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Abstract
The increasing trend of urbanization poses a significant challenge to 
environmental sustainability, particularly concerning air quality. This study 
examines the impact of rapid urbanization on the Dehradun district land 
use and land cover (LULC), with the built-up area increasing from 44.2 
km² to 276.5 km² between 2000-2019. The LULC analysis highlights  
a significant expansion of built-up areas influencing regional air quality.  
A comprehensive analysis of air pollutants and environmental factors 
spanning 2000 to 2019, utilizing TROPOMI, OMI, MODIS, MOPITT, and 
CHIRPS data, was also conducted. Spatial variations of air pollutants, 
including CO i.e. carbon monoxide, HCHO i.e. formaldehyde and NO2 i.e. 
nitrogen dioxide demonstrate higher concentrations in urbanized areas. 
Temporal variations exhibit seasonal peaks during the summer months. A 15-
year trend analysis indicates a consistent rise in NO2 and HCHO, attributed 
to urbanization and anthropogenic activities. The correlation matrix highlights 
strong positive correlations among air pollutants, suggesting common 
sources or influences. The correlation between NO2 and CO stands at 0.652, 
between HCHO and CO is 0.583, and between HCHO and NO2 is 0.619. 
Higher correlation values of more than 0.4 are observed between the land 
surface temperature and pollutant concentrations, highlighting the influence 
of anthropogenic activities on temperature rise. In an attempt to mitigate the 
negative effects of uncontrolled urban sprawl on the district of Dehradun's 
air quality and overall environmental health, the study underscores the 
pressing need for sustainable urban planning. These findings contribute 
valuable insights for decision-makers to formulate effective strategies 
for environmental conservation against the unfavourable consequences  
of swift urbanization.
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Introduction
The allure of metropolitan settings sparks the 
aspirations of numerous individuals to reside in urban 
areas. As per the 2019 United Nations reports, it is 
projected that by the year 2050, cities will be home 
to two-thirds of the global population. The primary 
catalysts for variations in worldwide climate patterns 
can be attributed to the processes of urbanization 
and industrialization. Across the globe, cities have 
witnessed a rapid surge in population, resulting in 
the conversion of land surfaces—typically composed 
of flora and soil—into high-density structures and 
impermeable zones.

The construction of these impervious areas is 
largely due to the use of various materials, such 
as concrete, bricks, and tiles, as well as asphalt, 
for buildings, roads, and parking places.1,2 The 
urban environment is subject to change due to the 
thermal characteristics of the surfaces, as well as the 
emissions of heat, humidity, and pollution.3,4

Fuladlu & Altan5 investigated the contribution of LULC  
transformation to the air pollution in urban areas and 
the rise of major air pollutants and LST in Tehran 
and their concentration is significantly impacted 
by increasing height, as indicated by the negative 
association found between PM2.5, SO2, NO2, and 
altitude. According to a study, the urban heat island 
effect is caused by the high level of soil sealing 
and continuous built-up areas observed in Italian 
metropolitan regions, which significantly alter land 
surface temperature (LST) in different locations. 
There is a strong relationship between urban areas 
and LST variations across different cities of Italy.6 
In a similar study over Kuala Lumpur, also shows 
that the urbanised area tends to raise the LST while 
vegetative area shows a decrease in LST.7 The study 
over different cities of Punjab also shows that urban 
areas generally exhibit higher average temperatures 
compared to suburban and rural locations.8 Pathak 
et al.,9 analysed the spatial pattern of LST and 
land indices (i.e. NDVI, NDBI and EBBI) and their 
interrelationship dynamics over the city of Agra and 
concluded that the city center has more increased 
LST than its periphery.

