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Abstract

This thesis will focus on determining and evaluating the effects that Urban heat
islands (UHI) has on Prague by using a remote sensing approach. Analysis will be
provided on the spatial distribution of Land Surface Temperature (LST) and its
relationship with Vegetation density calculated by an index known as Normalized
Difference Vegetation Index (NDVI) using thermal remote sensing data. Both ENVI
5.3 and ArcGIS 10.2.1 Software were used to process the Landsat 8 TIRS and OLI
satellite images. In order to examine the relationship between NDVI and LST, 900
random points were created with ArcGIS and correlation analysis was performed
with Microsoft Excel. In order to gain a detailed understanding regarding the NDVI
and LST relationship, 18 sites different sites were selected due to several key

similarities and differences, with the results being analyzed.

The findings of this thesis show that the UHI phenomenon was mainly observed in
the city center, in industrial areas, and at Vaclav Havel Airport in Prague. On the
hottest summer day of June 2016: the highest surface temperature observed was at
Stadium (O2 Arena) with (48.71 °C) and 0.12 NDVI value on the contrary to that the
lowest surface temperature was observed in the agricultural area (29.30 °C) with 0.61
NDVI value. Moreover, a strong inverse relationship was found between NDVI and
LST. The analysis of NDVI and LST expressly show that the decrease in vegetation
density causes a decrease in the evaporative cooling and consequently coincides with

high LST.

Finally, this thesis concludes with recommendations based on the spatial
distributions of the UHI and vegetation cover which proved as a main driver of UHI
in Prague and its potential to combat UHI. The findings of this thesis can effectively
incorporate further analysis of UHI using a multitude factors, and in doing so provide
guidance for urban planners and decision makers in their assessment of how to

effectively engage with the mitigation measures around Prague.

Key words : Temperature; Thermal Infrared; NDVI; Urbanization



Abstrakt

Tato prace se zamétuje na ur€ovani a hodnoceni méstskych tepelnych ostrovti (UHI)
v Praze s vyuzitim metody dalkového prizkumu Zemé. S vyuzitim tidaji o teploté z
dalkového prizkumu byla analyzovana prostorova distribuce teploty povrchu zemé
(LST), déle byl spocitan jeji vztah k hustoté vegetace, ktery byl vyjadren jako
Normalizovany diferencni vegetacni index (NDVI). Ke zpracovani satelitnich
snimkiLandsat 8 TIRS a OLI byl pouzity software ENVI 5.3 a ArcGIS 10.2.1. Pro
vyjadreni vztahu mezi NDVI a LST bylo vytvoteno 900 ndhodnych bodi a uzitim
ArcGIS a dale byla provedena korela¢ni analyza s pouZzitim Microsoft Excel. Pro
detailni pfehled vztahu NDVI a LST bylo vybrano 18 oblasti na zaklad¢ klicovych
podobnosti a rozdild a vysledky byly analyzovany.

Vysledky této prace ukazuji, Ze fenomén UHI je pozorovan zejména v centru mésta,
pramyslovych oblastech a prazském letisti. Navic byl zjistén silny vztah mezi NDVI
a LST. Analyza NDVI a LST jednozna¢né ukazuje, Ze pokles hustoty vegetace

zpusobuje pokles ochlazujiciho vyparu a zaroven vede k vysokému UHI.
Zavery této prace mohou byt efektivné pouzity pro dalsi analyzy UHI s rozdilnymi

faktory a také planovaci méstského rozvoje a lidmi s rozhodovaci pravomoci, kteti

budou tvofit budouci rozvoj a urovat zmirfiujici opatfeni v Praze.

Kli¢ova slova:

Teplota, Termalni spektrum, , NDVI, Urbanizace
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1. INTRODUCTION

Urban climate is a local climate that is altered by interactions between structured
areas (including heat pollution and air pollutant emissions) and regional climate
(WMO,1983). A city's climate is a local mesoclimate with a spatial extent of about

250 km (WHO 2004).

The Urban climate has been subject of study dating back to at least to the Classical
Era of the Roman Empire. Vitruvius (B.C. 75-26) went on great length regarding the
climatic conditions and urban planning of Roman Cities. Main topic of urban climate
had been urban planning and air pollution from Roman Cities to till the beginning of
the 17th century. Qualitative researches about urban heat island and heat balance
have started the end of the 17th century. (Yuksel, 2015). 18th to 19th centuries with
the Industrial Revolution, urbanization increased and caused to distinctive alteration
of the urban climate (Yuksel, 2015). In early 19th century British chemist Lake
Howard examined urban climate in London and he is the first person to measure and
discuss urban heat island effect (Yang et al., 2016). As OKE (1987) describes Urban
Heat Island phenomenon (UHI) in the urban area air temperature is higher than its

surrounding area and it refers to temperature characteristic of urban area (Oke,1995)

Such directly impacts more than half of the world’s population lives in urban area
and, by 2050, 66% of the world’s population is predicted residing in urban areas
(United Nations, 2014, Small, 2006) To accommodate such amount of the urban
population growth, urban infrastructure, buildings, need to be developed causing to
rapid changes in land use patterns. Due to rapid and unplanned alteration of the land
cover, UHI can be severe and threatened the risk of the people especially elderly and
young population. For instance, The Centers for Disease Control and Prevention
estimates that from 1979-2003, in the USA, due to extreme heats, 8000 people died
that is more than hurricanes, lightning, tornadoes, floods, and earthquakes combined

(C2es, 2017).



Presently, the Urban Heat Island is one of the most extensively discussed climate-
related topics given its strong correlation with climate change and population growth
which are increasingly severe environmental problems facing humanity in the 21st

century (Stewart and Oke, 2012)

The purpose of this thesis is to determine and evaluate the UHI effects in Prague by
using a remote sensing approach. Analysis of the spatial distribution of Land Surface
Temperature (LST) and its relationship with Vegetation density calculated by an
index known as Normalized Difference Vegetation Index (NDVI).

Based on knowledge from literature review, methodology and analysis were applied.
Both ENVI 5.3 and ArcGIS 10.2.1 Software were used to process the Landsat 8
TIRS and OLI satellite images. In order to examine the relationship between NDVI
and LST, 900 random points were created with ArcGIS and correlation analysis was
performed with Microsoft Excel. In order to gain a detailed analysis regarding the
NDVI and LST relationship, 18 sites different sites were selected due to several key

similarities and differences, with the results being analyzed.
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2. GOALS / AIMS

The aim of this thesis is to determine and evaluate the Urban Heat Islands effects in
Prague. Furthermore, the analysis of the spatial distribution of Land Surface

Temperature (LST) and its relationship with NDVI will be assessed and scrutinized.

