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सार – अरबी प्रायद्वीप और दक्षिणी पश्चिमी एशिया पर धलू भरी आधंी की गतिववधधयों से उत्पन्न एक बहुि ही 
असामान्य धलू की सिह ने मािच 20 और 23 मािच, 2012 के बीि भारि के उत्तरी पश्चिमी िेत्र को प्रभाववि ककया श्िसके 
कारण हवा की गणुवत्ता में महत्वपणूच धगरावट आई और इसके पररणामस्वरूप मौसम प्रािलों में पररविचन आए।                         
500 एनएम पर एरोसोल की ऑश्टटकल गहराई  की सिह पर आधाररि माप 1.015 ± 0.24 और िोधपरु में 0.837 ± 0.042 

िक पहंुि गई िबकक एंगस्रॉम एक्सपोनेंट क्रमिः 20 मािच और 21 मािच 2012 को क्रमिः  -0.030 और -0.065 िक धगरा 
था। एओडी ददल्ली में 0.959 पर पहंुि गया िबकक एंगस्रॉम एक्सपोनेंट 21 मािच, 2012 को 0.006 पर पहंुि गया। पीएम10 
की सांद्रिा ददल्ली में 20 मािच, 2012 को धलू भारी आधंी के घटंों के दौरान 1800 μgm-3 से अधधक असामान्य रूप से उच्ि 
मान पर रहा। मध्यम ववभेदन इमेश्िगं स्पेक्रोमीटर (MODIS) ने एरोसोल ऑश्टटकल गहराई को पनुः प्राटि ककया और 
धलू भरी आधंी और धलू की सिह के रास्िे के साथ-साथ उच्ि मानों का भी प्रदिचन ककया। धलू की सिह की िीव्रिा 
ऐसी थी कक सिह पर काफी ठंडी हो गई। सिह के स्िर पर ववककरण प्रवाह में बडी कमी से सिह िापमान में लगभग 
2-10 डडग्री सेश्ल्सयस िक धगरावट आई थी। िॉटचवेव और लॉन्गवेव डायरेक्ट एयरोसोल रेडडएदटव फोशसिंग की गणना धलू 
अवधध के दौरान एसबीडीएआरटी द्वारा की गई थी। 
 
 ABSTRACT.  A very unusual dust plume generated from dust-storm activities over the Arabian Peninsula and 
Southwest Asia affected the north-west region of India between March 20 and 23, 2012, causing significant reductions in 

air quality and consequently changes in meteorological parameters. Ground based measurements of aerosol optical depth 

at 500 nm reached 1.015 ± 0.24 and 0.837 ± 0.042 at Jodhpur while Angstrom exponent dropped to -0.030 and -0.065 on 
March 20 and 21, 2012 respectively. The AOD reached 0.959 in Delhi while Angstrom exponent dropped to 0.006 on 

March 21, 2012. PM10 concentration peaked at an unusually high value of more than 1800 μgm-3 during dust storm hours 

of March 20, 2012 at Delhi. Moderate Resolution Imaging Spectrometer (MODIS) retrieved aerosol optical depth also 
exhibited high values as well along the path of dust storm and dust plume. The intensity of the dust plume was such that it 

caused significant cooling at the surface. The large reduction in the radiative flux at the surface level had caused a drop in  

surface temperature by approximately 2-10 °C. Shortwave and longwave Direct Aerosol Radiative Forcing was 
calculated using SBDART during the dust period.   

 

Key words – Dust plume, Aerosol optical properties, Solar radiation, Radiative forcing. 
 

 

1.  Introduction 

 

 Dust Storms are meteorological phenomena 

prevalent in arid and semiarid areas, especially in tropical 

and subtropical latitudes. Dust storms or sand storms are 

more frequent during the premonsoon season in 

northwestern part of the Indian subcontinent adjacent to 

the Thar Desert, which is a primary source of dust storms 

in south Asia. The desert dust particles can be transported 

downwind depending on meteorological conditions 

affecting regions, hundreds of kilometers away from the 

source. The Indian region is also influenced by long-range 

dust transport from the Arabian Peninsula. Dust aerosols 

have considerable impacts on human and veterinary 

health, ambient air quality, transport sector, weather and 

climate, nutrient dynamics and biogeochemical cycles of 

oceans and soil characteristics. The main effect of dust 

storms on the weather are wind shift, reduced visibility, 

change in humidity and temperature. Often the air ahead 

of a dust storm becomes extremely hot. While the 

temperature drops several degrees behind the leading edge 

of the dust storm.  

