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1. Introduction 
 

There has been unprecedented growth of urban areas across the world in the past few decades. For example, 

in 2018, the global urban population was around 55% of the total population of the world; and this figure is 

set to increase to nearly 68% by 2050 (UN, 2018). Increased urbanisation has modified many biophysical 

processes influencing energy balance, infiltration, storm-water runoff, precipitation, temperature, air quality, 

carbon storage and local biodiversity of an area (dos Santos et al., 2017). One of the alarming concerns of 

urbanization is rapid increase of local ambient temperature (both air temperature as well as land surface 

temperature), which significantly impacts the life of urban citizens. The increase in temperature within the 

urban centers, relative to surrounding rural areas, gives rise to what is popularly known as Urban Heat Island 

(UHI). The intra-city urban heat islands form when the land cover dominated by natural vegetation, 

agricultural crops and water bodies, is replaced by heat-absorbing impervious surfaces composed of materials 

like concrete and asphalt (Simwanda et al., 2019; Buyantuyev and Wu, 2010).  These UHIs make daily 

livelihood activities difficult for human beings as our optimum physiological range of temperature for proper 

functioning, is exceeded. Many of these human health impacts of elevated temperatures are manifested in the 

form of cardiovascular, cerebrovascular and respiratory ailments (Sharma et al., 2019). These urban heat 

islands occurring continuously over the same area for few days create heat waves. 

The UHI incidents, and in turn the incidences of heat waves, have increased in recent years, due to climate 

change. As predicted by IPCC (Intergovernmental Panel on Climate Change), the incidences of heat waves 

are supposed to increase in future even under RCP 4.5 scenario (IPCC, 2013; Sharma et al., 2019). IPCC 

report also suggest an increase in the frequency and duration of the heat waves in near future (IPCC, 2013; 

Sharma et al., 2019). 

Over a period of 1990-2009, the mean annual temperature across India increased by 1°C relative to that during 

the period 1961-1990 (Sharma et al., 2019; Attri and Tyagi, 2010). In particular, during the summer months 

of March-May, the country faces heat waves in one or more areas almost every year (Mishra et al., 2017; Rohini 

et al., 2016; Pai et al., 2013). Eleven of India’s 15 warmest years have occurred since 2004, and 2018 was the 

sixth-warmest year for the country since record-keeping started in 1901 (NASA Earth Observatory, 2019). 

The increased events of heat stress over the years has caused many fatal incidents in India. For instance, in 

1998 and 2015, parts of India experienced heatwaves that resulted in more than 2000 deaths each (EM-DAT, 
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2019; Mishra et al., 2017). The deaths occurring in Delhi due to heat stroke during 2001-14 are shown in 

Figure 1. 

 

 

Figure 1: Mortality due to heat stroke in Delhi during 2001-14 

 

It is therefore important to map and monitor the Land Surface Temperature as well as Ambient Air 

Temperature because the warmth absorbed by the ground and air creates heat islands and hotspots, which 

affect the in situ micro climate of a place as well as ex situ climate at a major regional scale.   

The thermal hot-spot maps give insight in the differences in hot spot distribution within the cities. Identifying 

hot spots within a city can help focus interventions where they are most needed during heat waves. We 

consider ‘hot-spots’ as the areas within the city which experience ambient temperature in excess of the average 

monthly maximum temperature of the city. Such thermal maps provide information about the areas which 

have the accumulation of hotspots, and therefore population living there is under high physiological and socio-

economic risks due to thermal stress. Thus, specific measures to curb the problem of heat stress for the 
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resident population can be taken using these maps. In addition, a comparative study of thermal hot-spot maps 

for each season will help to identify the months in which most cautions need to be taken.  

