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URBAN TEMPERATURE PROFILE:  
AN EXAMINATION OF DELHI CITY  

(1960-2022)
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ABStRACt
Cities are observed to have higher temperature than their surroundings and the main 
reason attributed to this are enormous human activities and their consequent impacts 
in an urban area. Although temperature and other related parameters are an outcome 
of the location of an area, human occupation and alteration of the urban landscape 
provide it characteristics which generate a distinct nature and notable measurements. 
Delhi is a major urban region of India and its capital city. A high population density 
and a significant concentration of human activities is observed not only for Delhi as a 
city but also its surroundings. In this context, the present study is an attempt to analyse 
the observations on temperature measurements for the city in the 20th century from 
1960 upto present. Satellite derived data provides a measure to such analysis to a good 
extent and this has been made the basis of analysis. It was observed that a trend of fall 
in temperature is becoming pronounced in some regards for the city with increases 
observed in land surface temperature for the same time period. 
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INtRODUCtION & REvIEW OF LItERAtURE
Temperature as a climatic parameter is defined as possessing a quality of being measured 

and stands as a very crucial parameter of observing multiple processes (Strom, 2019). It is 
an evolving component arising due to an exchange of heat between all the components and 
elements which are located in an area; in which land cover elements come at the forefront 
(Globe, 2014). The study of temperature is also pertinent in the current context as the Earth’s 
temperature has exhibited a steady increase since 1880 with an increasing rate in the last 40 
years (NOAA, 2021). Temperature in an urban area stands out as compared to the surrounding 
regions (Adebayo, 1987; Stewart & Oke, 2012; Agency, 2021; Encyclopaedia Britannica, n.d.) 
as it tends to decline outward from the city area (Yang, et al., 2021). Described as the ‘urban 
heat island effect’, this concept requires no specific introduction (Agency, 2021) and is also 
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considered problematic for that area (Xie, Wang, & Feng, 2015) with the problem augmenting 
with passing time (Yang, et al., 2021).  

An augmented heat stress in cities is a problem for health of people living there (Li & 
Zeid, 2013; Chen & Zhang, 2017; Siddique, Wang, Xu, Ullah, & Zeng, 2021; Meshek, 2021; 
Tuholske, Caylor, Funk & Evans, 2021) and is turning to be a cause of mortality as well 
(Koffett, Makido & Shandas, 2019). Warming has been observed to be the dominant trend in 
the current context, with human activities being the main cause behind it (IPCC, 2014).  But 
exception to this is also observed during heat waves when non-urban areas have been recorded 
to have a higher temperature than the urban ones (Prasad, 2019; Meshek, 2021). 

Thermometry can be done on the basis of different methods ranging from air temperature 
measurements at 2m, Land Surface Temperature (LST), maximum temperature, minimum 
temperature, mean temperature analysis to highlight the specific forms  (Kawashima, Ishida, 
Minomura, & Miwa, 2000; Jin, 2012; Stewart & Oke, 2012; Li & Zeid, 2013). Surface or 
LST and air temperature at 2 meter height are basically two categories of examining the 
temperature of an area (Kawashima, Ishida, Minomura & Miwa, 2000). Both categories 
are spatio-temporally interrelated (Gallo, Hale, Tarpley & Yu, 2011; Mutiibwa, Strchan & 
Albright, 2015) and are also affected by seasonal factors (Good, Ghent, Bulgin & Remedios, 
2017). Simply defined, LST indicates the temperature which can be felt when touching the 
land (Rajeshwari & Mani, 2014). In this regard, measurements of air temperature at 2m above 
land is an important parameter of studying climate change of that area (Hooker, Duveiller & 
Cescatti, 2018). 

Satellite generated data on these categories has gained a lot of importance in the study of 
these parameters (Thies & Bendix, 2011; Good, Ghent, Bulgin & Remedios, 2017; Hooker, 
Duveiller & Cescatti, 2018) and the study of LST through satellite data provides a strong and 
equivalent information on surface temperature (Hooker, Duveiller & Cescatti, 2018). In this 
context, LST has acquired high significance as a parameter of study at the global level to study 
variety of aspects such as climate change, environment in general and urban environment in 
particular, vegetation and so on (Li et al., 2013). Changes in surface temperature are caused by 
natural factors and also the nature of occupation of land. However, the current improvements 
in data acquisition have made LST data from satellites more reliable (Tomlinson, Chapman, 
Thornes & Baker, 2011; ;Li et al., 2013; Liu, Hagan & Liu, 2020); otherwise this data was a 
big challenge if accuracy is considered  (Li et al., 2013). 