 

 Ultraviolet radiation absorbing aerosols such as 

mineral dust and soot cause reduction in the photolysis 

rate, inhibiting the ozone and smog production       



 

 

228                             MAUSAM, 69, 2 (April 2018) 

 

 

 

(Dickerson et al., 1997). The satellite measurements and 

surface observations have shown that the global sources of 

natural airborne dust particles are arid and semiarid 

regions contributing to the long-range transport of dust 

particles (Prospero, 1999; Prospero et al., 2002; 

Washington et al., 2003). Asian dust is the second largest 

Aeolian dust source on Earth after the Sahara dust 

(Tanaka and Chiba, 2006). The frequency of dust storms 

is closely related to local climatic conditions and surface 

characteristics such as vegetation cover and soil texture 

(Nickling and Brazel, 1984). Dust is generally categorized 

as coarse, fine or ultra fine. Fine dust can reach deep into 

the sensitive regions of the respiratory tract. A dust storm 

is generally dominated by coarse mode particles; therefore 

do not pose a serious health threat to human. But people 

with respiratory ailments such as asthma and emphysema 

may be at risk. 

 

 Mineral dust aerosols affect both shortwave solar 

and outgoing longwave radiation. Therefore, dust aerosols 

are considered to be an important parameter in the Earth’s 

radiation budget studies (Satheesh and Ramanathan, 2000; 

Haywood and Boucher, 2000; Kaskaoutis et al., 2008; 

Jayaraman et al., 1998). The mineral dust is a significant 

contributor to the aerosol load with a strong seasonal cycle 

over the Indian region (Srivastava et al., 2012). Srivastava 

et al. (2014) observed significant influence of dust storms 

as far as climatically sensitive Himalayan station at 

Manora Peak. The Great Indian Desert is the major source 

of mineral dust over parts of India. However, another 

source of mineral dust is long range transport from West 

Asia (Dey et al., 2004). The optical properties of mineral 

dust change due to mixing with anthropogenic pollutants 

during the transport (Mishra et al., 2008) which in turn 

influences the radiative properties. Absorption of 

shortwave and longwave radiation by dust aerosols 

increases the heating rate of the dust layer. The mixed 

aerosols, which consist of mineral dust and other particles, 

may have higher or lower absorption properties depending 

on the mixing of dust with soot or sulphate. The scattering 

and absorption reduces the incoming solar radiation 

reaching the surface, because of which the heating rate of 

the atmosphere decreases below the dust layer. On the 

other hand, longwave radiative forcing of dust at the 

surface is always positive which suggests that mineral 

dust warms the surface during the night when it interacts 

with the outgoing longwave radiation (Hansell et al., 

2010). Mineral dust aerosols also modify the cloud 

radiative forcing and thereby significantly reduce the 

cloud cooling effect both at the surface and TOA (Santos 

et al., 2013). The radiative forcing by greenhouse gases is 

quite uniform throughout the troposphere because of 

longer lifetime (Hansen et al., 1997), while radiative 

forcing by dust aerosols exhibit large spatial and temporal 

variations due to their relatively very short lifetime. Dust 

aerosols also interact with the hydrological cycle through 

surface radiative forcing (Rosenfeld et al., 2001). The 

change in surface temperature due to dust not only 

depends on the magnitude of radiative forcing, but also 

upon the extent to which the dust layer is coincident with 

regions of deep convection (Miller and Tegen, 1998). 

 

 The effect of mineral dust aerosols on 

meteorological and optical properties is complex because 

of a large number of different types of aerosols found in 

the atmosphere. Therefore, it is always practical and 

convenient to study the properties and effect of mineral 

dust during major dust outbreaks. An attempt has been 

made to study the complete life cycle of major dust event 

of March, 2012 including formation, intensification, 

movement and plume formation by tracking it from west 

Asia to Indian region till its dissipation. The dust storms 

of this magnitude during March are very rare and this 

makes this dust event as unusual. This paper presents 

observations made during movement of the major Asian 

dust plume and observed in the northern part of India, 

significantly affecting visibility, relative humidity, solar 

radiation and temperature along its path. Day-to-day 

variations of AOD, particle size distribution and other 

aerosol optical properties are also presented for this 

unusual dust episode. The present study also analyzed 

the Direct Aerosol Radiative Forcing during the dust 

event. 