For ambient air temperature, we mostly rely on measurements provided by meteorological stations, or taken 

by the researchers using hand-held portable devices. However, these measurements are mostly taken at a point 

and may not sufficiently represent the temperature of entire locality. Satellite remote sensing provides an 

attractive alternative as the satellites cover a large swath of earth’s surface. In particular, the land surface 

temperature measured by satellites in thermal infrared region of electromagnetic spectrum has been used by 

various researchers across the globe (Zhang and Cheng, 2019; Wang et al., 2017; Jin, 2012; Zhang and Kainz, 

2012; Yuan and Bauer, 2007; Chen et al., 2006) , and in some instances, these satellite-derived land surface 

temperatures have been correlated with ambient air temperatures to obtain a complete picture of the study 

area (Mutiibwa et al., 2015; Unger, 2009; Vadasz, 1994).  

Between 2017-2019, IRADe undertook a study to assess and describe spatial distributions of human 

vulnerability to extreme heat events and provide evidences and recommendations to develop adaption 

measures and information to target emergency responses during heat wave events. Our study areas were three 

Indian cities: Delhi, Rajkot and Bhubaneswar. The study identified professions that require enduring heat such 

as mobile workers (drivers of auto-rickshaws, scooters, taxis), stationary workers such as traffic police, small 

shop-keepers and footpath vendors, construction workers and their families that stay in make shift shelters, 

slum dwellers, domestic women workers, women vendors.; children, pregnant women and suggested 

adaptation strategies for coping with extreme heat wave events.  

As a part of the study, we used thermal images from Landsat-8 satellite to map the Land Surface Temperature 

of the three project cities, and then identified the hot-spots. In addition, data on ambient air temperature 

measured by Automatic Weather Stations (AWS) was procured from IMD (India Meteorological Department) 

and municipal corporations, and mapped. This report provides in detail the procedure of temperature 

mapping and the results obtained. The findings provide city administrators and policymakers with spatially 

explicit evidence to prioritise heat stress interventions and inform Heat Stress Action Plans.  
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2. Study Area 
 

The study was carried out in three Indian cities, viz., Delhi, Rajkot and Bhubaneswar (Figure 2). 

 

 

 

 

 

 

 

 

 

Figure 2: Location of three Indian cities studied 

in the project 

 

2.1. Delhi:  

 

Delhi, the capital city of India, is situated in the central part of the country.  The city is located between 

28º24'17''N and 28º53'00''N latitude, and 76º50'24'' E and 76º20'37''E longitude. It has an area of approx. 

1483 sq. km. and a population of around 16 million (census of India, 2011). It is a completely landlocked city, 

which experiences extremes of both summer and winter seasons. During winters, the temperature drops to 

nearly 2 °C under the influence of chilling winds coming from the Himalaya in the north. On the other hand, 

summers experience extreme heat waves due to hot winds blowing from the Thar Desert in the west. The 

summer season lasts from March to June, whereas winters start late in October and extend to the end of 

February. Monsoon season is sandwiched in the middle, from July to September. The city’s urban area of 

influence, called “National Capital Region (NCR)”, is considered beyond its boundaries of National Capital 

Delhi 

Rajkot 

Bhubaneswar 
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Territory (NCT), and encompasses the satellite cities like Gurgaon, Faridabad, Ghaziabad etc. Due to high 

population density, the inhabitants are highly vulnerable to the adverse impacts of extreme heat stress. The 

deaths occurring in Delhi due to heat stroke during 2001-14 are shown in Figure 1. Relatively higher deaths 

of males is apparently attributable to their outdoor working lifestyle.  

2.2. Rajkot:  

 

Rajkot is situated in the western part of the country, and is characterised by a semi-arid climate. The city lies 

between 22º13'00''N and 22º24'00''N latitude, and 70º44'00'' E and 70º56'00''E longitude. The summers here 

are hot and dry, and run from March to June. The temperatures during summer often cross 42 °C, and might 

go beyond 45 °C. The city is located on the banks of the Aji River; however, the river remains dry except 

during the monsoon period (July to September). Winters start late in November and are mostly pleasant. The 

city is one of the prime industrial centres of Gujarat state, India. Covering an area of nearly 170 sq km, the 

city houses a population of 1,286,995 inhabitants as per the 2011. According to Ray et al. (2013), the frequency 

of heat waves in Rajkot has increased substantially during the decade 2001-10 as compared to earlier decades. 

