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Abstract: The new industrial labor opportunities started in the 1980s in Istanbul Bagcilar district caused a population shift from the countryside to the
cities. Depending on the increase in urbanization, urban energy consumption causes urban heat island (UHI) formation in the region by changing local
heat models. In this study, the spatial and temporal effects of industrialization on urbanization and heat island formation in Istanbul Bagcilar district for
1980-2000 and 2015 years were examined. According to results, in the region, UHIs distribution over the years changed based on the industrial locations
and urbanization pattern. In densely built-up and industrial areas, UHIs distribution slightly differs from other sparsely distributed built-up areas due to
the spectral response of constructed surfaces in the heat range of the electromagnetic spectrum. UHI mainly clustered in the western, northeastern and
central part of the region where the densities of built-up areas are high. In the region, from 1986 to 2015 the UHI effects in the western, northeastern
and central part of the region increased not only depend on the increase in urbanization and industrialization but also depend on industrial relocation.
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Introduction

The urban heat island (UHI) effect can be defined as higher urban temperature values when compared with
surrounding rural areas (OKE, 1982). The change in land coverings due to urbanization is a major effect to
UHI, such as buildings and some industrial activity of urban areas causes the areas to heat up (Du, et al. 2009;
LIu and ZHANG, 2011; EL-NAHRY and RASHASH, 2013). Urban areas are dominated by built-up lands, and
therefore the conversion of natural lands into built-up lands effects on local climate which can result in the
UHI effect (Xu, 2007). Urbanization also adversely influences the regional weather and climate (LANDSBERG,
1981). The UHI effect can vary depending on the size of the urban area, types, and density of buildings, and
land use and land cover type etc. If the relationship between urban area and the amount of the UHI were known,
it would be possible to identify thermally effective models of urban development (LINDA and OLUWATOLA,
2015).

The study of urban spatial growth and the resulting UHIs requires accurate and high spatial resolution data on
urban built-up areas. Built-up mapping for urban can be used as an indicator of urban growth over the times
(WENG, 2008). Recent advances in the remote sensing analysis technologies and presence of archived satellite
imagery and aerial photographs enable to analyze temporal, spatial development on industrialization and
effects of industrialization not only on rapid urbanization but also heat island formation. Remotely sensed data
derived indices successfully used to map the built-up in urban areas, such as the Urban Index (Ul)
(KAWAMURA et al., 1996), Normalised Difference Built-up Index (NDBI) (ZHA et al., 2003), and Index-based
Built-up Index (IBI) (Xu, 2008) have been applied in several studies for built-up mapping. For many studies,
it is very important to have access to reliable approximations of land surface temperature (LST) along the large
spatial and temporal scales. Early in 1833, the concept of UHIs was described by Luke Howard (HOWARD,
1833), and since then numerous studies have been made on this research topic. UHI mainly appeared in the
clustered distribution of LST, which is noticeably affected by urbanization (DoOUsSET and GOURMELON, 2003;
SUN et al., 2010). Earlier studies have shown that the higher the urban intensity or imperviousness, usually the
higher the LST. Therefore, analyzing the relationship between the LST and the built-up area provides an
alternative for studies of urban grown and related surface UHIs phenomena (OKE, 1976; WENG, 2001). Since
the 1960s, with the advent of remote sensing technology, image taken from Thermal Infra-Red (TIR) region
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of the electromagnetic spectrum has been extensively employed to measure LST and afford basic data for the
UHIs analysis. Comparing the traditional meteorological methods, remote sensing technology has the benefits
of high-resolution and wide-coverage of numerous continuous sampling points (LIU and ZANG, 2011).

Bagcilar district of the Istanbul has a characteristic of industrialization in the last 30 years and the experience
of intensive urbanization parallel to this (TEMURCIN, 2013). The new industrial labor opportunities started in
the 1980s in Istanbul Bagcilar district caused a population shift from the countryside to the cities. Because of
this, urbanization in the province has been increasing rapidly since the 1980s. For that reasons, the
determination of the relationship between the urban texture and the formation of UHIs in areas where
urbanization has developed rapidly is of great importance for future urban planning in the Bagcilar district.

This article presents findings, the spatial and temporal effects of industrialization on urbanization and heat
island formation in Istanbul Bagcilar district for 1980-2000 and 2015 years. Information about the industrial
areas was obtained from the database of Istanbul Chamber of Industry. The geographical coordinates of
industrial areas were determined using Google Earth and Istanbul city guide and then mapped in Geographic
Information Systems (GIS) environment according to years of establishment. Urbanization information was
gained from, Landsat-5 TM and Landsat 7-ETM images by using NDBI. For the mentioned years, heat island
occurrences which are directly related to the urban intensity have been obtained from TIR bands of Landsat-5
TM and Landsat 7-ETM satellite images.

