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Abstract 

 

Rapid urbanization and land use/land cover change is impacting on the environmental systems at Rajshahi district. 

This has caused to increased surface temperatures, reduced green spaces, and the shrinkage of natural water bodies 

across the region. The study employs Geographic Information System (GIS) and remote sensing technologies to 

analyse the impacts of Land Use and Land Cover (LULC) on Urban Heat Island (UHI) intensity. A multi-temporal 

Landsat satellite imagery data set (1995, 2005, 2015 and 2025) was analysed, which classified LULC, extracted 

land surface temperature (LST) from thermal bands; and calculated UHI zones along with some important spectral 

indices. From 1995 to 2025, the built-up area increased from 6.36% (155.07 sq km) to 18.69% (455.63 sq km), 

the highest land surface temperature rose from 26.92°C to 43.75°C, and UHI intensity increased from 4.55°C to 

5.92°C. Correlation and regression analysis was performed on the data indicated that the faster rate of built-up 

areas correlated positively with increasing LST levels. As urban areas continue to expand, vegetation steadily 

diminishes which further aggravates surface heating throughout the district. Overall, the study findings highlight 

that by maintaining as much natural land cover, in particular green vegetation and water bodies, heat build-up 

could potentially be reduced.  

 

Keywords: Land Use and Land Cover (LULC); Urban Heat Island (UHI); Land Surface Temperature (LST); 
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1. Introduction 

 

Urbanization is one kind of key drivers on changes of environment, especially in developing countries where 

unplanned land transformation is taking place at a breakneck speed and rapidly changing the natural landscape 

(Marufuzzaman et al., 2021). It is quite visible in the districts of Rajshahi, Bangladesh, where vegetation and 

agricultural lands are being converted to built-up areas, creating intense ecological pressure (Kafy et al., 2020; 

Rahman & Mark, 2025). Such changes affect surface temperature dynamics. The rise of impervious surfaces like 

asphalt and concrete has exacerbated the Urban Heat Island (UHI); thus, urban temperatures are much higher than 

those of the surrounding rural areas, creating severe environmental pressures (Rahman et al., 2022). The growth 

of impervious surfaces has exacerbated the UHI, thus, urban temperatures are much higher than those of the 

surrounding rural areas and created severe environmental pressures (Rahman et al., 2022). Remote sensing and 

GIS allows the distribution of LULC changes over time to understand how and when these changes have occurred 

through the application of satellite derived indices such as Normalized Difference Vegetation Index (NDVI), 

Modified Normalized Difference Water Index (MNDWI), and Normalized Difference Built-up Index (NDBI) to 

quantify land cover change and thermal data are able to investigate the spatial distribution of land surface 

temperature (LST) and of the UHI zone (Sadat et al., 2024). This study aims to see how LULC changes over time 

affect the UHI intensity change within the Rajshahi district from 1995-2025 and its relationship with LULC change 

and high LST with UHI Intensity. 

 

2. Materials and methods 

 

2.1 Study Area 

The District of Rajshahi (Figure 1) is situated in the north-western part of Bangladesh was selected for this study 

which comprising 10 sub-districts. The climate of this region is semi-arid and exhibits significant variation in 

temperature of the surface, LULC over recent decades. 
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Figure 1. Study Area (Rajshahi District) 

 

2.2 Data Sources 

Landsat TM (1995, 2005), and Landsat OLI/TIRS (2015, 2025) images were obtained from the USGS Earth 

Explorer portal. Only cloud-free images (<5%) were selected for analysis. 

 

2.3 Land Use and Land Cover Classification 

An unsupervised classification approach was applied using ArcGIS Pro. The ISO Cluster algorithm was used for 

unsupervised clustering, which was later validated using ground-truth and reference data. Classified maps were 

generated for four major classes: water bodies, vegetation, bare soil, and built-up areas. 

 

2.4 Land Surface Temperature (LST) Estimation 

Temperature of the surface of land representing the skin temperature of radiative of the Earth's surface, was 

obtained from thermal data of infrared from Landsat imagery. For this study, LST was extracted from Band 10 of 

Landsat 8 (TIRS) and Band 6 of Landsat 5 (TM) using atmospherically corrected Level-2 Surface Temperature 

products. These datasets provide pre-processed temperature values, minimizing the need for manual atmospheric 

correction (Sayler et al., 2023). 

