
[ VOLUME 5  I  ISSUE 2  I  APRIL – JUNE 2018]                                                    E ISSN  2348 –1269, PRINT ISSN 2349-5138 

854   IJRAR- International Journal of Research and Analytical Reviews                                                   Research Paper 

Diurnal land surface’s thermal behavior and socio-environmental 
factors: A case study in NCT-Delhi 

 

Suvamoy Pramanik 
M.Phil.Junior Research Fellow (Geography), Centre for Studies of Regional Development (CSRD), Jawaharlal 

Nehru University (JNU), New Delhi, Delhi – 110067 
 

Received:  April 09, 2018                                                                      Accepted: May 15, 2018 

     
  ABSTRACT Land surface temperature (LST) is strongly associated with the land use land cover (LULC) 
characteristics, social (Population density, Fossil fuel Co2 emission) and others environmental variables (NDVI and 
NDWI) of a particular area. With the rapid urbanization, LULC, social and environmental variables are changed in such 
a way that it alters and modified the thermalbehavior of the urban area and ultimately caused urban heat island (UHI). 
Therefore, the relationship between day/night LST with LULC, social and environmental variables is very important in 
order to understand and linking land surface thermal behavior with others important factors. In this study, ordinary 
least square (OLS) method was applied to investigates relationship between day/night LST with LULC, social and 
environmental variables for the periods of 2001 and 2017 in Delhi, the national capital of India. The result found that 
day-time LST is strongly associated with fallow land followed by bare soil and built –up land. But night time LST highly 
associated with built-up land, which indicates fallow land, bare land and built-up land create UHI during day and night, 
respectively. Besides, population density and fossil fuel Co2 emission are highly correlated with night-time LST, rather 
than day-time LST, which envisaged highly dense as well as polluted areas are more vulnerable to UHI during Night. 
NDVI and NDWI were negatively correlated with both day & night LST, which pointed the role of vegetation and water 
for mitigating UHI. Yet, in 2017 relationship with NDWI was low positive due to physical properties of water. Finally, 
finding of this study could help to understand diurnal land surface thermal behavior which also help for better urban 
planning. 
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1.0 Introduction: 
Urbanization is now become a major component for environmental degradation, environmental 
vulnerability,and environmental susceptibility, though it has a positive impact upon country’s economy 
(Ranagalage, Estoque, & Murayama, 2017). The United Nation (UN) projected that 66% of world’s 
population will be urbanized in near future by 2050 and rate of urbanization of Asia and Africa would be 
tremendously high compared to any other region of the world. Besides, Delhi is the 2nd largest city in the 
world after Beijing and has the highest potentiality for the huge growth of urban population (UN, 2017). The 
expected result of this urbanization is the transformation of land from natural (Soil, Vegetation, Water etc.) 
to developed (impervious surfaces). Ultimately, this alters the physical properties of the land surface i.e. 
moisture content, thermal balance, heat conductivity, emissivity etc. which resulted in the reduction of 
evaporation (Deng & Wu, 2013). This transformation of the land use and land physical properties leads to 
several negative impacts upon the urban environment; an increase of land surface temperature (LST) and 
formation of urban heat island (UHI) is one of them.  
Understanding of the relationship between LST and other environmental variable is very important in order 
to reveal the thermal behavior of an urban system (Zhang et al., 2017). The previous scholar envisaged 
relationship between LST and series of environmental variables using very commonly use environmental 
variables; normalized difference vegetation index (NDVI), normalized difference water index (NDWI), 
normalized difference built-up index (NDBI), normalized difference bareness Index (NDBaI) (Sannigrahi et 
al., 2017). The spatial and temporal pattern of this understanding could significantly help to future land use 
and urban planning. Mushore et al.,(2017) used series of vegetation indices and urban indices to 
understand and quantify the relationship between the environmental indicator and LST and use this 
relationship as a predictorto predict LST for future. (Ranagalage et al., 2017) calculate environmental 
criticality index (ECI)  on the basis of the ratio between NDVI and LST.  
The previous scholar has emphasized the relationship between land surface temperature and ecological 
variables through statistical analysis: mainly regression analysis. Satellite-derived ecological indicators like 
NDVI, NDBI, NDWI, NDBaI are very common for assessing the bivariate relationship. The research gap is 
that there are very few studies which include both social variables (i.e. population density, fossil fuel (Co2) 
emission) and ecological variables (i.e. NDVI, NDWI, NDBI) and land use land cover classification for 
comprehensive understanding the relationship. Besides, all the study includes only daytime LST, though 
theoretically UHI effect is more prominent in night time(Bokaie et al., 2016). Therefore, this study aimed to 
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investigates the relationship between land use land cover, social, environmental variables with day/ night 
LST for 2001 and 2017 to understand thermal behavior of the semi-arid city Delhi. 
2.0 Database and Methodology: 
2.1 Study area: 
Delhi, the capital of India located at 28°-24'-17" N, 76°-50'- 24" E to 28°-53'-00" N, 77°-20'- 37" E which is in 
the Northern part of India. Physio-graphically Delhi is located at an altitude of 227 m above mean sea level 
in the northern fringe of Aravalli ridge and southern ‘edge of Indo- Gangetic Plain’ (Figure 1). Climatically it 
is located in a semi-arid region where annual average rainfall is 790 mm, summer season average 
temperature is 25°C to 45°C and winter season average temperature is 5°C to 25°C. Rainfall occurred 
maximum in August month (248 mm). Delhi also faced extensive fog and air pollution scenario during 
winter month (January - December). The air quality of Delhi also remains poor throughout the city.  

