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Abstract The city of Chicago has experiences of Urban Heat Island (UHI) phenomena and a good example is its
widely reported heat wave of 1995. This study conducted an ecological evaluation of Chicago’s UHI phenomena
using LANDSAT TM of 2010, almost 15 years after the lethal heat wave and subsequently implemented various
UHI mitigation efforts. The thermal characteristics of the city were assessed with a Land Surface Temperature (LST),
a parameter retrieved from LANDSAT TM 6; a thermal-infrared (TIR) band (10.40 to 12.50μm), using monowindow algorithm. The ecological evaluation was made using an Urban Thermal Field Variance Index (UTFVI),
which quantitatively evaluated the UHI effects on the quality of urban life. The accuracy of the model was assessed
against theoretical relationships between the LST, the Normalized Difference Vegetation Index (NDVI), and
Normalized Difference Built-up Index (NDBI). The LST of Chicago ranges from 18oC in Urban Cool Islands (UCI)
to 44oC in UHI. In Chicago, although the cooling effects of Lake Michigan, downtown’s sky-high buildings, and
urban parks and green spaces have worked together to suppress the concerns of UHI effects locally, still some areas
experience a high UHI. In general, 25% of the city experiences ecologically bad or worse UHI effects, indicating a
need for continued UHI mitigation efforts.
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1. Introduction
The global growing expanse of cities and towns has
now reached a stage where over 54% of the global
population lives in urban areas [1,2]. According to 2014
Revision of World Urbanization Prospects, this proportion
will continue to grow and by 2050, cities’ population is
expected to increase to 66% of the world’s population, or
5 billion people. Ninety percent of this growth will be in
developing countries. There is a predictable change in the
urban environment as a consequence of this growth. One
such change in urban climates particularly is the formation
of Urban Heat Islands (UHI), a situation where the cities’
or metropolitan areas’ ambient temperature is dramatically
altered and become warmer than the surrounding rural
areas [3,4]. The UHI affects urban quality of life through
its impacts on human health, ecosystem function, local
weather and climate. There is a direct relationship
between peak UHI intensity and heat-related illness and
fatalities [4,5].
The city of Chicago has experienced a high rate of
population growth and urbanization [6,7,8]. According to
census data, from 1990–2000 the population of metro
Chicago increased by 11.58% and though the rate has
declined in the subsequent decade, i.e., between 2000 and
2010, the metropolitan population was still growing at the
rate of 3.86% [8]. The population growth has led to

urbanization that resulted in significant land
transformation. Accordingly, between 1989 and 2010 the
urbanized area of Chicago has increased by 82.2%, which
is associated with a loss of 25.8% of agricultural lands and
a 32.5% decline in the urban open and green spaces [8].
Such land transformation has caused noticeable climate
changes, including increased energy demands and air
pollution thereby impacting the quality of urban life [9]. A
good example is the great Chicago heat wave of 1995 that
led to approximately 750 heat-related deaths in the city,
3300 excess emergency department visits, and a number
of intensive care unit admissions for near-fatal heat stroke
[10,11].
Several studies have dedicated their work to Chicago’s
UHI phenomenon [6,7,12,13]. Accordingly, using 20
years of records, a study [12] investigated point-based
diurnal and seasonal variation and documented increased
air temperature of the city by 1.85°C vis-à-vis surrounding
rural areas. On the other hand, another study [13]
evaluated the potential of green roofing technologies and
found a reduced urban air temperature by 3°C, owing to
increased albedo and evaporative cooling. Similarly, an
investigation of the effectiveness of 15 years of UHI
mitigation policies demonstrates spatially-resolved
significant policy implications on the city’s albedo and
resultant cooling [6]. Furthermore, the variables from
remote sensing and meteorology were combined to
explain UHI phenomenon in 8 Chicago neighborhoods
and reported the varying importance of time of the day on
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overall efficiency of the city’s UHI mitigation efforts [7].
However, a spatially-resolved ecological evaluation UHI
effects with an Urban Thermal Field Variance Index
(UTFVI) is pending for the city of Chicago.
Therefore, the objectives of this study were: a) to
retrieve LST using LANDSAT- 6 TM images for the year
2010 and analyze the city’s UHI phenomenon; and b) to
carry out an Urban Thermal Field Variance Index (UTFVI)
and identify areas that are subjected to greater risks of
weather anomalies. Satellite remote sensors, especially
those capacitated to detect thermal energy emitted from
the earth’s surface, are viable tools for large scale UHI
studies. The tool is capable of estimating surface
temperature to conduct UHI analysis [6] (e.g., Mackey,
2012) and of conducting ecological evaluations of UHI
phenomena [14,15].

