeastern
portion of the study area and cuts across to the
southwestern portion. It is noteworthy that no
bike faacilities exist on Academy Boulevard.
The community is also well-served by public
transit, with seven bus routes, two of which are
high frequency routes, which picks up every
15 minutes. It is worth noting, however, that
the community disputes the frequency and
functionality of these routes.
Finally, the community has 1,206 vacant parcels,
according to GIS land use data, with approximately
40 of these parcels located along the Academy
Boulevard corridor. These vacant parcels present
an opportunity for new development.

Constraints
Though the opportunity for development in
Southeast, particularly along the Academy
Boulevard corridor are plenty, there are some
constraints to sustainable development. The
first being the Excel substation, located on the
corridor, which will be expanding its footprint as
Colroado Springs Utilities transitions from coal
power to renewable energy.
Another hinderance in the community is the
heavy industrial lands, which, according to city
staff, likely are not likely to be rezoned and
redeveloped in the near future. Heavy industrial
lands are environmental detriments to both
environmental and human health, but industrial
lands have become increasingly valuable and in
need of preservation.
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chapter 5
recommendations
Centering Equity
It is imperative to understand that there is an
equity component to the urban heat island. UHI
impacts more than those with pre-existing health
conditions. When discussing social vulnerability,
the literature demonstrates that low-income
communities and particularly communities of
color are at an increased risk of vulnerability to
heat. These communities are less likely to own
their homes, have access to central cooling
systems and live in neighborhoods with high
indicators for UHI.
When adopting measures to mitigate UHI in
vulnerable communities, it is also important
to consider the down-stream impacts of the
adopted measures. Green gentrification is
the term that has been coined to describe
gentrification that follows green infrastructure
improvements to underserved communities, even
when the improvements have been designed
with community in mind. Prior to engaging in
any improvements, it is important to proactively
develop anti-displacement actions, to prevent
displacement in Southeast.

The literature on preventing displacement after
green infrastructure upgrades is light, a study
from the University of Los Angeles, California
(UCLA) indicates that anticipating development
and engaging with the community prior to the
private sector may have promising results in
preventing involuntary displacement.
It is also important to begin to link economic
development with land use decisions. Zoning
along the corridor should allow for a wide-range of
uses that encourage not only retail development,
but help support economic mobility for residents
by encouraging businesses with a low-barrier of
entry and opportunities for advancement.
Affordable housing must also be linked to
adopted mitigation measures, to ensure that
improvements can be enjoyed by all residents.
The city should consider partnering with the
Solid Rock community development corporation
or other nonprofits with the capacity to provide
deeded affordable housing.
While these measures are not aimed specifically
at mitigating UHI, they are not any less relevant to
this report. UHI is not distributed evenly over the
city and is often a consequence of land use and
housing policies that have created these social
vulnerabilities and it is imperative that policies
explicitly acknowledge these vulnerabilities and
seek to lessen inequity.

Design for Multi-Modal Transit
Academy Boulevard is a six-lane thoroughfare
that runs through the heart of Southeast.
Academy Boulevard measures at approximately
120 feet wide and as previously discussed, lacks
tree coverage.
If multi-modal transportation is to be achieved
and BRT is to be a success, as it has been
outlined in the 2011 Academy Boulevard Great
Streets Plan, the corridor must be designed to
support these improvements. Data currently
supports that bus connections along the route
are improving, but common complaints from
residents indicate that these improcements are
not felt by the community.

2. consider a road diet
» Reduce the number of lanes from three
to two to accomodate bus and bike lanes
in both directions

Above: Rendering of existing conditions at Chelton Blvd and Academy Blvd

Improving transit connections can also have a
beneficial effect on the UHI through the reduction
of green house gases.
1. Improve Bus Connections
» Conduct a comprehensive study
to better understand residents
experiences with bus connections
» Connect residents to places of
community importance, such as the
Sand Creek LibraryW

