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ABSTRACT 

The Earth's climate has warmed by around 0.6 degrees Celsius over the last century, with two 

big phases of warming between 1910 and 1945, and from 1976 onwards. Land Surface Temperature 

is an important parameter in land surface processes because it serves as an indicator of climate 

change. Vegetation may be recognized from most other materials using remote sensing data due to its 

noticeable absorption in the red and blue regions of the visible spectrum, increased green reflectance, 

and, most importantly, it's very strong reflectance in the near-IR. 

For the study area satellite data of the years, 1991 and 2021 was obtained. Different 

algorithms were employed for the calculations of spectral radiance, brightness temperature, NDVI, 

the proportion of vegetation, land emissivity, and by considering the output of brightness temperature 

and land emissivity LST was generated.  

As a result, the highest NDVI was 0.72 and the lowest was -0.56 in the year 1991, in the year 

2021 NDVI highest value was 0.50 and the lowest value was -0.10. The highest temperature observed 

in 1991 was 38.1507 °C, while the lowest being 20.6068 °C whereas, for the year 2021, the maximum 

temperature observed is 40.5029 °C and the minimum is 27.3012 °C. A shift of 2.35 °C at the higher 

end and 6.69 °C at the lower end can be seen in land surface temperature. This can be due to de-
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vegetation over time as a result of the increase in tourism, commercialization, urbanization, and 

industrialization.  

Keywords: De-vegetation, NDVI, LST, Urbanization, and Commercialization 

INTRODUCTION 

Variation in Land surface temperature is a 

paramount indicator of environmental change 

[1], [2].  Land surface and atmosphere can be 

detected effectively through the assessment of 

LST [1]. For investigations of environmental 

change, Landsat 5 TM and Landsat 8 OLI 

thermal infrared data with 120 and 100 m 

spatial resolutions, respectively, were used [3], 

[4].  

To retrieve LST from Landsat data, different m

ethods have been developed, along with the sta

ndard algorithm [3], [5]. 

For the given study, temporal data from 

1991 and 2021 were analyzed. Landsat TM-5 

gives a mono-band for the thermal infrared 

wavelength of window 10.40 – 12.50 mm. For 

its contemporary period, it has an advantage 

over other sensors. On the other hand Landsat-

8 (OLI-TIRS) is equipped with two windows 

of thermal infrared bands [6]. This study also 

focuses on regional microscopic aspects of 

change in land surface temperature which is 

induced by a human intervention that directly 

results in heat stress in urban settlements [7]. 

The current study area has an intensive flux of 

tourists, to cater the interest of visitors rapid 

change in land-cover is inevitable. In technical 

terms, low NDVI values surfaces have higher 

reflectance and brightness values [8], [9].  

De-vegetation results in a low NDVI 

value.  NDVI is a widely used technique for 

assessing crop health. Different places in a 

field may require different quantities of 

nitrogen to attain good yields due to 

geographic heterogeneity in soil qualities [10], 

[11].  Based on the unique reflectance patterns 

of vegetation cover, the vegetation index 

allows to delineate the distribution of 

vegetation and soil [10]. Vegetation differs 

from most other materials due to its notable 

absorption in the red and blue segments of the 

visible spectrum, higher green reflectance, and 

especially strong reflectance in the near-IR 

[10], [12]. It is a significant vegetation index 

that is commonly used in global environmental 

and climate change studies. 

Area of Investigation 

The present study area is Bardez: global 

destinations for beach tourism, which is a 

prominent taluka in North Goa. The study area 

comprises twelve villages. It is bounded by 

River Chapora in the North, River Mandovi to 

its South, River Mapusa to the East, and the 

Arabian Sea on the west.  
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Fig. 1: Area of Investigation 

Source: Researcher 

Database and Methodology  

For the current study, both primary and 

secondary data were used for analysis. Primary 

data were obtained from field observations and 

ground-truthing. Secondary data was obtained 

from satellite images. Images of Landsat TM-5 

and OLI_TIRS-8 were collected from 

https://glovis.usgs.gov.  With 30 meters spatial 

resolution with 7 and 11 bands respectively. 

These Landsat images were acquired on 01-02-

1991 and 01-02-2021 

Satellite images of the years 1991 and 

2021 were taken for study purposes. Shapefile 

were gathered from DIVA-GIS. Later 

Shapefile was overlayed on satellite images 

and raster data was extracted. For the given 

analysis, unique tools were employed. Map 

algebra which is an implicate part of the 

calculations required for the determination of 

LST is an extension of the Spatial analyst tool 

ArcMap 10.7.1.  

Two sets of calculations were 

performed. Amongst those first results in a 

determination at sensor temperature. 

Secondary calculation introduces an effective 

method to rectify the emissivity values 
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required for different land surface features.  

Top of Atmospheric Radiance: 

Calculations for atmospheric spectral radiance using Landsat TM 5:   

𝐿∆ = ቆ
𝐿ெ௔௫∆ − 𝐿ெ௜௡∆

𝑄௖௔௟(௠௔௫) − 𝑄௖௔௟(௠௜௡)
ቇ × ൫𝑄௖௔௟ − 𝑄௖௔௟(௠௜௡)൯ + 𝐿௠௜௡∆ 

The meaning of given symbols can be referred 

from [13] 

Calculations for atmospheric spectral radiance 

using Landsat OLI-TIRS 8:   

Spectral radiance determined from Landsat 

OLI is different from Landsat Thematic 

Mapper, as Landsat OLI 8 processes 16 bit 

unsigned data while Landsat TM 5 gives us 

unsigned 8-bit data. This inherent difference 

between sensor responses leads us to opt for 

different methods.  