The main outcome intended for this thesis will be based on the literature review,
processing thermal remote sensing data and the analysis, to identify the spatial

disturbances of UHI in Prague and its relationship with vegetation density (NDVI).
The hypothesis of this thesis was based on the premise that the land surface

temperature can gradually increase in Prague due to urban growth and decreasing

greenery.
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3. LITERATURE REVIEW

3.1. Urban Heat Island Phenomenon

Urban Heat Island Phenomenon is described as relatively high temperature in the
urban area compared to the surrounding rural area (Oke, 1982; Voogt and Oke, 2003)
Main driver of the UHI is urbanization. Due to urbanization, natural land cover is
replaced by artificial surface and amount of the anthropogenic heat increased

(vehicle's, heating -cooling energy)(Streutker 2003).

Consequently, this altering natural surface is cause to breakdown the natural
ecological cycles in the city. Therefore, evaporation is decreased, more shortwave
and longwave radiation absorbs and wind blocks by built up area and overall
temperature is increased in the city ( Senanayake, 1., at el 2010 : Mirzaei at el.,
2010). However, holly unplanned and completely mismanaged cities are more
vulnerable to the UHI due to amount of environmental degradation (Kikon et al.,

2016).

Even Though UHI effect occurs throughout all the seasons of the year, its existence
during the summer in warm climate cities, is a matter of immense public policy
concern due to increasing exposure of high summer temperatures which precipitates
a rise in air conditioning demand, an increase in air pollution, and a spike in heat-

stress related mortality and illness (Rosenfeld et al., 1995)
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3.2. Causes of Urban Heat Island

Urban design and structure related Controllable variables

| |

Sky view factor | Green areas | Building materials | | Population related

Anthropogenic heat

Air pollutants

Un-controllable
variables

’ Anticyclone conditions ‘Season ' Diurnal conditions N Wind speed I Cloud cover

Figure 1. Generation of UHI (Rizwan A, at el, 2017)

Rizwan A. (2017) categorized the various factors involved in the generation of UHI:
as either controllable or uncontrollable. The controllable factors are mostly
pertaining to design and planning related matters, which can be directly influenced
and controlled to some degree, while on the other hand, uncontrollable factors are

environment and nature-related which are beyond humanity’s capacity to control.

3.2.1 Uncontrollable Variables

Natural Factors

Geographical latitude, climate, geographic location (on a mountain or in a valley),
topography (elevation, landforms) and meteorological conditions (wind, cloud,
humidity, sunlight, precipitation etc.) are important factors for UHI and they create
unique characteristics for each city. Wienert (2001) in his study on urban heat island
of 150 cities found that UHI directly correlates with geographical latitude, acts
because of anthropogenic heat generation, the radiation equilibrium and its annual
variability change in consonance with latitude. Furthermore, Wienert mentions, that
in higher latitudes, the greatest differences between urban and rural environments are

greater, than in the lower latitudes. Based on the evidence, correlating with the
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discoveries made by Oke (1973) based solely on the necessity of obtaining territories

with approximately equal geographical latitude (Koppe et al., 2004).

Gedzelman et al. (2003)’s findings in New York lend support to the claim that UHI
depends on cloud cover, wind speed and wind direction. Voogt and Oke (2003) in
their study found that enhancing clouds, not only diminish radiative cooling at night,
but also lessen the UHI. (Wang ,2016). Moreover, during the time of the calm winds
and clear skies, UHI may be intensified city, whereas the opposite effect occurs
during time of strong winds and increased cloud cover (Che-Ani, at el 2009). Its
proven that the UHI effects are more pronounced in conditions of atmospheric

balance, rather than under conditions of imbalance (Alonso, at el 2003)

Water bodies of significant size have been proven to alter surrounding weather
(Kusaka et al., 2000). UHI intensity has decreased due to evaporation, whenever
there is body of water, which is part of the urban surface. The “Lake Breeze” effect,
which is caused by winds coming from the lake to shore, neutralizes the high

summer temperatures near Lake Ontario (Scott and Huff, 1996).

Albedo and urban surface materials

Albedo values
(% reflected)

Water bodies

10%~60%
(varies with Sun altitude)

Fresh snow
80%—-95
Earth's albedo
osts (average) 31%
10%—20° 3 G
‘ = 8%—18% .
Crops, Qfdb&ldnd‘. nghl ot

. / %g ! . ll" -y
bphah/
Conciéli
(black top) 17° % I Brick, stone.

_dis 20%—40%

Figure 2. Albedo rates of objects (Regentsearth, 2017)

Due to changing land cover vegetation to impervious surface and building materials

which have varied thermal (heat capacity and thermal conductivity) and radiative
14



(reflectivity and emissivity) properties contrast to countryside, the thermal, radiative,
moisture and aerodynamic features of the surface and the atmosphere are changed

(Thegreencity, 2017)

Albedo is defined as the ability to reflect sunlight. Light-colored items tend to reflect
more efficiently than other items on the visible portion of the spectrum. The scale of
0 and 1 are used to show the amount of light reflected, when measuring albedo.
(Urbangreenbluegrids, 2017). Earth reflects about %3 of the radiation back into space,
with a median albedo for Earth of .31. There are many varieties of albedos for forest,
oceans, cities and deserts. An albedo of .30 is common for deserts; whereas an
albedo ranging from .08 to .15 is common for forests. (Esseacourses, 2017) The roof
tops, the walls of high rise structures with darker surfaces, parking lots, roads,
pavement constructed with asphalt, and concrete tend to have low albedos
(Senanayake, at el 2013). Moreover, these dark low-albedo surfaces absorb a higher

amount of solar radiation and convert it to thermal energy (Senanayake, at el 2013).

Moreover, Heat island arise when the impervious surface area of a city exceeds 35
percent. (New York City is about 72 percent impervious.) Forested areas, which are
being paved over in sprawling cities, double the rate of compact metropolitan areas,

and cause an extreme heat event at twice the rate. (Byles, 2017)

3.2.2 Controllable Variables

Urbanization and Anthropogenic Heat

Its widely accepted and proven that urbanization can have a remarkable influence on
regional weather and climate (Landsberg 1981). Urban population is continuing to
grow and it is estimated that by 2017, even in less developed countries a majority of

people will be living in urban areas (WHO, 2015).

The urban atmosphere has a higher pollution load than the rural areas surrounding it.

Pollution, especially aerosols, can create a false greenhouse effect by absorbing long-
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wave radiation, reflecting it, and preventing surfaces from cooling by radiation

(Streutker 2003).