2. Material and Methods
2.1. Description of the Study Area
The City of Chicago is located in northeast Illinois, on
the southern tip of Lake Michigan (Figure 1). Stretched
over a geographical area of 234.0 sq mi (606 km2), it has
2.7 million residents, which makes it the most populous
city in both the U.S. state of Illinois and the American
Midwest (US Census, 2014). The largest portion of
Chicago's urban fabric is vegetative land cover,
constituting almost 40% of the landscape. It has a paved
surface of 31%, and total roofed area of 27% [17]. Not all
roofs are colored to enhance albedo (i.e., reflection of
solar radiations).

23°C in July. In general, summers are very hot and the
highest temperatures of July and August could exceed
35°C, whereas winters are cold and snowy with few sunny
days. The normal January’s high is just below freezing.
Spring and autumn are mild seasons with low humidity.
The lake provides a positive effect, moderating Chicago's
climate, thereby making waterfront areas warmer in winter
and cooler in summer.

2.2. Data
Two major data were needed to conduct this research:
satellite and meteorological data. A satellite image was
obtained from the U.S. Geological Survey GLOVIS
website via http://glovis.usgs.gov. The image was selected
based on their good quality mainly in terms of cloud cover,
date, month and year of collection (See Table 1). In terms
of cloud cover, the image having 0% cloud cover was
selected. This was to avoid possible impacts of clouds in
data interpretation. U.S. Geological Survey supplies
image(s) after geo-referencing them to the Universal
Transverse Mercator (UTM), map projection (Zone 37),
WGS 84 datum and ellipsoid. The detailed descriptions of
the satellite images selected are specified in Table 1.
Table 1. Specifications of the satellite data used
Items
Specifications
Date of Acquisition
06/15/1995
09/12/2010
months/Day/Year
Time
15:41 Hrs.
16:56 Hrs.
Cloud cover
Resolution for
Thermal Band 6
Path/row
Projection

0%

2%

120 * 120m

120 * 120m

23/31
UTM (Universal
Transverse
Mercator). Zone 16

23/31
UTM (Universal
Transverse
Mercator). Zone 16

Weather records corresponding to the same time the
LANDSAT image was acquired are needed for the algorithms
used to derive the LST. These are relative humidity, dew
points, and atmospheric temperatures. The weather data
were acquired from The Weather Channel Interactive Inc.
website via http://www.wunderground.com/. Additionally,
water vapor content in the air was among the required
parameters for the LST modeling. The water vapor
content was calculated as a function of Relative Humidity
(RH) and near surface temperature (To) [15].

2.3. Methodology

Figure 1. The study area, Chicago

Climatewise, the city lies within the humid continental
climate. However, the flat terrain of Chicago and Lake
Michigan make it has uniquely unpredictable and
frequently extreme weather conditions. Average monthly
temperatures for Chicago range from -6°C in January to

Several algorithms are available for retrieving the LST,
a key parameter for the UHI estimation. These are monowindow algorithm [20,21]; the split-window algorithm;
temperature-emissivity separation algorithm [21] and the
single-channel method [23]. While the split-window and
temperature-emissivity separation algorithms are primarily
developed for the Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER) data, both
the mono-window and single-channel algorithms are
applicable for thermal LANDSAT data, of which the
mono-window algorithm is relatively simple and highly
effective for retrieving the LST for the analysis of the UHI
[18]. Three fundamental activities were conducted to
quantitatively evaluate the ecological effects of the UHI in
Chicago. These were a) deriving a Normalized Difference
Vegetation Index (NDVI) and a Normalized Difference
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Built-up Index (NDBI) images; b) retrieving the LST
using LANDSAT TM6 image of 2010 and analyzing the
city’s UHI phenomenon; and c) calculating the Urban
Thermal Field Variance Index (UTFVI) and interpreting
the ecological valuation of the UHI impacts.
2.3.1. The Normalized Difference Vegetation Index
(NDVI)
The Normalized Difference Vegetation Index (NDVI)
is calculated from the visible red and near infrared bands.
The rationale of the index is that healthy vegetation has a
high reflectance in the near infrared (NIR) and a low
reflectance in the red, thereby enhancing the interpretation
of vegetation cover while suppressing subtle noise from
other land cover types. The NDVI can be calculated as (1).
NDVI =
( ( IR − R ) / ( IR + R ) )

