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Abstract

Present study shows the spatial variation of Aerosol Optical Depth (AOD),
solar irradiance and their association at the urban and rural sites in Delhi
and National Capital Region (NCR) during the summer season of the year
2015. Summer-time AOD data from the NASA’s Terra satellite MODIS sensor
has been used to study the spatial distribution of aerosols over Delhi and
its surrounding rural area. The ground data for the direct and global solar
irradiances was collected over this region at urban and rural locations in Delhi
and NCR using a Fieldspec Spectro-radiometer. HYSPLIT model has been
used for the air mass trajectory analysis. The AOD values were observed to be
higher over Delhi compared to the relatively lower AOD in rural area of NCR.
The NCR site observed higher average solar irradiances than Delhi during the
summer season. This may be because of the higher aerosol concentration in
Delhi as compared to its outskirts. Also, this region is affected by the severe
dust storm events during the summer season which further increases the
aerosol load in the atmosphere. HYSPLIT results show the influence of western
Thar Desert air masses on the Delhi-NCR. Windblown as well anthropogenic
aerosols play a major role in scattering and absorption of the incoming solar
radiation and hence, in governing the micro-climatology of the region.
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Aerosol and air pollution play a crucial role in
the urban climatology. Urbanization, industrial
development, biomass burning and fossil fuel
combustion processes due to growing anthropogenic
activities have led to increasing the air pollution

that also interferes in the microclimatology of a city
123 Increasing aerosol loading has caused health
related problems associated with air quality problems
and has also impacts on the aviation safety due
to reduction in the visibility*. Aerosols and other
pollutants significantly reduces the incoming solar
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radiation due to scattering and absorptions. Solar
radiation data is essential not only for scientific and
industrial applications to develop highly efficient
solar energy systems but also for a wide variety
of other applications such as medical, agricultural,
designing of the buildings, atmospheric chemistry
and physics®®. According to Igbal’, solar radiation
is characterized by the three main components:
direct beam, diffuse radiation, and global radiation
and are governed by various factors such as solar
zenith angle, seasons, aerosols and their properties,
ozone level, altitude of the region, surface albedo,
etc. Delhi-NCR is located in the western part of the
Indo-Gangetic Plains (IGP) region in northern India.
As Delhi-NCR is a rapidly urbanizing area, it is more
prone to changes in its climatology. Solar irradiance
plays a major role in governing the climatology of
the region in addition to the other above mentioned
applications and therefore it is highly important to be
investigated as extensively as possible. This region
has seen changes in its air quality and climatology
such as an increase in temperature over the city
compared to the surrounding rural areas by the
formation of urban heat islands (UHIs)8°. Also, high
temperatures especially during summer season
increases the convection and uplifting of dust. In
conjunction with strong surface winds, this region is
affected by the severe dust storm events in summer
season'®'", Over the last decade, various studies
have been carried out to study the light absorption
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by the aerosols and their implications on the radiative
forcing over Delhi and outside Delhi such as those
based on AOD measurements'?'3; SSA, AOD and
Angstrom coefficient due to dust aerosols™. But very
few studies have been carried out regarding global,
direct and diffuse radiation of the incoming solar
radiation over Delhi-NCR. Latha and Badrinath'®
studied the solar irradiance (global and diffuse)
variation due to air pollution over Hyderabad.
Seasonal AOD variability has been studied by Ali
et al.,'® using satellite over a decadal long period of
time over Saudi Arabia. However, there have not
been many studies regarding the relation between
various components of solar irradiance and AOD
over this region. This paper attempts to study the
solar irradiance and the aerosol optical depth (AOD)
over the Delhi-NCR region in the summer season.