Essential anthropogenic heat sources that conduce UHI are fossil fuel usage for
vehicles and heating / cooling of built infrastructure. (Sailor & Lu, 2004). Moreover,
due to anthropogenic reasons increase of temperature related on the function of
structure insulation. (Arnfield, 2003). Anthropogenic factor effects on UHI also
depend on the size, population and climate conditions of the area so it has a less

impact on small town than metropoles. (Oke, 1982).

Urban geometry

Size, shape, composition, and neighborhood planning effect the UHI (Chen et al.,
2006). The reduction in air circulation and the overall decrease in the temperature
within cities are predominantly caused by skyscrapers and cramped streets, which

trap heat accumulated throughout the day (Bokaie et al., 2016).

Assembled thickness and manufactured shape are composite factors consolidating
parameters, for example: areas of uncovered outer surfaces, the thermal capacity and
surface reflectance of fabricated components, and the perspective of sun and sky by

surfaces (Koppe et al., 2004).

Undeveloped ground, receives three times less annual radiation than a cubical
structure does. Rural areas usually have higher wind velocities than that of cities.
Due to this, convective cooling is less effective thus lowering the rate of heat
dissipation. Convoluted airflow patterns and turbulence are a result of the
channeling effect of urban canyons, which are formed by tall buildings (Koppe et al.,

2004).

Sky View Factor (SVF), the proportion of the sky “viewed” from a fixed spot, is a
frequently studied part of urban geometry. An open space parking lot with small
amounts of stuff blocking the view would have a high SVF, but an urban canyon

would have a low SVF, due to the tall buildings. This SVF is a reason for increased
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urban heat islands in cities, because radiation accumulated daily cannot escape to the
open sky because of tall buildings that trap the radiation. In the two urban centers of
Japan, Fuchu and Higashimurayama, there is a correlation amidst air temperature and

SVF (Yamashita et al., 1986).

Lack of vegetation

Vegetation has important ecological services such as evapotranspiration,
humidification, shade, and storm water management which serve to decrease the
temperature in that region. Therefore, due to a disruption of this ecological services
and natural cycle, the urban’s temperature is much higher than the temperature found

in rural locales. (EPA, 2008)

3.3. Urban Heat Island Types

gw\@ Boundary Layer

Surface Layer

Canopy Layer

Figure 4. Urban Heat Island Layers Source: EPA (2008)

Heat islands are divided primarily into two categories; Surface Urban Heat Island
(SUHI) and Atmospheric Urban Heat Island. Atmospheric Urban Heat Islands are
also divided into two subcategories; Urban Canopy Layer (UCL) and Urban
Boundary Layer (UBL) (Oke 1976).

3.3.1. Atmospheric Urban Heat Islands

17



Urban Canopy Layer (UCL) can be described as a layer of urban atmosphere, which
generally spans from the surface of buildings of roughly average elevation, which
people inhabit, to the peaks of trees and roofs (Voogt and Oke, 20031) UCL is
affected by a subjacent urban surface and perceived to be unaffected by sensors at
classical (screen-level) meteorological elevation or from crossing transportation

attached sensors (Voogt and Oke, 2003).

Urban Boundary Layer (UBL) can be described as a layer above the UCL, roughly
spanning from the apex of average building elevation, to urban landscapes, which are
influenced by the atmosphere, and expand no more than 1.5km from ground. (Voogt

and Oke, 2003).

Radiosonde or tethered balloon flights, as well as more customized sensor platforms
like high towers or from airplane-attached equipments are used for measuring UBL

heat island. (Voogt and Oke, 2003).
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3.3.2. Surface Urban Heat Islands

(1)Bird’s-eye

or plan view (2)Ground-level

(4)Surface UHI (as

(3)Roof-top
viewed by remote
sensor)
™M CIC THE 1#Climate Thaland Canference 2010:
#2010 National Aisks and OppartuniSies in Giabal Cimate Changes

Figure 5. Surface Urban Heat Island
(The 1st Climate Thailand Conference 2010: National Risks and Opportunities in
Global Climate Changes /Chiang Mai)

Surface Urban Heat Island (SUHI) imply a temperature distinction perceived by the
surface of urban areas, and are also entitled remotely sensed UHI because besides of
the other directly measurement options such as meteorological stations, unaffected
location measurements; SUHIs can also be measured indirectly with thermal remote

sensors from airplane or satellites. (Cochran, 2014)

3.4. Impacts of UHI

UHI has regional-scale impacts on energy demand, air quality, greenhouse gases,

water quality, public health and comfort (Voogt, 2002).

Surface temperatures rise during daytime, less so during evening once it begins to
cool down, increased air pollution resulting in common annoyances, breathing
difficulties and sickness such as heat stroke, tiredness, and fatalities are among the

effects that UHI has on urban centers. These variable temperature fluctuations are
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more concerning for the vulnerable population such as elderly and younger people

(Epa.gov, 2017).

The data appears to suggest that poor water conditions, rising energy expenditures,
the disruption of the physical well-being and overall livelihood of people, and an
increase in air contaminants and greenhouse gasses are complications associated with
UHI. (Voogt, 2004; EPA, 2008). Many related fields such as urban climatology,
urban planning, urban geography, and urban ecology have begun to study UHI
because of its far-reaching impacts on city life and city ecological environment.

(Estoque, at el 2017)

Heat stroke, heat cramps, dehydration, and heat related death are all an acute issue
resulting from high heat. During the 2003 Heat Wave, over 15000 people died just in
France, with a further 70000 in Europe. (Fouillet et al., 2006) In 1995 more than 739
people perished in Chicago. (Whitman et al., 1997) Cases of Heat Stroke skyrocket,
as there is a demonstrable negative impact on the overall well being of the population

during heatwaves (Argaud et al., 2007).

