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Remote sensing and GIS techniques are very effective for monitoring urban heat 

environmental 

management in Wasit. Urban Heat Island (UHI) is one of the major 

cities. This study 

investigates the spatial variation of Land Surface Temperature (LST) and 

acquired in July 2025. 

Land Surface Temperature was retrieved from the thermal infrared 

vegetation cover and its 

relationship with surface temperature. The results showed that 

recorded the highest LST values, 

while agricultural lands and areas near the Tigris River 

correlation, with correlation coefficient values 

of (0.009) that indicate that vegetation cover 
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1. Introduction    

Urbanization is considered one of 

the most significant forms of land use 

leads to the replacement of natural 

surfaces and vegetation with impervious 

materials such as 

higher 

temperatures in urban areas compared with 

surrounding rural regions. This 
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impacts on climate, energy 

consumption, environmental quality, and 

human health [2].  

quality, thermal 

discomfort, and increased environmental 

stress, particularly during summer 

Remote 

sensing and Geographic Information System 

(GIS) techniques provide effective tools 

[3, 4].  

Landsat satellite imagery is widely 

used in environmental and climate studies 

because 

Land Surface 

Temperature represents one of the most 

important indicators used to investigate 

is 

strongly influenced by land cover types, 

vegetation density, water bodies, and built-

up 

while urban materials such as 

asphalt and concrete contribute to heat 

accumulation [2, 6].  

vegetation 

conditions and examine their relationship 

with surface temperature distribution. 

where areas with dense vegetation 

usually exhibit lower temperatures than 

densely urbanized   

Wasit Governorate, located in 

eastern Iraq, has experienced significant 

urban expansion 

reduction in vegetation 

cover may contribute to rising surface 

temperatures and 

characterized by 

extremely hot summers and limited rainfall, 

make Wasit vulnerable to 

Although several studies have 

investigated urban heat island phenomena in 

different cities 

Landsat observations. 

Therefore, this study aims to analyze the 

spatial dynamics of Land 

during the summer season. The study 

specifically analyzed Landsat 8 image 

thermal infrared 
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urban growth and 

land cover transformation, and evaluate the 

relationship between vegetation 

2. Study Area  

Wasit governorate covers an area of 

about 17753 km², which represents 4% of 

Iraq's total area (437072 Km2). Wasit is 

located in eastern Iraq,  or the southern part 

of the central 

Longitude 

46°17' 60.00''E, Latitude 32° 13' 60.00''N. 

The climate of the study area is 

Summer temperatures frequently 

exceed 45oC especially during July and 

August. Rainfall is 

including urban 

residential areas, transportation networks, 

agricultural lands, bare soil, and 

rapid urban expansion due to 

population growth and infrastructure  

development, which may 

Figure 1: Wasit Governorate 

Landsat-8 map. 

 

 

Table 1: Images of the Landsat 8 

(OLI/TIRS) satellite of Wasit. 

This variation in land cover 

No. Satellite Acquisition 
Date 

Path/ 
row 

1 Landsat 
8 

2025/07/20 167/37 

2 Landsat 
8 

2025/07/20 167/38 

3 Landsat 
8 

2025/07/11 168/37 
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density and thermal distribution. The 

importance of selecting Wasit as the study 

area is 

Reduction in vegetation cover 

and Environmental sensitivity to urban heat 

island effects, 

environmental changes using 

remote sensing and GIS techniques.  

3. Satellite Data Acquisition     

This study is based on Landsat 

satellite imagery acquired during the 

summer season 

in Wasit 

governorate. The satellite images 

downloaded from the USGS Earth Explorer 

- Zone 38N) coordinate system 

using the nearest neighbor resampling 

method, utilizing the 

its availability, 

moderate spatial resolution, and thermal 

infrared capability suitable for 

ground resolution of 30 m. 

land image 

(OLI/ TIRS) sensors 

Similar 

atmospheric conditions.  

Landsat 8 has a thermal 

) with a resolution of 100 m 

give thermal 

were used to calculate 

the Normalized Difference Vegetation 

Index (NDVI), fig (2) showed 

the 

sensor clipped by a shapefile represents the 

administrative boundaries [12].  