In these regards, the climate of an urban area is distinguished and is termed as ‘urban 
climate’ because of it as an outcome of intense urban activities (Rose & Devadas, 2009). These 
distinguish an urban region from other areas (Rose & Devadas, 2009; Li & Zeid, 2013). Works 
on examining the temperature of Delhi through satellite data can be observed. Roy, Singh and 
Kumar (2011) highlight the spatial aspects of the temperature profile of the city’s metropolitan 
area, focussing upon the aspect of Urban Heat Island (Roy, Singh & Kumar, 2011). Mallick, 
Kant and Bharat have examined the Landsat -7 data along with land cover classes for the 
city and have found a correlation between land use and LST. Chakraborty, Kant and Mitra 
(2015) have attempted an analysis of temperature analysis of Delhi using Landsat and MODIS 
data for seasonal examination of temperature from the year 2000-2010  and have attempted 
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a correlation of temperature change with anthropogenic activities and have observed a direct 
relation between the two (Chakraborty, Kant & Mitra, 2015). 

Broadly, it has been observed that an increase in the level of urbanisation and augmented 
urban activities have a direct positive bearing on LST as has been highlighted by Dutta, 
Rahman, Paul and Kundu (2019). Mallick and Rahman (2012) have also had similar 
findings. In a recent work by Dutta, Rahman, Paul and Kundu (2021), an unprecedented 
growth in the impervious surface in the city has been observed to have a high positive 
correlation with LST.   

The present study attempts to interpret the evolving nature of temperature data from 
satellite derivations for the city of Delhi. Delhi is the national capital of India and is amongst 
the largest urban centres of the country as well as the world (Sundaram, Vernon, & Rao, 
2022).The city of Delhi is the study area and temperature variations over a longer duration 
of time are observed through various databases for analysis. Besides, seasonal variations 
in temperature along with the increasing foot print of human activities, make the city a 
compelling case of study in the light of climate change (Hughes, 2013). The aim here is to 
derive a temporal profile of temperature considering the city as a single unit over a longer 
duration of time. 

Study Area- The city of Delhi is located between 28˚ 23’ 17” North – 28˚ 53’ 00” 
North latitude and 76˚ 50’ 24” East – 77˚ 20’ 37” longitude in the interior of north India at 
an elevation of about 231-305 meter (Mallick, Kant & Bharat, 2008; Roy, Singh & Kumar, 
2011). It is flanked by river Yamuna in the east, rocky hills of the Aravalli Range in the 
south and south west, and a plain region in the 
middle of the region (Sundaram, Vernon & 
Rao, 2022). With a rich plant and animal life, 
the city experiences different climatic seasons 
(Sundaram, Vernon & Rao, 2022). The climate 
of the city ranges from hot and dry from the 
middle of March to the end of June when the 
rainy season replaces it from July to September; 
this is followed by a change in season from 
October-November to winters to December-
February months (Sundaram, Vernon & Rao, 
2022). With an area of 1,484 sq.km. and  a 
rapidly growing population which stands today 
at approximately 31 million, it has a population 
density of 29,259 people which is amongst the 
highest in the world (Review, 2022). All this 
makes the city the fifth most populated on the 
globe (Review, 2022). 

Figure 1: Delhi-Location
Source: Author, 2022
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Besides, being the national capital, it also acquires a regional significance in terms of 
economy (Sundaram, Vernon & Rao, 2022) and is listed amongst the most polluted cities 
in the world and is cited as the world’ most polluted capital city (Thiagarajan, 2022). The 
National Capital Territory (NCT) of Delhi is at the core of the Delhi Metropolitan Region and 
the National Capital Region (TCPO, 2007; Board, 2017). High density urban built up is the 
most prominent land use of the city (Roy, Singh & Kumar, 2011) and it is growing rapidly 
(Dutta, Rahman, Paul & Kundu, 2021). 
DAtABASE AND MEtHODOLOgY

