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Abstract 
 
The developments of image satellite techniques and Geographical 

information system (GIS) provides valuable facilities for the analysis of 

spatial and temporal land surface temperature (LST) variations. The LST 

represents the radiative temperature that emitted from the earth surface, 

which in turn related to the earth surface emissivity. LST in most case is 

greater than air temperature. The applied methodology in the current study 

utilizes landsat8 image data (bands 4, 5 and 10) acquired at 19 July 2017 in 

estimating the LST according to the obtained surface emissivity and 

Vegetation Normalized Difference Vegetation Index (NDVI) maps by 

ArcGIS10.3 using the equations given in the handbook of Landsat user. The 

scene center time of the adopted images was 10:45 am according to the Iraqi 

local time. The results indicate that the NDVI and surface emissivity have an 

important effect on the estimating LST. NDVI is found to have an inverse 

relation with LST. The results indicate that the LST of the area under study 

was ranged from 22.88C0 to 62.84C0 (mean= 42.86), the highest 

temperature is about 62.85C0 are existing at uncultivated areas of cropland 

and lowest temperature of about 22.88C0 are present at the areas of water 

bodies. Also, it was noted a low LST are observed in areas with dense 

vegetation cover. 
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1 Introduction 
 

 LST combines effects of surface-atmosphere interactions and flow of 

energy between atmosphere and land surface. In the same time, it's important 

because it finds out the effective radiating temperature of the land surface 

cover, which in turn related with the land surface emissivity strongly [1]. It's 

an estimation of actual ground temperature and always greater than air 

temperature that is included in daily meteorological reports [2]. In most 

cases, LST is a combination of vegetation and the temperature of bare soil. 

Since both have a rapid response to changes in incoming solar radiation due 

to cloud cover and adjustment of aerosol load and a diurnal change in 

illumination, the LST also shows rapid variations [3].Most of the 

geographical distribution of the meteorological stations is determined 

according to local conditions related to the need for weather and climate data 

and information for agricultural and environmental applications [4]. Due to 

the lack of LST measured by meteorological stations, many studies measure 

the relative heat of the towns by calculating the temperature at ground 

stations [5]. For example, in Nineveh governorate, there are seven air 

meteorological stations, the most located on the western side of the Tigris 

River. Most of these stations have been stolen or destroyed by war on a 

terrorist organization. This naturally creates a significant lack of temperature 

estimation for most of the governorate area. Furthermore, Ground monitoring 

is typically useful for applications and modeling within local concept, but the 

costs of manpower and facilities are extremely high. 

 LST databases have been enhanced using satellite observations. 

Foregoing research has already shown that the LST dataset retrieved from the 

satellite imagery have a wide variety applications, such as; geological 

application, climatic change, land cover change, water management, fire 

monitoring, also urbanization, deforestation and desertification, that can 

importantly improve our ability to monitor land-surface changes in a 

consistent method [6]. Landsat 8 is one of the most used data for 

environmental analysis and can be used to remotely estimation of the LST 

[7]. It is composed of eleven bands and has a relatively high spatial 

resolution as compared with another meteorological satellite such as MODIS, 

NOAA-17/AVHRR and Meteosat-9. By using landsat 8 thermal band (Band 

10 or 11) more information of LST pattern can be obtained as well as the 

correlation between LST and various forms of land surface use can be 

observed.Several LST retrieval methods has been developed for several 

regions of the world by using ERDAS IMAGINE [8, 9].  

 In the present study, the image satellite from Landsat 8 for the Nineveh 

governorate was freely download from the Global Visualization (GloVis) at 

10:45 am Iraqi local time and used for retrieving LST from the band 10  
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(represents a thermal spectral range) according to the equation provided by 

the Landsat 8 (L8) data user’s hand book [10]. The steps of the methodology 

were carried out using ArcGIS 10.3 Package software.  

 The further parts of the paper are arranged according to the following: 

Section 2 provides an explanation of the area under study in terms of 

geographic location, topography and prevailing climate. Section 3 gives an 

explanation of the dataset adopted in the study and the sources for obtaining 

it. Section 4 Section 4 gives the analysis of the mathematical equations 

necessary to find the LST from Landsat 8 Image satellite. Mapping results 

and discussion results are provided in section 5 and concluding notes given 

in section 6. 