Photochemical smog is caused by the evaporation and intermingling of contaminants
from urban surfaces which stem from UHI. Due to UHI exacerbating extreme he
contamination of drinking water due to thermal pollution is worrisome. Dirt, heat and
toxic material are collected by rain water and washed in rivers due to impervious

surfaces (Krause et al., 2004; Finkenbine et al., 2000).
On the other hand, The Intergovernmental Panel on Climate Change (IPCC) has

proved that UHI effects on local climate appear to include alters in precipitation,

clouds, and the daily temperature. (Epa.gov, 2017)
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3.5. Remote Sensing of UHI

The total amount of the energy incoming to the earth implied as total radiance. From
the electromagnetic spectrum, total radiance reaches mostly in the form of visible
and infrared light, with a smaller rank of it being in short wavelength UV, x-ray, and
gamma frequencies, besides that in longer wavelength frequencies, like as

microwaves (Climate.ncsu.edu, 2017 ; Harris Geospatial Solutions, 2017)

The incoming Sun’s radiation should inherently turn to the space to keep in order
global average temperature stable. The process of the equilibrium between incoming
and outgoing radiation referred the Earth’s energy balance. Figure.... As it shown on
the Figure, half of the incoming radiation absorbed by earth, the rest is absorbed by
cloud and atmosphere. However even the amount of the absorbed radiation less than

earth, clouds reflected more than earth (Climate.ncsu.edu, 2017)

6% scattered from
/' atmosphere

20% scattered

and reflected 19% absorbed by

by clouds atmosphere and
clouds

4% reflected
by surface
51% absorbed ’
by earth
/ «_i‘n-ieﬁﬁt'r Program

Figure 6. Earth’s Energy Balance (Climate.ncsu.edu, 2017)

Infrared remote sensing utilizes infrared sensors for expose infrared radiation which
emanates from the Earth's surface. The middle-wave infrared (MWIR) and long-
wave infrared (LWIR) are within the scope of the thermal infrared interval. Such
radiation is emitted from warm objects such as the Planet's crust. Nevertheless, these
radiations are applied in satellite remote sensing measurements of the Earth's land

and sea surface temperature. In the electro, magnetic spectrum (Fig.7), belong the
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infrared region, the thermal infrared 8-14 pum wavelength interval is mostly used for

interest for thermal remote sensing. (Crisp.nus.edu.sg, 2017)
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Figure 7. Infrared Region of Electromagnetic Spectrum (HowStuffWorks, 2017)

Before Rao’s 1972 Study pioneering the usage of satellite imagery and telemetry to
study UHI, all examination was conducted was based off ground based observations
of LST. (Voogt and Oke, 2003) Utilizing satellite data effectively, strongly aides in
carrying out fruitful investigations on UHI, while also going a long way towards
gaining a deeper understanding of the spatial patterns associated with UHI. On the
other hand, conducting comparative studies on various urban areas does allow for a
more uniform view, one with a greater degree of understanding in analyzing larger
scale heat islands. By utilizing remote sensing method, its possible to examine
information using the remote sensing method, as it contributes towards gaining a
better understanding of the immensity of LST of the city and spatial disturbance of
the UHI effect (Epa.gov, 2017).

Nevertheless, the usage of satellites does come with drawbacks. First of all, satellites
are incapable of receiving telemetry based off radians, and they are also unable to
receive radiant emissions from all urban surfaces (as they are limited to a bird’s-eye
view): and are limited to solely horizontal surfaces, such as roofs. Given this issue,

radiant emissions from vertical surfaces such as walls, are not taken into account.
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Secondly, the accuracy of satellite data is variant on prevailing weather conditions
and patterns. For example, cloud cover is an important factor in order to select the
right satellite image. Finally, since captured radiation passes through the atmosphere
twice; consequently, the the scattering and absorption effects from atmosphere are
mitigated. Therefore, to accurately estimate solar reflectance and temperatire,

satellite imagery needs further clarification, in order to be processed. (Epa.gov, 2017)

IDRISI, ERDAS IMAGINE and ENVI are the most popular remote sensing
softwares to process satellite images. In order to conduct an effective study on UHI,
the usage of thermal satellites is a game changer. The most common satellites are
those which possess high resolution thermal imagery, and include: Landsat-5 ™ and
7ETM+ and the Satellite Advanced Spaceborn Thermal Emission and Reflection
Radiometer (TERRA ASTER) provide LST at a high spatial resolution of 120m and
a relatively frequent 16-day pass cycle (USGS,2016, Harris Geospatial Solutions,
2017). Satellites with a lower degree of resolution; ~1km thermal bands, also
include Moderate-Resolution Imaging Spectroradiometer (MODIS) and Advanced
Very High Resolution Radiometer (AVHRR) which are selected for their high
temporal resolution providing twice the daily Land Surface Temperature (LST)

imagery. (Stathopoulou, 2009).

On February 11, 2013, the Landsat 8 was launched with two instruments: The
Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS). The
Landsat 8 satellite is capable of capturing entire images the of Earth every sixteen
days. The ideal selection criteria associated with satellite sensors, must be taken into
consideration, in order to study a wide range of topics. From the aspects of a spatial
scale, previous studies of UHI, which use AVHRR or MODIS data are only suitable
for large-area urban temperature mapping, not for accurate and meaningful
evaluation (Weng, 2009). The Landsat TM (and later ETM+ and OLI/TIRS) and
ASTER data have been used extensively to study UHI, given its medium resolution
TIR data. Better spatial resolution is preferred when studying UHI at the microscale.

(USGS,2016, Harris Geospatial Solutions, 2017)
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3.6. Normalized Difference Vegetation Index (NDVI)

have been accumulating images of Earth’s surface. By meticulously measuring the
wavelengths and intensity of visible and near-infrared light reflected by the land
surface back up into space, scientists are able to use an algorithm called a
"Vegetation Index" to quantify the concentrations of green leaf vegetation around the
globe. Chlorophyll, a pigment in plant leaves, strongly absorbs visible light (from 0.4
to 0.7 um) during photosynthesis. However, the cell structure of the leaves, strongly
reflects near-infrared light (from 0.7 to 1.1 pum). Consequently, the more leaves a
plant has, the more these wavelengths of light are affected

(Earthobservatory.nasa.gov, 2017).

NDVl is calculated from the visible and near-infrared light reflected by vegetation.
Healthy vegetation (left) absorbs most of the visible light that hits it, and reflects a
large portion of the near-infrared light. Furthermore, unhealthy or sparse vegetation
(right) reflects more visible light and less near-infrared light. The numbers on the
figure above are representative of actual values, but real vegetation is much more

varied (Earthobservatory.nasa.gov, 2017).

Figure 8. Healthy and Unhealthy vegetations (Earthobservatory.nasa.gov, 2017)
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Written mathematically, the formula is:

NDVI = (NIR — VIS)/ (NIR + VIS)

NIR= Near Infrared
VIS= Visible Infrared

The calculations of NDVI for any given pixel, always result in a number that ranges
from negative one (-1) to positive one (+1); however, where there are no green leaves
present, this value is a closer to zero. While, the number zero signifies a total lack of
vegetation; very low values of NDVI (0.1 and below) correspond to barren areas
which include areas with relatively large quantities of rocks, sand, or snow. Moderate
values represent shrub and grassland (0.2 to 0.3), while high values indicate
temperate and tropical rainforests (0.6 to 0.8) (Earthobservatory.nasa.gov, 2017;
USGS, 2016).