 

2.  Data and methodology 

 

 The aerosol optical properties reported in this work 

were derived from Prede Skyradiometer (POM-02) data. 

The skyradiometer at Jodhpur and Delhi are part of 

Skynet-India network of India Meteorological 

Department. The sky radiometer observes 

simultaneously direct and solar aureole radiance at 

various scattering angles from the Sun which enables 

estimation of optical parameters of aerosols such as 

aerosol optical Depth (AOD), single scattering albedo 

(SSA), Ångström exponent (AE), phase function, 

asymmetry parameter (ASY) as well as columnar size 

distribution of aerosols. The measured sky radiometer 

data have been analyzed using SKYRAD.PACK (version 

4.2) software (Nakajima et al., 1996) for deriving 

aerosol optical properties. The calibration constant 

deduced from Langley method can have an error of 

approximately 10% for a typical urban station (Shaw, 

1976). Therefore, an improved Langley method of 

calibration based on both direct and diffuse radiation 

data (Nakajima et al., 1996) was used in the                    

present study. Detailed calibration and data reduction 

procedures for this instrument have been described 

elsewhere (Tanaka et al., 1986; Nakajima et al., 1996; 

Pandithurai et al., 2007).   
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Figs. 1 (a&b). (a) Natural-color image captured by MODIS onboard NASA’s Terra satellite on March 18, 2012 and                          

(b) MODIS onboard NASA’s Aqua satellite picture on March 20, 2012, showing a giant dust plume 

stretched across the Arabian Sea from the coast of Oman to India 
 

 

 The aerosol radiative forcing (ARF) at the surface 

and top of the atmosphere (TOA) is defined as the 

difference in the net solar fluxes (down minus up) with 

and without aerosol.  This can be represented as: 

 

S/TOANAS/TOAAS/TOA ])F[(F])F[(FF)(   

 

 where, FNA and FA, respectively, correspond to the 

solar flux without and with aerosols and the subscripts S 

and TOA refer to the Earth's surface and top of the 

atmosphere, respectively. The arrows indicate the 

direction of the fluxes, i.e., ↓ downward flux                             

and ↑ upward flux. The difference between the radiative 

forcing at the TOA and at the surface defines the 

atmospheric radiative forcing. Daily mean values of the 

ARF at the surface and TOA are derived from integration 

of the instantaneous ARF at the surface and TOA, 

averaged over 24 hours. 

 

 The net flux was computed in the short wavelength 

range 0.3-4.0 μm and long wavelength range 4.0 to                  

50.0 μm with and without aerosols at the TOA and at the 

surface using SBDART model. The details of SBDART 

model can be found in Ricchiazzi et al. (1998). Based on 

the prevailing weather conditions and measured 

parameters, tropical model atmosphere was used. The 

ARF calculations were performed using eight radiation 

streams at half hour intervals for a range of solar zenith 

angles over a 24 hour period. The measured spectral 

AOD, SSA and ASY from the Skyradiometer were used 

for the estimation of ARF. The atmospheric heating rate 

due to aerosols was computed for each layer, based on 

finite difference estimates of the irradiance divergence at 

each pair of levels.  

 

 To analyze the synoptic circulation over the west and 

south Asia during the period of study, the mean sea level 

pressure, wind fields and relative humidity were 

investigated using a daily NCEP Reanalysis database 

provided by the NOAA (website at http://nomads. 

ncep.noaa.gov). Daily maximum and minimum 

temperature of surface observatories obtained from India 

Meteorological Department were also analyzed for the 

Indian region. 

 

3.  Results and discussion 
 

 3.1.  Genesis and movement of dust storm 

 

 Moderate Resolution Imaging Spectroradiometer 

(MODIS) onboard NASA’s Terra satellite showed the 

dust blowing eastward across Iraq and its curving towards 

the south and southwest over Saudi Arabia on March 18, 

2012 [Fig. 1(a)]. The thick dust was also observed over 

the westernmost point of Iran and part of the Persian Gulf. 

In a separate dust storm, plumes also blew westward from 

Saudi Arabia across the Red Sea. MODIS on-board 

NASA’s Aqua satellite [Fig. 1(b)] showed large-scale dust 

plumes moving from south Oman coast to the west coast 

of India across the Arabian Sea on March 20, 2012. This 

widespread dust plume followed days of dust-storm 

activity over the Arabian Peninsula and Southwest Asia. 