The current analysis is a broad overview of data available on Delhi’s temperature from 
different satellite platforms. The current context is specific as recent data from the state 
of the art technology till date has been utilised for analysis in the present study. Further, it 
has been highlighted that the current information from satellites on temperature are very 
reliable and near to ground level measurements. Data from 1960-2022 has been derived from 
Climate Engine of Terra Climate Monthly dataset. The variables of maximum and minimum 
temperature computed at 4000 m resolution form the basis of this database (Engine C. , 2022). 
Terra Climate provides climatic data from 1958 to present. It has been observed to provide 
reliable data for climatic parameters (Lab, 2022). This dataset comprises of month wise 
climate and climatic water balance of earth’s surface for the time period from 1958-2019 with 
a monthly resolution and an approximate 4 km spatial resolution (Lab, 2022).  The ‘Primary 
Climatic Variable’ of temperature is derived by a combination of WorldClim dataset, CRU TS 
4.0 and JRA55 by Terra Climate. The data has exhibited a ‘strong’ correlation with ground 
observations (Lab, 2022). 

The Landsat has been defined as a ‘mission’ and is the longest operation data acquisition 
of the Earth from satellites since 1972 (USGS, n.d.) It is a joint operation of USGS and 
NASA (USGS, n.d.). The current study examines data from Landsat 5, 7, 8 and 9. Landsat 
9 is the most recent mission in the category launched in September 2021 (NASA, 2022).  
Landsat 8 is particularly more state of art as it operates on Operational Land Imager (OLI) 
and the Thermal Infrared Sensor (TIRS) instruments; in which the TIRS is operating on latest 
technology involving quantum physics (USGS, n.d.) and provides a more reliable data for 
LST (USGS, n.d.). LST for the city has been extracted from the Climate Engine for the time 
period from 1984-2022 using Landsat 5/7/8/9 Surface Reflectance database computed at a 
resolution of 30m. This has been examined to show the minimum, maximum and mean values 
of temperature data (Engine C. , 2022). 

To extend the analysis further, reanalysis data has been used from ERA 5 which is a 
combination of ground measurements, remote sensing data, and modelled data and provides 
an upgraded and very reliable output for temperature at 2m (Lompar, Lalic, Dekic & Petric, 
2019; Yu et al., 2021).This data has been gathered from the Climate Engine for information on 
mean, maximum and minimum temperature at 2m height. 

Besides, to observe the broad spatial trend of temperature data for the city for an extended 
reliability, the MOD 11A1 V6.1 data on LST during data at 1 km height has been derived for 
mapping from the Google Earth Engine through the Code Editor (Engine E. , 2022). The MOD 
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11A1 V6.1 generates daily LST and emissivity in a grid of 1200 *1200 kilometre through 
swath with a resolution of 1000 meters (Engine E. , 2022). This data is provided by NASA LP 
DAAC at the USGS EROS Center. 

The details of databases used in the current study are as follows: 
table 1. Details of database accessed

Database type of data utilised
Terra Climate Monthly data analysed annually from  1960-2022* (*Till April 2022)
Landsat 5/7/8/9 
Surface Reflectance

Monthly data analysed annually from  1984-2022* (*Till April 2022)

ERA5 reanalysis Temperature at 2m, 1979-2022* (*Till April 2022)- Minimum, 
maximum, mean temperature 

MOD 11A1 V6.1 Spatial mapping of LST during day at 1 km from 2000-2009, 2010-
19 and 2020- 2022* (*Till April 2022) 

Source:Author, 2022
The information obtained from the above sources is diagrammatically represented, 

mapped, processed in QGIS 3.16. and analysed for interpretations wherever necessary. 
SERvAtIONS, ANALYSIS AND RESULtS

Following observations were derived from the databases discussed above:
A. terra Climate- This database has been used for observing the maximum and minimum 

temperature for the city as depicted in Figure 2. 

Figure 2: Delhi- Maximum temperature (1960-2022)
Source: Derived by author from Climate Engine (Engine C. , 2022)
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Figure 2.  shows that the maximum temperature for the city has been recorded around 1980s 
and 1990s. Intermediate maximum temperature is also observed but the highest temperature in this 
database is highlighted in 1980s and1990s. The running mean also indicates slight fluctuations. 
Also important to note is the fact that the lower range of maximum temperature which is an 
indicator of winter season for the city shows a declining trend in few years since 2000. 

