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ABSTRACT: 

 

Along with urbanization, sealing of vegetated land and evaporation surfaces by impermeable materials, lead to changes in urban 

climate. This phenomenon is observed as temperatures several degrees higher in densely urbanized areas compared to the rural land 

at the urban fringe particularly at nights, so-called Urban Heat Island. Urban Heat Island (UHI) effect is related with urban form, 

pattern and building materials so far as it is associated with meteorological conditions, air pollution, excess heat from cooling. UHI 

effect has negative influences on human health, as well as other environmental problems such as higher energy demand, air 

pollution, and water shortage.  

 

Urban Heat Island (UHI) effect has long been studied by observations of air temperature from thermometers. However, with the 

advent and proliferation of remote sensing technology, synoptic coverage and better representations of spatial variation of surface 

temperature became possible. This has opened new avenues for the observation capabilities and research of UHIs.  

 

In this study, „UHI effect and its relation to factors that cause it‟ is explored for İzmit city which has been subject to excess 

urbanization and industrialization during the past decades. Spatial distribution and variation of UHI effect in İzmit is analysed using 

Landsat 8 and ASTER day & night images of 2015 summer. Surface temperature data derived from thermal bands of the images 

were analysed for UHI effect. Higher temperatures were classified into 4 grades of UHIs and mapped both for day and night.  

 

Inadequate urban form, pattern, density, high buildings and paved surfaces at the expanse of soil ground and vegetation cover are the 

main factors that cause microclimates giving rise to spatial variations in temperatures across cities.  These factors quantified as land 

surface/cover parameters for the study include vegetation index (NDVI), imperviousness (NDISI), albedo, solar insolation, Sky View 

Factor (SVF), building envelope, distance to sea, and traffic space density. These parameters that cause variation in intra-city 

temperatures were evaluated for their relationship with different grades of UHIs. Zonal statistics of UHI classes and variations in 

average value of parameters were interpreted. The outcomes that highlight local temperature peaks are proposed to the attention of 

the decision makers for mitigation of Urban Heat Island effect in the city at local and neighbourhood scale. 

 

 

 

1. INTRODUCTION 

Urban growth and sprawl have drastically altered the 

biophysical environment with the most evident change 

occurring as the replacement of soil and vegetation cover with 

impervious urban materials, such as concrete, asphalt, and 

building materials, which affect the albedo, evapotranspiration 

and runoff characteristics of the land surface. The direct impact 

of this is the rise of urban temperatures leading to the formation 

of the Urban Heat Island (UHI) (Lo and Quattrochi, 2003; 

Gluch et al. 2006). 

 

Climate change projections notify that the heat waves such as 

those took place in 2003 and 2006 in Europe will occur more 

often  and with a higher intensity in future than today (Fischer 

and Schär, 2010; Rahmstorf and Coumou, 2011). Even though 

the rural and the urban lands are exposed to these regional 

climate events to the same extent, influences exaggerate locally 

where Urban Heat Island phenomenon is effective.  

 

 

Along with the climate change, urbanization is also expected to 

grow in the next decades. Amount of people who live in cities  

increase each year. In the year 2050, urban population residing 

in urban sprawls of developing countries is expected to double 

in number (United Nations, 2014). To accommodate urban 

population growth, urban sprawl enlarges and densifies leading 

to rapid changes in land use patterns with adverse consequences 

affecting environmental and social life in cities. Therefore, 

Urban Heat Island (UHI) as the most obvious fact about urban 

climate has increasingly become one of the most prominent 

faces of the climate change-related challenges faced by society 

(Mayor of London, 2006). 

 

The study area, İzmit, with its proximate location to İstanbul, 

strong transportation connections, suitable topography and 

climate, has drastically transformed into an industrial region 

since 1960‟s with Turkish heavy industrial leap. Rapid 

industrialization severely increased population and constituted 

the dense and irregular city form that lacks a well-organized 

plan. Today, there is still a strong trend of urbanization where 

the rate of increase in population is twice the Turkey‟s average 
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according to the 2011 census (URL-1). Together with industrial 

development, the landscape has changed significantly. Land 

use/cover change is an important indicator for assessment of 

climate change in İzmit where Urban Heat Island phenomenon 

can also be critical. 