 The following formula is obtained from 

Landsat 8 user handbook provided by the 

USGS portal 

𝐿∆    =  𝑀௅ × 𝑄௖௔௟ + 𝐴௟ 

The symbols have their usual meaning those can be referred from[14] 

Brightness temperature:  

𝐵𝑇 =
௄మ

୪୬ (
಼భ
ಽ∆

ାଵ)
 [14] 

Where,  

K1 and K2 are bands specific thermal 

constants. These values are given in the 

metadata of raster images. Brightness 

temperature is at the top of the atmospheric 

temperature detected by the sensor.   

The temperature obtained from the above 

calculation is in units of Kelvin. It can be 

converted to degree Celcius by using the 

following equation:  

𝐵𝑇(𝑐) =
௄మ

୪୬൬
಼భ
ಽ∆

ାଵ൰
− 273.15     [15], [16] 

Normalized Difference Vegetation Index (NDVI) 

Vegetation conditions are compared with LST. NDVI gives us information about the presence of 

vegetation. [15], [17] 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝑒𝑑

𝑁𝐼𝑅 + 𝑅𝑒𝑑
 

Table 1: Band combination of Landsat 5 & Landsat 8 
Bands Landsat 5 Landsat 8 
Red 3 4 
NIR 4 5 
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The value of NDVI lies between +1 to -1. For NDVI less than 0.2 surface features are considered as 

bare soil [18]. 0.2-0.5 surface features covered with vegetation and values  >0.5  are densely 

vegetated [19].  

The proportion of Vegetation 

𝑃௩ = ቂ
ே஽௏ூିே஽௏ூೞ

ே஽௏ூೡିே஽௏ூೞ
ቃ

ଶ

[20] 

Where,  

NDVIs = 0.2 

NDVIV =0.5 

These values are assumed in global conditions [15], [21] 

Land Surface Emissivity Estimation 

Values of land surface emissivity are 

employed for the determination of LST. 

Different land features have different thermal 

properties [22]. Therefore emissivity values 

also vary. Emissivity registered for bare soil is 

0.970, for vegetation EV is ξ
଺

= 0.986 +

0.004P௩ 

Land surfaceemissivity for dense vegetation 

cover is 0.99. [20] 

Land Surface Temperature  

Emissivity rectified land surface temperature is computed as:  

𝐿𝑆𝑇 =
஻்

ଵାቂቀ
𝛌×ಳ೅

ഐ
ቁ×௟௡ξቃ

    [15], [23] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Venkatesh G. Prabhu Gaonkar*, F.M. Nadaf                                                                                            Case Resport 
 

 
619 

IJBPAS, January, Special Issue, 2022, 11(1) 
 

 
 
 
 
 

 
Fig. 2: Methodology chart  

Source: Researcher 

 

 



Venkatesh G. Prabhu Gaonkar*, F.M. Nadaf                                                                                            Case Resport 
 

 
620 

IJBPAS, January, Special Issue, 2022, 11(1) 
 

RESULTS AND DISCUSSION  

 

 
Fig: 3(a)     Fig: 3(b) 

Fig. 3: Comparison of Normalized Difference Vegetation Index (1991 & 2021), 
Fig: 3(a) NDVI highest: 0.72 and lowest: -0.56, Fig: 3(b) highest: 0.50 and lowest: -0.10 

 

 

Fig: 4(a)     Fig: 4(b) 

Fig. 4: Comparison of Land Surface Temperature (1991 & 2021), 

Fig: 4(a) LST highest: 38.15 and lowest: 20.60, Fig: 4(b) highest: 40.50 and lowest: 27.30 
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Fig: 5(a)     Fig: 5(b) 

 

 

Fig: 6(a)     Fig: 6(b) 

Figure 5 and Figure 6 compares NDVI & LST 1991 and NDVI & LST 2021. 

Source: Researcher 
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Following figure 7 & table 2 (sample 1), figure 8 & table 3 (sample 2), figure 9 & table 4 (sample 

3) and figure 10 & table 5 (sample 4) compares between NDVI & LST 1991-2021.   

Source: Researcher 

 

Figure 7 & table 2 

 
Figure 8 & table 3 
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Figure 9 & Table 4 

 

Figure 10 & Table 5 

Interpretation  

Four sites were chosen to depict 

extreme variation in NDVI and LST values. 

These four sites are most affected by de-

vegetation which resulted in a change in land 

surface temperature. From sample 1, fig. 7 and 

table 2 for observation of 73°50’53.386” E and 

15°37’38.768” N NDVI value has decreased 

from 0.21 to 0.16, and LST value increased 

from 30.9131 to 35.2322. NDVI value of 0.21 

is considered as land under vegetation whereas 

0.16 is considered as barren land. Such 
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observations can be made from the above 

samples and their corresponding tables. A 

general outlook can be drawn that de-

vegetation results in a rise in land surface 

temperature.  

CONCLUSION 

 Vegetation cover is important for 

microscopic environmental change. 

The area which is lacking vegetation 

cover witnesses relatively higher land 

surface temperature. De-vegetation can 

be assessed through a comparison of 

NDVI values (fig 3). 

 The land surface temperature in the 

study taluka (fig. 4) has changed 

dramatically over the last three 

decades.  

 The highest temperature observed in 

1991 was 38.1507 °C, while the lowest 

being 20.6068 °C whereas, for the year 

2021, the maximum temperature 

observed is 40.5029 °C and the 

minimum is 27.3012 °C. A shift of 2.35 

°C at the higher end and 6.69 °C at the 

lower end can be seen.  

 This can be due to de-vegetation over 

time as a result of the increase in 

tourism, commercialization, 

urbanization, and industrialization.  
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