The decadal frequency of moderate heat waves oscillated from 2 during 1971-80 to 33 during 2001-10. The 

years after 2010 have been hotter than before. Therefore, the risk associated to human life due to heat stress 

in the city cannot be underestimated.    

2.3. Bhubaneswar:  

 

Bhubaneswar is the capital city of the Indian state of Odisha, situated between 20º12'00''N and 20º21'00''N 

latitude, and 85º44'00'' E and 85º55'00''E longitude. It is located on the Eastern Ghats, about 40 km west of 

the Bay of Bengal (with an average elevation of 45 meters above mean sea level) in Khordha district. It lies 

on the west bank of the River Kuakhai, which is a tributary of the River Mahanadi that flows about 30 km 

southeast of Cuttack. The river Daya branches off at Kathjodi and flows along the southeastern part of the 

city. The city has a spatial spread of 135 sq. km with 67 Census wards and a population of more than 8 Lakhs 

(as per the 2011 census). It has a population density of 6,228 persons/ sq km. The city registered a growth 

rate of 176.67% during 1961-71, which was the highest in India for that period. The decadal growth rate of 

the city is very high at 30.2%. Bhubaneswar has become one of the hottest Indian cities with scorching 

summers in recent times. Extremely high increase in average monthly mean maximum temperature, 

continuous increase in the number of hot days and rising temperature difference between Bhubaneswar and 
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the nearby cities provide an impression of gradual emergence of the city as an urban heat island. The city in 

the past has recorded a history of heat waves in 1998, 2002, 2004 and 2008. Though the city also gets impacted 

by various other disasters (such as cyclones), heat waves have emerged as a recurring threat, which gets 

exacerbated due to increasing urbanisation. 

3. Methodology 
 

Following steps were followed to obtain the hotspot maps: 

Step 1: Data Identification: 
 

For the purpose of developing the Heat Stress Action Plans at ward level for Bhubaneswar, Delhi and Rajkot, 

it was crucial to identify the datasets which can be used for ward level mapping. A comparative assessment of 

satellite datasets available for the purpose was done (Table 1). After screening, we decided to use Landsat 

satellite data, in particular Landsat-8 data. Landsat-8 provides a range of open source data at a spatial resolution 

of 30 m. This satellite has two instruments: OLI (Operational Land Imager) and TIRS (Thermal Infrared 

Sensor). Landsat 8 provide data in 11 spectral bands, out of which two are thermal bands (What are the band 

designations for the Landsat satellites?, 2019). Though the data in thermal bands are collected at 100 m 

resolution, it is resampled to 30 m by the United States Geological Survey (USGS) before distributing to users.  

           Table 1: Comparative Assessment of Satellite Data Available for Thermal Mapping 
 

Satellite/Sensor Spectral 
Bands 

Special Resolution Temporal Resolution 

Landsat 8 
OLI/TIRS 

11 bands 30 m 16 days, equatorial crossing time 
around 10 AM 

Kalpana-1 3 bands 8 km (for thermal 
band), 2 km for rest 

23-33 mins 

MODIS 36 bands 1 km 1-2 days, equatorial crossing time for 
Terra 10:30 AM and for Aqua 1:30 PM 

ASTER 14 bands 90 m (for thermal 
band), 15-30 m for rest 

16 days, equatorial crossing time 
around 10:30 AM 
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AVHRR 6 bands 1-4 km Twice a day (one in afternoon 1:30-2:30 
PM; and other in night 1:30-2:30 AM) 

 

 

Step 2: Conversion of DNs to Spectral Radiance values: 
 

Satellite imageries with finer spatial resolutions were obtained from LANDSAT 8. The thermal bands, band 

10 and band 11, are mostly employed for the purpose of LST retrieval; however, it has been observed that 

band 11 has more uncertainty than band 10 (Yu et al., 2014).  Therefore, band 10 of Landsat 8 data was used 

for retrieval of LST. 

April and May images of Bhubaneswar, Rajkot and Delhi were downloaded from earthexplorer portal of 

United States Geological Survey (USGS) (USGS, 2019).  

