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Executive Summary
Commissioned by the Louisville Metro Office of Sustainability, this 
study is the first comprehensive heat management assessment 
undertaken by a major US city and constitutes one component of a 
broader effort to enhance livability, health, and sustainability in the 
Louisville Metro region. Through this report, we assess the extent 
to which Louisville Metro is warming due to urban development 
and deforestation, estimate the extent to which rising temperatures 
are impacting public health, and present a series of neighbor-
hood-based recommendations for moderating this pace of warming.  

The study is presented in five sections, through which we first    
provide an overview of the science of the urban heat island       
phenomenon, its implications for human health, and how urban 
temperatures can be moderated through urban design and other 
regional strategies. The study next  presents our methodology for 
estimating the potential benefits of specific heat management 
strategies for lowering temperatures across Louisville and lowering 
the risk of heat of illness during periods of extreme heat. The third 
and fourth sections of the report present the results of our heat 
management assessment and include neighborhood-specific 
findings on the potential for lessened heat risk through the adoption 
of cool materials, vegetative, and energy efficiency strategies. The 
final section of the report presents a set of metro-wide and 
neighborhood-level recommendations for managing Louisville’s 
rising heat risk, which include the following:

1. Cool materials strategies should be prioritized in industrial and 
commercial zones exhibiting extensive impervious cover with 
limited opportunities for cost-effective vegetation enhancement. 

2. Tree planting and other vegetative strategies should be 
prioritized in residential zones, where population exposures to heat 
are greatest and lower-cost planting opportunities are found.

3. Energy efficiency programs consistent with the Louisville Climate 
Action Report and Sustain Louisville should be expanded and 
integrated with urban heat management planning.  

4. Some combination of heat management strategies should be 
undertaken in every zone targeted for heat adaptation planning. 

5. A combination of new regulatory and economic incentive 
programs will be needed to bring about the land cover changes and 
energy efficiency outcomes modeled through this study. 
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Heat in the River City
Downtown Louisville, where summer afternoon 
temperatures are much higher than in the surrounding countryside.
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1Introduction

To drive east on River Road from Downtown 
Louisville on a hot summer afternoon is to 
transition not only through a rapidly changing 
built environment – from skyscrapers to 
industrial facilities to neighborhoods – 
but through a rapidly changing climatic 
environment as well.  Cities have long been 
known to exhibit higher temperatures than the 
surrounding countryside, at times in excess 
of 10°F, due to the intensity of heat-absorbing 
materials in their downtown districts and the 
relative sparseness of tree canopy and other 
vegetative cover, which provides evaporative 
cooling and shading.  
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Known technically as the “urban heat island 
effect,” the heating of the urban landscape 
through development is further accelerating 
the rate at which cities are warming due to 
the global greenhouse effect, with increasing 
implications for public health and critical 
infrastructure failure.  

Through this report, we assess the extent 
to which the Louisville Metro region 
is warming due to urban development 
and deforestation, estimate the extent to 
which rising temperatures are impacting 
public health, and present a series of 
neighborhood-based recommendations 
for moderating this pace of warming.  
Commissioned by the Louisville Metro 
Office of Sustainability, this study represents 
the first comprehensive heat management 
assessment undertaken by a major US city 
and constitutes one component of a broader 
effort to enhance livability, health, and 
sustainability in the Louisville Metro region. 

This report is structured as five sections.  
In this first section, we provide an 
overview of the science of the urban heat 
island phenomenon, its implications 
for human health and quality of life in 
cities, and how urban temperatures can 
be moderated through urban design and 
other regional strategies.  The report 
next presents our study methodology for 
estimating the potential benefits of specific 
heat management strategies for lowering 
temperatures across Louisville and lowering 
the risk of heat of illness during periods 
of extreme heat. The third and fourth 
sections of the report present the results 
of our heat management assessment and 
include neighborhood-specific findings 
on the potential for lessened heat risk 
through the adoption of cool materials, 
vegetative, and energy efficiency strategies.  
The final section of the report presents a 
set of county-wide and neighborhood-level 
recommendations for managing Louisville’s 
rising heat risk and outlines additional steps 
needed to support the development of heat 

adaptation policies.  

