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Abstract 
 

The urban heat island (UHI) is formed due to 

higher local temperatures in urban areas than 

surrounding rural areas. Impervious surfaces and 

vegetation are the two major land covers that have 

the capability to modify energy fluxes. The Latent 

Heat flux, Sensible Heat Flux and the Ground Heat 

flux was obtained for Bangalore city and ratio of 

fluxes to net radiation was calculated. The mean of 

ratio of each flux to net radiation was calculated for 

each land cover and found that the urban and bare 

soil region shows higher values of G/Rn as 

compared to the vegetated land covers. The urban 

land cover showed higher values of H/Rn as 

compared to the natural land covers and the 

vegetation and waterbody showed higher values of 

LE/Rn than other land covers. The relation of 

sensible heat flux with imperviousness and latent 

heat flux with vegetation was determined. The plot 

of H/Rn with ISF and LE/Rn with NDVI, both 

showed good positive relation. 

 

1. Introduction 
 

The urban heat island (UHI) is formed due to 

higher local temperatures in urban areas than 

surrounding rural areas. The increased human 

activity in the city has made this phenomenon more 

prominent. The urban thermal behaviour varies 

with land covers. Impervious surfaces and 

vegetation are the two major land covers that have 

the capability to modify energy fluxes. The study 

of surface energy fluxes with land cover parameters 

can be useful to understand its impact on UHI 

effect. The use of remote sensing data has 

increased in the study of land cover with different 

land cover parameters due to its synoptic and broad 

view over an area instantaneously. [1, 2] 

 

Very few studies have been conducted on 

comparing sensible heat flux or latent heat flux 

with different land covers. Therefore, the spatial 

variation of heat fluxes with land covers and 

quantitative behaviour of land cover parameters 

with these fluxes needs to be explored.  

 

2. Study area 

 
Bangalore is the capital and lies in the southeast of 

Karnataka state in South India. It is considered as 

the largest city in South India and 27
th

 largest in the 

world. Location map of study area is shown in 

figure 1 where the image of Bangalore city is 

represented as the false color composite image 

obtained from Landsat data. 

 

 

Figure 1. Location map of the study area. 

 

 

3. Data and Methods 
 

3.1 Data 
 

The study was conducted for the date 11/01/2020 

during day time (10:40 am). MCD18A2 provides 
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Moderate Resolution Imaging Spectro-radiometer 

(MODIS) Terra and Aqua combined data of 

Photosynthetic active radiation (PAR) at a spatial 

resolution of 1 km which was resampled to 30 m 

for study. Landsat-8 data was also used in the study 

for determining some land surface parameters. 

Further, India Meteorological Department (IMD) 

and IMDAA (from National Centre for Medium 

Range Weather Forecasting) data provides 

meteorological data for study. Specifications of the 

data used in the present study are shown in Table 1. 

 

Table 1. Data specification 

 

Data Source 

Surface albedo LandSat 

Shortwave Radiation IMDAA 

Surface emissivity LandSat 

Air Temperature IMD 

Surface Temperature LandSat 

Relative Humidity IMDAA 

Air Pressure IMD 

Photosynthetic Active 
Radiation 

MODIS 
 

Wind Speed IMD 

 

3.2 Methods 

 
3.2.1 Determination of Surface Energy flux 

               𝑅𝑛 + 𝐴 = 𝐺 + 𝐿𝐸 + 𝐻                        (1) 

Here, Rn is the net radiation from natural land 

surfaces and can be calculated as 

  𝑅𝑛 = (1 − 𝛼)𝑅𝑠 + 𝜀𝜀𝑎𝑅𝐿↓ + 𝜀𝑅𝐿↑         (2) 

where, α is the surface albedo, Rs is the short-wave 

radiation, ε is the surface emissivity, εa is the 

atmospheric emissivity, RL↓ and RL↑ are the 

downward and upward blackbody radiations.  

