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ABSTRACT: 
 
Due to unplanned and uncontrolled expansion of urban areas, rural land cover types have been replaced with artificial materials. As a 
result of these replacements, a wide range of negative environmental impacts seriously impacting human health, natural areas, 
ecosystems, climate, energy efficiency, and quality of living in town center. In this study, the impact of land surface temperature 
with respect to land cover and land use categories is investigated and evaluated for Istanbul, Turkey. Land surface temperature data 
was extracted from 21 October 2014 dated Landsat 8 OLI data using mono-window algorithm. In order to extract land use/cover 
information from remotely sensed data wetness, greenness and brightness components were derived using Tasseled Cap 
Transformation. The statistical relationship between land surface temperature and Tasseled Cap Transformation components in 
Istanbul was analyzed using the regression methods. Correlation between Land Surface Temperature and Meteorological Stations 
Temperature calculated %74.49. 
 
 

1. INTRODUCTION 
Land surface Temperature (LST) derived from satellite 
remotely sensed thermal infrared (TIR) imagery is a key 
variable to understand the impacts of urbanization induced 
land use and land cover (LULC) changes.[1] Current satellite 
TIR data suitable for studying urban thermal environment or 
for solving urban environmental and health problems that are 
characterized by a high spatial variability have a much 
coarser temporal resolution than it is needed. [2] Several LST 
retrieval algorithms had been developed for pervious Landsat 
Series with single TIRs band data. The widely used Mono-
window algorithm developed by Qin at al. [3] requires three 
essential parameters for LST retrieval from the one TIRs 
band data of Landsat series: ground emissivity, atmospheric 
transmittance and effective mean atmospheric 
temperature.[4] 
 
Tasseled Cap Transformation (TCT) components can be used 
to determine Land Use Land Cover (LULC) categories. 
Brightness, Wetness and Greenness are components of TCT. 
Built-up areas, man-made features, roads and bare soil have 
high reflectance so that with brightness component these 
topographic features can be observed. At the same time 
Greenness component provides to observe healthy vegetation 
areas and Wetness component provides to analyze moist 
fields. 
 
In this study, LST was derived with Mono-window algorithm 
using new generation Landsat 8 TIR and resultant LST map 
was analyzed and compared with TCT components for 
sustainable management of Istanbul.. The relationship 
between NDVI (Normalized Difference Vegetation Index) 
and LST indicates that vegetation is important in urban heat 
reduction.  FVC (Fractional Vegetation Coverage) is also a 
key parameter in thermal remote-sensing analysis from 
which surface emissivity can be estimated, and it is an 
indicator of the LST, with which it has a negative linear 
relationship. [5]  
 

The correlation between LST and NDVI, Greenness, 
Brightness and Wetness components of TCT also indicates 
that the negative correlation of LST and NDVI, Greenness 
suggests that the green land can weaken the effect on urban 
heat island, while the positive correlation between LST and 
Brightness means that the built-up land can strengthen the 
effect of urban heat island in our case study.[6] 
 

2. STUDY AREA 
 

Istanbul is the most crowded metropolitan city in Turkey, 
was chosen as study area. The city is located between at 40 ̊ 

58' N latitude and 28  ̊50' E longitude and it lies between the 
continents of Europe and Asia. (Fig 1. Study Area Istanbul) 
 

 
 

Figure 1. İstanbul is chosen as  the study area.[7]  
 
The population of Istanbul was 3 million the 1970s, 7.4 
million in the 1990s, and around 13 million currently. As a 
result of rapid population growth and unplanned urban 
expansion in Istanbul, dramatic land cover changes have 
occurred especially within the past 65 years. Another result 
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of rapid population is traffic jam problems and disorganized 
industrialization. This problems cause air pollution, high 
temperature according to seasonal averages, negative effects 
on population healthy etc.  Because of this reason it has huge 
importance to determine LST distribution of the city for 
sustainable management. Detecting the relationship between 
uncontrolled expansion of urban areas, vegetation fraction 
and land surface temperature is important to analyze 
determine negative effects on Istanbul.  
 