 

The climatological description of İzmit, similar to most of the 

big cities, is made based on a few meteorological stations 

located in the city center and not representative of the whole 

city.  Therefore, intra-urban variations of Urban Heat Island 

effect in İzmit is explored taking advantage of synoptic view of 

satellite images. Landsat 8 day and ASTER night satellite 

images were used to map Urban Heat Island effect quantified by 

Land Surface Temperatures (LST) throughout the city. Land 

surface temperatures were classified into four grades 

converging to equal count of pixels per class. These classes 

were than evaluated for their relationship with factors that 

generate UHI effect, quantified as „land surface/cover 

parameters‟ to understand the relative impact of these factors to 

the intensity of the Urban Heat Island effect.  

 

To ensure an effective and coherent development of adaptation 

strategies aimed at improvement of the urban environment 

through mitigation of Urban Heat Island effect, a better 

understanding of the spatial and temporal intra-city variability 

of UHI and the influence of land surface parameters therein is 

needed. 

  

2. DATA AND METHODS 

2.1 Study Area  

İzmit city is located at the İzmit Bay of the Marmara Sea, in the 

Northwest of Turkey (Figure 1). The city is the industrial heart 

of Turkey with ports connected to major highways and railway. 

İzmit is situated on the main transportation corridors connecting 

İstanbul and the Capital city Ankara. The city covers 

approximately 18,71 km2 of land surface and has about 350.000 

inhabitants (URL-2).  Most of the area lies several meters above 

sea level, and is on a sandy plain. The topography gets rough in 

the northern parts of the city which limits the settlement 

activities and leads to densification in the city center. Climate of 

the study area can be assigned to the category of a transitional 

climatic zone between Mediterranean and the humid climate of 

Blacksea, with the Mediterranean climate influences being 

dominant in summers (URL-3). Lowest and highest 

temperatures observed are 3.3°C in January and 29.6°C in 

August respectively (URL-4). 

 

Higher temperatures of urban central areas compared to out-

lying rural surroundings particularly at night; is what constitutes 

evidence to an Urban Heat Island (UHI).  Different cooling 

rates between urban areas and their surrounding rural land 

identifies the severity of UHI effect in a city and is described as 

UHI intensity (ΔT) = Turban –Trural (Oke, 1982). According to 

two fixed meteorological stations in the city, first being near the 

city center and second in the rural fringe, maximum heat island 

development (max (ΔT)) is observed as 4 C° at 02:00 (Figure 2) 

that points out to an obvious sign of UHI phenomenon in İzmit. 

 

2.2 Surface Temperature and UHIs   

Land Surface Temperature (LST) is one of the most important 

parameters in the physical processes of surface energy balance 

(Anderson et al., 2008) and it modulates the air temperature of 

the lowest layers of the urban atmosphere (Vogt and Oke, 

2003). Therefore, knowledge of the LST is of fundamental 

importance in many applications including urban climate among 

others (Li et al., 2013). 

 
Figure 1. Location of İzmit city, Kocaeli, Turkey 

 

 
Figure 2. Diurnal evolution of the  

Urban Heat Island intensity (ΔT) for İzmit from two fixed 

stations Kocaeli  (urban), Kartepe (rural)  

 

2.2.1 Landsat 8 Day Surface Temperatures and UHI: In 

this study, Radiative Transfer Equation (RTE) was used to 

extract Surface Temperature out of Landsat 8 thermal bands 

acquired on August 30, 2015. A four phased transformation was 

carried out to reach surface kinetic temperature values from raw 

DN values of image cells; 

 

i) DN values were converted to Radiance using offset 

(bias) and gain values.  

ii) Emissivity (ε) values for each cell were obtained. 