Description of the Study Area

The study area is the Bagcilar district of Istanbul, an area is approximately 22 km?. Bagcilar district is one of
the most densely populated, urbanized and industrialized districts of the Istanbul where the temporal and spatial
effects of industrialization are intensively monitored (Fig. 1-a).

Rapid urbanization and demand for denser constructions in the Bagcilar region caused by the industrialization
started in the 1980s. The industrial establishments in the region have chosen the main roadsides and immediate
neighborhoods as the establishment places (Fig. 1-b).
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Figure 1: Location Map of the Study area
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Data

The satellite data used in this study are Landsat-7 Enhanced Thematic Mapper Plus (ETM+) image acquired
on 19 August 2015, 10 August 2000 and Landsat-5 Thematic Mapper (TM) image 21 August 1986 (path 180,
row 032, covering Bagcilar district. The images are cloud-free except 1986 Landsat 5 TM image. The Landsat
TM and ETM data, which has TIR band, is one of the most extensively used remotely sensed data for LST
retrieving because of its 30 to 120-meter spatial resolution and free accessibility from the US Geological
Survey (USGS) website. The acquisition date, spectral and spatial properties of the image data are given in
Table 1.

Table 1: The properties of the used satellite images

Satellite Type and Bands Wavelength Resolution
Acquisition Date (micrometers) (meters)
Band 1 - Blue 0.45-0.52 30
Band 2 - Green 0.52-0.60 30
Band 3 - Red 0.63-0.69 30
L-7 ETM (19-08-2015) | Band 4 - Near Infrared (NIR) 0.76-0.90 30
L-7 ETM (10-08-2000) | Band 5 - Shortwave Infrared (SWIR) 1 1.55-1.75 30
Band 6 - Thermal 10.40-12.50 60 * (30)
Band 7 - Shortwave Infrared (SWIR) 2 2.08-2.35 30
Band 8 - Panchromatic .52-.90 15
Band 1 - Blue 0.45-0.52 30
Band 2 - Green 0.52-0.60 30
Band 3 - Red 0.63-0.69 30
L-5TM (21-08-1986) Band 4 - Near Infrared (NIR) 0.76-0.90 30
Band 5 - Shortwave Infrared (SWIR) 1 1.55-1.75 30
Band 6 - Thermal 10.40-12.50 120** (30)
Band 7 - Shortwave Infrared (SWIR) 2 2.08-2.35 30
* ETM+ TIR band is acquired at 60-meter resolution and resampled to 30-meter pixels.
** TM TIR band is acquired at 120-meter resolution and resampled to 30-meter pixels.

Information about the industrial areas for each year was obtained from the database of Istanbul Chamber of
Industry which includes the address establishment data and type of the industry etc. (Fig. 2) and their
geographic coordinates were collected from the city map of the Istanbul Metropolitan Municipality and Google
Earth. Locations of industrial and built-up areas were verified by field check and high-resolution orthophotos
belonging to 1986, 2003 and 2015 (Fig. 3).
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Figure 2: Spatial distribution of industries for the year 1986, 2000 and 2015
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Figure 3: Sample orthophotos belonging to 1986, 2003 and 2015 years, field photos and ground control points
(GCPs) measurement location used for accuracy analysis

Method of the Study

The method of this study composed of four different parts. In the first part, the land surface
temperature is extracted from TIR bands of the Landsat-TM and Landsat ETM data. In the second
part urban built-up areas extracted from SWIR and NIR bands of the satellite data by using NDBI. In
the third part databases on industrial areas were established. In the final part, temporal and spatial
relocation analysis of the industrial plants were carried out to investigate the formation and
distribution of heat islands. The method of the study is summarized in the flowchart given in Fig. 4.
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Figure 4: Flow chard of the Study
Land Surface Temperature Retrieval

The use of satellite measurements in the TIR seems to be very attractive since they can give access to global
and unbiased approximations of LST (KERR, et al., 2004). Satellite TIR sensors measure a radiance, which can
be translated into top-of-atmospheric (TOA) brightness temperature (KERR, et. al. 2004). The derivation of
LST from satellite TIR bands requires several processing steps like sensor radiometric adjustments,
atmospheric and surface emissivity corrections etc. In the study to derive LST from TIR data firstly the digital
numbers recorded by the radiometer are converted into radiances by using equation (1)

Ly = MpQcqr + Ay 1)

where L, is TOA spectral radiance of sensor aperture, M. is band specific multiplicative rescaling factor from
the metadata, A. is band specific additive rescaling factor from the metadata and Qca is the quantized and
calibrated standard product pixel values.