3. DATA 
 

In this study, multispectral Landsat 8 Operational Land 
Imager & Thermal Infrared Sensors (OLI & TIRS) data 
acquired on 21.10.2014 was used. In this study, thermal 
infrared band 10 was used to obtain land surface temperature 
values using Mono-window algorithm [3]. Also near infrared  
and red bands were used to obtain Normalized Difference 
Vegetation Index (NDVI) values. Additionaly, band 2 (blue), 
band 3 (green), band 4 (red), band 5 (NIR), band 6 (SWIR1), 
band7 (SWIR2) were used for calculate Brightness, 
Greenness and Wetness components with Tasseled Cap 
Transformation equation [8]. The spectral intervals, spatial 
resolution of Landsat 8 OLI & TIRS bands are shown in 
Table 1. [9] Landsat 8 imagery has a radiometric resolution 
of 16-bits when processed into Level-1 data products. 
 
Meteorological data used in the study include near surface 
temperature and relative humidity from 15 meteorological 
stations in Istanbul for the same date and hour of the Landsat 
8 OLI sensor image provided (October 21, 08:45 GMT). The 
meteorological stations belong to the Istanbul Metropolitan 
Municipality. These meteorological data were integrated 
with the mono-window algorithm to retrieve LST from 
Landsat 8 TIR data. 
 

 
 

Table 1. Properties of Landsat 8 OLI & TIRS [9]. 
 

4. METHODOLOGY 
 

4.1. Image Pre – Processing 
 
The original digital numbers (DN) of Landsat 8 OLI images 
were converted into exo-atmospheric reflectance based on 
the methods provided by Landsat 8 Data User Hand Book 
[10]. Landsat images were geometrically registered to the 
Universal Transverse Mercator projection system (ellipsoid 
WGS84, datum WGS84, and zone35 ) by using 45 ground 

control points, primarily highway intersections, evenly 
distributed across the image. A first-order polynomial model 
was used for the rectification with a nearest neighbor re-
sampling method. The root mean square errors were found to 
be less than 0.5 pixels (15m) for each of the two images. 
 
4.2. Mono-window Algorithm 
 
In the present study, we used mono-window algorithm for to 
determine land surface temperature from 21.10.2014 Landsat 
8 TIRS band 10 data.  
We chosed only TIRS band 10 data because a calibration 
notices issued by the United States Geological Survey 
(USGS) indicated that data from the Landsat 8 Thermal 
Infrared Sensor (TIRS) band 11 have large uncertainly and 
suggested using TIRS band 10 data as a single spectral band 
for LST estimation. [4] In order to determine LST with 
Mono-window Algorithm, four parameters are need to be 
known. These are brightness temperature, effective mean 
temperature, atmospheric transmittance and ground 
emissivity. LST in the following equation (1) and Figure 2 
and 3. 
 
TS=[a10(1-C10-D10)+(b10(1-C10-D10)+C10+D10)T10-D10Ta]/C10      

(1) 
 

where TS = Land surface temperature 
 Ta = Effective mean atmospheric temperature 
 T10= Brightness Temperature of TIRS band10 
 a10, b10 = Coefficients for TIRS band 10 is given[4] 
 
C10, D10, =internal parameters for the algorithm was 
calculated using equation (2) and (3). [4] 
 
                                       C10 = 𝜏10𝜀𝜀10                               (2) 

                             D10 = (1-𝜏10)[1+(1-𝜀𝜀10) 𝜏10]                    (3) 

where 𝜏10 = Atmospheric Transmittance for band 10.  