Numerous studies have concluded that there is a 
high correlation between LST and air pollutants, 
including carbon monoxide, hydrocarbons, sulfur 
dioxides and nitrogen oxides.5,10,11,12 Air pollution 

concentrations including sulfur dioxide, nitrous 
oxide, and hydrocarbon have increased as a result 
of several factors, including the fast growth of the 
population, coal mining, industrialization of the 
region, fast city development, and the proliferation 
of transportation options.13,14,15 A study over the 
Crimean Mountain River basins shows that the 
highest pollutant concentrations were seen in 
areas surrounding major urban centres and 
along important highways, with Simferopol with a 
considerable impact on the studied river basins. 
The complex index of atmospheric pollution was 
found to be highest in large settlements and nearby 
lands, whereas the lowest values were observed 
over forests. The emissions of atmospheric 
pollutants increased from 2018 to 2021.16 Gautam 
et al.,17 investigated the degree of air pollution 
exposure that people in Gujarat, India, experienced 
while participating in bonfire activities. Their 
research study discovered that PM2.5, PM10, and CO 
concentrations were greater than permissible limits, 
having a major detrimental impact on human health. 
They came to the conclusion that exposure to PM10 
has adverse impact on human health than PM2.5 

because larger particles were generated nearer to 
the source as compared to finer particles. Wright et 
al.,18 study showed that there is a considerable risk 
of cardiovascular diseases and respiratory ailments 
in Chinese cities when individuals are exposed to 
ambient air pollution over an extended period of 
time. Ambient air pollution, particularly SO2 and 
Ozone (O3), is linked with an elevated risk of severe 
respiratory and cardiovascular illnesses.

The emission of hazardous substances like aromatic 
hydrocarbons and particulate matter, as well as 
gaseous contaminants like ozone, nitrogen oxides, 
and sulfur dioxide, are primarily caused by vehicles, 
coal power plants, and agricultural activities.19,20,2122 
NO2 concentration was found to be significantly higher 
throughout the year due to biomass fuel burning in 
the rural area of West Bengal.23 Aghazadeh et al.,24 
found that the correlation between SUHI, airport, 
and population density was the most significant and 
it was most negatively correlated with NDVI and 
CO. They also reported that heat island and airport 
along with industrial area were found to be directly 
correlated while other land use classes were found 
to be inversely correlated and during the night all 
land use classes were directly correlated with heat 
islands.
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Weng and Yang25 conducted a study in Guangzhou 
City and found that Particulate Matter, SO2 and NO2 

were strongly linked with LST. Hereher26 finding 
also concludes that there is a positive relationship 
between UHII and CO2 and NO2. Bonn et al.,27 and 
Arabi et al.,28 stated that the implementation of more 
green roofs, urban green spaces and wooded areas 
could be beneficial in terms of decreasing particulate 
pollution, however, a decrease in NO mixing ratios 
would necessitate a decrease in traffic emissions. 
Panda et al.29 also conclude that tree plantation 
should be increased to curb air pollution based on 
the air pollution tolerance index plantation (APTI)  
of trees. Research indicates that along the southern 
part of China's Qinling-Huaihe line, green space has 
a larger mitigating effect on air pollution. There is 
empirical evidence to support the pollution-inhibiting 
function of greenspace, since it significantly lowers 
air pollution levels, which includes SO2, PM2.5, NO2, 
PM10, CO and O3. Different geographic areas are 
affected differently by it in terms of air pollution; 
cities in the south or with higher administrative levels 
noticeably see a decrease.30

Dehradun has experienced environmental 
deterioration, due to the unplanned growth of the  
city which shows a significant impact on the 
environment, particularly in vegetative regions.31 
Nautiyal et al.,32 reported an increase in average LST 
by 14.8 during the period 2000-2010 and by 11.8 
during 2010-2019 in Dehradun. The primary reasons 
for this increment in Land Surface Temperature 
values were urban intensification, urban layout, 
and anthropogenic heat sources such as traffic, 
commercial activities, and air conditioners. Piyoosh 
and Ghosh33 evaluated the fluctuations in Dehradun 
City's LULC between 1991 and 2019. Their results 
revealed that the urban area experienced a 
significant increase in population and vegetated 
regions were converted into settlement areas 
that also resulted in the observation of enhanced  
Land Surface Temperature. Deep et al.,34 analysed 
the air quality in Dehradun city from 2011 to 2014 
and assessed the levels of Particle Matter (including 
both respirable and coarser particles) and pollutants 
such as SO2, and NO2 in various parts of the city. 
They reported that the PM10 and SPM exceeded  
the national standards during the winter season.  
Roy and Singha35 also found similar results in 
Siliguri city.