Accordingly, NDVI which is closely related with 

emissivity (Brunsell and Gilles, 2002) is used as 

thresholds to designate emissivity values as suggested 

by Sobrino et al. (2008). 

iii) Atmospheric effects including atmospheric 

transmission (τ), upwelling atmospheric radiation (  ) 
and downwelling atmospheric radiation (  ) were 

derived using Atmospheric Correction Parameter 

Calculator (URL-5) that is based on MODTRAN 

Radiative Transfer code modelling from National 

Centers for Environmental Prediction (NCEP) global 

atmospheric profiles database. 
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iv) Radiative  Transfer Equation (RTE) taking into 

account (ε), τ,     and    (1) is transformed through 

applying inverse of the Plank equation (2) to derive 

Surface Temperature. 

 

     [      (   )  ]   
     (1) 

 where; 

 Lλ = Thermal radiance at sensor 

 BTs = „blackbody radiance‟ (Plank‟s law) 
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  where; 

 Ts =  Land surface temperature 

 ε  = Land surface emissivity 

 τ  = Atmospheric transmissivity 

   = Upwelling atmospheric radiance 

   =  Downwelling atmospheric radiance 

 λ  = effective band wavelenght 

 constants: C1=1.191×108Wμm4sr−1 m−2, 

C2=1.439×104 μm·K 

The calculated temperature values in Kelvin were then 

converted to degree Celsius (0C). 

 

The Land surface temperature (Ts) of İzmit city calculated 

using the Landsat 8 images were classified into 4 classes that 

depict the LST distribution pattern in the city as illustrated in 

Figure 3. The highest temperature value class assigned with 

orange colour indicates the regions with highest LSTs; hence 

can be considered as the possible UHI formations in daytime in 

the city. The lowest temperature class assigned with dark blue 

color indicates the sea, dense vegetation and green valleys in the 

northern fringe. 

 

2.2.2 ASTER night surface Temperatures and UHI: 
Impervious surfaces store thermal energy during the day and 

continue to emit it at night. The heat stress is kept at high levels 

for hours after sunset and nocturnal temperatures of typical 

surfaces do not cool down enough. This is the major reason why 

UHI demonstrates the maximum intensity 3-5 hours after 

sunset; hence is the key indicator to UHI (Oke, 1997).  

Therefore, surface night temperature is of critical importance 

for UHI studies.  

 

2.3 Land Surface/Cover Parameters 

Urbanization and urban form is known to have a major role in 

forming UHIs. Building density and spatial organization, 

building height, paved surfaces, amount of vegetative cover, 

traffic density as well as other natural factors such as being 

exposed to sun, being close to water bodies  all create variations 

in intra-urban climate and form different intensities of UHI 

within the urban environment.  

 

In this study, ASTER night time images acquired on August 31, 

2015 were used. The  Kinetic surface temperature product that 

was gathered through temperature emissivity separation method 

(TES) (Gillespie et al., 1999) were readily used after geometric 

correction and Kelvin to Degree Celsius conversion.  

 

The nocturnal land surface temperature (Ts) of İzmit from 

ASTER Kinetic surface temperature product were classified 

into 4 classes that depict the LST distribution pattern in the city 

as illustrated in Figure 4. 

 
Figure 3. Distribution of land surface day temperature 

in İzmit city 

 

The highest temperature value class assigned with orange color 

indicates the regions with highest LSTs and correspond mainly 

to urban traffic and dense settlements; hence can be considered 

as the possible UHI formations in nighttime in the city. The 

lowest temperature class assigned with dark blue color indicates 

dense vegetation and green valleys in the northern fringe. 