 

2 Study Areas  
  

2.1 Location 
 

 The governorate of Nineveh is located in northwestern Iraq. It 

contributes borders with Syria and several Iraqi governorates. According to 

its size, Nineveh is the third largest governorate in Iraq. Its total land area is 

estimated at 37,323 km2 (8.6% the total size of Iraq). The provincial capital 

is Mosul city, situated in the northeast. The Tigris river extends from the 

governorate’s northwest to the south. It's located between latitude of 

(340:59':9.40" to 370:05':31.48") and between longitude of (420:01':50.85" 

to 430:32':30.15"). Nineveh governorate consists of nine districts as shown in 

Figure (1), Hadhar represents the largest district in terms of area (9738) km2 

and the smallest district is Al-Hamdaniya (1155) km2 [11]. The adopted 

landsat image was selected to cover the largest area of the governorate. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
 

                 Figure 1: The study area location 
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2.2 Topography  
 

 The surface of the Nineveh governorate is characterized by its variation 

in topographical features from a region to another, its surrounding hill and 

high mountain chains affect the determination of wind direction, lowlands 

and pathways. The Tigris river runs through Nineveh governorate from the 

northwest to the south-east, dividing it into two sections; eastern section that 

characterized by being higher for its extension within the high mountain 

region, and a western section, the largest part of it extends in the rolling area 

[12]. The most important characteristic of the governorate in terms of 

topography is the existence of two areas: 

 Mountain region: It occupies the area in the far north and 

northeast, with a general direction from the north-west to the south-east 

extends from Mount Sinjar west to the heights of Shikhan in the east, Its 

height ranges from 500-1500 meters above sea level and occupies an area of 

1440 km2 of the total area of the governorate of 37323 km2, (i.e.%4). 

 Rolling region: extending south of the mountain zone, the 

appearance of the hills in this region is a topographical phenomenon 

characterized its surface features, The plains that extend along the two sides 

of the Tigris river occupy large areas of this region and the most important of 

these planes are; the eastern plains, whose surface is characterized by a slope 

to the south and west [13]. The western plains, which occupy the largest 

proportion of the area of the governorate, some of which is to the north of the 

heights of Sinjar and is called the North Al-Jazeera plain, the other section 

extends down the southern slopes of Mount Sinjar, and is called the South 

Al-Jazeera Plain. The Tigris river divides the pediment surface (footslop) 

into two almost equal parts, the eastern part of the river is characterized by 

high density rainfall and varied terrain compared to the western section, 

which is characterized by low rainfall and low diversity of terrain. 

 

2.3 Climate  
 

 Nineveh is characterized by the existence of three types of climatic zones 

(the Mediterranean region, the semi-dry steppe region, and the desert climate 

region). Generally, the climate is hot and dry on summers, while cool and 

rainy on winter. In Koppen-Geiger system, this type of climate is classify as 

Hot-summer Mediterranean climate (Csa) [14]. The climate of the 

governorate varies depending on the surface topography, where the 

temperatures are gradually decreasing from September until they reach as 

low as possible in January and then take a gradual rise and reach the peak in 

July. Also, the average temperature in the winter varies between (-5 to +8 

degrees Celsius) and in the summer varies between (30 to 46 degrees 

Celsius) [4].A moderate north-west wind as well as southeasterly winds  

advance the air drops passing through the governorate. For the evaporation  
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element, it has an inverse relationship with moisture in the atmosphere and 

increases in the summer, reaching a maximum value of 428 ml. 

 

3 Dataset 
 

 For the present study, cloud free Landsat8 images satellite of 2017 for 

the studied area has been downloaded from the (GloVis) [15]. Landsat8 was 

launched on 11February 2013, carrying two sensors; the Operational Land 

Imager (OLI) sensor and Thermal Infrared Sensor (TIRS) sensor. These 

sensors provide a high-quality 12-bit dynamic range radiometric output, 

which gives 4096 gray levels in the image [16]. All the images are pre-

processed and projected according to the (UTM_WGS84_38N) projected 

system. The details of the adopted satellite images in the present study with 

their acquisition date and specifications are shown in the Table 1. 
Table 1: Satellite images with their specifications 

 

 

 

 

 

 

 
 

*Resembling to 30 m [12]  

 Two thermal bands exist in Landsat 8; TIRS 10 (10.60-11.19 μm) and 

TIRS 11 (11.50-12.51 μm). After 6 January 2014, USGS recommendations 

not to use TIRS Band 11 due to its significant uncertainty about calibration 

[17], in the present study only Band 10 was included in the TLS retrival. 