(1)

Where:
NDVI = Normalized Vegetation Index;
R = Red band of the LANDSAT Image; and
IR = Infrared band of the LANDSAT Image
In this study, the NDVI is calculated for two
fundamental reasons, i.e., understanding the city’s
vegetation pattern and extracting emissivity values. First,
the NDVI values indicate whether the land cover type is
vegetation, which has been shown to have a cooling effect
on surfaces temperatures, hence adopted as the UHI
mitigation strategies. Secondly, the NDVI was also used
to derive emissivity values from the LANDSAT data
based on their mutual direct relationship. The emissivity
values are critical parameters needed for modeling the
LST from the LANDSAT TM6 image.
2.3.2. The Normalized Difference Built-up Index
The Normalized Difference Built-up Index (NDBI) has
been an effective technique to map built-up areas with
accuracy of 92% [15]. The index counts on the reflectivity
of urban buildings, which is higher in the fifth band and
lower in the fourth band and hence is calculated as:

NDBI =
( MIR − NIR ) / ( MIR + NIR )

(2)

Where:
NDBI = Normalized Difference Built-up Index;
MIR = Middle Infrared Band of the LANDSAT Image;
and
NIR = Near Infrared of the LANDSAT Image
The NDVI and NDBI were used to establish a
correlation matrix with the LST. Based on their theoretical
relation, the three variables were used as a second way of
empirically validating the values of the LST modeled by
the mono-window algorithm [19].
2.3.3. Retrieving the Land Surface Temperature (LST)
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b(1 − C − D) 


Ts= a (1 − C − D) + 
Ti − DTa  / C (3)

 +C + D




Where:
Ts = is the Land surface temperature (oK);
a = −67.355351
C = εi × τi ; and D = (1 − τi) [1 + (1 − εi) × τi] such that
εi = is the emissivity,
τi = is the atmospheric transmittance,
b = 0.458606
Ti= is the brightness temperature of TM6 image (Ko).
Ta = represents the effective mean atmospheric
temperature (Ko).
Therefore, according to equation (3), the remainder of this
section discusses how variables of mono-window algorithm
[19] were obtained. These are brightness temperature of
TM6 image (Ti) in degree Kelvin; atmospheric
transmittance
(τi);
effective
mean atmospheric
temperature (Ta); and land surface emissivity (εi).
The brightness temperature of TM6 image (Ti), also
known as at-sensor (radiance) temperature, is calculated in
a two-step process. First, the digital number is converted
into spectral radiance. The LANDSAT TM sensors
acquire temperature data in TM6, and store the
information as digital numbers whose values range
between 0 and 255. The numbers are converted into
spectral radiances by the following equation:

L=
LMIN + ( LMAX − LMIN ) * DN / 255

(4)

Where:
L = Spectral radiance
LMIN = 1.238 (Spectral radiance of DN value 1)
LMAX = 15.600 (Spectral radiance of DN value 255)
DN = Digital Number (image’s brightness value)
Secondly, the spectral radiances are converted into
degree Kelvin by the help of Planck’s function, shown as:

=
Ti K 2 / ln (1 + K1 / L )

(5)

Where:
L = Spectral radiance
K1= Constant 1 = 60.776 MW*cm-2 *sr-1 * µm-1
K2 = Constant 2= 1260.560K
Ti = is the brightness temperature of TM6 image i.e., at
sensor Temperature in oK
However, there is a difference between values of atsensor and ground temperatures, because of the
attenuation caused by the atmosphere. Hence, the
atmospheric transmittance is calculated to account for this
attenuation. The atmospheric transmittance was calculated
using a two-step process. First, the atmosphere’s water
vapor content was derived from the relative humidity (RH)
and the near-surface temperature. The equation for
deriving the water vapor content is given by:

The LANDSAT TM6 is a thermal-infrared (TIR) band
10*0.16108

(10.40 to 12.50 μm) that has been commonly used for the




17.27 * (To − 273.15 ) 
LST mapping. For this study, the mono-window algorithm
=
Wi 0.0981* *exp 
 + 0.1697 (6)
[19] was used to retrieve the LST. The mono-window
237.3 + (To − 273.15 ) 

algorithm [19] is based on a thermal radiance transfer
*RH



equation and requires three parameters: emissivity,
transmittance and effective mean atmospheric temperature,
Where:
to retrieve the LST from the LANDSAT TM6. The
Wi = is the water vapor content (g/cm2);
algorithm can be written as:
T = is the near-surface air temperature in oK and
o
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RH = represents the relative humidity.
Secondly, once the water vapor content was calculated,
the atmospheric transmittance was estimated with the
following equations [19,20] in Table 2.
=
τ i 1.031412 − 0.11536 *Wi