After calculation of TOA spectral radiance brightness values, are converted to temperature values which in
Kelvin by using the equation (2).

__K
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InGG2+1
(L/1 )

)

where T is the temperature in Kelvin (K) and K; and K> band specific thermal conversion constant from the
metadata. For Landsat 5 and Landsat K1 and K2 constants are given in Table 2.

Table 2: Calibration constants of Landsat satellites (UsGs, 2013)

K1 666.09 W/(m2 sr pm) K2 W/(m2 sr pm)
Landsat 5 TM 607.76 1260.56
Landsat 7 ETM+ 666.09 1282.71
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Urban Built-Up Area Detection

Urban built-up area extracted from remotely sensed data by using normalized NDBI. This index is used for the
quickly and objectively extract to urban built-up areas where there is noticeably a higher reflectance in the
SWIR region than the NIR region. The NDBI was mainly developed for Landsat TM sensors. But, it will work
with any multispectral sensor with a SWIR band between 1.55-1.75 pm and a NIR band between 0.76-0.9 um
(ZHAet al., 2003). The formula of the NDBI is;

NDBI = (SWIR-NIR) @)
(SWIR+NIR)

NDBI values range between +1 to -1 high values correspond to built-up areas. On the other hand, values near
to -1 correspond to other land use classes. Precise built-up region information can be gain by adjusting
threshold values of NDBI. In the study, Otsu threshold is used to differentiate built-up areas from other land
use classes. Otsu method automatically performs clustering-based image thresholding, or, the reduction of a
gray level image to a binary image (OTsu, 1979).

Accuracy Assessment

The term accuracy refers to the maximum error to be expected in the values of a dataset. The accuracy of the
NDBI is tested with high-resolution orthophotos and ground truth data at randomly selected 250 building
locations. The ground truth data, which involves GCPs coordinates and high-resolution orthophotos, were
compared with the resultant NDBI by using Binary Diagnostic Test in NCSS 11 Statistical Software (2016).
The Binary Diagnostic Test measures are used to calculate, analyze, and compare the sensitivity and the
specificity of the diagnostic tests, along with various other summary measures. The test includes calculation
of True Positive (TP), True Negative (TN), False Positive (FP), and False Negative (FN) components by the
comparison of ground truth data with the resultant binary image. TP (A) is the regions defined as a building
both in the ground truth and in the resulted binary image. TN (C) is the regions that are not defined as a building
in the ground truth and in the resultant binary image, respectively. FP (B) is the buildings that cannot be defined
and FN (D) refers to the regions which are defined as buildings although they are not in the ground truth
(SHUFELT et al., 1993). Based on these components the Sensitivity, Specificity, False Negative Rate, False
Positive Rate, Positive Predictive Value, Negative Predictive Value, Prop. Correctly Classified, Prop. and
Incorrectly Classified are calculated using the formulas;

Sensitivity (TPRYA/(A+C) (5)
Specificity (TNR)D/ (B + D) (6)
False Negative Rate C/(A+C) @)
False Positive Rate B/(B+D) (8)
Positive Predictive Value (A/(A+B) 9)
Negative Predictive Value D/(C+D) (10)
Prop. Correctly Classified (A+D)/N (11)
Prop. Incorrectly Classified (B+C)/N (12)

Results and Discussions

The intent of the data analysis is to model the relationship between urban expansion, industrial expansion, and
net thermal emissions. To do so, a set of analysis models was constructed. In the study, land surface
temperature was extracted from TIR band of the remotely sensed TM data set. LST data not only a measure of
the degree of surface temperatures of the entire urban area but also the spatial extent of the surface UHIs effects
(YuAaN and BAUER, 2007) (Fig. 5). According to results the highest temperature variations at where the
industrial zones are in the city. It was clearly seen that the factories in the Bagcilar industrial area might be
considered as the main source of high heat and the most significant cause of UHIs in the city (CORUMLUOGLU
and AsRl, 2015).
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In 1986, when urbanization started due to industrialization, the mean temperatures in the urban and industrial
areas are 17,99 °C and 17.31 °C, respectively. However, in 2000 these mean values drastically increase to
24,84 °C and 25,24 °C, respectively. This change was due chiefly to the industrial and urban extension with
a consequent change in the ratio of sensible heat flux to latent heat flux. When came in 2015 slight increase
in temperature is observed in the industrial (25,93 °C) and urban areas (25,98 °C). In this year some industrial
facilities were relocated to other areas outside the municipal borders (Fig. 8 a, b, ). The shifts in industrial
plants also caused some changes in heat island distribution over the area. With the expansion of urban area,
the distribution of UHIs in 2000 and 2015 was greater than 1986. The increase in UHIs was consistent with
the new urban areas developed since 1986.
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Figure 5: The Distribution of Urban Heat Islands over the Bagcilar District