 
Figure 1. Location map of the study area Delhi. 

2.2 Database:  
Following datasets represented in Table 1 are used in this study.  

Table 1. Details of the database used in the study 
Variables Database Spatial 

Resolution 
Time Periods Sources 

Day/ Night LST MOD11A2– V6 
(MODIS-Terra 
LST product) 

1 Km × 1 
Km 

2001 & 2017 Land Processing Distributed Active 
Archive Centre (USGS) 
https://lpdaac.usgs.gov/ 

Land use / Land 
cover 

Landsat 7 ETM & 
Landsat 8 
OLI/TIRS 

30 m × 30 
m 

2001 & 2017 United States Geological Survey 
https://earthexplorer.usgs.gov/ 

Environmental 
Variables- NDVI 
& NDWI 

Landsat 7 ETM & 
Landsat 8 
OLI/TIRS 

30 m × 30 
m 

2001 & 2017 United States Geological Survey 
https://earthexplorer.usgs.gov/ 

Social variable:  
Population 
Density 

Gridded 
population of the 
world (GPW) V- 
4.10 

1 Km × 1 
Km 

2000 & 2015 Socioeconomic Data and 
Application Centre (SEDAC) 
http://sedac.ciesin.columbia.edu 

Fossil Fuel Co2 
Emission Data 

ODIAC fossil fuel 
emission dataset 

1 Km × 1 
Km 

2001 & 2016 
(Months:  April) 

Fossil fuel Co2 Emission Data base 
http://db.cger.nies.go.jp 

https://lpdaac.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
http://sedac.ciesin.columbia.edu/
http://db.cger.nies.go.jp/
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Day/night land surface temperature was derived from MOD11A2 (MODIS Terra) product by multiplying 
appropriate scaling factors (0.02) to convert it in Kelvin then substitute 273.15 from it to get final LST in 
°C(Wan et al., 2015). 
Land use land cover (LULC) classification was performed using maximum likelihood classification (MLC) 
from the Landsat 7 and 8 satellite imagery. LULC categories are urban or built-up area; Current fallow land; 
Bare land or Rocky surface; Green Space; Water bodies and Cropland. The accuracy assessment of the 
classified map was done by preparing confusion matrix using 100 random points of each class and Kappa 
statistic (Bogoliubova & Tymków, 2014; Cohen, 1960; Congalton, 1991). 
Normalized difference vegetation index measures the intensity of greenness in the area (Chen & Zhang, 
2017). This index is simply a ratio measurement of the difference between maximum absorption in the red 
region of chlorophyll pigments and maximum reflectivity in the near infrared region.  