4. STUDY AREA AND DATA

A multitude of factors within this study area impact the formation of UHIL. These
include the surrounding ecological biosphere, the total area of the city, the total
number of inhabitants residing within the city, the topographic form of the urban

landscape, as well as the developmental framework of the city.

4.1 Study Area

Prague is the capital and alpha city of the Czech Republic. The City has an area of
496 km and is located on the banks of the Vitava River on the North-Western centre
of the Bohemian Basin (Ucl.ac.uk, 2017).

The City of Prague, just as with other large cities across the globe, must manage to
find a happy median between urbanization and maintaining the overall quality of the
environment. The heavy impact human beings have on the environment in more

developed and industrialized societies is particularly pronounced, as heavy traffic,

25



pollution, and protracted human habitation have led to the alteration, if not the
complete devastation of the pristine pre-settlement state of the environment.
Nevertheless, initiatives aiming for the sustainable usage of land, the effective
management of waste, as well as water and energy resources, can go a long way in
mitigating the negative impact that human habitation has on the natural environment,
while restoring some semblance of greenery and natural beauty to the greater urban

area. (Prague Environment 2009)

Geography

As it shown in the Fig, the western part of Prague has a higher elevation, while the
northeast and southeast parts of Prague also can be attributed to possessing
comparatively high degree of elevation. These physical conditions make Prague
shape’s resemble that of a bowl, which acts in decreasing wind speed, air circulation
and contributes to trapping heat within the City. Consequently, city center and

surrender have relatively low wind speed.
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Figure 9. Physical Map of Prague (Source: URM, MHMP)
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Population

The population of Prague has gradually increased during the past decades, adding an
additional 21,000 inhabitants in 2017 alone, a 1.6 percent net gain for the Greater

Prague Area. (Worldpopulationreview.com, 2017)

Prague - Density Profile in Built-up areas

140 y = 148.88e 1125
R%=0.9538

Population density (p/ha)

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
Distance from City Center (km)

file: Prague_net_dens.xls

Figure 10. Prague Density Profile in Built-up Areas (Alainbertaud.com, 2017)

As it shown in the figure above: the population is more densely clustered in the city
center and the number of inhabitants gradually decreases as the distance from the city

center increases.

Climate

Prague, according to K&ppen-Geiger ‘s climate classification system, is in humid
continental climate (Dfb) zone; the mean temperature of the coldest month below —3
°C and at least four months whose mean temperatures are at or above 10 °C (Peel,

Finlayson and McMahon, 2007).
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4.2 Selection of Satellite Image

Selecting the correct satellite and imagery is necessary for the remote sensing
method. Spatial resolution, spectral resolution, radiometric resolution, temporal

resolution are five characteristics to describe each technique.

Since UHI effect can occur in the city center and constructed areas, this study has
been conducted within the administrative boundary of Prague, where both built and

unbuilt environments are taken into account in identifying the Urban Heat Island

effect.
35
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Figure 11. The monthly average distribution, monthly average maximum and
minimum air temperatures in comparison with the long-term average 1961-1990
(Portal.chmi.cz., 2017). (Climatological stations Prague-Karlov (260 m), represents

urban area)
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Figure 12. Temperature of June 2016 (AccuWeather, 2017).

Besides the appropriate satellite selection, it is also important to date of the satellite
image captured. Due to aim of this study, Analysis of the spatial distribution of Land
Surface Temperature (LST) and its relationship with the Normalized Difference
Vegetation Index (NDVI), the hottest summer day of June 2016, which had a
temperature of approximately 32°C, was selected (AccuWeather, 2017). Because, on
that hot summer day the UHI was particularly severe and this consequently provides
the optimum conditions to coalesce, in carrying out effective vegetation analysis. The
other criteria for optimum satellite image selection is cloud cover; as clouds
sometimes cause false interpretations of imagery, which goes onto to impact the

quality and accuracy of the image. (Yuksel, 2015)

To derive LST and NDVI over the study area, a Landsat 8 image was used. Selected
Landsat 8 OLI TIRS images of path 192, row 25, were acquired from website of the
US Geological Survey (USGS) EarthExplorer (http://earthexplorer.usgs.gov/) in
GeoTIFF format. The image was captured at approximately 09:56 am (UTM), local
time 11:56 (Czech Republic UTM+2) under clear atmospheric conditions (0.4%
cloud coverage). On the day the image was captured, the air temperature in Prague

was approximately 32°C (AccuWeather, 2017)
Operational Land Imager (OLI) and a Thermal Infrared Sensor (TIRS) sensors are

carried by Landsat 8. This thesis employs both sensors in order to investigate the

relationship between NDVI and the Land Surface Temperature (LST). A Landsat-8
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OLI/TIRS image contains eleven bands, including eight multispectral (Bands 1-7
and 9), one panchromatic (Band 8) and two thermal (Bands 10 and 11)
(Estoque et al., 2017) (Fig.13).

Electromagnetic region Band Wavelength (um) Spatial resolution (m)
Coastal aerosol 1 0.43-0.45 30

Blue 2 0.45-0.51 30

Green 3 0.53-0.59 30

Red 4 0.64-0.67 30

Near infrared (NIR) 5 0.85-0.88 30

Short wave infrared (SWIR) 1 6 1.57-1.65 30

Short wave infrared (SWIR) 2 7 2.11-2.29 30
Panchromatic 8 0.50-0.68 15

Cirrus 9 1.36-1.38 30
Thermal infrared (TIR) 1 10 10.60-11.19 100? (30)
Thermal infrared (TIR) 2 11 11.5-12.51 100? (30)

2 TIRS bands are acquired at 100 m resolution, but have been resampled to 30 m in the
delivered data product. Source: http://landsat.usgs.gov.

Figure 13. Features of a Landsat-8 OLI/TIRS image (Estoque et al., 2017)
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5. METHODOLOGY

The overall methodology of this thesis is briefly presented below:

Data Processing

l

USGS Earth Explorer

Select and
Download Satellite
Imagery

ENVI

Verification of

Methodology
Workflow

Orthorectification
ENVI ENVI
Radiometric Radiometric
Calibration Calibration

DN to Radiance

DN to Reflectance

ENVI ENVI
Thermal
Atmospheric Cloud Mask
Correction
ENVI ENVI
QUAC
Emissivity Atmospheric
Correction
ArcGIS ENVI

Kelvin to Celcius

NDVI Calculation

Land surface
temperature

NDVI

Data Analysis

%

ArcGIS
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18 sites

ArcGIS

Make Zonal
Statistic for LST

ArcGIS

Make Zonal
Statistic for NDVI

Microsoft Excel

Figure 14. Workflow of the methodology
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Satellite data preprocessing has been performed using ENVI 5.3 Software. After the

initial step of pre-processing, the satellite images were then used to retrieve LST and
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NDVI for analysis of urban heat island in Prague. Further processes have been
performed using both ENVI 5.3 and ArcGIS 10.2.1 Software. Statistical analysis was

performed using Microsoft Excel Software.