Band 10 was used to determine brightness temperature, and the bands 4 and 

5 were used to determine emissivity from the study area’s standardized 

vegetation difference index (NDVI). Atmospheric correction was done for 

the used landsat images (Band 4, 5 and 10) by using ArcGIS10.3. 

 

4 Methods 
 

 The Planck 'law is used to measur the radiance emitted from objects 

radiating like “Black Body”. The inverse of the Planck 'law used to measure 

the “brightness temperature” of an object whose radiance was measured. 

However, the Planck's Radiation formula is [18]: 

Bλ, T =                                                                                      (1) 

where: 

Bλ, T spectral radince (W/m2-sr-µm) 
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T     object absolute temperature (Kelvin). 

h     Planck's constant      =  6.63 x 10
-34

 J*s. 

c     speed of the light     =  2.998 x 108   m/s.  

λ     wavelength of the emitted radiance (m). 

k     Boltzmann's constant   =  1.38 x 10
-23

 J/K 

 For convenience, the constants are grouped together to form the 1st and 

2nd constants of thermal conversion for the applied thermal band K1 and K2, 

and the (Bλ,T ) to the satellite measured intensity (L_λ ), then the equation(1) 

is collapsed into an equation similar to the one used to calculate brightness 

temperature (Tb) in Celsius degree  from Landsat TIR image as follows [17]:  

Tb= K1/ln(K2/L_λ +1) - 273.15                                                          (2)  

where, K1 and K2 a coefficient determined by TIR wavelength of the 

landsat8, and given as: 

 K1= 2πhc/λ
5
   

 K2= hc/k λ  

 For the TIRS band, the data can be converted to the spectral radiance 

Top of the Atmosphere (TOA) using the radiance rescaling factors given in 

the landsat 8 metadata files (as applied in the present study), then: 

L_λ= ML*Qcal +AL                                                                                (3)  

      Where;  

ML= Rescaling factor of band-specific multiplicative, given from the     

metadata. 

AL= Rescaling factor of band-specific additive, given from the metadata. 

Qcal= Quantized and calibrated scale Digital Number ( DN), corresponding 

to Band 10 in the current study.      

 To find the (Tb) at the satellite, equation (3) output must substuted in 

equation (2). Table (2) lists the Rescaling factors and calibration coefficients 

of theLandsat 8 thermal band (band 10) metadata required for the solving 

equations (2 and 3). These factors were given as a dataset with the Landsat8 

image satellite.  

 
Table 2: Rescaling factors and calibration coefficients of the Landsat 8 thermal 

band_10 
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4.1 Calculated of the NDVI 
 

 NDVI measures the amount of vegetation by calculating the difference 

between the near-infrared (which vegetation strongly reflects) and the red 

light (which vegetation absorbs), it's ranges from (-1.0 to 1.0) and is used to 

calculate the level of healthy vegetation on the surface. The NDVI of the 

landsat 8 is defined by the equation [19]:  

NDVI= (Band 5 - Band 4) / (Band 5 + Band 4)                                         (4)  

The amount of vegetation present is an important characteristic and NDVI 

can be used to provide us a general condition of vegetation. Also, the 

calculation of the NDVI is important for calculating the proportion of the 

vegetation (Pv) by using the following equation [20]:  

Pv = ((NDVI - NDVImin) / (NDVImax - NDVImin))
2
                                (5) 

At the present study, the minimum and maximum NDVI values were 

calculated and mapping by using ArcGIS10.3. 

 

4.2 Calculated of the Emissivity and LST 
 

 The Land surface emissivity is an indicator of the ability of surfaces to 

transform kinetic to radiant energy [13], It 's ranging from 0 (perfect 

reflector) and 1 (perfect emitter). It can be measured as follows [5]:  

ε = 0.004 Pv + 0.986                                                                                (6)   

The value of (0.986) representing the equation correction.The final step of 

retrieving the LST is calculated as follows [5]: 

LST = Tb / ( 1+ (λ *Tb/ ρ) * ln(ε)))                                                             (7)  

Where, λ  is the peak response wavelength at the emitted radiance = 11.5µm, 

and ρ = hc / k  = (6.63 x 10
-34

 J*s)* (2.998 x 108   ms-1 /1.38 x 10
-23

 J/K ) 

=1.438*10
-2

 mk  

All the steps above for estimating the LST were computed using raster 

calculator function in Spatial Analyst in ArcGIS10.3. 