                     𝜀𝑎 = 1.24 (
𝑒𝑎

𝑇𝑎

)

1
7

                              (3) 

                       𝑒𝑎 = 𝑅𝐻 × 𝑒𝑠
∗                                 (4) 

𝑒𝑠
∗ = 1013.25 𝑒𝑥𝑝(13.318𝑡𝑅 − 1.9760𝑡𝑅

2

− 0.6445𝑡𝑅
3 − 0.1299𝑡𝑅

4)    (5) 

                  𝑡𝑅 = 1.0 −
373.15

𝑇
                            (6) 

                    𝑅𝐿 ↓ =  𝜎 𝑇𝑎
4                             (7) 

                           𝑅𝐿 ↑ =  𝜎 𝑇𝑠
4                             (8) 

Where, ea is the atmospheric water vapor pressure 

in hPa, Ta is atmospheric temperature in K, RH = 

relative humidity, 𝑒𝑠
∗ is the saturation vapor 

pressure in hPa, σ is Stefan’s Boltzmann constant 

and Ts = surface temperature in K. 

Sensible Heat Flux (H) is calculated as 

                𝐻 = 𝜌𝐶𝑝

𝑇𝑠 − 𝑇𝑎

𝑟𝑎

                      (9) 

where ρ = air density in kg/m
3
, Cp = Specific heat 

of air at constant pressure, ra = aerodynamic 

resistance in s/m. 

 𝑟𝑎 =
𝑙𝑛 (

𝑍𝑚 − 𝑑
𝑍0𝑚

) × 𝑙𝑛 (
𝑍ℎ − 𝑑

𝑍0ℎ
)

𝑘2𝑢
   (10) 

Zm = height of the wind measurements, Zh = height 

of the humidity measurements, d = zero plane 

displacement height, Z0m , Z0h = roughness lengths 

for momentum and heat transfer, k = von Karman’s 

constant and u = wind speed in m/s
-1

. The specific 

values of Z0m , Z0h and d was obtained from 

existing literature for different land covers. [3,4]. 

Latent Heat Flux (LE) was calculated as 

         𝐿𝐸 =  
𝜌𝐶𝑝(𝑒𝑠

∗ − 𝑒𝑎)

𝛾(𝑟𝑎 + 𝑟𝑠)
                   (11) 

1

𝑟𝑠

=
𝑓1(𝑇𝑎)𝑓2(𝑃𝐴𝑅)

𝑟𝑠𝑀𝐼𝑁

+
1

𝑟𝑐𝑢𝑡𝑖𝑐𝑙𝑒

          (12) 

Where, γ is the psychrometric constant and rs is 

stomatal resistance, 𝑟𝑠𝑀𝐼𝑁 is the minimum stomatal 

resistance in s/m and was obtained for each land 

cover type from existing literature[5]. 𝑟𝑐𝑢𝑡𝑖𝑐𝑙𝑒  , 

𝑓1(𝑇𝑎) 𝑎𝑛𝑑 𝑓2(𝑃𝐴𝑅) can be obtained as shown in 

Nishida et al 2003 [6]. 𝑟𝑐𝑢𝑡𝑖𝑐𝑙𝑒  is the canopy 

resistance in s/m and can be a constant value. 

Ground Heat Flux (G) can be calculated as 

𝐺 = 𝑅𝑛 − 𝐻 − 𝐿𝐸               (13) 

3.2.2 Determination of Impervious Surface 

Fraction (ISF) 

Linear spectral mixture analysis (LSMA) approach 

was used for calculation of fractions of the four 

endmembers contained in a pixel [7]. This is an 

image processing approach used for sub-pixel 

classification of land cover. The endmembers are 

determined by visual interpretation from the pure 

land covers from Landsat data. The linear mixture 

model is represented as  



 

                �̅�𝑏 = ∑ 𝑓�̅��̅�𝑖,𝑏 + 𝑒𝑏 

𝑛′

𝑖=1

                         (14) 

where  ∑ 𝑓�̅� = 1𝑛′

𝑖=1  and 𝑓�̅� ≥ 0 ; 𝑓�̅� is the fraction of 

endmember i, 𝑅𝑏
̅̅̅̅  is the reflectance for band b, �̅�𝑖,𝑏 

is the normalized reflectance of endmember i in 

band b, 𝑛′ is the number of endmembers and eb is 

the residual. The fraction is determined using a 

least squares method by minimizing the residual eb. 

3.2.3 Calculation of Normalized Difference 

Vegetation Index (NDVI) 

NDVI was obtained from Landsat-8 data using the 

equation (15). NDVI ranges from -1 to +1. The 

negative value of NDVI resembles waterbody 

whereas positive value with increase in magnitude 

resembles greater amount of vegetation. 