The energy recorded by the sensors is converted to Digital Numbers (DN) which is provided to users in the 

form of satellite data. Therefore, it is important to convert DN to radiance for any further analysis. The value 

of Top of Atmosphere (TOA) spectral radiance (Lλ) was determined by multiplying multiplicative rescaling 

factor (0.000342) of TIR (Thermal Infrared) bands with its corresponding TIR band and adding additive 

rescaling factor (0.1) with it.  

                                              𝐿𝜆 =  𝑀𝐿 ∗ 𝑄𝑐𝑎𝑙 +  𝐴𝐿                                                           (Equation 1) 

Where, Lλ - Top of Atmospheric Radiance in watts/ (m2*srad*µm) 

ML - Band specific multiplicative rescaling factor 

Qcal - band 10 image 

AL - Band specific additive rescaling factor 

The spectral radiance thus computed is converted to Brightness Temperature (BT) through following equation 

(Rajeshwari and Mani, 2014): 

                                             𝐵𝑇 = 𝐾2/𝐿𝜆 [(𝐾1/𝐿𝜆)  +  1]                                                      (Equation 2) 

Where, K1 and K2- thermal conversion constant and 
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 Lλ – Top of Atmospheric spectral radiance. 

 

Step 3: Computation of Land Surface emissivity (LSE) and Land Surface 

Temperature (LST) 
 

Next step is computation of Land surface emissivity (LSE). The land surface emissivity is indispensable for 

LST computation from satellite data. The emissivity of land, unlike that of oceans, can differ significantly 

from unity and vary with vegetation, surface moisture, roughness, and viewing angles. There are several 

methods to compute LSE. In this case, NDVI (Normalized Difference Vegetation Index) based approach 

was used to compute LSE because of its simplicity and wider acceptability. The equation to compute LSE is 

(Rajeshwari and Mani, 2014): 

                                        𝐿𝑆𝐸 (𝜀)   = 𝜀𝑠 (1 − 𝐹𝑉𝐶)  +  𝜀𝑣 ∗  𝐹𝑉𝐶                                        (Equation 3) 

Where, εs and εv - soil and vegetative emissivity values of the corresponding bands, 

FVC – Fractional Vegetation Cover 

FVC for an image was calculated by   

                                       𝐹𝑉𝐶 =   𝑁𝐷𝑉𝐼 −  𝑁𝐷𝑉𝐼𝑠/ 𝑁𝐷𝑉𝐼𝑣 − 𝑁𝐷𝑉𝐼𝑠                                  (Equation 4) 

Where, NDVIs – NDVI reclassified for soil  

NDVIv – NDVI reclassified for vegetation 

NDVI is computed from red and near-infrared bands of Landsat 8 OLI data as follows: 

                                      𝑁𝐷𝑉𝐼 =  (𝑁𝐼𝑅 −  𝑅𝑒𝑑)/ (𝑁𝐼𝑅  +  𝑅𝑒𝑑)                                          (Equation 5) 

The LST is now retrieved using the equation (Yu et al., 2014): 

LST = γ [ε -1 (Ψ1 BT + Ψ2)+Ψ3] + δ   (Equation 6) 

The symbols γ, Ψ and δ are coefficients and the equations used to compute these coefficients can be found 

in Yu et al., 2014.  



    

9 
 

This entire process has been automatized in 

Thermal Remote Sensing Tool Box, 

developed by Walawender et al. (2012). 

This tool box is compatible with ArcGIS. 

The tool box was provided by Dr Jakub P 

Walawender of Institute of Meteorology 

and Water Management – National 

Research Institute (IMGW-PIB), Poland.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Flowchart depicting calculation of LST from satellite image 
 

4. Results and Discussions 
 

4.1. Delhi: 
 

Land Surface Temperature (LST) map was prepared for 30 May 2019 (the day when Delhi recorded a 

maximum air temperature of 48 degree C), and spatial variability of LST in different municipal zones of Delhi 

was analysed. The zones Narela and Najafgarh recorded maximum LST of 60.48 degree C and 59.06 degree 