 𝜀𝜀10 = Emissivity for band 10. [4] 

Temperature Range a10 b10 𝑅2  
20  ̊C - 70  ̊C -70.1775 0.4581 0.9997 
0   ̊C - 50   ̊C -62.7182 0.4339 0.9996 
20  ̊C - 30   ̊C -55.4276 0.4086 0.9996 

 
Table 2. Coefficients a10 and b10 [4] 

 
 

Figure 2: Flowchart of Mono-window Algorithm 

Wavelength Resolution

(micrometers) (meters)

Band 1 - Coastal aerosol 0.43 - 0.45 30

Band 2 - Blue 0.45 - 0.51 30

Band 3 - Green 0.53 - 0.59 30

Band 4 - Red 0.64 - 0.67 30

Band 5 - Near Infrared (NIR) 0.85 - 0.88 30

Band 6 - SWIR 1 1.57 - 1.65 30

Band 7 - SWIR 2 2.11 - 2.29 30

Band 8 - Panchromatic 0.50 - 0.68 15

Band 9 - Cirrus 1.36 - 1.38 30

Band 10 - Thermal Infrared (TIRS) 1 10.60 - 11.19 100*30

Band 11 - Thermal Infrared (TIRS) 2 11.50 - 12.51 100*30

Bands

Landsat 8 OLI & TIRS Launched February 11, 2013
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        Figure 3. LST image was derived with Mono-window                     
Algorithm. 
 
4.2.1. Brightness Temperature: Brightness temperature 
(Ti) is expressed in units of the temperature of an blackbody. 
In order to compute brightness temperature from Landsat 8 
TIRS data firstly thermal DN values of TIRS band 10 is 
converted into TOA Spectral Radiance and after this 
computed TOA Spectral radiance TIRS band 10 is 
transformed to brightness temperature with using K1 and K2 
are band-specific thermal conversion constants. We 
performed with equation (4) and (5) [10]  
 

 𝐿λ = 𝑀𝐿𝑄𝑐𝑎𝑙 + 𝐴𝐿                 (4) 
 

 
where Lλ  = TOA spectral radiance (watts/m𝑚2 ∗ 𝑠𝑟𝑟𝑎𝑑𝑑 ∗
𝜇𝑚) 
 ML = Radiance_Mult_band_10 
 AL = Radiance_Add_band_10 
 Qcal = Quantized and calibrated standart product 
pixel values (DN) 
 
 T= K2/𝐼𝑛(K1/Lλ)  + 1                (5) 
 
where T = At-satellite brightness temperature (K) 
 Lλ= TOA spectral radiance (watts/m𝑚2 ∗ 𝑠𝑟𝑟𝑎𝑑𝑑 ∗
𝜇𝑚) 
 K1 = K1_constant_band_10 
 K2 = K2_constant_band_10 
 
Band specific thermal conversion constants (K1 and K2) and 
band-specific multiplicative rescaling factor (ML) and 
additive rescaling factor (AL) were obtained from the 
metadata file of Landsat 8 image. (Table 3)  
 

Thermal 
Constant Band 10 Rescaling 

Factor Band 10 

K1 1321.08 ML 0.000342 
K2 777.89 AL 0.1 

 
Table 3. Rescaling Factor and Thermal Constant values 

 
4.2.2. Effective Mean Atmospheric Temperature: 
Effective mean atmospheric temperature (Ta) is generally 
used to estimate the upwelling atmospheric radiance. Near 
surface air temperature (T0) is determined from 15 local 
meteorological stations data. After that Near surface air 
temperature is used to obtain effective mean atmospheric 
temperature from linear relations equation mid-latitude 
winter is shown Table 4. 
 
 
 

Atmospheres Linear Relation Equation 
Tropical model Ta = 17.9769 + 0.9172T0 

Mid-latitude summer Ta = 16.0110 + 0.9262T0 

Mid-latitude winter Ta = 19.2704 + 0.9112T0 
 
Table 4. Lineer relation equations between effective mean 
atmospheric temperature and the near surface temperature.[4] 
 
4.2.3. Atmospheric Transmittance: Atmospheric 
transmittance is obtained from lots of factors, such as water 
vapor, wavelength, ozone, aerosol etc. Atmospheric water 
vapor is most important to determine change of atmospheric 
transmittance in the thermal range of the spectrum. 
Atmospheric water vapor content was calculated with near 
surface air temperature (T0) in Kelvin and RH represents 
relative humidity by using equation (6) [11]. 