𝑁𝐷𝑉𝐼 =  
𝐵𝑎𝑛𝑑 5 − 𝐵𝑎𝑛𝑑 4

𝐵𝑎𝑛𝑑5 + 𝐵𝑎𝑛𝑑 4
 

4. Results and Discussions 
 

4.1 Land Cover Classification 
 

The Land Cover classification image was 

determined using maximum likelihood 

classification method from Landsat image and is 

shown in figure 2. This image reveals that the land 

cover surrounding the urban part mainly consists of 

bare land or less vegetated land cover (lawn or crop 

field). Some pixels of forests and waterbodies are 

also observed within the city. 

 

 

Figure 2. Land Cover image of the study area for 

date 11/02/2020. 

4.2 Spatial Pattern of Surface Energy 

Fluxes 

 
Figure 3 shows the spatial distribution of surface 

energy fluxes in the study area. The image reveals 

that G/Rn value for urban land covers show lower 

values whereas H/Rn shows higher values as 

compared to the major natural land covers around 

the city. LE/Rn shows greater values for dense 

vegetated land cover. For detailed analysis of 

fluxes value, mean of ratio of each flux to net 

radiation was calculated for each land cover and 

shown in Table 2.  

 

 

 
 

Figure 3. Ratio of Surface Energy fluxes to net 

radiation (a) G/Rn, (b) H/Rn and (c) LE/Rn 

 

Table 2. Mean ratio of Surface Energy fluxes to net 

radiation for each land cover 

Land Cover G/Rn H/Rn LE/Rn 

Water 0.337 0.049 0.614 

Bare Soil 0.564 0.229 0.207 

Forest -0.263 0.159 1.104 

Lawn 0.436 0.166 0.398 

Crop Field -0.178 0.192 0.986 

Low developed urban 0.664 0.336 0 

High developed urban 0.502 0.498 0 

 

Considering G/Rn, The urban and bare soil region 

shows higher values as compared to the vegetated 

land covers. During day time, ground heat flux is 

the energy transferred from the surface into the 

ground because the temperature below the surface 

is generally lower than the surface. This is 

analogous to the thermal inertia property of land 

covers. Considering H/Rn, the impervious land 

covers (urban) shows higher values as compared to 

the pervious land covers (water, bare soil and 

vegetated land covers). Sensible heat flux increases 

with surface temperature and transferred from the 

surface to the atmosphere [8]. Since, more of 

anthropogenic activity is observed in urban areas 

which increase the temperature; the urban land 

cover shows higher sensible flux values. 

Considering LE/Rn, forest, crop field and 

waterbody show higher values than other land 

covers. This is because latent heat is produced by 



 

evapotranspiration of vegetation and evaporation of 

waterbodies. 

 

4.3 The relation of heat fluxes with 

NDVI and ISF 

 

 
Figure 4. The plot of (a) LE/Rn with NDVI (b) 

H/Rn with ISF 

 

Figure 4 shows that the plot of H/Rn with ISF 

shows good positive relation which reveals that 

increase in impervious land cover results in 

increased sensible heat flux. Thus, urbanisation 

increases the sensible heat flux in the city. The plot 

of LE/Rn with NDVI shows positive relation for 

positive NDVI values. Water pixels were excluded 

for this analysis because it shows higher LE/Rn and 

negative NDVI values. Thus, LE/Rn show good 

positive relation (by excluding water pixels) which 

reveals that increase in vegetation results in 

increased evapotranspiration which raises the latent 

heat flux. 

 

5. Conclusions 
 

The Latent Heat flux, Sensible Heat Flux and the 

Ground Heat flux image was obtained in the study 

for Bangalore city and ratio of fluxes to net 

radiation was calculated. The spatial pattern of 

these fluxes were shown which reveals that G/Rn 

value for urban land covers show lower values 

whereas H/Rn shows higher values as compared to 

the major natural land covers around the city. 

LE/Rn shows greater values for dense vegetated 

land cover. Further, mean of ratio of each flux to 

net radiation was calculated for each land cover and 

found that the urban and bare soil region shows 

higher values of G/Rn as compared to the vegetated 

land covers. The impervious land covers (urban) 

showed higher values of H/Rn as compared to the 

pervious land covers and the forest, crop field and 

waterbody showed higher values of LE/Rn than 

other land covers. 

The relation of sensible heat flux with 

imperviousness and latent heat flux with vegetation 

was determined. The plot of H/Rn with ISF and 

LE/Rn with NDVI, both showed good positive 

relation. 
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