                                                                                      (1) Where, NIR = Band 

4 for Landsat 7 (ETM) and Band 5 for Landsa 8 (OLI); RED = Band 5 for Landsat 7 (ETM) and Band 6 for 
Landsat 8 (OLI).  
Normalized difference water index (NDWI) first proposed by Gao (1996) to detect moisture content 
available in vegetation through remote sensing, also considered equivalent to the thickness of water(Chen & 
Zhang, 2017; Gao, 1996). It is generally expressed as  

                                                                                                             (2) 

Where NIR = Band 4 (for Landsat 7 ETM) and Band 5 (for Landsat 8), MIR = Band 5(for Landsat -7 ETM) 
and Band 6 (for Landsat 8). Theoretically, both the value of NDVI and NDWI varies from + 1 to – 1.  
GPW Population Density V 4.10 for 2000 and 2015 is most up to date cost-effective global fine-scale 
population density database. It has a spatial resolution of 30 arc second or approximately 1km × 1 km 
spatial resolution (SEDAC, 2018). 
Two raster datasets in the months of April in 2001 and 2016 were downloaded from the ODIAC fossil fuel 
emission dataset, which is also in 1km × 1 km spatial resolution. This data gives in raster geo tiff (.tif)) 
format which is monthly average of fossil fuel emission Co2 tonne per pixels (pixel size is 1km × 1km) (Oda, 
Maksyutov, & Andres, 2018). Both population density and fossil fuel emission data were clipped using 
shape (.shp) file of Delhi and used in this study. 
2.3 Methodology: 
As MODIS day night LST product, GPW Population Density V 4.1.0 and Co2 emission data are given as 1 km × 
1 km spatial unit and Landsat-7 ETM and Landsat 8 OLI / TIRS derived ecological variables (NDVI and 
NDWI) are in 30m × 30m spatial resolution, there is a scale conflict among these variables. To avoid this 
scale conflict, 1 Km × 1 Km spatial unit is considered as a basic statistical unit because of LST data, 
population density data and fossil fuel emission Co2 data has the common 1 Km × 1 Km spatial unit. After 
that, the mean value of both NDVI and NDWI are calculated within the spatial unit of 1 Km × 1 Km and 
statistical analysis have been done on the basis of these data using simple regression model. 
3.0 Result: 
3.1 Land use land cover changes: 
Land use land cover map (represented in Figure 2) and it'sovertime change detection (2001 - 2017) shows 
thatthe built-up area is expanded (highest during 2001-17, Table-1) in the North, North-west, and south-
west direction of Delhi. In the North – East, right bank of the river Yamuna, and Central Delhi, built –up land 
was compact in 2001 but it becomes denser in 2017. 

Table 2. Land use land cover changes in Delhi 2001 & 2017 
Land use land cover Area (Km2) Percentage change  

2001 2017 2001 2017 
Built-up 426.26 759.74 28.74 50.22 
Current fallow land 283.21 196.39 19.09 13.24 
Exposed rocky bare land 116.42 75.74 7.84 5.10 

Green Spaces 139.83 215.23 9.42 15.51 
Crop Land 503.03 221.72 33.91 14.94 
Water 14.37 14.3 0.96 0.96 
Sum Area 1483.12 1483.12 100 100 

Due to the presence of some restricted area in the middle of the Delhi (i.e. administrative buildings, foreign 
embassy, presidential estate etc.) built-up area was not expanded like another region in this area. 
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Figure 2. LULC map of Delhi, 2001 & 2017 

3.2 Environmental factors – NDVI and NDWI: 
Normalized difference vegetation index (NDVI) is a good descriptor of land use information, represented in 
Figure 3. Negative NDVI value indicates water bodies and low positive or NDVI near zero value indicates 
build up and bare land and high positive value indicate vegetation cover. Minimum and maximum NDVI 
value for 2001 are -0.39  and 0.76 and for 2017 are -0.31 and 0.78 (Table 3). From the figure shows that in 
the North –West, and South – West part of Delhi, NDVI value was reduced from 2001 to 2017, that indicates 
urbanization, as well as the transformation of agricultural land to fallow land, took place. 
 