Figure 3:  Delhi- Minimum temperature (1960-2022)
Source: Derived by author from Climate Engine (Engine C. , 2022)

The minimum temperature is observed from Figure 3, however, it indicates an increase 
post- mid 1990s. The maxima in this category for its upper end is observed post-2010, with 
temperature crossing 30⁰ C on the minimum scale. The lower end of this data can be seen from 
1960s and 1970s. However, this data has also shown a fluctuating trend. Another important 
concern in this regard is that the running average for this temperature categorisation is showing 
a slightly declining trend from 1960 to 2022. 
B. Landsat 5/7/8/9 Surface Reflectance- This data indicates the land skin temperature or 

LST. The graph in Figure 4 clearly indicates an increase in LST for the city post- 2005 
which can be attributed to an increase in urbanisation to  a great extent. But this increase 
is co-terminus to some extent only, surprisingly, with the kind of changes observed in 
maximum and minimum temperature through Terra Climate. The running mean is highly in 
tandem with the LST maxima trend which directly indicates a constantly increasing value 
of temperature of land surface. It can be observed to have reached the highest value of the 
period around 2017-2019. A very significant point to note in the context of temperature 
derived from the data source is that the range of LST in term of its lower end has recorded 
minimum values post-2015 and this is going down every passing year. This is indicative 
of more radiative cooling. The year 2022 till date has broken the record in this regard. The 
overall range of data has been minimum from 2000-2005 and recently indicating a more 
radiative cooling on the whole. 
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Figure 4: Delhi- LSt (1984-2022)
Source: Derived by author from Climate Engine (Engine C. , 2022)

C. ERA 5 Re-Analysis- Figure 5 and 6 indicate the trend in minimum and maximum 
temperature at 2m for the NCT of Delhi from 1979-2022. It can be seen that in last 40 
years of data, the maximum temperature is exhibiting an almost equal deviation from its 
mean values to a decrease in half of the period and to an increase in the rest of the period 
of about 20 years. In this context, the maximum deviations from the mean values are 
recorded in one year intermittently for every decade. Besides, negative deviations from the 
mean maximum were largely recorded constantly in 1980s to 1990s. Maximum positive 
deviations from mean values were observed during  the decade from 1995- 2008. Recent 
years tata is showing a more fluctuating trend in this regard. 

Figure 5: Delhi- Maximum temperature (1979-2022)
Source: Derived by author from Climate Engine (Engine C. , 2022)
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Figure 6:Delhi- Minimum temperature (1979-2022)
Source: Derived by author from Climate Engine (Engine C. , 2022)

The examination is further carried and concluded with the mapping of MOD 11A1 
V6.1 data.
D. MOD 11A1 v6.1 Data for Surface temperature: Data generated from this database has 

been analysed on a decadal basis as is available since 24-02-2000. The period of analysis 
is from 24-02-2000 to 31-12-2009 (Map 1 in Figure7), 01-01-2010 to 31-12-2019  (Map 2 
in Figure7) and from 01-01-2020 to 30.04.2022  (Map 3 in Figure7). The results obtained 
for the NCT of Delhi have been mapped to observe the overall trend in Figure 7. The data 
is derived in Kelvin scale with scaling factor and is converted to Celsius scale for analysis. 

•	 Temperature for 2022 is till April only. Temperature is in Kelvin without conversion and 
scaling factor

Figure 7: Delhi- Surface Air temperature (2000-2022)
Source: Author, 2022 derived from Google Earth Engine Code Editor (Engine E. , 2022)
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Temp. range for Map 1 after derivation: 26.67 0C: 34.35 0C 
Temp. range for Map 2 after derivation: 26.51 0C: 35.15 0C
Temp. range for Map 3 after derivation: 25.91 0C: 34.53 0C
As can be seen from Figure7, land emissivity range for surface temperature of the city on 

an average is showing a general increasing trend. While there is an increase in its upper range 
during year 2000-2010, its lower range has been coming down. Geographically observing, lowest 
temperature values are observed on water body i.e. river Yamuna running from north to south in 
the eastern part of the city. LST is showing an increasing trend but spatial fluctuations are also 
noted. Generally, the western part of the city is exhibiting an increased LST geographically. 
DISCUSSIONS AND CONCLUSIONS

It can be fairly concluded on the basis of above findings that the city of Delhi is observing 
variations and fluctuations in its temperature ranges during  the observed time period. In this 
regard, LST is showing a fluctuating increase temporally and spatially and also is setting newer 
records as far its range is concerned. Further, minimum temperature for the city is setting new 
records while the maximum temperature is showing a slight decrease on the whole. These 
findings can be elaborated spatially but this is not the subject matter of the current study. 
These observations can help in the broad analysis of the behaviour of temperature as a climatic 
parameter for an urban area like Delhi.
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