Our research diverges from prior Dehradun studies, 
which were often limited to short timeframes and 
primarily focused on Dehradun city.34,36 We address a 
significant research gap by encompassing the entire 
Dehradun district, enabling valuable urban-rural air 
quality comparisons. Additionally, while previous 
studies relied on older sensors,34 we employ the 
higher-resolution TROPOMI data. Interestingly, our 
study covers 15 years, from 2005 to 2019, giving us 
a thorough understanding of trends in air pollutants. 
By taking into account various pollutants (NO2, 
HCHO, and CO) and environmental factors LST, 
Enhanced Vegetation Index (EVI), and precipitation 
(PPT), we also close another gap by providing a 
more comprehensive understanding of how these 
factors interact with the Dehradun district and the 
region's overall environmental health.

Hence, our research aims to assess the spatio-
temporal fluctuations in air pollutants and additional 
environmental factors, alongside an examination  
of alterations in LULC within the Dehradun region 
from 2000 to 2019. Additionally, it examines monthly 
and seasonal variations in these parameters from 
2019 to 2022. Furthermore, it investigates a fifteen-
year trend in air pollutants trend from 2005 to 2019 
over Dehradun district. The degradation of the quality 
of air in the district of Dehradun primarily stems from 
changes in LULC, with a continuous expansion of the  
built-up class and increased human activities, 
adversely influencing the overall environmental 
well-being in the area. This study highlights this 
critical issue and provides valuable insights for 
decision-makers. The unplanned urban sprawl  
that is negatively impacting the Dehradun district's 
ecology can be lessened by adopting well- 
informed action. In the case of Himalayan states 
such as Uttarakhand, which are highly vulnerable 
to environmental shifts, this holds particular 
significance due to their fragile ecology

Data Description and Methodology
Study Area
Our study area i.e., district of Dehradun in Uttarakhand 
state of India, is located within the latitudes  
of 29 degrees 95 minutes North and 30 degrees 
99 minutes North and longitudes of 77 degrees 
57 minutes East and 78 degrees 31 minutes East. 
Situated between the Yamuna River and the Ganges 
River, the Dehradun district is surrounded by these 
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waterways. In the district's north is the Shivalik Range,  
and in its south is the Himalayan Range. With a 
population density of 549 people per km² in 2011 
(Census of India, 2011), Dehradun stands out as one 
of Uttarakhand's densely populated districts. Its size 
is 3088 km2. As of 2023, the district has a population 
of 2.25 million (Dehradun population, 2023).37 The 
district of Dehradun ranges in elevation from 269 
meters to 3062 meters.

The district of Dehradun is made up of 767 villages, 
six blocks, and seven tehsils. Extreme winter 
temperatures are as low as 3.6 °C and as high as 
19.3 °C, in contrast, extreme summer temperatures, 
which peak in June, are as high as 34.4 °C and as low 
as 29.4 °C. Monsoon months get the majority of the  
year's rainfall (2073.3 mm on average).38 

Fig. 1: Study area showing (a) Country of India; (b) State of Uttarakhand and (c) District of Dehradun

LANDSAT 5 and LANDSAT 8 Data
For the present study area's LULC classification 
was derived from LANDSAT-5 images taken from 
2000 and 2010. NASA launched the LANDSAT 5 
spacecraft in 1984. With a resolution of thirty meters 
in each of the six bands (1–5) and 7, its MSS and 
TM sensors give the images. The thermal band is 
band no. 6. Utilizing the LANDSAT-8 dataset, we 
conducted a classification of our study area for the 
year 2019. On February 11, 2013, as a collaborative 
effort between NASA and the USGS. The thermal 
infrared sensor and the operational land imager (OLI) 
sensor are part of the payload carried by the Landsat 
8 satellite. With a spatial resolution of thirty meters 

for SWIR, Near IR, and visible light, hundred meters 
for thermal, and fifteen meters for panchromatic, the 
OLI and TIRS sensors monitor the whole landmass. 
We employed a supervised classification approach 
to categorize our study area into distinct groups, 
including built-up areas, open forest, agricultural 
land, dense forest, open space or shrub land, fallow 
land and water bodies or dry riverbeds.