 

5 Result and Discussion 
 

 The geographic information systems (GIS) became as an important 

software that cannot be separated from the techniques of remotely satellite 

dataset [21], it can be effectively applied with analyzing multispectral 

imaging data as done in the present study. Figure (2) displays the spatial 

distribution of the NDVI in the study area as obtained from the landsat 8 

imagery (bands 4 and 5) on 19 July 2017. 
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 The NDVI values range from (-0.273) to (0.579), this value is very 

important to be used in calculating the LST. Healthier green vegetation 

indicates higher and positive values of NDVI, and vice versa.  

 

 

Figure 2: Spatial distribution of NDVI 

 

 From Figure (2), it can seen the green color of the healthy vegetation that 

spread on the banks of the Tigris river (NDVI is approximately 0.2 to 0.4), it 

represents the summer agricultural crops that irrigate the river. Also, the 

density of healthy vegetation was increase (NDVI is approximately more the 

0.5) as we move to the north of the study area where there is an available 

moisture that required for the process of germination. In the south of the 

studied area which is classified as part of the dry region, we find the lack of 

vegetation and therefore a small value of NDVI. The NDVI negative values 

(values approaching -1) refre to the water areas. In general, values of (-0.1 to 

0.1) refers to barren areas, sand and urban area. The soils generate small 

positive NDVI values (approximately 0.1- 0.2) [22]. 

 Emissivity is another important parameter to calculate LST , it can be 

obtained from NDVI indicator for each pixel as given by equations (5 and 6). 

It's a correction factor for the calculating of LST and depending on the 

radiated properties of the land covers [22]. According to the above equations, 

Figure (3) shows the obtained emissivity map of the earth surface for the 

study area which range between (0.98) for water bodies and (0.99) for the 

surface with complete or near complete vegetation cover, and the others land 

covers in between them. 
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Figure 3: Spatial variation of surface emissivity 

 

 Of course, the remotely determined land surface emissivities varies with 

the surface covers according to theirs predicted emitted radiance as given by 

Stefan-Boltzmann low [23]. The NDVI and surface emissivity maps are very 

significant for estimating the LST map shown in Figure (4). The spatial 

variation of the estimated LST map in the Figure (4) ranged from 22.88C
0
 to 

62.84C
0
 (mean= 42.86). As shown from the Figure (4), that the dark red 

spots in the northeast of the study area (especially in shekhan district) show 

high LST, and it has a higher temperature than the other part of the study 

region (reaches about 62C
0
).These spots are uncultivated cropland and has 

high absorption and retention of the heat because it is not plowed for a long 

time and does not contain any vegetation cover. The areas of the bright red 

are range about from 50C
0
 to 57C

0
.These areas are firstly, included barren 

land (characterized by exposed soil, sand and rock) which not suitable for 

agriculture and does not contain soil or any land cover, then a heat retention 

is less than the uncultivated cropland spots.Secondly, included a geological 

formation which had also slight decrease in LST, due to the minerals 

capablility of storing water which lead to a slight reduction of the LST. The 

mountain of Sinjar (1463m) shows a low LST (about 35C
0
 to 43C

0
), 

especially in the top of the mountain because it contains a relatively dense 

vegetation cover. All the areas in the Figure (4) with a dense vegetation 

cover with all types shows a significant low LST. Then, the highest LST 

found in the areas with no vegetation covered.  
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 For the urban areas like Mosul city, it was observed a moderate LST of 

about (43-48C
0
) because it was a more vegetation cover as well as it was 

closely to the Tigris river which pass through the city.The lowest LST of 

about  less than 29C
0
 were characterized by the water body (such as: Lake of 

Mosul Dam, and Tigris and Great Zab river) cover and the coastal areas 

which a dark blue in the figure. Finally, the sand areas in southern part of the 

figure have also a low LST since the image are taken at 10:45am as well as 

the concentrated of the main sabkhat is in the region (Sunaysilah and al-

Ashkar ) and the existence of a sinkholes, all of these variables contribute to 

the reduction of the area's LST. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                          

Figure 4: Spatial variation of the LST 

 

 To show the spatial variation profile of the LST in the study area, four 

transacts were taken from west to east as shown in Figure (5). All these 

profiles are extended from west to east with a length of 185km.   
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Figure 5: The locations of the LST profiles 

 

 Profile (A): The LST varied along this profile from 28.8C
0
 which 

appeared clearly from the Lake of Mosul Dam to 58.5C
0
 which appeared 

from the uncultivated cropland due to the its high absorption of heat which 

leads to the formation of the so-called thermal islands, (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Profile A at 19 July 2017 

 

 Profile (B): The LST varied along this profile from a low value of 25.2 

C
0
 which is appear from the Tigris river to a high value of 55.2C

0
 from the 

barren area confined between Khazir and Great Zab rivers.Shkaft mountain  
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also appears high LST due to presence of recycled soil that covering the most 

of outcrops of the mountain, Figure (7).    