The dust storm resulted from the convergence of two 

different weather fronts. While the first front carried dust 

from Iraq and Kuwait, the second front moved the dust in 

southeastern Iran. The low pressure area causing storm 

moved eastward, reaching over southeastern Iran and 

raised dust and sand that engulfed the northern region of 

the UAE, parts of Oman and the western coastal areas of 

Pakistan up to Karachi. This cross-continental advection 

of dust plumes could be due to strong subsidence with 

anti-cyclonic circulation over the Oman region with 

elongated strong ridge line almost running coincidently 

with the line of dust plumes.  

(a) 

http://nomads/
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Fig. 2. Mean sea level pressure (hPa) over west and south Asia March 17, 2012 at 0000 UTC to                           

March 22,  2012 at 1200 UTC 
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Fig. 2 presents the analysis of isobars at mean sea 

level pressure over the West and South Asia for March 

17-22, 2012. On March 17, 2012, a low pressure formed 

over northern Iraq and winds blowing from eastern Syria 

to Iraq quickly accelerated towards the center of the low 

pressure zone. This led to the formation of a sandstorm, 

covering the entire land of Iraq. A high pressure with cold 

air formed behind the low pressure area, ensuring the 

movement of dust southeastward into Arabia. The 

duststorm then quickly engulfed Kuwait and Saudi 

Arabia. Later, dusty conditions made their way to Bahrain 

and Qatar with gusty winds. Dusty air reached over 

United Arab Emirates (UAE) on March 18, but with much 

less intensity. The high pressure area caused the dusty air 

to turn clockwise into central Saudi Arabia and then 

reaching over Yemen. A large pressure gradient set over 

the south-east Iran and south-west Pakistan on March 19, 

resulting in another massive dust storm. The sand and dust 

moved southward towards the north-eastern coastlines of 

the UAE and northern coastlines of Oman. This was 

incredibly rare as it is not a typical area for such large 

scale dust storm activity. Dusty conditions affected large 

parts of the Oman with visibility reducing below 500 m. 

Two strong pressure gradients were observed on March 19 

viz., One between central Afghanistan to Rajasthan and 

the other between Central Arabian Sea to the west-

Rajasthan with two low pressure areas formed over North 

Rajasthan and Oman respectively. Both the low pressure 

areas were of high intensity during 19-20 March causing 

strong pressure gradient force of 36 and 28 hPa on March 

19, 2012. This unusual dust event was observed in the 

form of a continuous large-scale elongated plume on 

March 20, transporting dust towards the west coast of 

India. The high pressure gradients weakened considerably 

with flat isobars on March 21 and March 22. These dust 

veils were lifted from most of the land region by March 22 

while it was continuing over Arabian Sea.  

 

 3.2.  Wind circulation pattern 

 

 Fig. 3 illustrates the wind and relative humidity 

patterns at 925 hpa derived from NCEP/NCAR reanalysis 

from March 17 to March 22, 2012. Wind direction was 

northwesterly or westerly over west of 65° E and north of 

25° N up to the Arabian Sea due to movement of westerly 

trough/Western Disturbance at 0000 UTC on March 19. 

Strong winds of about 40 knots in the lower tropospheric 

levels over west Afghanistan were observed. At 1200 

UTC on March 19, northerly winds further strengthened to 

50 knots and extending southwards to south of Pakistan 

and adjoining Arabian Sea up to Oman coast. Northerly 

winds of more than 50 knots were experienced over south 

Iran and adjoining Pakistan coasts. The dust blowing to 

Oman was further compounded with northwesterly winds 

from Iraq, adding more dust to already existing severe 

dust storm. The wind circulation pattern at 925 hpa 

depicts that a line of subsidence or ridge line was formed 

at 0000 UTC on March 20 from southern Iran to the west 

coast of India which further strengthened till March 22. 

But its eastern parts gradually shifted southwards with the 

establishment of a strong anticyclone over Oman coast. 

The observations showed the vertical extent of the dust up 

to 8 km (Basha et al., 2015). 