(7)

Where:
τi = is the atmospheric transmittance of LANDSAT TM 6
and
Wi = represents the water vapor content
Table 2. Equations of calculating Atmospheric Transmittance as a
function of Water Vapor Content of the Air column (profile) [19,20]
Atmospheric
Water vapor
Air Column (Profile)
Transmittance
2
content (w) (g/cm )
Equation
High air temperature
0.4 -1.6
0.974290 - 0.08007 w
High air temperature
1.6 – 3
1.031412 - 0.11536 w
Low air temperature
0.4 -1.6
0.982007 - 0.09611 w
Low air temperature
1.6 – 3
1.053710 - 0.14142 w

Finally, the mean atmospheric temperature (Ta) was
estimated from near surface air temperature based on
regional conversion formula proposed [19,20] (See Table 2).
The near surface temperature in degree Kelvin is Chicago
air temperature recorded at the time of satellite overpass.
Accordingly the mean aerial temperature of Chicago was
given by:

=
Ta 25.9396 + 0.88045T0

(8)

Where:
Ta = Effective mean aerial temperature of Chicago (oK)
T0 = near surface air temperature (oK)
The LST is also a factor of the land surface emissivity,
which is the efficiency of transmitting thermal energy
across the surface into the atmosphere. The land surface
emissivity (εi) is estimated by using the NDVI. For the
NDVIs between 0.157 and 0.727, the land surface
emissivity is calculated with equation (9) [23]. Table 4
contains equations for complete land surface emissivity
estimation with the NDVI data.

=
ε i 1.009 + 0.0047 Ln( NDVI )

2.3.5. The Urban Thermal Field Variance Index
Several thermal comfort indices are available for
evaluating the UHI impacts on the urban quality of life.
These are the Temperature Humidity Index (THI) [24], the
Physiological Equivalent Temperature (PET) [25], the
Wet-bulb Globe temperature (WBGT) [26] and the Urban
Thermal Field Variance Index (UTFVI) [14]. In this study,
the UTFVI is used for the ecological evaluation of
Chicago’s urban heat island because of its prior tested
application to the LANDSAT data. The UTFVI values
were classified into six categories, each having
corresponding interpreted ecological valuations and the
UHI phenomenon [18]. The index, which analyzes the
UHI effect on the quality of urban life, is calculated using
equation (10) as follows:

UTFVI = ( TS − Tmean ) / Tmean

(10)

Where:
UTFVI = Urban Thermal Field Variance Index
TS = LST (oK)
TM = Mean LST (oK).

3. Results and Discussion
3.1. The Accuracy Verification of LST
Retrieval
The qualitative visual interpretation of the images of the
NDBI, NDVI and LST values verified the theoretical
relationships of these variables (Figure 2). Accordingly,
areas with the high NDVI values (e.g., parks) have the low
NDBI values and the low LST (LST< 32 °C). On the other
hand, waterbodies while having the low NDVI (NDVI< 0),
also have the low LST (i.e., < 26 °C) and the NDBI. Builtup areas, which had the high NDBI, as expected, also had
the low NDVI and the high LST (i.t., > 35 °C).

(9)

Where:
εi = Land surface emissivity
NDVI = Normalized Difference Vegetation Index
Table 3. Table containing a formula for emissivity calculation from
NDVI [15]
NDVI

NDVI <
−0.185

−0.185 ≤
NDVI <
0.157

0.157 ≤ NDVI ≤
0.727

NDVI
> 0.727

Emissivity

0.995

0.97

=1.009+.047ln(
NDVI)

0.99

2.3.4. Model Validation
The NDBI and NDVI were used for the verification of
the modeled LST values. Both qualitative and quantitative
validation methods are used for verification. Qualitatively,
visual interpretations and comparisons of the images of
the NDBI, NDVI and LST values were done. A
correlation matrix was used for the quantitative evaluation.
Theoretically, the LST values must have a positive
relationship with the NDBI values and a negative
relationship with the NDVI values.