1.1 Climate Change in Cities

Climate change in cities is driven by two 
distinct phenomena, one operating at 
the scale of the planet as a whole and the 
other operating at the scale of cities and 
regions.  The global greenhouse effect is 
a climate phenomenon through which 
the presence of “greenhouse gases” in 
the Earth’s atmosphere traps outgoing 
radiant energy and thereby warms the 
atmosphere (Figure 1.1). A natural warming 
mechanism, without the operation of a 
global greenhouse effect the temperature 
of the Earth would approximate that of the 
Moon, rendering the planet inhospitable to 
life.  Since the beginnings of the Industrial 
Revolution, increasing emissions of carbon 
dioxide and other greenhouse gases have 
served to enhance the natural greenhouse 
effect, leading to an increase in global 
temperatures over time.  This global scale 
warming phenomenon has resulted in an 
average increase in temperatures across 
the United States of about 1.5 to 2°F over 
the last century, an extent of warming 
experienced in both urban and rural 
environments [1].   

In addition to changes in the composition 
of the global atmosphere, changes in land 
use at the scale of cities also contribute to 
rising temperatures.  Known as the urban 
heat island (UHI) effect, the displacement 
of trees and other natural vegetation 
by the construction materials of urban 
development increases the amount of heat 
energy that is absorbed from the Sun and 
stored in urban materials, such as concrete, 
asphalt, and roofing shingle.  Four specific 
changes in urban environments drive 
the urban heat island effect, including: 
1) the loss of natural vegetation; 2) the 
introduction of urban construction 
materials that are more efficient at 
absorbing and storing thermal energy than 
the natural landscape; 3) high density urban 
morphology that traps solar radiation; and 
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4) the emission of waste heat from buildings 
and vehicles. 

As illustrated in Figure 1.2, these four 
warming mechanisms in cities elevate 
the quantity of thermal energy retained 
and emitted into the urban environment 
through distinct pathways. The loss of trees 
and other natural land covers contributes 
to a warmer environment through a 
reduction in shading and, most importantly, 
a reduction in evaporative cooling – the 
process through which plants use solar 
energy to convert water to water vapor.  As 
water is transmitted through plant cells and 
released to the atmosphere as water vapor, 
heat energy is also transported away from 
the land surface in a latent form that does 
not contribute to rising temperatures at 
the surface.  As trees and other vegetation 

are displaced by urban development, 
less moisture is retained by the urban 
environment, resulting in less evaporative 
cooling. 

Compounding the loss of surface moisture 
is the resurfacing of the urban environment 
with the bituminous and mineral-based 
materials of asphalt, concrete, brick, and 
stone – materials that contribute to higher 
temperatures through three mechanisms.  
First, urban construction materials such 
as asphalt are less effective in reflecting 
away incoming solar radiation, a physical 
property known as “albedo.”  As the 
albedo or reflectivity of cities is lowered 
through urban development, the quantity 
of incoming solar radiation absorbed 
and retained is greater.  Second, mineral-
based materials tend to be more effective 

Figure 1.1 The 
global greenhouse 
effect
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is absorbed by the vertical surfaces of the 
city, more heat is retained in the urban 
environment.  

Lastly, cities are zones of intense energy 
consumption in the form of vehicle usage, 
the cooling and heating of buildings, 
and industrial activities.  As immense 
quantities of energy are consumed in urban 
environments, waste heat is produced that 
is ultimately vented to the atmosphere, 
contributing to rising temperatures.  In 
some US cities, waste heat from energy 
consumption has been estimated to account 
for about one-third of the UHI effect [2]. 

Research focused on the extent to which 
the global greenhouse effect and urban 
heat island effect contribute to warming 
in large US cities, including Louisville, 

in storing solar energy than the natural 
landscape – a property that results in the 
retention and release of heat energy in the 
late evening and into the night, keeping 
urbanized areas warmer than nearby rural 
areas.  Lastly, urban construction materials 
such as street paving and roofing shingle 
are generally impervious to water, and thus 
further reduce the amount of moisture 
that is absorbed and retained in cities for 
evaporative cooling.  