Sampling Sites

Sampling was carried out for the summer
season in the months of May-June 2015 at two
locations in Delhi-NCR viz., Shahdara, Delhi
(28.68 °N, 77.29 °E) which is an urban site and
Sampla, Haryana (28.77 °N, 76.76 °E) in NCR
which is situated around 66km away NW of Delhi,
which represents a rural site. Sampling sites are
shown in Figure 1. Delhi, national capital of India,
is one of the highly populated and ever growing
megacities, with the population of over 16 million'.
Shahdara is one of the highly urbanized areas of
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Fig. 1: Sampling sites in Delhi-NCR
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Delhi consisting of both the residential as well as
industrial establishments. Sampla site was, on the
other hand, surrounded mainly by the agricultural
fields. A few factory establishments and one or
two brick kilns are established at a distance of
approximately 10kms away from the sampling site.
Delhi-NCR falls in a semiarid climate zone with long
summers and temperature going up to as high as
45 °C during daytime'®. The average annual rainfall
in this region is approximately 670 mm.

Materials and Methods

The global and direct components of the incoming
solar irradiance were measured using a broadband
handheld FieldSpec Spectro-radiometer (ASD Inc.)
under cloud free conditions. This instrument collects
spectra in the wavelength range 300 nm-1100 nm
in visible and near infrared range. This instrument is
limited by the absence of the automatic sun tracking
facility. Therefore, manual operations by the observer
assured the correctness of the measurements and
ascertained the absence of clouds. At both the sites,
the instrument was placed at the roof of the building
to ensure a clear 180 degrees field of view (FOV) for
the instrument. Continuous measurements of global
and direct irradiance were carried out at an interval of
15 minutes from 11.00 am to 4.00 pm in the months of
May-June 2015. Morning and evening time sampling
has been avoided as the Sun position changes more
rapidly in morning and evening and therefore it is
not possible to gather the accurate solar irradiance
using handheld FieldSpec Spectro - radiometer.
For the measurement of global irradiance, a remote
cosine receptor (RCR) was attached to the spectro-
radiometer. For the direct irradiance measurement,
2n field of view for measuring global irradiance
was restricted with a narrow pipe, coated with
black carbon surface on the inner side fitted with
a 2 degree FOV disc. This narrow pipe was then
pointed towards the solar disc and using the shadow
technique direct irradiance measurements was
made. View Spec pro software was used for further
analysis of the collected data.

MODIS (Moderate Resolution Imaging
Spectro-radiometer) is a sensor mounted on
the Terra and Aqua Satellites of NASA’s EOS
(Earth Observing System) Mission having
36 spectral channels in the range 0.405 and
14.385 um, which provide information about the
Earth Atmosphere, Ocean and Land Condition.

Terra and Aqua are sun-synchronous, near polar
satellites having different equator crossing times i.e.
10.30am/pm and 1.30pm/am respectively covering
the whole earth’s surface every 1-2 days (http://
modis.gsfc.nasa.gov/data). MODIS datasets
(MODO04_L 2 data from Terra platform) were used to
retrieve AOD values over this region for the period of
May-June 2015. NCEP re-analysis data have been
downloaded from the NOAA website (ftp:/ftp.arl.
noaa.gov/pub/archives/reanalysis) for Hybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIT)
model configuration. HYSPLIT model control file has
been configured to run model at different heights for
the three days backward trajectory analysis.

Results and Discussion

Figure 2 and 3 show the variation of the average
global irradiance and average direct irradiance
over Delhi-NCR respectively, in summer 2015. The
average global solar irradiance was found to be
higher at Sampla (maximum=1.15Wm2nm- at 537
nm) than Shahdara (maximum=1.04Wm2nmat 537
nm) in summer season. Global irradiance for the two
sampling sites shows a significant variation in the
visible region (VR) and near infrared region (NIR)
of the solar spectrum. Similar variations in global
irradiance have been reported over Hyderabad by
Latha and Badrinath'®. But at shorter and longer
wavelengths there is not much variation in the
global solar irradiance at the two sampling sites.
The average direct irradiance was found to be
higher in Sampla with (maximum=0.37Wm2nm-' at
612 nm) than Shahdara (maximum=0.34Wm-2nm-'
at 562 nm) in summer 2015. Direct irradiance is
found to be varying considerably from around 487
nm in the VR and NIR of the solar spectra; however,
not much variation for the direct irradiance can be
seen at the beginning of visible region for the two
sampling sites.