 

 
Figure 4. Distribution of land surface night temperature 

in İzmit city 

 

In this section of the study, land surface/cover parameters that 

quantify above mentioned factors are generated and the relation 

between land surface/cover parameters and the daytime and 

nighttime surface temperatures are investigated. Land surface 

parameters for İzmit city were quantified for standard mapping 

unit taken as Landsat spatial resolution (30m) and mapped using 

image-based data, Digital Elevation Model (DEM), municipal 

GIS data and other sources of information. Land surface/cover 

parameters for the study include greenness (NDVI), 

Imperviousness (NDISI), albedo, solar insolation, Sky View 

Factor (SVF), building envelope, distance to sea, and traffic 

space density. The satellite image used for the analyses is the 

Landsat 8 daytime image acquired on August 30, 2015.  
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1 Greenness  

Vegetative cover causes heat loss during transpiration and 

blocks radiation from the sun beneath surfaces, hence is a 

reducing factor of UHI. Greenness is quantified by Normalized 

Difference Vegetation Index (NDVI) as in (3). Resultant map is 

depicted in Figure 5-a. 

 

 NDVI =   (       )    (       ⁄ )   (3) 

 

2 Imperviousness 

Imperviousness indicate the extent to which the surface is 

covered by impervious materials such as stone, asphalt, concrete 

or sand and is quantified with Normalized Difference 

Impervious Surface Index (NDISI) as in (4). Resultant map is 

depicted in Figure 5-b. 

 

 NDISI  =   (         )    (         ⁄ )   (4) 

 

3 Albedo 

Albedo is the reflection of solar radiation at all reflective 

wavelengths by the surface. Higher albedos typically result in 

lower LSTs, where lower albedos result in higher LSTs due to 

absorption. Albedo from reflective bands is typically gathered 

as in the (5) (Liang, 2000). Resultant map is depicted in Figure 

5-c. 

 

       
                                              

                             
   (5) 

 where; 

     denotes the bands of Landsat 8‟nin 2, 3, 4, 5, 7 

 

4 Solar Insolation 

Solar insolation is a measure of how much energy from the sun 

is received by the surface based on date, time, coordinates and 

topography. It is formulated as in (6). 

 

SI: 255[cos(90-Z) sin(α) cos(β-A) + sin(90-Z) cos(α )]   (6) 

 where; 

 Z: zenith 

 A: azimuth 

 α: slope  

 β : aspect. 

  

 
a 

 

 

Sun zenith and azimuth angles for İzmit at the specific time the 

Landsat 8 image was taken (August 30, 2015) is as below: 

Z:  57.,13°, A: 196.99° (URL-3) 

Resultant map is depicted in Figure 5-d. 

 

5 Sky View Factor (SVF) 

Sky-view factor indicates the level of exposure of the surface to 

the sky. Limited exposure to the sky due to building density 

results in a reduced ability to release heat stored during daytime. 

Surface model with building heights were produced from a fine 

DEM of 5m spatial resolution and building footprint polygons 

with elevation obtained from Municipality dataset. A TIN is 

produced which is then transformed into a raster surface. The 

Sky View Factor (SVF) was calculated using the SVF 

Computation Code of SAGA from the elevation raster. 

Resultant map is depicted in Figure 5-e. 

 

6 Building Envelope 

The building envelope quantified by volumetric quantity of the 

buildings is an extension of the urban surface and indicates an 

increased exposure to solar radiation and an increased capacity 

to nocturnally emit heat that was stored during the day. Building 

envelope was calculated from the building footprint polygons 

and the building height information. Resultant map is depicted 

in Figure 5-f. 

 

7 Distance to Sea 

Proximity to water bodies usually has cooling effects on urban 

land surfaces. Therefore, this parameter was calculated as a 

contributing factor to UHI variability. Distance to sea is 

calculated using the coast line and sea is masked from the 

analyses. Resultant map is depicted in Figure 5-g. 

 

8 Traffic Space Density 

Traffic space density describes the density of city roads per unit 

area and is expected that this landuse is predominantly 

impervious and is antropogenetically heated by vehicles. Trafic 

space density is derived by running  a spatial kernel function on 

the road network of different widths as weights. Resultant map 

is depicted in Figure 5-h. 