Table 3: Surface temperature (°C) by land-cover type

L-5TM (21-08-1986) | L-7 ETM (10-08-2000) | L-7 ETM (19-08-2015)
Min 16,39 23,68 24,16
Urban Max 20,46 28,37 29,28
Mean 17,99 24,84 25,93
Std 0,70 0,75 0,85
Min 17,31 19,80 23,21
Industrial Max 20,90 29,28 31,10
Mean 18,91 25,24 25,98
Std 0,71 1,76 1,33

NDBI-Derived Result and its Accuracy

The urban built-up lands were extracted from the NDBI image by using Otsu thresholding under the
assumption that a positive value of NDBI should indicate built-up areas (Fig. 6). According to NDBI results,
in 1986 there are 13646 built-up pixels, in 2000 there are 56023 built-up pixels, in 2015 and there are 62627
built-up pixels constitutes nearly 18%, 72% and 82% of the entire study area, respectively.

The accuracy of the built-up areas was tested with the finer resolution orthophotos and field test. The GCPs
were collected from randomly selected 250 points Fig. 3. The extracted NDBI binary images were overlaid on
the orthophotos after image to image registration, and then visually inspected pixel by pixel. All resultant
binary-images were assessed using the same points. The point-based performance evaluation results are given
in Table 4. The results of the accuracy assessment show that the algorithm provides Sensitivity for 1986, 2000
and 2015 NBBI are 0.81, 0.88 and 0.91, respectively. On the other hand, specificity for 1986, 2000 and 2015
NBBI are 0.39, 0.4118 and 0.33, respectively. The proportion of Correctly Classified for 1986, 2000 and 2015
NBBI are 0.62, 0.72 and 0.74, respectively. This indicates the success of the Otsu thresholding applied NDBI
based build up area technique.
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Figure 6: NDBI (above) and Otsu threshold applied NDBI (Below) for the years of 1986, 2000 and 2015

Table 4: Diagnostic test result rates of point-based performance evaluation

NDBI (21-08-1986) | NDBI (10-08-2000) | NDBI (19-08-2015)

TP (A) 110 150 160
FP (B) 70 50 50

TN (C) 25 20 15

FN (D) 45 35 25

Sensitivity (TPR) A/ (A +C) 0.81 0.88 0.91
Specificity (TNR) D/ (B + D) 0.39 0.41 0.33
False Negative Rate C/ (A + C) 0.18 0.11 0.08
False Positive Rate B/ (B + D) 0.60 0.58 0.66
Positive Predictive Value (A/ (A + B) 0.61 0.75 0.76
Negative Predictive Value D / (C + D) 0.64 0.60 0.62
Prop. Correctly Classified (A+ D) /N 0.62 0.72 0.74
Prop. Incorrectly Classified (B+ C) /N | 0.38 0.27 0.26

To find out the change of the built-up areas from 1986 to 2000 and 2000 to 2015, the Otsu threshold applied
two binary images were overlaid to obtain a difference image by subtracting matching pixels. The difference
image showed the negative, positive and no-change area in the 14 and 15 years (Fig. 7). According to results
from 1986 to 2000 62,46 % positive and 7,27% negative change was observed. On the other hand, from 2000
to 2015 16.84% positive change and 8,24% negative change were observed in the area (Table 5). In these
figures, positive changes and no-change areas mostly correspond to new and previously built-up areas,
respectively.

It should be emphasized that the determination of the accuracy of land surface temperature (LST) from the
Landsat TIR bands is outside the scope of this study. In the study, the comparison of land surface temperature
has been made using three Landsat data sets. These years were used to indicate relative spatial and local
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variations in the temperature. The comparison of land surface temperature was made not only using the same
data sets but also the same wavelength interval data. The comparison of spatial change maps and UHIs shows
that from 2000 to 2015 and from 1986 to 2000 years LST decreases in the negative change areas. However,
from 2000 to 2015 and from 1986 to 2000 years LST increases in the positive change.