Figure 2. The LST values and corresponding NDVI and NDBI values
for the same areas, a) LST values from 21 to 38 °C, B) NDVI values
from -1 to 1, C) NDBI values from -1 to 1

Furthermore, the quantitative evaluations of the LST,
NDVI and NDBI images, through correlation matrix, also
depicted similar outcomes (See Table 4.) According to the
matrix, the highest relationship (i.e., r = -0.9) was
observed between the NDBI and NDVI images. The high
negative correlation between the NDBI and NDVI images
is indicative of waning vegetation cover as the land use
changes into built-up areas. On the other hand, the
relationship between the LST and NDBI images is r =
0.26, while that of the LST and NDVI images is r = -0.34.
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Although the magnitudes of the relationships were not as
strong, the direction is revealing. The positive relationship
of the LST and NDBI values reveals the heating impact of
built-up and impervious surface areas on surface
temperature, while the negative relationship of the LST
and NDVI values ascertained the cooling impact of forests,
woodlands, parks, and other city green spaces. The
direction of the relationship captured by the correlation
matrix is significant, as correlation matrix was generated
through pixel-based comparison, where confounding
subtle noises in the data would obscure chances of
obtaining revealing relationships.
Table 4. Correlation matrix of LST, NDVI and NDBI of Chicago city
after masking the water bodies
LST
NDVI
NDBI
LST

1.00

-0.34

0.26

NDVI

-0.34

1.00

-0.90

NDBI

0.26

-0.90

1.00

Several previous studies have shown a comparable
relationship between the LST values and these indices
[28,29,30]. For instance, a negative relationship (i.e., r =
0.6) is documented between the NDVI and LST, until the
NDVI reaches a threshold value of 0.6 [29]. It is not quite
clear why the cooling effect of the natural vegetation
decimates when the percent canopy cover increases
beyond this threshold value. And yet the negative
correlation between the NDVI and LST indicate the effect
of vegetation in reducing the UHI effect, thereby
reassuring its utility for UHI mitigation. On the other hand,
the positive NDBI and LST relation [30] indicated the
logical association of the built-up areas and UHI. Both
uncrowned settlement pattern, greening urban spaces and
increasing the albedo (i.e., reflection coefficient) of the
built-up surfaces can be adopted to lessen the impacts of
the UHI in Chicago.
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mainly in areas close to Lake Michigan and the wider
residential areas. The second largest LST class is 35-38°C,
and constitutes about 28.9% of the city, mainly in the
north and northwestern areas. The hottest LST (i.e., 38°C
and above) is experienced in relatively small pocket areas
(i.e., 4.2%) of Chicago, mainly where the large industrial
buildings and train stations are located. The high UHI
detected in areas of large industrial complexes and train
stations, maybe indicating the possible air heating impacts
of steams and smokes coming out of the industrial plants
and the concentration of steels and concretes from which
railroad stations are made. On the other hand, the lowest
LST (less than 26°C) recorded in only 2% of the city
mainly on the lands covered by water (i.e., lakes and
wetlands). Areas having the LSTs between (26 - 29°C)
constitute 5.8% of the landscape, and these are lands in
close proximity to the Lake Michigan, forest areas and
parks. The remaining 17% of Chicago has the LSTs
between 29°C and 32°C, mainly on lands that are
occupied by forest vegetation, woodlands and green
spaces.

3.2. Analysis of Urban Heat Islands (UHI) of
Chicago
The spatial distribution of the LST of Chicago is shown
in Figure 3. According to the result, the mean LST is
33.6°C, the maximum and minimum LSTs are 16°C and
44°C, respectively. The higher LST dominates
northwestern areas of the city, while the eastern and
southern areas have the lower LST. The UHI impacts of
built-up areas were found to depend on the density of
settlement with medium sized building. In Chicago,
neighborhoods on the South Side are less crowded and
have noticeable green spaces as compared with
neighborhoods to the north perhaps hinting as to why the
LST in the northern areas were higher vis-à-vis the South
Side. The results verify a previous US EPA UHI project
[17], which reported a consistent high UHI intensity in
northwestern Chicagoland as compared to the east and
downtown area. The presence of Lake Michigan in the
east and southeast are believed to have moderated the
local microclimate. Additionally, it could be because of a
low Sky View Factor (SVF), i.e., a relatively cooler air
temperature from the shedding effect of densely populated
skyscrapers around downtown Chicago.
In general, the largest portion of Chicago (i.e., 41.3%)
experiences the LSTs around 32 to 35°C. This was found

Figure 3. Land Surface Temperature (LST) distribution in Chicago city
on May, 2010 in degree Celsius, derived from LANDSAT images using
mono-window algorithm. Divided into seven classes, each class is one
standard deviation far from the mean