 
ωi = 0.0981* �10*0.6108*exp 17.27*(T0-273.15)

 273.3 + (T0-273.15)
𝑅𝐻�+0.1697 � �

(6) 
 

In this study Atmospheric transmittance was calculated using 
Mid-latitude winter equation (6) with atmospheric water 
vapor (ωi ). 
 

Atmospheres Water Vapor 
Content (g*cm) 

Transmittance 
Estimation Equation 

Mid- latitude 
summer 

0.2-1.6 𝜏10=0.9184-0.0725ωi  
1.6-4.4 𝜏10=1.0163-0.1330ωi  
4.4-5.4 𝜏10=0.7029-0.0620ωi  

Tropical 
model 

0.2-2.0 𝜏10=0.9220-0.0780ωi  
2.0-5.6 𝜏10=1.0222-0.1310ωi  
5.6-6.8 𝜏10=0.5422-0.0440ωi  

Mid- latitude 
winter 0.2-1.4 𝜏10=0.9228-0.0735ωi  

 
Table 5. Derivation of atmospheric transmittance for 
Landsat8 TIRS band.[4] 

 
4.2.4.    Ground Emissivity: In this study we was used 
NDVI threshold method to estimate Land surface emissivity 
(LSE) from Landsat 8 imagery as the following Table 6 and 
Table 7. 
 

Equations Conditions 
𝜀𝜀= 𝛼𝛼+𝑏𝑏𝜌𝜌𝑟𝑟𝑒𝑒𝑑𝑑  FVC=0 
𝜀𝜀= 𝜀𝜀S(1-FVC) + 𝜀𝜀VFVC  0<FVC<1 
𝜀𝜀= 0.99  FVC=1 

 
Table 6. Equations and Conditions for estimating LSE with 
FVC according to NDVI threshold method.[12] 
 

Land Cover Expression 
FVC=0 0.979-0.046r 
0<FVC<1 0.971(1-FVC)+0.987FVC 
water 0.991 
Snow/Ice 0.986 

 
Table 7. Expressions with reference to Conditions for TIRS 1 
band 10.[12] 
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where       𝜌𝜌𝑟𝑟𝑒𝑒𝑑𝑑 = Reflectance in the red band (band 4) 
 𝜀𝜀S  and 𝜀𝜀V = Soil and vegetation emissivity values. 
 
Normalized different vegetation index (NDVI) is performed 
from band 4 (red) and band 5 (NIR) using algorithm shown 
in equation (7) [12] after layer stacking of band 2,3,4,5. is 
shown in Figure 4. 
 

NDVI = (NIR-RED) / (NIR+RED)                (7) 
 
NDVI image is reclassified to calculate NDVISOIL is 0.2 and 
NDVIVEGETATION is 0.53. 
 
Land Surface Emissivity (LSE) is estimated depending on 
Fractional Vegetation Cover (FVC) for a pixel. FVC is 
calculated with equation (8) [12]. 
 
FVC = (NDVI – NDVISOIL) / (NDVIVEGETATION – NDVISOIL) (8) 
 
 

 
 

Figure 4. NDVI image. 
 
 
4.3. Tasseled Cap Transformation 
 
Tasseled Cap Transformation is called for its cap shape. In 
general, the Brightness Component, Greenness Component 
and Wetness Component derived from TCT can explained 
over 90% of the spectral variance of individual scenes. 
 
Brightness responds to the physical properties that influence 
total reflectance. Greenness is responsive to the characteristic 
of health green vegetation that is the combination of high 
absorbtion of chrophyll in the visible bands and high 
reflectance of leaf structure in the near-infrared band. 
Wetness responds to the amount of moisture being held by 
the vegetation or soil. 
 
Brightness, Wetness, Greenness Components were calculated 
with tansform equation (9) and necessary coefficient for to 
use in this transform equation is shown Table 9 [8]. Landsat 
8 OLI bands firstly convert into TOA planetary reflectance 
after that the components were obtained. Brightness, 
Wetness, Greenness images are shown Figure 5. 
 