TROPOMI Data 
Data for CO, HCHO and NO2 was downloaded from 
the Copernicus Sentinel 5-Precursor Tropospheric 
Monitoring Instrument (S5-P/TROPOMI). The ESA 
i.e. European Space Agency launched this satellite 
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on October 30, 2017. It is a sun-synchronous 
satellite which is currently positioned at an altitude 
of 824 kilometres as it orbits the Earth. Its equatorial 
crossing occurs in the afternoon at 13:30.39,40 With an 
enhanced spatial resolution of 5.5 kilometres by 3.5 
kilometres (initially the resolution was 7 kilometres 
by 3.5 kilometres) at the nadir, the satellite offers 
higher spatial resolution data. The single instrument 
on the Sentinel 5P satellite, TROPOMI, features 
four spectrometers capturing radiance in 8 distinct 
spectral bands, spanning from UV to NIR. This 
extensive spectrum aids in the measurement of the 
ambient concentration of several trace gases, such 
as ozone, formaldehyde, carbon monoxide, nitrogen 
dioxide, and methane.41,42 Level 3 data was acquired 
for CO, formaldehyde (HCHO), and nitrogen dioxide 
(NO2) throughout a four-year period, from January 
2019 to December 2022. Subsequently, the collected 
data underwent processing to generate monthly 
averaged spatial plots spanning the years 2019 to 
2022, achieving a resolution of 5 km. Following this, 
the processed information was further analysed to 
produce a temporal series encompassing the entire 
four-year period.

OMI Data
A valuable dataset spanning 15 years (January 2005 
to December 2019) for formaldehyde (HCHO) and 
nitrogen dioxide (NO2) trends was extracted from the 
Ozone Monitoring Instrument i.e. OMI sensor. Long-
time period duration is important for investigating the 
upward or downward trends over time. The data was 
collected from the OMI sensor aboard Aura satellite 
of NASA. This was a collaborative launch in 2004 
involving Finnish and Dutch organizations.43 The OMI  
sensor utilizes a push-broom arrangement in its 
hyperspectral imager which encompass a broad  
swath of 2600 km. Spatial resolutions range from 
13 kilometres by 24 kilometres at nadir to 28 
kilometres by 160 kilometres at the outer extreme 
swath angle.44 The instrument measures various 
trace gases within the atmosphere, functioning as 
a near UV-visible spectrometer. To acquire data on 
HCHO and NO2 from the OMI sensor, the online data 
system Giovanni was utilized. Giovanni platform is 
developed by NASA GES DISC. The data, presented 
in monthly intervals, was retrieved in ASCII format. 
The fifteen-year time series plot for the Dehradun 
district, spanning from January 2005 to December 
2019, was created using Microsoft Excel.

MOPITT Data 
The MOPITT sensor provided a large dataset 
spanning 16 years, from January 2005 to December 
2020, in order to perform a thorough trend 
assessment of CO for the Dehradun district. An 
instrument on NASA's Terra satellite called MOPITT 
keeps track of carbon monoxide (CO) levels around 
the world. Its expansive 640 km wide swath enables 
the collection of data at the nadir, achieving a spatial 
resolution of 22 km by 22 km.45 Its approach uses 
a priori data and observed radiance to create CO 
vertical profiles via optimal estimation. The total 
column values of carbon monoxide (CO) are then 
obtained by integrating the profile.46 A monthly 
gridded MOPITT product, MOP03JM.009, was 
employed to examine CO temporal fluctuations 
throughout the district of Dehradun.