LST (∘ C)  =  STDN ×  0.00341802 +  149.0 −  273.15                                                                                                             (1) 

Where, 

STDN is the digital number (DN) value from the surface temperature band, 0.00341802 and 149.0 are scale factors 

and offsets provided in the metadata and 273.15 is subtracted to convert from Kelvin to Celsius. This method has 

been widely used in recent UHI and LST studies involving satellite-based analysis (Aydin & Şekertekin, 2021; 

Sayler et al., 2023). 

 

2.5 Urban Heat Island (UHI) Calculation 

UHI is sometimes described as the distinction between city and countryside regions (Hu et al., 2019). UHI is 

calculated from the following equation: 

 UHI = 
LST - LSTmean

SD
                                                                                                                                                      (2) 

Where, LST is the land surface temperature value, LST mean is the mean of all LST values, and SD is the standard 

deviation of those LST values. This method helps to identify localized surface heating anomalies by standardizing 

thermal values across the study area (Abutaleb & Ahmed, 2018; Yang et al., 2022). 

 

2.6 Some Important Indices 

• NDVI (Normalized Difference Vegetation Index) was calculated using: 

              NDVI = 
NIR-RED

NIR+RED
                                                                                                                                              (3) 

• MNDWI (Modified NDWI) was used to better identify water features: 

              MNDWI= 
GREEN-SWIR

GREEN+SWIR
                                                                                                                                 (4) 

• NDBI (Normalized Difference Built-up Index) was computed to map urbanized zones: 

              NDBI = 
SWIR-NIR

SWIR+NIR
                                                                                                                                          (5) 

For Landsat TM data, band 2 (Green), band 3 (RED), band 4 (NIR) and bands 5 (SWIR) are used. For Landsat 8 

OLI data, band 3 (Green), band 4 (RED), band 5 (NIR) and band 6 (SWIR) and are used (Zha et al., 2003; Xu, 

2006; Avdan & Jovanovska, 2016). 
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2.7 Statistical Analysis 

To examine the correlation between LST and NDVI, MNDWI and NDBI, scatter plots were created by using 

Microsoft Excel. The degree of relationship between land surface variables was measured using linear regression 

and correlation. 

 

3. Results and Discussion 

 

3.1 Land Use and Land Cover Change (1995–2025) 

The analysis of LULC changes from 1995 to 2025 shows many changes in Rajshahi district. Figure 2 & 3 shows 

that the in-built area has risen steadily from 6.36 percent (155.07 sq km) in 1995 to 18.69 % (455.63 sq km) in 

2025, indicating a rapid development of urban land. In contrast, there has been a decreasing trend in water bodies 

from 8.85 % (215.67 sq km) to 5.14 % (125.38 sq km), which suggests developed/Shrinking seasonal surfaces. 

Bare soils also decreased from 27.08 % (660.28 sq km) to 16.84 % (410.51 sq km), which indicates conversion to 

agricultural or urban land use. In contrast, little change in vegetation cover was noted; increasing slightly from 

57.71 % (1406.90 sq km) in 1995 to 60.65 % in 2005, then declining to 59.33 % (1446.41 sq km) in 2025. It is 

observable that urbanization occurred quickly at the expense of open water and soil, while vegetation remained 

constant and relatively resilient, with only small minor fluctuations. 
 

 
 

Figure 2. Spatial distribution of land use and land cover in Rajshahi district 

 

 
 

Figure 3. LULC Area classification and Gains and losses (%) of the land cover types 

 

3.2 Land Surface Temperature (LST) and Urban Heat Island (UHI) 

From the figure 4 & 5 it is found that the highest land surface temperature increased from 26.92°C in 1995 to 

43.75°C in 2025. Areas with higher built-up density and sparse vegetation show higher LST values. Similarly, UHI 

intensity increased from 4.55°C in 1995 to 5.92°C in 2025. The lowest UHI values were generally observed in 

vegetated and water-covered areas, while highest values correspond to urban zones. 
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Figure 4. Land Surface Temperature distribution in Rajshahi district 

 

 
 

Figure 5. Urban Heat Island (UHI) zones in Rajshahi district 

 

Table 1. Distribution of LST among different ranges for 1995, 2005, 2015 and 2025 

 

 

3.3 NDVI, MNDWI, and NDBI Trends 

Table 2 shows that the maximum NDVI values only fluctuated a short amount from the 1995 value of 0.42, to the 

2025 value of 0.470. Overall, these NDVI values indicate moderate vegetation loss in the district. The MNDWI 

values that represent water bodies, decreased from 0.27 in 1995, to 0.22 in 2015, indicating less water bodies. The 

NDBI reflective of urban features increased from 0.14 in 1995 to 0.25 in 2025, supporting the increased urban area 

found in the LULC data. 