 
Figure 7: Profile B at 19 July 2017 

 Profile (C): The LST varied along this profile from a low value of 33.3 

C
0
 and 35.1C

0
 which is appear from the Great Zab and Tigris river 

respectively, to a high value of 54.8C
0
 for the barren land and exposure rocks 

and soil nearest to Great Zab. A low LTS appear from the vegetation area 

(from 41 to 47C
0
). Sinjar mountain clearly demonstrates a low LST of 

39.4C0 due to it contains a vegetation cover at the top as well as to its high 

altitude, Figure (8).  

 

 

 

 

 

Figure 8: Profile C at 19 July 2017 

 Profile (D): The LST varied along this profile from a value of 41.3C
0
 for 

Sunaysilah sabkhat and 41.7C
0
  for al-Ashkar sabkhat to 56.5C

0
 which is 

appear from the Hamrin mountain due to the fact that this mountain are rich 

in oil and the presence of natural gas fields which has a high absorption and 

retention of the heat, as well as the presence geological formation, then high 

LST drop to 29.2C
0 
from Tigris river, Figure (9).  
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Figure 9: Profile D at 19 July 2017 

 

6 Conclusions  
 

 Detail information about the LST in the Nineveh Governorate is lacking 

and has probably not been studied before. Imaging satellites like Landsat 8 

dataset can be facilitate the estimation of the LST of any area on the world. 

In the present study, it shows the potential of imaging satellite dataset and the 

geographical information system in studying the spatial variation of the LST 

in some districts of Nineveh Governorate. From the study's results, the 

following poins were concluded:  

 1. Acquiring time of the image satellite is very important parameter for 

estimating the LST.  

 2. Calculating LST can be affected by several factors, the most 

significant factors in the area of studies are ; uncultivated cropland which 

have a higher temperature followed by the barren land followed by 

geological formation, then urban areas followed by dense of vegetation with 

all types and water bodies. 

 3.  The higher LST are ranged from 22.88C
0
 for the water bodies and the       

vegetation area that adjacent to the river, to 62.84C
0
 for uncultivated 

cropland located northeast of the area of study. 

 4. LST and NDVI have a strong negative relation. 

 5. Finally, the surface emissivity is necessary factor for estimating LST 

accurately, this is important for climate change studies that arises from a 

global energy imbalance at (TOA). These studies supported the climatic 

change experts to develop and prepare a scenario for climate prediction that 

depended on the emissions radiative forcing by evaluating the incoming and 

outgoing energy balance in the Earth-Atmosphere system (measured in watts 

per square meter) such as Representative Concentration Pathways: RCP 

scenario [24]. 

 

 



                                                                                                                  
 

 

 

 

 

 
3154 Sabah Hussein Ali 

 

References 
 

[1]Amalyahya A.," Vegetation Cover Density and Land Surface Temperature 

Interrelationship Using Satellite Data, Case Study of Wadi Bisha, South 

KSA", Advances in Remote Sensing, Vol. 4, No. 3, pp.248-26, 2015. 

[2]David J. M., Maosheng, Z., Steven W. R.,"A global comparison between 

station air temperatures and MODIS land surface temperatures reveals 

the cooling role of forests", Journal of Geophysical Research, Vol. 116, 

pp. 1-15, 2011.  

[3]Mukesh S. B., "A Comparison of Land Surface Temperature, Derived 

from AMSR-2, Landsat and ASTER Satellite Data", Journal of 

Geography and Geology; Vol. 7, No. 3, pp.61-69, 2015. 

[4] http://www.agroment.gov.iq. 

[5]Zaharaddeen, I., Ibrahim I. B., Zachariah, A., "Estimation of Land Surface 

Temperature of Kaduna Metropolis, Nigeria using Landsat Images", 

Science World Journal, Vol. 11, No. 3, pp.36-42, 2016. 

[6]Hugh K.,"Review of Remotely Sensed Land Surface Temperature (LST) 

Products and their Applications",ATSR Exploitation Plan,vol.5, 

no.1,pp.1-35,2009.  