5.1 Satellite Image Processing

All image processing was performed using with ENVI (Environment for Visualizing

Images) and ArcGIS Software.

5.1.1.1. Conversion of Digital Numbers (DN) to radiance

Before applying the thermal atmospheric correction, raw Landsat dataset needs to be
converted to Digital Number (DN) values (for Landsat 8 it is 0-4095, which describe
pixel values that have not yet been calibrated into physically meaningful units, to
thermal bands (Bands 10 and 11) first to absolute radiance values (USGS,2016,
Harris Geospatial Solutions, 2017)

With ENVI software has a radiometric correction option under the Radiometric
calibration; which convert DN value to Radiance with the following formula (2)
L , = Gain * Pixel value + Of fset (2) (Harrisgeospatial.com, 2017)

L ; =Radiance in units of W/(m2 * sr * um)

Gain and offset value are retrieved from the metadata (MTL)

In the Radiometric calibration tool, calibration type was selected as a radiance. Gain
and offset values should be retrieved from the image's metadata 1n this case, in order
to achieve a radiance which represents the sum of radiation coming from an area. It
is important to select the right metadata, in this case Landsat 8 thermal metadata
(MTL) was selected. For calculation Radiance in units of W/ (m2 * sr * um), both of
the Offset and gain values have to be W/ (m2 * sr * um) (Harris Geospatial
Solutions, 2017)
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5.1.1.2. Atmospheric Correction

The radiance values of the satellite imagery contain brightness owing to reflectance
of the target of interest; the rest is derived from the atmosphere, which carries no
information about the target of interest. (Hadjimitsis et al., 2010)

Therefore atmospheric correction requires the removal of the scattering and
absorption effects of the atmosphere from the radiance data for accuracy of

subsequent analysis (GIS Geography, 2017).

From the Toolbox, subcategory of Radiometric Correction, Thermal Atmospheric
Correction was used with standard settings of the module to atmospheric correction

of thermal bands within ENVI software.

5.1.1.3. Converted to Emissivity and Temperature

Emissivity reference channel method was used in order to retrieve LST within ENVI
software. This technique supposes that all the pixels in one band have a stationary
emissivity. A temperature image is calculated with that stationary emissivity value
and using the Planck function, temperatures values applied to calculate the emissivity

values in all the other bands. (Harrisgeospatial.com, 2017)

After spatial and spectral subletting were arranged, thermal infrared band 1 (10.900)
was selected to be set to a constant emissivity value. As it is not possible to acquire
the real emissivity values of all the urban surface. According to the table (Yang et al.,
2015), emissivity value was approximated at 0.9600, with the consideration of urban
structure density consisting of asphalt concrete and used as Assumed Emissivity
Value. Eventually, with the Output Temperature Image option, the temperature

image was obtained as a Kelvin unit.
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Class Class-ID  Emissivity in band 10 Emissivity in band 11

Asphalt A001 0.962 0.960
A002 0.952 0.965
A003 0.951 0.959
A004 0.953 0.966
A005 0.943 0.960
A006 0.929 0.955
A007 0.944 0.965
A008 0.942 0.965
A009 0.949 0.958
A010 0.955 0.965
Average 0.948 0.962
Cement/concrete  C001 0.947 0.949
C002 0.945 0.957
C003 0.938 0.942
C004 0.956 0.966
C005 0.958 0.945
C006 0.953 0.951
C008 0.956 0.968
Average 0.950 0.954
Brick B0O1 0.965 0.966
B002 0.951 0.965
B003 0.944 0.956
B004 0.911 0.947
B005 0.960 0.965
B006 0.930 0.953
B007 0.961 0.966
B008 0.938 0.968
B009 0.956 0.967
B010 0.936 0.940
BO11 0.961 0.969
B0O12 0.952 0.964
B013 0.956 0.965
B014 0.962 0.967
Average 0.949 0.961
Grassland 0.983 0.989
Tree 0.973 0.973

Figure 15. Material Emissivity values in Urban Areas. Source: (Yang et al., 2015)

5.1.1.4. Convert Kelvin to Celsius

In ArcGIS, the Raster calculator tool was used to convert Kelvin temperature to
Celsius temperature, which is the official unit of temperature in Europe, with

following equation:

T(°C) = T(K) - 273.15



5.1.1.1. Radiometric Calibration

Digital Number (DN) values have to be calibrated to reflectance, in order to get the
most reliable NDVI. From the radiometric calibration dialog, Multispectral metadata
file was selected as a select input file and 7 multispectral bands of Landsat 8 OLI

was selected with full extent spatial subset (Harris Geospatial Solutions, 2017)

5.1.1.2. Create a Cloud Mask for Landsat

Before attempting the Quick Atmospheric Correction (QUAC) method, clouds have
to be masked in order to prevent any false telemetry provided by clouds. From the
Toolbox, the subcategory of Feature Extraction, Calculate Cloud Mask using F-mask
Algorithm was performed and a new layer where the cloud (masked) pixels have
values of 0 and the non-cloud (non-masked) pixels have values of 1, was created.
Eventually with the mask option, the new layer was selected as a cloud mask Raster

and masked image was created (Harris Geospatial Solutions, 2017).

5.1.1.3. Atmospheric Correction

Prior to NDVI analysis, QUick Atmospheric Correction (QUAC) method, which
works with the visible and near-infrared through shortwave infrared (VNIR-SWIR)
wavelength range, was used in order to apply atmospheric corrections.
(Harrisgeospatial.com, 2017). Furthermore, QUAC has notably faster computational
speed compared to other physics-based, first-principle methods (FLAASH). Since
Landsat 8 OLI multispectral image have seven bands, Sensor-type was selected as

Near-Shortwave Infrared (NIR-SWIR) (Harrisgeospatial.com, 2017).

5.1.1.4. NDVI calculation
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From the Spectral Indices tool, NDVI (Normalized Difference Vegetation Index)
which is a part of the vegetation index, was used in order to transform multispectral
data into a single image band indicating vegetation distribution.