 

Table 2. Summary of NDVI, MNDWI, NDBI values 

 

 

Year 1995  2005  2015  2025  

LST(°C) 
Area(sq 

km) 
%  %  %  % 

11 to 15 0.062 0.0025 0 0.00 0.00 0.00 0.00 0.00 

15.1 to 20 972.77 39.90 97.61 4.00 23.05 0.95 0.00 0.00 

20.1 to 25 1464.94 60.08 1984.18 81.38 489.24 20.07 10.90 0.45 

25.1 to 30 0.35 0.01 355.88 14.60 1823.94 74.81 521.47 21.39 

30.1 to 35   0.45 0.02 90.46 3.71 1664.27 68.26 

35.1 to 40     11.43 0.47 201.78 8.28 

40.1 to 45       39.70 1.63 

Year  1995 2005 2015 2025 

NDVI Highest 0.42 0.46 0.49 0.47 

Lowest -0.09 -0.10 -0.11 -0.09 

MNDWI Highest 0.27 0.26 0.25 0.22 

Lowest -0.40 -0.33 -0.36 -0.35 

NDBI Highest 0.14 0.15 0.22 0.25 

Lowest -0.34 -0.39 -0.33 -0.34 
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3.4 Correlation and Regression Analysis 

The scatter plot analysis has shown in Figure 6 a clear negative relationship between NDVI and LST, which 

suggests that vegetated areas are cooler due to evapotranspiration and shading. In comparison, it also shows that 

NDBI is positively correlated with LST, indicating that urban areas having a more complex built-up surface tend 

to store and radiate heat, resulting in increased surface temperatures. The scatter plot analysis also suggests a 

negative relationship between MNDWI and LST. This suggests that water has a sufficient impact offsetting the 

effect of urban heat (Hu et al., 2022). The negative correlation between NDVI and NDBI is another indicator of 

urban expansion and loss of vegetation, which results in increased heat stress across the landscape. Similar results 

was found by Malik et al., 2019; Mugambi et al., 2022. 
 

 

 

 

 
 

Figure 6. Scatter plots illustrating the relationships between LST and NDVI, NDBI, MNDWI across the study 

years 

 

4. Conclusion 

 

Based on the Landsat images of 1995, 2005, 2015 and 2025 we examined the trend of LULC and LST changes 

and fluctuation of UHI in Rajshahi district, Bangladesh. From the results, it was found that the built-up area was 

increased from 1995 to 2025 about 300.56 km2. In the last 30 years, Highest & lowest LST has increased by 16.82 

°C & 9.32 °C. Urbanization rates in Rajshahi District are very high, and over the decades UHI intensity continued 

to gradually rise, with UHI reaching the highest intensity of 4.55 °C in 1995 to a UHI intensity of 5.92 °C in 2025  

Scatter plot analyses performed in this study showed strong negative relation between LST and NDVI that verified 

the effects of cooling on vegetation. A reciprocal relationship between LST and MNDWI further indicated that 

water bodies may have an effect on temperature conditions. LST and NDBI was a strong correlation which 
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demonstrated how urban areas contributed to heat radiation. The consistently observed inverse relationship 

between NDVI and NDBI also substantiated the impact of urban expansion on vegetation loss leading to negative 

thermal effects on the local environment. 

While this study provides insights into the environmental analyses of LULC changes and their impacts on LST 

and UHI, there are some limitations that must be considered. The usage of satellite images only from the winter 

season and land surface temperature estimates were made using remote sensing indices without consideration on 

key climatic variables (e.g., land surface albedo values), and in-situ ground validation. The cloud-free selection of 

images and medium resolution may have also limited spatial resolution. Even so, it presented an important basis 

towards sustainable land use and water management solutions for Rajshahi. Future studies are still required in 

order to account for the high-resolution datasets, seasonal variability and climatic parameters needed to 

comprehensively assess urban thermal environment impacts. 
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