[7]Sattari F., Hashim M., "A Breife Review of Land Surface Temperature 

Retrieval Methods from Thermal Satellite Sensors", Middle-East Journal 

of Scientific Research, Vol. 22, No.5, pp.757-768, 2014. 

[8]Jeevalakshmi.D, Narayana R., B. Manikiam B., "Land Surface 

Temperature Retrieval from Landsat data using Emissivity Estimation", 

International Journal of Applied Engineering Research, Vol. 12, No. 20, 

pp. 9679-9687, 2017. 

[9]Amrit K. and Subodh C., "Monitoring of Land Surface Temperature and 

Analyzing of Environmental Prediction on Asansol and Durgapur Sub-

division, Burdwan District, West Bengal using Landsat Imagery", 

International Journal of Remote Sensing & Geoscience (IJRSG), Vol.4, 

no. 1, pp. 33-36, 2015. 

[10]Land sat8 Data Users Handbook,Available 

online:https://landsat.usgs.gov/sites/default/files/documents/LSDS-

1574_L8_Data_Users_Handbook.pdf.  

[11]Ministry of Planning and Public Works, "General Directorate of Urban 

Planning, City of Mosul, Strategy for Development and Modernization 

of the Master Plan", Report Phase I, pp.1-37, 2009. (In Arabic). 

[12]Salah H. J., " The Geographical Characteristics of the Mosul City", 

Journal of the Iraqi Geographical Society, No. 32, pp.1-80, 1996. (In 

Arabic). 

[13]Adel A. and Hoda H., " Climate Change and Water Resources in 

Ninavah Governorate”, Damascus University Journal of Engineering 

Sciences, vol. 28, No. 1, pp. 53-65, 2012. (In Arabic) 

 



                                                                                                                  
 

 

 

 

 

 
Estimation of the Land Surface Temperature for Some Districts in Nineveh 

Governorate by Landsat Thermal Imagery and GIS Software 3155 

 

[14]Deliang C. and Hans W. C.," Using the Köppen classification to quantify 

climate variation and change: An example for 1901–2010", 

Environmental Development, Vol.6, No.1, pp.69–79, 2013. 

[15]"https://glovis.usgs.gov/", accessed on 15 Nov. 2018. 

[16]Mukesh S. B., Heiko B., Komal C., Viktor K., Vit V.," A comparison of 

Land Surfer Temperature, Derived from AMSR-2, Landsat and ASTER 

Satellite Data", Journal of Geography and Geology, Vol. 7, No. 3, pp.61-

69, 2015. 

[17]Karen Z.,"Landsat 8 (L8) DATA USERS HANDBOOK", Version 3.0, 

Department of the Interior, U.S. Geological Survey, 2018. 

[18]Juan C., Jimenez M, José A., Alan G, Donald S, William T., "Improved 

land surface emissivities over agricultural areas using ASTER NDVI", 

Remote Sensing of Environment, Vol. 103, no. 4, pp. 474–487, 2006. 

[19]Sundara K.K., Udaya P.B., Padmakumari K.,"Estimation of Land 

Surface Temperature to Study Urban Heat Island Effect Using Landsat 

ETM+ Image", International Journal of Engineering Science and 

Technology, Vol. 4 No.2, pp. 771-787, 2012. 

[20]Ugur A. and Gordana J.," Algorithm for Automated Mapping of Land 

Surface Temperature Using LANDSAT 8 Satellite Data", Journal of 

Sensors, Hindawi Publishing Corporation, Vol. 2016, 2016. 

[21]Christopher, B.J.,"Geographical Information System and Computer 

Cartography", Addison Wesley Longman Limited, pp.19-38, 1999. 

[22]Menglin J. and Shunlin L,"An Improved Land Surface Emissivity 

Parameter for Land Surface Models Using Global Remote Sensing 

Observations", journal of climate, Vol. 19, No.12, pp. 2867-2881, 2006. 

[23]Trenberth, K. E., Fasullo, J. T., Kiehl, J., "Earth’s Global Energy 

Budget", Bulletin of the American Meteorological Society,2009. 

[24] Graham Wayne,"The Beginner's Guide to Representative Concentration 

Pathways, Version1.0, Skeptical Science, 2013. 

 

Biographies 
 
 

 

 

 

 

Sabah H. Ali received his M.Sc. degree Physical Remote Sensing from 

University of Mosul, Iraq in the year 1999. He has published 32 papers in 

international and local scientific journal. His research interests include 

Geomatics, Spectroscopy, Sustainable Development and Environmental 

Pollution. 