 
Table 8. TCT Coefficients according to band number for 
Landsat 8 OLI [8] 

 
TCTİ = (coeff₂ * band2) + (coeff₃ * band3) + (coeff₄ *          
band4) + (coeff₅ * band5) + (coeff₆* band6) + (coeff₇ *  
band7) 

(9) 
 

where TCTİ = Tasseled Cap Transformation Component 
 

band2,3,4,5,6,7 = Landsat OLI bands TOA 
planetary reflectance. [13] 
 

 
 
Figure 5. Sample area from TCT Brightness, Greenness, 
Wetness images  for Landsat 8 OLI 
 

5. Analysis and Comparision 
 

In this present study, fifteen  different Meteorogical stations 
data was used for to calculate effective mean surface 
temperature and water vapor content as a near surface 
temperature. After that effective mean surface temperature 
and water vapor used for derivative LST with Mono-window 
algorithm. For the accuracy verification we calculated 
correlation between meteorological stations temperatures and 
Mono-window Algorithm LST temperatures and we obtained 
%74.49 correlation is shown Table 9. Relation between this 
two temperature is shown Figure 6. 
 

 
 
Figure 6. Relation between Meteorogical Stations 
Temperature and   Mono-window Algorithm LST 
Temperatures. 
 

Index 
Band Band Band Band Band Band 
2 3 4 5 6 7 
(Blue) (Green) (Red) (NIR) SWIR1 SWIR2 

Brightness 0.3029 0.2786 0.4733 0.5599 0.508 0.1872 
Greenness −0.2941    −0.243 −0.5424 0.7276 0.0713 −0.1608 
Wetness 0.1511 0.1973 0.3283 0.3407 −0.7117 −0.4559 
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Table 9. Correlation between LST Temperature and 
Meteorological Stations Temperature 
 
In this study, TCT method was applied to reflectance of 
Landsat 8 OLI bands by using derived TCT coefficients to 
calculate brightness, greenness and wetness. 
 
Brightness component is a weighted sum of all the bands and 
accounts for the most variability in the image. It is typically 
associated with bare or partially covered soil, natural and 
man-made features and variations in topography. [9] In 
Figure 5 (a) image shows brightness and built up areas, 
roads, concrete structure and soil without vegetation are 
shown as lighter gray or approximately white according to 
other topographic features. At the same time Table 10 show 
us when brightness component’s values increase, LST also 
increase. So between brightness component and LST have 
linear increasing relation Figure 7. 
 

 
 
Table  10. Relation Between Greenness, Brightness and LST 
values for same coordinate locations. 
 

 
 

Figure 7. Relation Between Brightness,NDVI,Wetness and 
LST. 

Greenness is a measure of the contrast between the NIR band 
and the visible bands due to the scattering of infrared 
radiation resulting from the cellular structure of green 
vegetation and the absorption of visible radiation by plant 
pigments. [9] We can observe relation between greenness 
image and LST image is linearly discreasing from Table 10. 
On vegetation areas greenness values is observed higher than 
other features at the same time LST values is lower on same 
areas with Greenness. Actually NDVI and Greenness 
components show same behavior for estimate kind of 
vegetation areas and NDVI have same relation with LST. 
NDVI and LST have linearly discreasing (negative) relation 
too. We can observe it From Figure 7. 
 
Wetness relates to soil moisture, canopy, water and other 
moisture features and it is orthogonal to brightness and 
greenness. In Figure 7 show us relation between wetness and 
LST is linearly increasing. 
 

6. Conclusion 
 
      According to correlation results between Meteorological 
Stations and  Mono-Window algorithm; correlation of Mono-
Window Algorithm is %70.224. 
 
      Land Surface Temperature  has negative linear relation 
with NDVI and Greenness component of TCT while it has 
positive linear relation with Brightness and Wetness. This 
situtation show to us, built up areas cause higher surface 
temperature than daily average surface temperature. On the 
other hand, vegetation areas provide lower surface 
temperature according to the daily average surface 
temperature. 
 
       Not only built up areas cause higher surface temperature 
but also bare lands without vegetation on surface show us 
high surface temperature like  built up areas because of 
albedo effect. 
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