NDVI is calculated from these individual measurements as follows:

NIR—-Red
NIR+Red

NDVI =

Before the calculation, it has to be considered that NIR (Near infrared) and red band
varies depending on the satellite. Since Landsat 8 OLI image was used in this study,
red band 4 (0.64-0.67 um) and NIR band 5 (0.85-0.88 um) were set as an NDVI

calculation parameters. (Harris Geospatial Solutions, 2017)

__band OLI5S-band OLI4
band OLI5S+band OLI4

NDVI

5.2 DATA ANALYSIS

5.2.1 Relationship between NDVI and LST

In order to examine the relationship between NDVI and LST, with the “Create
Random Point” operator, 900 points were created with ArcGIS software. So as to
obtain any meaningful result, the distance between two pixels was determined to be
200m, in order to avoid two points having the same pixel value. 6 points were
extracted which are represented in order to prevent the presence of water from
complicating things with incorrect data. The Extract values to point operator was
performed with both NDVI and LST imagery with the remaining 894 points. From
this attribute table, these two datasets were adjoined. The joined attribute table was

extracted to Excel, and correlation analysis was performed.

36



0o 15 3 6 9 12

- . Kilometers

Figure 16. Spatial distribution of the dispersed 894 points in study area

5.2.2. Selected Sites

In order to investigate how the UHI effect is expressed in different areas and its
relationship with LST and NDVI, eighteen different sites were selected due to
several key similarities and differences such as a park, an industrial area, as well as a

green residential area. The eighteen selected sites were presented in the map (Fig.17).
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Figure 17. The 18 selected sites of this thesis presented in the map.

Table 1. Description of the 18 selected sites

Sit

2

Name

Radlice

Hvezda Park

Kunratice Brook Valley

Nature Park Hostivar-Zabehlice

Petrin Park

Letna Park

Orechovka

w| || v s|w o=

Ruska

Prague Castle

Czech University of Life Science

Prosek

Dejvicka Center

Old Town Square

Wenceslas Square

Metropole Zlicin Shopping Mall

Vaclav Havel Airport Prague

Horni Pocernice

Prague Main Railway Station

Site (Name Description
1|Radlice Agriculture
2|Hvezda Park Park
3 [Kunratice Brook Valley Urban Forest
4|Nature Park Hostivar-Zabehlice |Nature Park
5|Petrin Park Park
6|Letna Park Park
7|Orechovka Green residential
8|Ruska Green residential
9|Prague Castle Castle

10|Czech University of Life Science |University Campus
11 |Prosek Prefabric Residential
12| Dejvicka Center Tentment buildings
13|0ld Town Square Tentment buildings
14| Wenceslas Square Tentment buildings
15 [Metropole Zlicin Shopping Mall |Commercial

16| Vaclav Havel Airport Prague Airport

17|Horni Pocernice Industrial Area

18| Prague Main Railway Station Railway station
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6. RESULTS

The city center features prominently in the LST image, due to a sharp contrast
between high and low LSTs within the city center (Fig.18). Nevertheless, relatively
low LSTs could also be observed within the central part of the Prague due to the
numerous small parks distributed around the city. The adjacent vicinity of City
Centre (Prague 1) is known as the Heart of Prague, due to its collection of main city
services and tourist attractions. Consequently, this area has a high population density
and built-up area. The lowest LST observed was in the very southeast part of the city,

comprised of a vast agricultural area and several nature parks.
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Figure 18. Distribution of land surface temperature in Prague on 24th June 2016

derived from Landsat 8 image

It is known that water bodies lower the LST of the surrounding area through

ventilated corridor and water evaporation processes. This fact can be clearly seen in
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Fig. 18. However, due to the built-up areas, which are very close to the Vltava River,

this ventilated corridor does not reach to the interior portion of the city.

NDVI
oo
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o 15 3 6 9 12 B 075097
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Figure 19. Distribution of NDVI in Prague on 24th June 2016 derived from Landsat

8 image

Distribution of NDVI map (Fig) showed that, the areas having a low value of NDVI
have a direct correlation with areas that are highly built up i.e. in the city center
(Prague 1). On the other hand, high NDVI value was found mostly in the outer

portions of the city and the open areas.

As a result, the high levels of NDVI exist dispersed around the boundary of the city,
especially in southwest sector, the Natural Park Radotinsko-Chuchelsky h4j (Grove).
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Site| Name Temperature (°C) (NDVI
1 |Radlice 31,13 0,85
2 |Hvezda Park 31,2 0,92
3| Kunratice Brook Valley 31,88 0,9
4| Nature Park Hostivar-Zabehlice 32,09 0,73
5 |Petrin Park 32,9 0,86
6|Letna Park 35,52 0,77
7 |Orechovka 35,99 0,66
8 |Ruska 37,26 0,64
9|Prague Castle 37.4 0,33

10| Czech University of Life Science |37,51 0,59
11|Prosek 37,84 0,61
12| Dejvicka Center 38,22 0,44
13|01d Town Square 40,02 0,3

14| Wenceslas Square 40,39 0,29
15| Metropole Zlicin Shopping Mall 40,58 0,31
16| Vaclav Havel Airport Prague 40,79 0.25
17 |Horni Pocernice 40,93 0,34
18| Prague Main Railway Station 40,97 0,22

Figure 20. LST and NDVI values for selected sites

The results of LST and NDVI values for selected sites are given in Table 2.
The table shows that agricultural area (Radlice) has the lowest LST (31.2°C) with
high NDVI value (0.85) followed by greenery areas (Hvezda 31.2°C), Kunratice

Brook Valley (31.88 °C), Nature Park Hostivar Zabehlice (32.09°C) and Petrin Park

(32.09°C), as would be expected. The highest LST Is founded at Prague Main
Railway Station (40,97°C) followed by Industrial area (Horni Pocernice) with
(40.93°C) and 0.34 NDVI, Vaclav Havel Airport (40.79°C) and 0.25 NDVI,
Metropole Zlicin Shopping Mall (40,58°C), Wenceslas Square (40.39°C), and Old

Town Square (40.02°C).