A third physical driver of the UHI effect 
is the morphology or three-dimensional 
character of the urban landscape.  In 
densely developed downtown districts, 
tall buildings and street canyons limit the 
extent to which reflected solar energy from 
the surface can pass unimpeded back to 
the atmosphere.  As this reflected energy 

Figure 1.2 Drivers 
of the urban heat 
island effect
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adopted in 2014 a cool roofing ordinance 
designed to increase surface reflectivity, 
thus reducing the quantity of heat energy 
absorbed and retained by roofing materials 
[5]. Seattle, Washington, and Washington, 
DC, have recently adopted new zoning 
policies establishing minimum green 
area goals for all new development [6,7].  
Building on this trend, Louisville Metro has 
undertaken comprehensive assessments 
of the region’s tree canopy and urban heat 
island to lay the groundwork for new 
policies and programs to manage regional 
warming trends, the first major US city to 
do so.

1.2 Consequences of Rising 
Temperatures

With recent warming at both the global 
and regional scales projected to continue, 
the public health threat of heat is a 
national concern. The National Weather 
Service defines a heat wave as two or 
more consecutive days of daytime high 
temperatures ≥ 105°F and nighttime 
low temperatures ≥ 80°F [8]. When air 
temperatures rise above the temperatures at 
which people are accustomed, the body may 

finds the urban heat island effect to play 
a more significant role in warming trends 
since the 1960s.  Figure 1.3 depicts average 
temperature trends in 50 of the largest US 
cities and in rural areas in close proximity 
to these cities.  What these trends reveal 
is that urban areas not only tend to be 
hotter than rural areas – a manifestation 
of the UHI effect – but that the rate of 
warming over time is higher in urban 
areas.  In addition, temperature trend data 
from large US cities shows that the UHI 
effect is a more significant driver of rising 
temperatures in cities since the 1960s than 
the global greenhouse effect.  For most large 
cities of the United States, urban zones are 
warming at twice the rate of rural zones – 
and at about twice the rate of the planet as a 
whole [3].     

Such rapid rates of warming have motivated 
an increasing number of municipal 
governments to develop heat management 
strategies designed to mitigate the urban 
heat island effect.  Chicago, Illinois, for 
example, has planted over 500,000 trees over 
the last 15 years to offset rising temperatures 
through increased green cover, as well as to 
increase moisture retention and minimize 
flooding [4].  Los Angeles, California, 

Figure 1.3 Urban and 
rural temperature trends 
in proximity to 50 large 
US cities (1961-2010)
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not be able to effectively shed heat, causing 
health problems. Summertime, when air 
temperatures reach an annual high, is the 
season of greatest heat-related illness and 
death. In particular, heat waves during 
the beginning of the summer are the most 
dangerous because individuals have not yet 
acclimated to the warmer conditions [9]. 

The most serious heat-related illnesses are 
heat exhaustion and heat stroke. Common 
characteristics of heat exhaustion include 
nausea, muscle cramps, fatigue, and 
dizziness. If left untreated, heat exhaustion 
can progress to heat stroke, a more serious 
condition characterized by a core body 
temperature over 103°F and intense nausea, 
headache, dizziness, and unconsciousness. 
If fluids are not replaced and body 
temperature is not reduced in a timely 
manner, death can occur [10]. 

Regarding heat-related mortality, heat can 
either be the primary factor, i.e., heat stroke, 
or the underlying reason. Individuals with 
preexisting medical conditions, particularly 
cardiovascular and respiratory disease, are 
at higher risk for mortality during periods 
of high and/or prolonged heat. In a study 
of nine counties in California, each 10°F 
increase in temperature throughout the 
day corresponded to a 2.3% increase in 
mortality [11]. The 1995 Chicago heat wave, 
which lasted five days in July, resulted in 
more than 700 heat-related deaths [12].  
More troubling was an intense heat wave 
that persisted for weeks across Europe and 
resulted in more than 70,000 heat-related 
deaths over the course of the full summer 
[13].  Global and regional temperature 
projections find that intense heat waves 
will be far more common in the coming 
years.  By the end of the century, researchers 
project 150,000 additional heat-related 
deaths among the 40 largest US cities, 
including Louisville [14].

One consequence of extreme heat related 
to public health is its effect on outdoor 

activity. Heat waves can deter outdoor 
activity by lowering thermal comfort levels. 
Individuals are less likely to participate in 
outdoor activities when the weather is too 
warm, and those that do may experience 
symptoms of heat illness during periods of 
high temperatures [15]. This may have a 
negative impact on physical activity levels 
in the US, a country where one-third of 
adults and almost one-fifth of children are 
obese [16]. Extreme heat may also influence 
the work schedules of those in outdoor 
occupations, such as construction, as 
outside exertion during peak heat levels can 
be unhealthy [17]. 