MODIS Data
The Aqua satellite, launched by NASA in 2002, 
is furnished with MODIS sensor. Additionally, the 
NASA’s Terra satellite, launched in 1999, also carries 
the MODIS instrument. Sensor name MODIS stands 
for Moderate Resolution Imaging Spectroradiometer. 
For the present study, we have utilized data of 
MODIS sensor of Aqua satellite. The choice of Aqua 
is attributed to its equator crossing time at 1:30 
P.M., aligning with the TROPOMI sensor utilized to 
gather trace gases data for the study area. Aqua has 
a wide swath of 2330 kilometres and orbits Earth 
at a height of 705 km. MODIS gathers information 
at different spatial resolutions, ranging from 250 
m to 1000 m, covering thirty six spectral bands 
with wavelengths between 0.405 micrometres and 
14.385 micrometers.47 For the present study, we 
first acquired daily land surface temperature over 
Dehradun at 1 km resolution using MODIS Aqua 
data (MYD11A1.061), and then we averaged it for 
monthly values across four years i.e. from 2019 
to 2022. Additionally, we used monthly averaged 
MODIS Enhanced Vegetation Index (EVI) data 
for the Dehradun district with a resolution of one 
kilometre (MYD13A3.061).

CHIRPS Data
Monthly precipitation data for the Dehradun district 
was obtained from the Climate Hazard Group Infra-
Red Precipitation with Station data version 2.0 
(CHIRPS-v2.0) datasets spanning the years 2019 to 
2022. CHIRPS-v2.0 is a collaborative effort between 
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the CHG and USGS which stand for Climate Hazard 
Group and the United States Geological Survey 
respectively. It offers dependable precipitation 
estimates globally for land areas within the range of 
50 degrees South to 50 degrees North at a spatial 
resolution of 0.05 degrees.48

Results and Discussion
Analysis of LULC in Dehradun District
Over the past 20 years, the Dehradun district 
has seen notable changes in the LULC pattern. 
Dehradun's urban area has expanded significantly. 
Following Dehradun's designation as Uttarakhand's 
capital in 2000, the city saw an increase in population 
and a wide range of anthropogenic activities. During 
this timeframe, significant suburban development 
took place to accommodate the influx of new 

residents and the changing needs of the community. 
Between 2000 and 2010 and 2010 and 2019, the 
south and southeast of the city saw a rise in the built-
up area. These regions were easier for construction 
in due to their gently sloped topography, and they 
are well-served by state and federal highways that 
link Dehradun to other regions of Uttarakhand as 
well as important towns.49

The Dehradun district's built-up area grew from 44.2 
km2 to 276.5 km2 between 2000 and 2019. Between 
2000 and 2019, the area covered by dense forest 
decreased from 649.2 km2 to 579.7 km2. In addition,  
the area of open forest has decreased from 1943.7 
km2 to 1877.1 km2, while the area used for agriculture 
has decreased from 221 km2 to 179.6 km2.

Fig. 2: LULC Changes in the district of Dehradun (a) 2000, (b) 2010, (c) 2019.

Fig. 3: Area Change in LULC Categories in the 
district of Dehradun (2000-2019).
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Fig. 4: Average spatial distribution of NO2 levels over a four-year period (2019-2022) 
in the district of Dehradun.  
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Fig. 5: Average spatial distribution of HCHO levels over a four-year period (2019-2022) 
in the district of Dehradun. 
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Fig. 6: Average spatial distribution of CO levels over a four-year period (2019-2022) 
in the district of Dehradun.  



330DHANKAR et al., Curr. World Environ., Vol. 19(1) 321-337 (2024)

Spatial Variations of Air Pollutants Across the 
District of Dehradun 
Figure 4 shows the monthly spatial variations in 
the nitrogen dioxide distribution over the Dehradun 
district averaged across the four years i.e. from 
2019 to 2022. Higher levels of NO2 are observed 
from December to June. Maps depicting the 
spatial distribution of nitrogen dioxide highlight 
Dehradun city as a significant hotspot within the 
district of Dehradun. This assessment suggests 
that urbanized regions serve as the predominant 
source of NO2. According to the results of the change 
detection analysis as discussed in Section 3.1,  
the only class in the Dehradun district that has 
seen a considerable rise over the past 20 years is 
the "built-up" class. Since the combustion process 
releases nitrogen dioxide into the atmosphere, it can  
be used as a proxy for the fossil fuel-based energy 
consumption that is often highest in metropolitan 
areas.50,51 Consequently, the process of urbanization, 
particularly in and around Dehradun city, is 
associated with elevated levels of nitrogen dioxide 
in this region.