- Megative Change

Figure 7: Spatial change map showing negative, positive and non-change patterns from 1986 to 2000 and 2000
to 2015

Table 5: Change matrix from 1986 to 2000 and 2000 to 2015

Land Cover Change 1986 to 2000 (%) 2000 to 2015 (%)
Negative Change 7,27 8,24
Non-Change 30,27 74,91

Positive Change 62,46 16,84

The spatial location of the industry in the urban space varies depending on the size of the industry, its
connection to the market, what it produces, the sector, the sub-sector, and in what industry. From this point of
view, the location of the industry in the city can be explained by the interaction of not only one factor but also
more than one element. The most important factor here is that the factors are constantly changing according to
time and place (TUMERTEKIN, 1972; TEMURCIN and ALDIRMAZ 2017 a, b; TEKELI, 1975, 2011).

From 1986 to 2015, industrialization and, accordingly, urbanization has rapidly developed in Bagcilar district
(Fig. 2 and Fig.6, respectively). Up t01986 industrialization was located close to the main roads in the northern
and western part of the Bagcilar district. Until that time urbanization rate was very low and it began to spreads
around these industrial sites. When it came to the year 2000, industrialization threw the concentration in the
northern and western parts of the district and continued its spread towards the district center. Parallel to these
increase of the industrialization, the urbanization also has rapidly increased in the district. In 2015,
industrialization has covered the northern and western parts of the province to a large extent and has increased
the density in the district center and east of the district. Due to this rapid increase in industrialization, in 2015
urbanization in the province has reached its maximum level and vegetated and vacant areas reached its lowest
level in the district.

According to the new arrangement made by the municipality in 2011, the establishment of large industrial
enterprises in the city center was banned and the transfer of large industrial enterprises outside the city was
encouraged. In this context, it was decided to move the large industrial sites and industrial enterprises located
in the residential areas out of the residential areas and to move the industrial enterprises operating outside the

9
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planned industrial areas to the planned industrial areas. According to these new regulations, many large
industrial sites of 20-100 km have been moved out of the city. According to the relocation analysis, the most
displacements in the industrial facilities were found within 20 km area (Fig. 8-a). On the other hand, many
small industrial plants have moved to more convenient places in the city. These spatial displacements in the
industrial facilities were obtained by using the industrial databases, including address information and activity
status of the industrial facilities, provided by the Bagcilar district.

The displacement map of large industrial enterprises moving out of the district borders and displacement map
of small industrial enterprises moving in and into the city is given in Fig. 8. a-b- c. As given Fig. 8-a, many
industries shift out of the district borders in the east-west direction within the 20 km. By comparison of land
surface temperature map with industrial displacement map from 2007 to 2017 reveals that land surface
temperature decreased in the north, southwest and east part of the region due to the displacement of the
industrial sites.

According to Fig. 8-b, some of the small industries shifted from outside the municipal borders to the Bagcilar
district borders mostly in the north-west and south-east direction. By comparison of a land surface temperature
map of 2000 and 2015 with industrial displacement map from 2007 to 2017 reveals that land surface
temperature increased in the north and southwest part of the region due to the shift of the industrial sites inside
district boundaries.

As shown in Fig. 8-c, some of the industries shifted inside district borders mostly in the north-west and south-
east direction. By comparison of a land surface temperature map of 2000 and 2015 with industrial displacement
map from 2007 to 2017 reveals that this relocation causes land surface temperature slightly increase especially
in the southwest part of the region.

10
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Conclusion

Rapid urbanization in Bagcilar district from 1986 to 2015 causes industrial production under big pressure in
the district. These conditions provide for short-term spatial shifts in the industry. While local shifts of industry
do not have much effect on the process of urbanization and the formation of heat island, shifts to other
neighborhoods, provinces or out of provinces cause the new sites of the industry to enter a new mold in terms
of urbanization and heat island formation. Depending on the changes in industrial locations especially, along
with the transport of large industrial plants out of the city, significant changes have been observed in the spatial
distribution of local heat islands in the Bagcilar district. On the other hand, displacements within and towards
the district caused to increase heat islands, especially in industrialized areas. Unless the severe precautions are
taken into consideration, rapid urban and industrial sprawl in Bagcilar will likely expand and the UHI effect
will become more severe.
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