Above: Rendering of a road diet at Chelton Blvd and Academy Blvd
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recommendations
Developing a Form-Based Code
Form-based codes (FBC) offer a plethora of
benefits to cities and can offer opportunities for
economic and sustainable development, in ways
that traditional zoning cannot do. A form-based
code is designed to regulate the overall form of
an area and promotes a mix of uses to achieve a
pedestrian-oriented environment. A FBC is provides
visual guidance for developers that is developed
through a community-based process and is
designed to be a more stream-lined permitting
process than traditional zoning.
Though Academy Boulevard is the main commercial
corridor for Southeast, the corridor lacks economic
and recreational activity. Current development
along the corridor consists of shopping plazas and
auto-oriented businesses. These developments,
however, are not conducive to supporting a safe,
pedestrian-friendly environment and present a
variety of environmental challenges for air quality
and storm water management and negatively
impacts the effects caused by UHI.

Changes are coming to the corridor, however, with
the redevelopment of Mission Trace shopping
center into an affordable housing development
and the implementation of BRT. As the city begins
to prepare for BRT and transitioning Academy
Boulevard from a thoroughfare into a multi-modal
corridor, an opportunity to redirect development is
presented.
Form-based codes are not new to Colorado
Springs. In 2005, a FBC was adopted to help guide

. According to the project plan for RetoolCOS,
planners have recommended that the FBC be
expanded and tailored to “prime transportation
corridors in need of investment and
redevelopment” (Colorado Springs, 2019).
Form-based codes provide an opportunity
for communities to begin to build sustainable
development into their zoning codes, by focusing
on buildings interactions with their environment,
rather than how the building is being used. Looking

development in the downtown area to preserve
contributing characteristics of the downtown
area, while also promoting a comfortable walking
environment Currently, the city is conducting
a comprehensive zone update to help support
the goals of PlanCOS, through an effort called
RetoolCOS.

at the main contributors to UHI (pavement,
buildings and vegetation), developing a unique
form-based code best suited for Southeast
presents an opportunity for the city to achieve the
goals outlined in PlanCOS to create unique places,
support a thriving economy and to connect people
with the landscape.

Form-based codes also offer an opportunity to
attract development, by offering a stream-lined
permitting process. While design guidelines and
overlays may be used in place of a form-based
code, these tools often subject projects to lengthy
review processes that can slow down or halt
development. Form-based codes are not just
designed with the development process in mind
but are designed alongside the community to
ensure that a community’s vision for how they
would like to see their
community can be
realized.
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recommendations
Developing a Form Based Code
Landscaping
From trees to grass, vegetation is a
vital tool for mitigating UHI. Considering
the importance of vegetation as a
mitigating tool, much consideration
should be given to landscaping in the
public right of way.
A well landscape streetscape is not only
important for cooling the heat island,
but is vital to sequestering carbon
and creating a comfortable pedestrian
experience and can have a calming
effect on traffic.
Much of the vegetation on Academy
Boulevard is limited to sparse trees and
grass planted around parking lots, with Rendering depicting a road-dieted Academy Boulevard with landscaped-amenity zones
virtually none existing along the public right of
way.
In an environment such as Colorado Springs,
located in the arrid High Plains, the relationship
between vegetation and the environment must
be carefully considered to ensure that we are not
trading one environmental issue for another.

1. Design for low-maintenance
» Colorado Springs is situated in the
High Plains of Colorado, which is a
dry and arid environment. In the High
Plains, shrubs, not trees, dominate the
natural landscape. It is important, then,
when selecting plants for landscaping
that special attention be paid to their
adaptability, with favorability given to
native species
that require little
watering. Native
plantings can
also help support
pollinators that are
vital to ecological
health.
2. Discourage
rock-scaping
» Rock-lined
landscaping has
become popular
in drier climates
in recent years. While there are some
environmental benefits to utilizing rocks
in landscaping, such as biofiltration and
preventing evaporation, this type of
landscaping can contribute to surface
temperature, similar to pavement. The
overuse of rocks in landscaping also limit
the growth of trees and other vegetation.