For other pollutants, such as formaldehyde and 
carbon monoxide (Figures 5 and 6), an observation 
reveals that the northern regions in the district of 
Dehradun consistently display minimum pollutants 
concentrations in comparison to the southern regions 
throughout the year. The increased pollution in the 

southern regions is due to substantial urbanization, 
as discussed in section 3.1. Spatial representations 
of formaldehyde illustrate that peak HCHO levels are 
prevalent from April to July (Figure 5). Anthropogenic 
activities contribute to elevated formaldehyde 
concentrations, particularly in the lower regions 
characterized by extensive built-up areas in the 
Dehradun district. The expansion of built-up areas 
in the Dehradun district (Section 3.1) has resulted 
in heightened anthropogenic activities, contributing 
to increased anthropogenic formaldehyde (HCHO) 
emissions. Elevated levels of formaldehyde (HCHO) 
are notably observed in the months of summer 
season, particularly in the south and southwest areas 
of the district which is characterized by dense forests 
(as depicted in Figure 2). This finding is consistent 
with the widely acknowledged understanding 
that HCHO is significantly released from biogenic 
sources.52,53

Spatial representations of CO also indicate peak 
concentrations from January to June, with the highest 
levels observed in the month of May (Figure 6).  
Spatially, higher levels of CO are observed in the 
southern region of Dehradun. It is possibly due to the 
high urbanization, resulting in a denser population in 
this region, and incomplete combustion from human 
activities like burning biomass and fossil fuels, as 
well as vehicle emissions, is known to release carbon 
monoxide into the atmosphere.54,55

Fig. 7: Temporal Variations in Air Pollutants (CO, HCHO and NO2) in Dehradun District (2019-2022)
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Temporal Changes in Air Pollutants and 
Environmental Factors in the district of Dehradun
Over a four-year period, a time series of TROPOMI 
data averaged on a monthly basis for carbon 
monoxide, formaldehyde and nitrogen dioxide 
reveals seasonal variations in air pollutants over 
the study region. (Figure 7). These pollutants exhibit 
higher concentrations during the summer months, 
coinciding with elevated land surface temperatures 
(Figure 8). Figure 8 demonstrates that the Dehradun 
district experiences maximum precipitation from 
July to September, aligning with minimum levels 
of nitrogen dioxide and formaldehyde levels during 
these months, indicating pollutant washout during 
the wet season.

Illustrated in Figure 9 is a presenting NO2 data 
(obtained from OMI sensor) from 2005 to 2019. 
Despite potential data errors introduced by the row 
anomaly issue after several years in operation (as 
highlighted by De Smedt et al.,42) the data efficiently 
captures the general trends of higher and lower 
values. Consequently, it can be effectively utilized 
for analysing trends in pollutants over the Dehradun 
district. The trend assessment of a 15-year time 
series for NO2 reveals an increasing trend over the 
study region (depicted in Figure 9). The rising trend 
is linked to the growing urbanization in the Dehradun 
district over the years (as discussed in section 3.1) 
and elevated anthropogenic activities contribute to 
increased emissions of NO2.50,51

Fig. 8: Temporal Variations in Land Surface Temperature (LST), Precipitation (PPT) 
and Enhanced Vegetation Index (EVI) in Dehradun District (2019-2022).

Fig. 9: Time sequence plot of Nitrogen dioxide (NO2) levels in the Dehradun 
District spanning from 2005 to 2019. 
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Displayed in Figure 10 is a plot of time series 
illustrating HCHO data (obtained from OMI sensor) 
from 2005 to 2019. Similar to NO2, OMI data is 
effective in capturing the general trends of higher 
and lower values of HCHO across the Dehradun 
district. The plot of the time series of monthly average 
formaldehyde from OMI sensor data also reveals 
an increasing trend in the study area (as seen  
in Figure 10). Formaldehyde emissions arise 
from both biogenic and anthropogenic sources 
and as urbanization increases in the region, 

the anthropogenic emissions of HCHO are also 
increasing. It should also be noted here that the 
slope of the increasing trendline of NO2 is higher 
than the HCHO (Figures 9 and 10). This is due 
to formaldehyde being significantly emitted from 
biogenic sources also (Millet et al.,52 Marais et al.,53) 
and a decrease in the forest class is observed in 
the Dehradun district (Figure 3). Consequently, a 
comparatively lower slope of the increasing trend is 
observed for HCHO.