3.3. The Ecological Evaluation of Chicago
Urban Heat Islands
The quantitative ecological evaluation of the UHI
effects in Chicago is shown in Figure 4. According to the
Urban Thermal Field Variance Index (UTFVI) [14], which
measures urban ecological quality of life in terms of the
degree of thermal comfort in relation to the existence of
the UHI phenomenon, varying impacts of the UHI were
detected in Chicago. The city has the two extremes: areas
of heat stresses (i.e., UTFVI > 0.02) and areas optimal
microclimate (i.e., UTFVI <0) (Figure 4 and Table 5). The
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largest portion of Chicago (i.e., 31%) experiences optimal
thermal condition (i.e., UTFVI <0) for living. These are
downtown areas and locations in close proximity to the
Lake Michigan, wetlands, forest and woodlands, parks and
green spaces. On the other hand, the areas that are hit by
the worse UHI effects (i.e., UTFVI > 0.01) are relatively
small pocket areas (i.e., 9%) of Chicago; while those
experiencing bad thermal comfort accounts for 16%. In
general, according to the ecological evaluation of the UHI
effects, the urban thermal field variance index did not
detect thermal discomfort on 75% of the city. It was only
in the remaining 25% of the city that varying degrees of
thermal discomfort and heat stresses were detected.

Table 5. The interpretation of the index quantitative evaluating of
the ecological effects of the Chicago city Urban Heat Island (UHI)
[18]
Urban thermal field
Urban heat island
Ecological evaluation
variance index
Phenomenon
Index
Less than 0

None

Excellent

From 0 to 0.005

Weak

Good

From 0.005 to 0.01

Middle

Normal

From 0.01 to 0.015

Strong

Bad

From 0.015 to 0.02

Stronger

Worse

More than 0.02

Strongest

Worst

4. Conclusion

Figure 4. Ecological evaluation index of Chicago city in May 2010,
according to thermal field variance index (UTFVI)

In general, regional analysis of Chicago’s UHI and
UTFVI conforms to studies that analyzed spatiotemporal
patterns of the UHI in metropolitan Shanghai [31] and
Western Territories of Hong Kong [27]. According to the
study in Shanghai, urban parks were, on average, 4.5°C
cooler than the surroundings city areas [31]; whereas in
the Western Territories of Hong Kong, similar strong
association between the LST and LULC types is reported.
In the Western Territories of Hong Kong, urban parks and
woodlands had similar air temperature as undeveloped
rural vegetated areas [27]. Moreover, this study
corroborates a report of Chicago’s UHI Policy
implications, post-1995 heat wave [6]. According to the
report, even if there is a reduction in the UHI intensity,
because of the city’s UHI mitigation strategies,
northwestern and pockets of areas in southern and
southeastern Chicago are still experiencing the UHI
stresses. Therefore, urban planning that pursues spacious
settlement pattern with green spaces and parks, and
wetlands preservation is important to strengthen
Chicago’s UHI mitigation strategies and thereby to
maintain urban quality of life.

The LST, extracted from the 2010 LANDSAT TM6
using mono-window algorithm, indicated varying
distribution of the UHI phenomenon in Chicago city. In
general, there was a difference of 18°C between the low
UHI intensity areas around the Lake Michigan in the east
and the high intensity areas in the densely populated
northwestern neighborhoods. Mainly the distribution of
the UHI phenomena were found to have a direct
relationship to the city’s land use/land cover distribution.
By and large, while waterbodies, forest and woodlands,
urban parks and green spaces, and skyscrapers have
lowered the phenomena of UHIs; densely populated
buildings, congested settlement, industrial zones and large
train stations have intensified the UHI effects.
According to Chicago’s UTFVI, which measured the
urban ecological quality of life via the relationship of
thermal comfort and the UHI instensity values, ranges of
thermal comforts were detected. The city experiences both
extreme conditions of optimal microclimate for quality
urban life and the worst condition of thermal discomfort.
Seventy-five percent of the city’s landscape experiences
normal to excellent microclimate for living, which is
encouraging. This is perhaps due to the cooling effects of
the Lake Michigan, the downtown’s high-rise buildings,
and the city’s mitigation responses adopted after the 1995
heat wave. However, a bad-to-worse heat stress condition
is detected in sizable portion of the city (i.e., 25%),
indicating potential impacts of the UHI phenomenon on
urban quality of life, particularly in northwestern
neighborhoods and small pocket areas in the south and
southeast. It is therefore important for the city to
strengthen and expand the hitherto adapted UHI
mitigation strategies to maintain quality urban life for
Chicago residents.
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