 
Figure 3. Spatio-temporal pattern of NDVI, 2001 & 2017 

NDWI map is represented in Figure 4, which shows the hydraulic stress of the study area for 2001 and 
2017. Maximum and minimum NDWI values ranged from -0.32 to 0.72 in 2001 and -0.68 to 0.71 in 2017. 
For Delhi, NDWI value was very much low in the agricultural fallow land, bare land and built-up area during 
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the study period. Major changes in NDWI occurred in the North – Western and South – Western and South 
part of Delhi where fallow and bare land was the major land use (Figure 2 & 4), 
3.3 Social factors - Changes in Population Density: 
Figure5 shows spatial distribution population density during 2000 and 2015 in Delhi. The minimum and 
maximum population density ranged from 376.47 to 26305.54Person per Km2 in 2001 and 445.97 to 
44717.65 Person per Km2 in 2015 (Table 3). The high population was found in North– East part of Delhi and 
like a narrow stripe in the middle of the Delhi. Though in the South and 

 
Figure 4. Spatio-temporal pattern of NDWI, 2001 & 2017 

 
Figure 5. Spatiotemporal pattern of population density, 2000 & 2015 

South – West part of Delhi population also increased rapidly. Figure 5 alsoindicates high population density, 
as well as built-up area, is strongly associated with each other 
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Table 3. Descriptive statistics of different variables used in this study 

  2001 2017 

  Minimum Maximum Average Minimum Maximum Average 

Day LST (°C) 27.60 37.86 32.83 32.34 41.42 36.92 

Night LST(°C) 13.97 22.16 17.80 17.32 26.63 22.97 

NDVI -0.39 0.76 0.25 -0.31 0.78 0.3 

NDWI -0.32 0.72 0.06 -0.68 0.71 0.07 

Population (P / Km2) 376.47 26305.54 8139.89 445.97 44717.65 14667.39 
Co2 Emission (t/c/m) 8 456.37 112.22 15.05 1307.89 506.91 

 

3.4 Social factors - Changes in fossil fuel Co2 emission: 
Figure 6shows the monthly fossil fuel Co2 emission (in tonne/ cell/ month) for the month of April in 2001 
and 2016. The maximum and minimum Co2 emission ranged from 8 tonne/ cell/ month to 456.37 tonne/ 
cell/ month for 2001 and 15.05 tonne/ cell/ month to 1307.89 tonne/ cell/ month for 2016 (Table 3 & 
Figure 6). Co2 emission was spatially concentrated in the North – East and middle part of Delhi during 2001 
– 2017 where main land use type was built-up, as well as population density, was also very high. This is 
because of fossil fuel emission (Co2)occurs in an urban area due to anthropogenic factors i.e. emission from 
the transport sector, residential and industrial emission etc.  

 
Figure 6. Fossil fuel Co2 emission, 2001 & 2016 

3.5 Spatio-temporal variation of day/ night LST and relationships with social and environmental 
indicators: Daytime LST is represented in the figure 7 which indicates there was huge temperature  

 
Figure 7. Daytime LST (°C) 2001 & 2017 
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change from 2001 to 2017. Average LST of 2001 was 32.83°C, which reached to 36.92°C in 2011. The spatial 
pattern also clearly envisaged that LST was concentrated from the South to the south West, North and North 
East (Figure- 7). Besides, night-time LST was mainly concentrated in the central portion of Delhi, where the 
built-up area is maximum in proportion. Average night-time LST was changed from 17.80°C in 2001 to 
22.93°C in 2017, and the pattern is like low temperature observed in periphery region and high 
temperature is observed in central and interior region (Figure - 8). 
LULC wise day/ night LST difference for the time periods is represented in Figure 9, which shows 
thatdaytime LST observed in the fallow land (33.90°C & 37.65°C in 2001& 2017) followed by bare land and 
built-up. But night time LST highest in Built up (19.87°C & 24.21°C) for 2001 and 2017.  
The relationship between NDVI and day/night LST for 2001 and 2017 is represented in Figure 10. Both the 
result of 2001 and 2017 shows a statistically significant (p < 0.01) negative correlation for day and night. 
The correlation coefficient (r) for day and night in 2001 are -0.552 and -0.637 respectively and for day and 
night in 2017 are -0.190 and   -0.098 respectively. Relationship between Day / Night LST and NDWI for 
2001 and between day LST and NDWI for 2017 were negative and (r = -0.552 and -0.637 for day and night 
in 2001 respectively and r = –0.314 for day in 2017), but relationship between NDWI and night LST was 
slightly positive in 2017 (r = 0.098) (Table- 4). 