41



0,9 ®.0
e . @
0,8 °®
07 ® y =-0,0645x + 2,932
.9 o r = 10,9366
06 . e®
3 05
z @
0,4
. ®
0,3 e o
e
0,2 L
0,1
0
29 31 33 35 37 39 41 43 45
LST (°C)
@® Seriesl  cceeeceee Linear (Series1)

Figure 21. LST and NDVI relationship of the selected sites

As it is recognizable from the table and figure, the relationship between LST and
NDVI show a strong inverse relationship (r=-0,9366). Some unexpected results were
found in selected sites. Even though Letna park has 0.77 NDVI value like Kunratice
Brook Valley 0.73, surprisingly, its temperature is 3.64 °C higher than Kunratice
Brook Valley. This temperature is closer to the Orechovka green residential site with

(35.99°C).
Another surprising result is Prague Castle, which has temperature (37.4°C) and 0.33

NDVI value. Despite its low NDVI value, it has a similar temperature with green

residential areas.
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Figure 22. LST and the NDVI relationship

As is shown in the Fig. 22, the results indicated a strong inverse relationship (r =-

0.74) between LST and the NDVI. When NDVI is high, the LST is low. Two areas

with opposite temperature can be observed. The highest temperature was observed in

the O2 Arena with (48.71 °C) and 0.12 NDVI value. The lowest temperature was

observed in the agricultural area which is located in southeast Prague with (29.30 °C)

and 0,61 NDVI value.
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7. DISCUSSION

The aim of this dissertation was determining and evaluating the effects that UHI has
on Prague by using a remote sensing approach. Analysis will be given on the spatial
distribution of Land Surface Temperature (LST) and its relationship with Vegetation
density calculated by an index known as Normalized Difference Vegetation Index

(NDVI) using thermal remote sensing data. Both ENVI 5.3 and ArcGIS 10.2.1

Results showed that the spatial distribution of the land surface temperature was
affected by the NDVI. Comparing the NDVI and LST maps, the areas with dense
built-up and less vegetation cover, which cause a reduction in the evaporative and
cooling qualities of shadows, which indicate a comparatively higher surface
temperature. On the contrary, areas covered by vegetation and water bodies were

indicated comparatively lower surface temperature.

Between two warmer and colder values, there are also similar areas which have an
average temperature and NDVI values. It represents mostly the green residential area
where vegetation cover and built-up area coexist. Urban areas with low vegetative

cover are more vulnerable to the UHI effect in Prague.

Results of the maps and analysis showed that some areas which has low vegetation
cover and high built up density, impacted by UHI. Consequently, these results
showed the significant effectiveness of the vegetation cover in terms of mitigation

UHI.

As it is recognizable from the table and figure, the relationship between LST and
NDVI show a strong inverse relationship (r=-0,9366). Unexpectedly, some results
were contradictory to the NDVI and LST correlation. Even though Letna park has
0.77 NDVI value, its temperature is 3.64 °C higher than other green areas with
similar NDVI value. On the contrary Prague Castle has cooler temperature than other
areas which has similar NDVI value. The most likely explanation of the negative
finding is the other factors which effect the LST such as elevation, slope aspect,

topography and so forth.
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The main limitation of this study is that while examining the relationship between
NDVI and LST, does not include parameters for the other factors which also affect
LST, such as topography of location, local wind direction and speed, slope aspect.
Even though most of the results followed the correlation between NDVI and LST, as
it explains above some results showed that necessity for the including other

parameters.

Although this study was conducted in Prague, the results for strong inverse NDVI

and LST relationship generalizable to other areas.

Mitigation Strategies for UHI

Akbari and Kolokotsa (2016) described two fundamental strategies: the first of which
encompasses the rise in solar reflectance in order to decrease the total solar radiation
in urban elements. The second being able to maximize the vegetation cover in order

to increase evapotranspiration.

For the new plan of the urban area it is important to consider physical properties in
order to mitigate UHI effect:(Giridharan, 2004)

- Urban structure (spatial distrubition of urban area)

- Size of the city (population, density of built-up area)

- Ratio of building height to distance between each other

- Width of the streets

- Building materials (albedo, heat capacity)

- Surface materials (asphalt, concrete)

- Sky-view factor (Giridharan, 2004)
Thus, in order mitigate the UHI effect in a planned city such as Prague, cool roof

(green roof and white roof), cool pavements, urban trees are possible mitigation

solutions.

45



In our findings also shows that green residential areas cooler than built up areas.
Furthermore, Researchers (Lensky et al., 2015) founded that private residential
garden could be more efficiently used for vegetation cover, than the small to medium
public park space found throughout Tel Aviv. Just as with the green roof, increasing
garden distance between two building and encouraging private gardens would also be

recommended.

For the selection of mitigation strategy; both historical and characteristic values of
the area should also be considered. In this thesis. Old Town Square was founded in
UHI affected area with high LST (40.02°C)) and low NDVI value (0.3). Even white
roofs are very effective in mitigating UHI. However, given the aesthetic and
historical value of the Old Town Square, it simply isn't an option in this specific
locale. However, this option is suitable for the newly built up areas such as the

Metropole Zlicin Shopping Center or the industrial site of Horni Pocernice.

Decision makers and planners have an important role in deciding as to whether
adopting a mitigation strategy is needed or which strategy in general should be
implemented. Hence, they need to understand the terms of UHI, the specific

characteristics, and spatial distributions in the area.

For instance, Municipality of Samsun mandates to contractors who make the new
buildings, to plant new tree related to number of apartments. The key point is the
location of the new trees, where they proposed, outside of the City. Even Though
they implement the increasing greenery mitigation strategy, the missing point is not
created spatial distribution of the UHI and not detect the heat vulnerable zones. On
the other hand, planting new tree is beneficial in terms of environment but, Since the
municipality offer place for planting outside the city where does not vulnerable to
UH]I, it doesn’t serve the real intention of project which says, “green municipality”.
On the contrary to that, new law of France, which mandates that all new buildings
that are built in commercial zones must be partially covered in either plants or solar
panels, would be more efficient in terms of the UHI, because commercial zones are

more vulnerable to heat extreme.
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Further studies are required to establish other parameters such as NDBI (the
normalized difference built-up index), in order to examine its relationship with

NDVI and LST.
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8. CONCLUSION

In this study, LST and NDVI were retrieved by using the Landsat 8 OLI/TIRS data.
By assessing the findings retrieved from LST and NDVI, it is found that the
distribution of urban heat islands in Prague is mainly concentrated in city center and

surrounding areas.

The result of this thesis, observed through the comparing the spatial distribution of
NDVI and LST maps, clearly illustrate the LST was affected by the vegetation cover
in Prague. Moreover, the correlation analysis between LST and NDVI also verified
the strong inverse relationship (r =-0,74). Both of the results from spatial distribution
maps and statistical analysis are proved the hypothesis of the thesis premise which
refers land surface temperature can gradually increase in Prague due to urban growth

and decreasing greenery.

The results of this thesis endorse other findings in several study areas conducted
across the world: thereby highlighting the necessity of considering vegetation cover

in city planning as an effective means of mitigating UHIs effects.

In terms of the mitigation strategies of UHI, it is of particular importance to take into
account the effectiveness of strategies. In order to accomplish this, a land surface
temperature map of the city should be used, critical heat zones should be identified,
and strategies should be implemented according to the information available, and

with respect to the various individual characteristics of each respective city.
The results of this study can be effectively corroborated with further analysis of UHI

related factors. Furthermore, both urban planners and decision makers can reference

this study in order assess the mitigation measures throughout Prague.
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