C (see the LST map shown in Figure 4). The analysis reveals that on 30 May 2019, approximately 1450.05 sq 

km of land area of Delhi experienced a surface temperature exceeding 40 °C. 
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The spatial variation of ambient air temperature was also analysed by the maximum air temperature (Tmax) 

recorded by DPCC (Delhi Pollution Control Committee) monitors (Figure 5) spread across various areas of 

NCT of Delhi. Here also Narela and Najafgarh recorded high values of Tmax as 47.6 °C and 47.8 °C 

respectively. 21, out of 24, stations registered Tmax in the range of 45-48 °C. Minimum Tmax was recorded 

at Panjabi Bagh: 44.5°C whereas Maximum Tmax was recorded at Indira Gandhi International (IGI) Airport: 

48 °C. The difference between minimum and maximum Tmax was 3.5 °C.  
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Figure 4: LST map of Delhi for 30 May 2019 

 

Figure 5: Spatial variation of maximum ambient air temperature on 30 May 2019 as per the data recorded by DPCC 

monitors 
 

In addition, LST maps were prepared using satellite data of 06 April 2017, 27 May 2018 and 12 June 2018 

(Figure 6). Using all these maps, thermal hotspots were identified as the areas having LST more than 40 °C.  

One such map for 06 April 2017 is shown in Figure 7. 10 such hotspots were selected based on their proximity 

to slums and surveyed on ground (Table 2) for assessing the socio-economic impacts of heat stress on 

vulnerable population living in these areas. Slums were considered as the agglomeration of vulnerable 

population in the city for assessing the impacts of heat stress.  
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Figure 6: LST maps of Delhi for 27 May 2018 and 12 June 2018 
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Figure 7: Map showing hotspots above 40° C in Delhi on 6 April 2017 
 

Table 2: Thermal hot-spots surveyed in Delhi based on LST maps 
 

 

S .NO. Surveyed Hotspots New Ward Name/ No. 

1 Indira kalyan Vihar HARKESH NAGAR 092S 

2 Sanjay colony Okhla phase 2 HARKESH NAGAR 092S 

3 Slum in Khayala KHYALA 008S 

4 Prem bari Bridge WAZIR PUR 072N 

5 Slum near Samalkha BIJWASAN 048S 

6 New Sanjay Amar colony, Vishwas nagar VISHWAS NAGAR 017E 

7 Mayapuri slum along Rewari railway line HARINAGAR A 010S 

8 Jahangirpuri JAHANGIR PURI 021N 

9 Shakoor ki Dandi DELHI GATE 088N 

10 Buland masjid slums SHASTRI PARK 025E 

http://s.no/
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4.2. Rajkot: 
 

For Rajkot, Landsat 8 data of May and June months of 2017 and 2018 were employed to map LST. For 2017, 

data of 04 May and 14 June were used, whereas, for 2018, data of 07 May and 08 June were used (Figure 8 

and 9). 

 

 

 

Figure 8: LST distribution in Rajkot on, 04 May and 14 June,2017 
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Figure 9:  LST distribution in Rajkot on, 07 May and 08 June, 2018 

 

Slum distribution in Rajkot was also mapped, and slum distribution map was overlaid on LST maps to identify 

vulnerable thermal hotspots. The locations of AWS installed by RMC was also mapped and together a map 

showing slums and AWS locations were developed (Figure 10). All these layers were collectively used to 

identify areas for ground visits in Rajkot (Figure 11 and 12).  As the temperatures during peak summers often 

cross 42 °C, we considered areas with LST 42 °C or more as the hotspots. 
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Figure 10: Map showing AWS and slum locations in Rajkot 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Survey 

locations in Rajkot 
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Figure 12: Thermal hotspots in Rajkot with LST =/> 42 °C 

 

 

4.3. Bhubaneswar: 
 

LST maps for Bhubaneswar were prepared using satellite data of 12 April 2017 and 14 May 2017 (Figure 13) 

and thermal hotspots in Bhubaneswar were identified as the areas having LST 40 °C or more. 
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Figure 13: LST and hotspot maps for Bhubaneswar for 12 April 2017 (above) and 14 May 2017 (below) 
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The hotspots identified were ward numbers: 1,3, 5, 6, 7, 9, 12, 15, 20, 23, 52 and 65. In each of these wards, 

locations with vulnerable populations were identified and surveyed (Table 3). 