 

3.3.  Effect of dust plume on particulate matter 

 

Dust storms are the result of turbulent winds, which 

raise large quantities of dust from desert surfaces and 

reduce visibility to less than 1 km. The dust concentration 

reaches in excess of 6000 μg/m
3
 during severe dust events 

(Song et al., 2007). The System for Air Quality 

Forecasting and Research which records air quality at ten 

stations in Delhi observed significantly high levels of both 

PM2.5 and PM10. Hourly values of PM2.5 and PM10 

averaged over all the ten stations in Delhi are presented in 

Fig. 4. A sharp increase in the levels of PM10 and PM2.5 

was seen from around 0530 UTC. The levels of particulate 

matter were 8 to 10 times more on March 20 compared to 

that on March 19. Hourly mean value of PM10 

concentration was more than 1000 µgm
-3

 from 0530 UTC 

on March 20 to 0530 UTC of March 21, 2012 reaching a 

maximum value of 1876 µgm
-3

 at 1330 UTC on March 

20. Hourly mean value of PM2.5 concentration was more 

than 250 µgm
-3

 from 0530 UTC on March 20 to                  

0530 UTC on March 21, 2012 reaching a maximum value 

of 730 µgm
-3

 on March 20.  

 

 3.4. Changes in aerosol optical characteristics due 

to dust event and aerosol radiative forcing 

 

 3.4.1.  Aerosol optical depth, ångström exponent and 

single scattering albedo 

 

 The effect of dust plume at Jodhpur and New Delhi 

sites was clearly discernible through high AOD and low 

AE values. The AOD is representative of the airborne 

aerosol loading in the atmospheric column and is 

important for the identification of aerosol source regions 

and their evolution. The AE is inversely related to the 

average size of the particles in the aerosol, i.e., smaller the 

particles, larger the exponent. Higher AE indicate smaller 

aerosol particles and vice versa. AE values generally 

range from greater than 2.0 for particles near combustion 

sources to values close to zero for coarse-mode-dominated 

desert dust aerosols. 

 

 The AOD values were 2 to 3 fold larger on the days 

of dust event than on non-dusty days in Jodhpur. In 

general, AOD values decrease as the wavelength 

increases. During the dust event, the AOD showed a trend 
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Fig. 3. Wind pattern, wind speed (m/s) and relative humidity (%) at 925 hPa (300 masl) over                                          

west and south Asia from March 17, 2012 at 0000 UTC to March 22, 2012 at 1200 UTC. RH is shown 
in different colours 

3(a) 
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Fig. 4.  Hourly mean concentration of PM10 and PM2.5 averaged over ten different locations in Delhi 

from March 19 to 23 March, 2012   

 

 

 

reversal in which AOD increased with wavelength. This is 

an indication of the presence of higher concentration of 

larger particles compared to smaller particles during the 

dust event. Fig. 5(a) shows the half-hourly variations of 

the AOD at 500 nm for the five days of the study period. 

On March 19, the average daily AOD was around                  

0.17 ± 0.03 at Jodhpur. The AOD values were not 

available before 0530 UTC because of heavy dust loading 

after arrival of dust plume. In fact, significant decline was 

observed in direct beam irradiance since early morning 

associated with the arrival of dust plume at Jodhpur. The 

AOD value of 1.5 and AE of -0.076 was observed around 

0530 UTC on March 20, indicating the increased aerosol 

loading in the atmosphere associated with the dust plume. 

AOD values remained high for the next four hours and 

then decreased gradually to reach a value of 0.723 by the 

end of the day with average daily AOD of 1.015 ± 0.24 

and average AE of -0.03. Daily average value of AOD 

0.837 ± 0.042 and AE value of -0.065 ± 0.01 was 

observed on March 21, 2012. The increase in average 

AOD was accompanied by a similar increase in the 

standard deviation, indicating greater variability in the 

atmospheric aerosol loading during that day. For example, 

the standard deviation during the day of the dust event 

was 0.24 at 500 nm compared with 0.03 on the preceding 

day. This large variability can be related to the properties 

of the air mass transporting the aerosols into the region.  

 

 On March 19, the average daily AOD value of 0.95 

was observed in Delhi, which was higher as compared to 

Jodhpur. The aerosol optical properties data are not 

available from 0540 UTC onwards on March 20 after the 

arrival of the dust plume at Delhi. The maximum AOD 

value of 1.49 and lowest AE value of 0.02 was observed at 

0530 UTC indicating the increased aerosol loading 

associated with the arrival of dust plume. The significant 

decline was also observed in direct beam irradiance 

observed after 0530 UTC associated with the arrival of the 

dust plume at Delhi. The arrival of dust plume can also be 

confirmed from the sudden rise of particulate matter 

concentration (PM10 and PM2.5) around the same time. 