The study 

The 

software QGIS 3.40.8 is used for spatial 

analysis and map production. Remote 

sensing 

temperature, classify thermal zones, 

and analyse spatial thermal variations within 

the study 

4. Methodology   

The methodological framework of 

this study consists of several sequential steps 

to generate 
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4.1 Image Preprocessing   

Landsat satellite images that were 

downloaded from the USGS Earth Explorer 

to the 

boundary of Wasit to focus the analysis on 

the study area. 

4.1.1 Conversion of Digital 

Number to Spectral Radiance  

In remote sensing analysis the 

atmospheric correction for solar radiation is 

important; 

with converting the 

value of the pixels to spectral radiance. 

Landsat-8 OLI/TIRS bands can 

Read L8 bands (4, 5, 10)  
 

End 

Calculate NDVI, PV, Emissivity 

Read Wasit shapefile and clipping 

Convert bands DN to radiance L(λ) 

mosaic 

Calculate BT 

Calculate LST, UHI 

Start 
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�cal = quantized calibrated standard  

product pixel value (DN).                                                        

The radiometric rescaling factors were 

obtained from the metadata file of each   

Landsat image [5,7]. 

4.1.2 Conversion to Brightness 

Temperature    

on 

reflectivity of the earth surface to near-

infrared and 

was calculated 

using the following equation (3): 

���� =
�������

�������
 ………. (3) 

Where: 

NIR = Near Infrared band (Band 5 in 

Landsat 8)  

while low or negative values indicate 

built-up land, bare soil, or water surfaces 

[13]. 

between 

0 and 1 in 

a pixel. PV is calculated from equation 

PV values were calculated by normalizing 

NDVI values from 0 to 1 for each pixel and 

determining the density of vegetation in the 

pixel.  
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The resulting value was squared to 

indicate whether an area had dense or sparse 

vegetation within it. If the NDVI value is 

near the upper limit of its range the PV value 

is therefore near 1 meaning the pixel has 

dense vegetation; if it is near the lower limit 

then the PV will be close to 0 meaning that 

the pixel is either covered with soil or has 

surface water. This value also provides the 

input needed to calculate LSE (land surface 

emissivity) which will improve our 

estimates of LST (land surface temperature) 

in climate and agricultural research. 

4.4 Estimation of Land Surface 

Emissivity    

Land Surface Emissivity (LSE) was 

estimated based on NDVI values to account 

for 

effects of different land surface 

characteristics on satellite-measured 

temperatures [5, 7]. 

4.5 Land Surface Temperature 

LST     

Land Surface Temperature was 

retrieved from the thermal infrared band 10 

of 
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4.6 Urban Heat Island Analysis 
UHI   

Urban heat island intensity was 

evaluated by comparing the average 

temperature of 

high temperatures were 

identified as urban heat island zones [7]. 

4.5 Statistical Analysis  

Statistical analysis was conducted to 

evaluate land surface temperature and the 

LST, Maximum LST, Mean LST 

and Correlation coefficient between NDVI 

and LST. The 

The NDVI analysis revealed 

substantial spatial variation in vegetation 

density across 

values, whereas 

densely urbanized and barren areas 

exhibited low NDVI values. The results 

cover may contribute 

significantly to increasing land surface 

temperature and urban heat 

was 24.5997 

Km2 from the total area of Wasit (17753 

Km2), and the vegetation percentage is 

The retrieved Land Surface 

Temperature (LST) maps revealed clear 

spatial variation in 
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were observed near vegetated 

regions and water bodies associated with the 

Tigris River. The 

are presented in Table 2. 

The results indicate that the maximum land 

surface temperature in  

within the urban 

environment may be associated with rapid 

urban expansion, increasing 

R 

between NDVI and LST was (-0.009), the 

negative sign meaning that LST increases as 

temperature. The correlation 

coefficient indicates that vegetation plays an 

important role in 

5.4 Urban Heat Island Intensity 

UHI  

Urban Heat Island (UHI) intensity 

was estimated by comparing the average 

land 
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difference from the 

vegetated regions. This increase reflects the 

impact of urbanization, 
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