 
Figure 8. Night time LST (°C), 2001 & 2017 

 

 
Figure 9. LULC wise day/night LST (°C), 2001 & 2017 

The relationship between day LST and population density was value is very low for 2001 and 2017. That 
indicates population density had no such significant or low significant relationship with the day time LST. 
But this relationship becomes highly positive as well significant. (r = 0.577 and 0.478 for 2001 and 2017 
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respectively). This means, high-density population area positively influences surface temperature during 
night time and vice-versa in Delhi.  
During day time, there was low positive relationship in 2001 (r =0.131) and 2017 (r = 0.148) between LST 
and fossil fuel Co2 emission. But during the night this relation became highly positive i.e. r = 0.853 and 0.778 
for 2001 and 2017 respectively. Fossil fuel Co2 emission directly contributes to the air pollution and 
increased the suspended materials in the air. Which made an obstruction to incoming solar radiation during 
day time and reduced the surface temperature. But in during night when surface materials released the 
absorbed heat, heat is being trapped by suspended pollutant materials (Co2) in the lower atmosphere and 
create night time heat island. 

Table 4. Correlation matrix among different variables used in this study, 2001 & 2017 

2001 Pearson's Correlations (r) 

  NDVI NDWI PP DN CO2 D_LST N_LST 

NDVI 1     
 

    

NDWI .878** 1         
PP 
DN -.481** -.245** 1       

CO2 -.512** -.306** .641** 1     

D_LST -.552** -.764** 0.015 .131** 1   

N_LST -.637** -.552** .577** .853** .461** 1 

**. Correlation is significant at the 0.01 level (2-tailed). 

2017 Pearson's Correlations (r) 

  NDVI NDWI PP DN CO2 D_LST N_LST 

NDVI 1           

NDWI .664** 1         
PP 
DN -.354** -0.022 1       

CO2 -.114** .209** .513** 1     

D_LST -.190** -.314** .131** .148** 1   

N_LST -.098** .098** .478** .778** .289** 1 

**. Correlation is significant at the 0.01 level (2-tailed). 
4.0 Findings: 
The major findings of this study are following  
i. The land surface temperature of Delhi during day increase on an average of 4°C and during the night it 

increases on an average 5°C within the period of 2001 – 2017. 
ii. During daytime, comparatively higher LST was found upon the fallow land and bare land than LST of the 

built-up region. Since fallow land and bare land are located in the periphery region of the Delhi (i.e. 
South West and South), that is why city core remains comparatively cool.  

iii. In addition, there are less built-up area and planned vegetation (NDVI value was high) in the central part 
of Delhi (i.e. city core), for this reason, this area remained cool. Though day time LST was high upon the 
newly built region (i.e. North – West of Delhi). 

iv. NDVI was found as a good heat reducing factor for both day and night. This implies significance of green 
space or vegetation as a remedy of UHI. 

v. NDWI also was found as heat reducing factor but only during day time. Because in 2017, NDWI values 
are positively related with the LST, mean water bodies may influence positively night time UHI. Thermal 
properties of water, as well as size and depth of water bodies, may be other factors. 

vi. Finally, population density and fossil fuel Co2 gas can highly contribute to the night time UHI. 
5.0 Conclusion: 
The overall findings of this can improve our understanding and which can help us to mitigate UHI in highly 
urbanized city like Delhi. The urban planner needs to incorporate urban green space and water bodies for 
better urban planning. For Delhi, low-density built-up area with appropriate green space planning could be 
the best option. Further, we have to keep in mind better transportation planning as well as environmentally 
sustainable industries for reducing the fossil fuel emission. Improving public transport system and last mile 
connectivity instead of constructing new roadscanreduce the pressure of private cars on roads. On the other 
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hand, emission from industries needs proper treatment before coming to the environment or needs to shift 
to the beyond the city limits. Therefore, it can be concluded that more green space, larger water bodies 
should need to create and protect for increasing the livability and sustainability of Delhi. This study also has 
some limitation due to consideration of different data on different time periods (i.e. Population Density data 
and Fossil fuel emission data arenot in a same year). 

 
Figure 10. Scatter plot showing the relationship between day /night LST and social-ecological 

indicators 2001-17 
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