Haziness of the atmosphere also plays a great role in
the solar attenuation'®. Hazy sky conditions prevailed
over Delhi-NCR throughout the summer season
because of significant amount of anthropogenic
emissions such as vehicular, from coal based
thermal power plants which are also a source of
sulfate, nitrate and carbonaceous aerosols, and dust
from large scale constructional activities'319:202122,
AOD spatial map (Figure 4) over the Delhi-NCR
showed a relatively much higher AOD values (0.72-
0.99) in the Delhi as compared to rural area outside
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Global Irradiance-Summer 2015

=
E 14'
= 12 -
¢'|t
= 17
> 0.8 4
< .
g 0° Shahdara
ED4' (%3 B K L €
= 021 Sampla
: LT T o S i T o T ' TR ¥ o TR ' T ¥ T i O ' T o T o T P TR i L |
— e e T S S S e T s s
[ T T TR % T s TS o TR o TN o o U o T o SO o O 6 N o T T
Mm#vmm\o\OthOOOﬁO\E
Wavelength(nm)

Fig. 2: Global irradiance at Shahdara(Delhi) and Sampla (Haryana) in summer 2015

Direct Irradiance-Summer 2015
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Fig. 3: Direct irradiance at Shahdara (Delhi) and Sampla(Haryana) in summer 2015

Delhi (0.32-0.63) in summer season. Pandithurai et
al.,"* reported that AOD at 0.5 mm increases from
0.55 (March) to 1.2 (June) due to dust aerosol over
New Delhi during pre-monsoon and a decrease in
Angstrom exponent from 1.28 (March) to 0.47 (June)
indicating an increased amount of coarse particles
due to dust storms from nearby Thar region. Pandey
et al.® reported higher values of AOD confined to the
highly built-up areas of Delhi as compared to the
surrounding rural region which are pre-dominantly
agricultural land. Another important parameter for the
high AOD could be the presence of Black Carbon
emissions in urban areas?.

Rural areas mainly consist of vast open
agricultural fields, unlike the urban areas, which
in dry summer season become the source of
re-suspended dust in the atmosphere. Also, the
frequent dust storm events in the pre-monsoon
season (March-June), locally known as ‘Aandhi’™4,
also increases the amount of coarse mode particles
in the atmosphere thereby greatly influencing
the solar spectral irradiance over the region. The
mineral dust mixed with the anthropogenic pollutants
also affects the solar insolation significantly in this
region®*. The solar spectral irradiance measurements
and AOD are found to be in conjunction with each
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Summertime AOD Variation over Delhi-NCR N
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Fig.4: AOD at 500nm over Delhi-NCR in the summer 2015
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Fig. 5: Three days backward-trajectories from NOAA HYSPLIT model over Delhi-NCR

other. As is evident from the result, the solar spectral
irradiance is observed to be less in Shahdara (high
AOD) as compared to high solar irradiance in Sampla
(low AOD). Emissions from the thermal power
plants and vehicles are the prominent sources of
the aerosols and other air pollutants over the New
Delhi. Apart from local emissions summer -time wind
blown dust from the Thar desert also contributed to

the aerosol load over the Delhi?®.

HYSPLIT model three days backward trajectories
(Figure 5) were drawn from the sampling sites to
understand the air mass trajectories over the studied
period. Out of all the HYSPLIT model results, the 20"
May 2015 is being taken as the representative air
mass trajectory which showed that the study region
air masses are influenced by the north-western
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air mass becoming the source of dust and other
pollutants from nearby Thar Desert and other north-
western regions.

The solar spectral irradiance measurements were
carried out at two different sites in Delhi-NCR. The
average global and direct solar irradiance were
observed to be higher at Sampla (rural, NCR site)
than Shahdara (urban, Delhi site) in the summer
season of the year 2015. The presence of high levels
of air pollution in the urban area and presence of
large amount of dust after frequent dust storms and
re-suspended dust from open fields in the rural area
could be the main factors affecting solar irradiance.
The AOD values were observed to be more in Delhi

BHARDWAJ et al., Curr. World Environ., Vol.12(2), 389-395 (2017)

as compared to NCR which is in accordance with
the measured solar irradiances. HYSPLIT model
results indicate the north-western influence on the
air masses over the study region.
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