3. aim for co-benefits
» Planters in the amenity zone should
also be designed for better stormwater
management. Bioswales and
stormwater planters help absorb and
filter stormwater. In the winter, this
biofiltration helps to treat runoff where
salt had been applied as a deicer.
» Planters should be designed to penetrate
soils below paved surfaces to allow for
the ground water to recharge.
4. Amenity Zones
» Provide landscaped amenity zones to
create a safe and comfortable walking
and biking environment
» Amenity zones should be be at least 5
feet wide and be placed between the
street and sidewalks
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1. Buildings of varying heights should be
encouraged to allow for street ventilation

recommendations
Developing a Form-Based Code

2. Bring buildings to the sidewalk
» Require buildings facing Academy
Boulevard to have a maximum set back
of 10 feet for the primary frontage to
provide shade to the public right of way

Buildings
Another contributor to UHI,
design considerations should be
applied to buildings, to ensure
that the new FBC is taking a
holistic approach to tackling
UHI. The mass and form of
buildings can greatly impact the
effect that they have on the
environment. Along the Academy
Boulevard corridor, buildings
likely contribute to UHI through
energy consumption and heat
consumption. Buildings can also
indirectly contribute to UHI due
to the parking requirements
of a city and their impervious
surfaces. Mitigation efforts
should be aimed at addressing
both the direct and indirect
impacts.

Top: Cool roof on commercial building. Bottom Right: Solar Panel Roof Bottom Left: Green roof

3.require open space for new
developments
» Open space can vary in the
form of playgrounds, community
gardens, park space or other
vegetated green space
» Alternatively, a linkage fee
may be developed for properties
unable or unwilling to provide
publicly accessible greenspace

4. Require cool roof materials on all new
construction
» Provide density bonuses for
developments that provide co-benefits,
such as green roofs or solar-paneled
rooftops

Rendering depicting Academy Boulevard with landscapig elements, multi-modal treatments and recommended building
setbacks
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recommendations
Developing a Form Based Code
Pavements
With an eye towards regulating the pedestrianrealm, a form-based code can help regulate
the material and coverage, to prevent exposed
pavement from generating heat. Along the
corridor, special attention should be brought to
pavements, which dominate the landscape.
Parking lots account for 120 acres along Academy
Boulevard. Considering the impact of impervious
surfaces with low-albedo, particular attention
should be paid to the parking lots along this
corridor and how they interact with and impact
the environment, as well as the pedestrian
experience.

1. Shared parking requirements
» Develop shared parking standards for
uses with different times of activity,
such as offices and bars
2. consider parking maximums
» Current form-based code requires 1
parking space per unit for residential
uses and 1 stall per 500 square feet for
retail spaces. Parking maximums should
be considered along Academy Boulevard,
especially where future transit hubs
might be placed. Sites within ¼ mile of a
transit hub should be eligible for parking
reductions of up to 50% and consider
removing parking requirements for
properties within 500 feet of a transit
hub.

Case Study: san antonio, tx
WSan Antonio, TX has encouraged
developers to begin to develop TOD plans
to connect both residents and tourists
with the downtown area. Within the code,
properties that are within ¼ mile of a
transit station need to only meet 50% of
the parking requirement in the existing
code and requirements are removed for
properties within 500 feet of a transit
station. Most lots along the TOD corridor
are eligible for redevelopment, if they are
replaced with a transit-oriented business

3. redesign parking lots
» Screen parking from the streets
» Require shaded pedestrian pathways
through parking lots
» Incorporate landscaping
» Shade parking stalls
» Paving material should be a higher
albedo material to reflect heat. Special
consideration should be given to
permeable pavers