Fig. 10: Time sequence plot of HCHO levels in the district of Dehradun spanning from 2005 to 2019. 

Fig. 11: Time sequence plot of CO levels in the district of Dehradun spanning from 2005 to 2020.
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No evident upward trend is noted in the context of CO,  
as depicted in Figure 11; instead, a declining 
pattern is obtained. This trend could be attributed 
to the expanding adoption of the Ujjwala Yojana, 
leading to increased LPG cylinder usage and a 
subsequent decline in biomass burning, a notable 
contributor to carbon monoxide emissions in the area. 

Analysis of Correlation Matrix of Environmental 
Factors and Air Pollutants in the Dehradun 
District
The correlation matrix (Table 1) reveals strong and 
significant correlations among the air pollutants. 
For example, the correlation between NO2 and CO 
stands at 0.652, between HCHO and CO is 0.583, 
and between HCHO and NO2 is 0.619. These robust 
and strong positive correlations suggest shared 
sources or influences among these air pollutants, 
indicating a closely intertwined photochemistry within 
the atmospheric composition of the Dehradun district. 
The lifetime of formaldehyde in the atmosphere is 
brief, lasting only a few hours, and ultimately 

transforming into carbon monoxide with a near-unity 
yield (Palmer et al.,56 Gaubert et al.,57). NOx results in 
the formation of OH radicals in the atmosphere which 
then react with various volatile organic compounds 
(VOCs) to produce HCHO. Furthermore, upon closer 
examination, we observe a noteworthy correlation 
between land surface temperature (LST) and the air 
pollutants HCHO, NO2, and CO. This underscores 
the influence of human activities or the expansion 
of built-up areas on the rise in temperature and the 
increase of air pollutant levels in the study region.  
Precipitation (PPT) shows a negative correlation 
with the atmospheric pollutants, highlighting the 
washout of these atmospheric species during the 
rainy season. In addition, PPT exhibits a positive 
correlation with the enhanced vegetation index 
(EVI), indicating the influence of precipitation on 
vegetation growth. Thus, these correlation values 
provide valuable insights into the interdependence 
among air pollutants and environmental factors in 
the Dehradun district.

Table 1: Correlation Matrix of Environmental Factors and Air Pollutants

Correlations

 	 CO	 NO2	 HCHO	 LST	 EVI	 PPT

CO	  	  	  	  	  	  
NO2	 .652**	  	  	  	  	  
HCHO	 .583**	 .619**	  	  	  	  
LST	 .621**	 .441**	 .530**	  	  	  
EVI	 .053**	 -.061**	 .041**	 .174**	  	  
PPT	 .009	 -.165**	 -.003	 .210**	 .547**	

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

Conclusions
Rapid urbanization in the Dehradun district has led 
to a significant rise in the built-up area from 1.4% 
to 8.9% over the course of two decades (2000–
2019). This urban expansion has, in turn, resulted 
in the degraded air quality of the region. Spatial 
analysis reveals that these higher concentrations 
of air pollutants (NO2, HCHO, and CO) are primarily 
concentrated in the southern regions of the  
Dehradun district, where urban development is 
more prominent. Furthermore, over time, there 
has been a consistent increase in both the built-

up area and the concentration of air pollutants, 
especially formaldehyde and nitrogen dioxide. Also, 
the temporal variations show that the air pollutant 
levels tend to peak during the summer months. The 
robust positive correlations between LST and these 
pollutants (correlation coefficient value between 
LST and CO is 0.621, LST and NO2 is 0.441, and 
LST and HCHO is 0.530) highlight the influence 
of anthropogenic activities on temperature rise. 
Additionally, there is a robust positive correlation 
among the various air pollutants, indicating shared 
sources or influences among them. This research 
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underscores the significance of tackling the negative 
impacts of swift urbanization on both the Dehradun's 
air quality and the overall environmental health. 
It accentuates the essential need for deploying 
sustainable urban planning and management 
strategies in the region.
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