 

Table 3: Thermal hotspots surveyed in Bhubaneswar 
 

Surveyed Hotspots Ward Number 

Neheru palei, Infocity backside 1 

Patia Gada 3 

Sriram Nagar slum 5 

Jagannath Ambatota slum 6 

Sailashree vihar, Mahavir vasti 7 

Munda sahi, Rangamatia upara sahi 9 

Doordarshan kendra 12 

Ekamra villa 15 

Bhimpur, Bhoi Sahi 52 

Ghatikia village  23 

Mangala slum 20 

Subash nagar slum 65 

 

As there was just one IMD station in Bhubaneswar, ambient air temperature was recorded on ground in all 

the above locations using hand-held Psychrometers. The maps prepared for dry-bulb and wet-bulb 

temperature and RH in Bhubaneswar for 09 May 2018 is shown in Figure 14. 
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(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 
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(c) 

Figure 14: Maps showing dry-bulb air temperature (a), wet-bulb temperature (b) and RH (c) measured in Bhubaneswar on 

09 May 2018 
 

Some of these sites were again surveyed in 2019 (10 March and 26 March) for recording air temperature (both 

dry-bulb and wet-bulb) and relative humidity (RH) at 10:30 AM and 2:30 PM (Figure 15, 16, 17, 18, 19, 20). 

These dates were selected as these dates coincide with satellite overpass dates over the city. For both these 

dates, LST maps were also prepared using satellite data (Figure 21, 22). 
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Figure 15: Dry 

bulb air temperature recorded in Bhubaneswar at 10:30 AM and 2:30 PM on 10 March 2019 
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Figure 16: Map 

showing wet-bulb air 

temperature measured at several locations in Bhubaneswar on 10 March 2019 at 10:30 AM and 2:30 PM  
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Figure 17: 

Maps showing RH at surveyed locations in Bhubaneswar as on 10 March 2019 at 10:30 AM and 2:30 PM  
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Figure 18: Dry bulb air temperature recorded in Bhubaneswar at 10:30 AM and 2:30 PM on 26 March 

2019 

 



    

26 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Map showing wet-bulb air temperature measured at surveyed locations in Bhubaneswar on 26 March 2019 at 

10:30 AM and 2:30 PM 
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Figure 20: Maps showing RH at surveyed locations in Bhubaneswar as on 26 March 2019 at 10:30 AM and 2:30 PM 
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Figure 21: Map showing LST of Bhubaneswar as on 10 March 2019. The LST of surveyed locations has been highlighted 

separately. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Map showing LST of Bhubaneswar as on 26 March 2019. The LST of surveyed locations has been highlighted 

separately. 
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5. Conclusion 

 

In this report, we have documented the analysis carried out for identifying the thermal hotspots in three Indian 

cities, viz., Delhi, Rajkot and Bhubaneswar, using Landsat-8 satellite data. The thermal hotspots were identified 

at ward-level. Selection of appropriate satellite data for the purpose was an important pre-requisite for this 

exercise. Landsat-8 provides a record of thermal images since 2013 which are provided at a spatial resolution 

sufficient enough for ward-level mapping. In addition, this satellite acquires 550 scenes per day, which 

increases the possibility of getting a cloud-free scene (NASA, 2019). Obtaining a cloud-free scene was also 

very important for our purpose, and the satellites with fewer scene acquisitions pose more challenges. Even 

with Landsat-8, we encountered challenges in obtaining a scene for our study area that is completely cloud-

free. However, we feel, Landsat-8 so far is better option than any other openly available satellite data in terms 

of its resolution and availability of images from yesteryears. The hot-spot maps of the three cities will be very 

useful for policy-makers and city administrators in analysing the local factors contributing to heat-stress in 

different wards and devising mitigation options to reduce heat stress in these areas within the cities. 
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