case study: phoenix Walkable urban code
In 2015, the city of Phoenix created a new code,
called walkable urban, to promote multi-modal
transit along its transit corridors. The code
encourages dense, mixed-use development to
promote walkability. The city, however, is impacted
by high heats during the summer and directed some
of their guidance to pavements, where they require
75% of sidewalks be shaded by trees or buildings
and requires shaded pedestrian pathways through
parking lots
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It is important to note, however, that the
goal of redevelopment is one that could take
decades and other measures, such as home
rebates for increased energy efficiency and
tree planting efforts should be considered.
These measures could achieve similar goals
in the short term, as the long terms goals are
This Capstone project presented best practices
realized. It is also important to note that due to
as they apply to mitigating the urban heat island, the limitations of this Capstone project and the
informed by academic literature, case studies and limitations imposed by the COVID-19 pandemic,
spatial and demographic analysis. Based on the
little community engagement was conducted
economic conditions of the community and the
and as a result, community feedback for
opportunity for more sustainable development
this project has been limited. As a next step,
along Academy Boulevard, a new form-based
recommendations presented in this report should
code which could regulate the three contributors be brought forward to the community to begin
to urban heat island were recommended.
an equitable process of redevelopment. These
This project aimed to develop a holistic approach recommendations will then be considered for
to sustainable development that recognized
adoption into the city’s first community planning
the value of co-benefits and the possibility of
effort, that is to be designed with equity and
unintended consequences of green gentrification. community well-being at its core.
The recommendations brought forth were inspired As a climate continues to warm, the effects of
by the principles laid out in PlanCOS and can
the urban heat island will be felt more acutely.
develop a unique place, with a thriving economy
As previously discussed, worsening UHI can have
and a vibrant neighborhood, while showcasing
detrimental impacts on environmental and human
the renowned culture(s) that Southeast has to
health and that directly addressing the issue is
showcase. Developing a new code could have
worth exploring. The recommendations presented
bring economic benefits to the neighborhood,
in this report offer a possible path-forward for
capture job growth and entrepreneurialism,
Colorado Springs to begin to revitalize its economy
while subtly instituting policies of sustainable
and stabilize its communities and regenerate its
development.
environment.

conclusion

25

references
City of Phoenix. (2015). WALKABLE URBAN (WU) CODE Chapter 13 of the Zoning Ordinance, Ordinance G-6047. https://www.phoenix.gov/pddsite/Documents/PZ/pdd_pz_pdf_00406.pdf
Colorado College, McKendry, C., & Kummel, M. (2019). Colorado Springs Climate Vulnerability Executive Summary. https://coloradosprings.legistar.com/View.
ashx?M=F&ID=7612938&GUID=F47E5026047F45AC9AC90422D3A91E94
Environmental Protection Agency. (2008). Reducing Urban Heat Islands: Compendium of Strategies. https://www.epa.gov/heatislands/heat-island-compendium
Gago, E. J., Roldan, J., Pacheco-Torres, R., & Ordóñez, J. (2013). The city and urban heat islands: A review of strategies to mitigate adverse effects. Renewable and Sustainable Energy Reviews, 25,
749–758. https://doi.org/10.1016/j.rser.2013.05.057
Gilbert, H., Mandel, B. H., & Levinson, R. (2016). Keeping California cool: Recent cool community developments. Energy and Buildings, 114, 20–26. https://doi.org/10.1016/j.enbuild.2015.06.023
Heaviside, C., Macintyre, H., & Vardoulakis, S. (2017). The Urban Heat Island: Implications for Health in a Changing Environment. Current Environmental Health Reports, 4(3), 296–305. https://doi.
org/10.1007/s40572-017-0150-3
Hoffman, J. S., Shandas, V., & Pendleton, N. (2020). The Effects of Historical Housing Policies on Resident Exposure to Intra-Urban Heat: A Study of 108 US Urban Areas. Climate, 8(1), 12. https://doi.
org/10.3390/cli8010012
Harlan, S., Brazel A. , Jenerette, G., Jones, N., Larsen, L., Prashad, L., Stefanov, W. (2008). In the shade of affluence: The inequitable distribution of the urban heat island. (2008). Research in Social
Problems and Public Policy, 173–202. https://doi.org/10.1016/S0196-1152(07)15005-5
Karlik, M. (2020). Denver issued 65 green building permits under first year of ordinance. Colorado Politics. https://www.coloradopolitics.com/denver/denver-issued-65-green-building-permitsunder-first-year-of-ordinance/article_4e4d5caa-8983-11ea-8a36-336a58ecae67.html
W
Kim, J.-P., & Guldmann, J.-M. (2014). Land-Use Planning and the Urban Heat Island. Environment and Planning B: Planning and Design, 41(6), 1077–1099. https://doi.org/10.1068/b130091p
Urban Land Institute. (2017). Seattle Green Factor. https://developingresilience.uli.org/case/seattle- green-factor/

26