Not all members of a community are 
equally affected by extreme heat. The ends 
of the age spectrum, i.e., the young and 
the old, are most vulnerable to heat waves 
due to lower physiological capabilities to 
regulate heat and a lack of mobility. The 
sick are vulnerable to elevated temperatures 
because of relatively weak immune systems 
compared to healthy adults, while low 
income individuals may lack the resources 
to escape high temperatures. And some 
minority groups carry an unequal share 
of the heat burden (those both older and 
less affluent than the general population), 
raising environmental justice concerns 
[18]. Additionally, individuals living in 
social isolation are more vulnerable to heat 
because of the absence of a social network 
to contact during heat waves [19]. 

With the continued aging of the US 
population combined with projected 
increases in urbanization and extreme heat, 
heat-related illness and death will become 
more prevalent over time. Since the public 
health effects of urban heat are largely 
preventable, health officials are developing 
heat response plans to prepare for the health 
consequences of rising temperatures. As 
these plans tend to be limited to actions 
taken during the onset of a heat wave, there 
is a further need for municipal and regional 
governments to develop heat management 



strategies that may lessen the intensity of 
heat both during heat waves and the warm 
season in general.  This report provides the 
foundation for such a heat management 
plan in the Louisville Metro region. 

1.2.1 Risks for Infrastructure and Private 
Property: While the health risks associated 
with extreme heat are of great importance, 
risks to property and critical urban 
infrastructure can also be significant. 

Urban transportation infrastructure 
is increasingly stressed with rising 
temperatures. Most transportation 
infrastructure is designed to last several 
decades, but with continued warming and 
an increase in the frequency, intensity, 
and duration of heat waves over time, 
significant stress will be placed on these 
systems [20]. For example, extreme heat 
increases the maintenance and repair costs 
for roads and railroad tracks. Prolonged 
exposure to high temperatures causes darkly 

hued surface paving to soften and expand, 
leaving potholes and ruts. The warping 
of both transit and freight railroad tracks 
has become increasingly common with 
heat waves of greater intensity over the last 
two decades [21]. Both roadway paving 
and railroad tracks can be engineered for 
higher heat tolerance, but each material 
has a maximum temperature threshold and 
little infrastructure currently in place is 
designed for the extremity of heat already 
experienced in recent heat waves [22]. 

Air transportation is impacted by extreme 
heat, as the lower density of hot air 
impedes aircraft liftoff climb performance, 
potentially requiring longer runway lengths 
as regional climates warm. The impact of 
extreme heat on a transportation system 
is far reaching because the interdependent 
nature of these systems. For example, heat-
related flight delays or cancellations may 
lead to increased roadway or rail system 
congestion [23]. 

The elderly are more 
vulnerable to heat 
illness than any other 
group. 
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Extreme heat can cause electricity and water 
delivery systems to fail during periods of 
peak demand. Extreme heat causes metal 
power lines to expand and impedes the 
efficiency with which transducers shed 
heat, lowering the overall efficiency of 
the system. The increased demand and 
inefficiency of the power system may 
overwhelm the power generation capacity 
of a region, leading to unplanned blackouts 
or intentional power outages by electric 
utility companies referred to as rolling 
blackouts. From 1985-2012, the number of 
major blackouts, i.e., those affecting more 
than 50,000 homes or businesses, increased 
tenfold [24]. 

Similar to electrical demand, residential 
and industrial water demand tends to rise 
with increasing temperatures. In US cities, 
temperatures above 70°F have been found 
to elevate water use above normal levels, 
while temperatures in excess of 86°F lead 

to significant increases in water demand 
[25].  As climate change and regional 
development lengthen periods in excess 
of these temperature thresholds, water 
delivery systems may be increasingly 
stressed, resulting in potential water main 
breaks and increasing the cost of managing 
these systems.  Mitigation of the urban heat 
island effect provides a set of management 
strategies that can extend the life and 
efficient performance of critical urban 
infrastructure. 

1.3 UHI Management 
Strategies

Three classes of heat management 
strategies have been demonstrated to 
lower air temperatures through small-scale 
experiments and larger scale modeling 
exercises.  These strategies include the 
engineering of roofing and surface paving 

Prolonged exposure 
to extreme heat can 
produce kinking in the 
steel tracks of freight 
and urban transit rail 
systems. 