 

 

 

 
b 
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Figure 5. Land surface parameters for İzmit city 
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3. RESULTS AND CONCLUSIONS 

Variation of UHI within the city as four grades of land surface 

temperatures and land surface/cover parameters that contribute 

to UHI effect is analyzed through  

(i) Zonal statistics of land surface/cover parameters per 

UHI grade (day & night) 

(ii) Range of surface temperature (day & night) between 

the minimum and maximum value of the land 

surface/cover parameters 

  

 

Zonal statistics of land surface/cover parameters for daytime 

UHI 

Zonal statistics for each land surface parameter was calculated 

for each of the four grades of UHI. The mean values for 

daytime UHI is illustrated in Figure 6. 

 

 

 
Figure 6. Land surface/cover parameters per UHI grade for  

Landsat daytime image 

 

Parameters derived from Landsat image; greenness, 

imperviousness, and albedo portray a regular pattern of 

contribution to daytime UHI. Solar insolation that is mainly 

regulated by topography is alike. This signifies that the daytime 

UHI intensifies as greenness decrease, imperviousness, albedo 

and solar insolation increase. Among these outcomes, albedo 

conflicts with what is expected, as higher albedos supposedly 

lead to lower surface temperatures (Ts) in the study area. It is 

considered that stronger parameters like greenness or 

imperviousness have surpassed the effect of albedo. SVF and 

building envelope that describes the city form and density show 

that the UHI grade increase as the SVF decrease and building 

envelope increase, but with the exceptional first grade UHI. 

This typical pattern is also observed in traffic space density 

which is attributed to open, paved or bare surfaces with high 

SVF, as well as low building envelope and less traffic space 

where the first grade daytime UHI is set. Distance to sea is not 

observed to have particular contribution to UHI. 

Zonal statistics of land surface/cover parameters for nighttime 

UHI 

The mean values of each parameter for daytime UHIs are 

illustrated in Figure 7. 

 

Parameters derived from the images; greenness and 

imperviousness compared with nighttime UHIs show a pattern 

similar to that in daytime UHIs.  Albedo and solar insolation 

that are related with radiation energy from the sun at daytime 

show little relevance to nighttime UHIs as expected. Nighttime 

UHI grade tend to increase with low SVF and high building 

envelope, but as for the daytime UHI, first grade nighttime 

shows an irregular pattern, this time attributed to urban traffic 

where first grade UHI is set. Distance to sea contribution is 

attributed to distance to city center that is located in close 

vicinity to sea side. The most prominent effect is observed as 

the traffic space density that has a strong relationship with the 

nighttime UHI. 
 

 
Figure 7. Land surface/cover parameters per UHI grade for 

ASTER nighttime image 

 

Range of surface temperature for land surface/cover 

parameters 

Surface temperatures that correspond to least and the greatest 

values of land surface parameters account for temperature 

ranges that is presumed as relative impact of the parameters to 

the UHI intensity represented as four grades. Larger ranges 

designate greater impact from the land surface/cover parameter 

where lower ranges designate minor impact. The results are 

depicted for both daytime and night time surface temperatures 

per parameter (Figure 8). 

 

Highest ranges of temperatures are observed for parameters; 

greenness and imperviousness. Albedo and solar insolation has 

greater impact on daytime UHIs compared to night time UHIs. 

Highest temperatures occur in spaces where building density is 

very low or the space is  open, paved, bare or large roofs for day 

time UHI, and traffic space for the night time UHI. 
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Figure 8. Surface temperature ranges for each min.-max. 

value of land surface parameters 

 

This is the main reason why SVF and building envelope 

parameters that are expected to be in strong relation especially 

with night time UHIs show little variation of surface 

temperature. Traffic space as an anthropogenic factor has a big 

impact on both daytime and night time UHIs. 
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