The AOD value at 500 nm on March 21 ranged from 1.07 

to 0.87 with an average value of 0.96 ± 0.05, while 

average AE was 0.006 ± 0.01. Fig. 5(b) illustrates the time 

series of half hour average AE. The AE values close to 

zero were observed during the dust event on March 20, 

indicating the dominance of coarse mode particles. Low 

values of AE during the dust episode in March indicated 

that the prevailing aerosol types are clearly dust particles. 

 

 The Delhi region is known as one of the world’s 

highly polluted urbanized areas. Biomass burning, 

vehicular emissions, thermal power plants and industrial 

units in and surrounding region are the major polluting 

sources (NEERI, 2010). Dust particles coated with other 

pollutants can have significantly different properties from 

those that are evident at the time of the major dust event. 

The scattering and absorbing nature of dust particles can 

be altered in different ways depending on the species 

coated on them (Moorthy et al., 2007). Aerosols can 

scatter and absorb short-wave and infrared radiation in the 

atmosphere. The scattering versus absorption properties of 

an aerosol are measured by the value of the Single 

Scattering Albedo (SSA). SSA defined as the fraction of
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Figs.  5(a-c). Half hourly values of aerosol parameters at Jodhpur and Delhi from March 19 to March 23, 2012 (a) AOD at 500 nm (b) AE and 
(c) SSA at 500 nm 

 
 

 

 

scattering in the total extinction is a key optical 

characteristic in assessing the radiative effects of aerosols. 

The SSA depends on the aerosol size distribution, 

chemical composition and wavelength. The values of the 

SSA range from 1.0 for non-absorbing particles (perfectly 

white object) to zero for a perfectly black object. The 

absorbing feature of dust is characterized by the SSA, 

with low value representing high absorption. The sign at 

the TOA ARF can change depending on the value of 

aerosol SSA (Takemura et al., 2002). The time series of 

half hour average SSA at 500nm are depicted in Fig. 5(c) 

SSA at 500 nm varied between 0.86 and 0.90 with an 

average value about 0.88 before the dust event. On March 

21, the SSA decreased to 0.82. Also, the SSA was found 

to increase with wavelength mainly owing to the 

abundance of coarse mode particles. The SSA increases
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Fig. 6. Sun-skyradiometer derived mean aerosol volume size distribution at Jodhpur and New Delhi clear sky day of March 19, 2012 and on 

dust plume affected days from March 20 to March 22, 2012 

 
 

 

rapidly with wavelength on the dusty days as compared to 

non-dusty days. This rapid increase in SSA with 

wavelength revealed that coarse mode dust particles were 

dominant. 

 

3.4.2.  Volume size distribution of aerosol during 

dust event 

 

The volume size distribution was retrieved from the 

direct solar and diffuse sky radiance measurements as 

discussed by Nakajima et al. (1996). Fig. 6 shows the 

ensemble of daily average aerosol volume size distribution 

retrieved from the sun/sky radiance data for clear sky day 

of March 19, 2012 at Jodhpur and Delhi and on dust 

affected days from March 20 to March 22, 2012. It can be 

seen that the aerosol distribution is bimodal with fine-

particle mode around 0.1-0.2 µm and coarse particle mode 

around 3-4 µm. The skyradiometer observations are not 

available after 0540 UTC on March 20, 2012 as the sun 

obscured completely at Delhi because of the dust plume. 

Similarly, skyradiometer observations are not available 

before 0530 UTC on March 20 at Jodhpur because of very 

high dust load in the atmosphere. The volume of                       

coarse-particle fraction was much higher on March                 

20-22 as compared to March 19. In strong contrast to 

aerosols from biomass burning and urban aerosols 

dominated by fine mode, dust predominantly coarse mode 

particles are composed of airborne desert soil minerals. 

The coarse mode fraction as well as fine mode                    

fraction was significantly higher after the arrival of           

the dust plume. 

3.4.3. MODIS aerosol optical depth at 550 nm 

during dust event  

 

Fig. 7 demonstrates the spatial distribution of                

Aqua-MODIS AOD at 550 nm over the west and south 

Asia during the movement of the most intense dust                

plume from March 18 to March 23, 2012. MODIS AOD 

at 550 nm was derived using the Deep Blue algorithm 

(Hsu et al., 2006) from MODIS-Aqua collection 5.1 

(http://disc.sci. gsfc.nasa.gov/giovanni). The nominal 

equatorial passing time of Aqua satellite is around                 

0800 UTC. High AOD values of more than 0.9 were 

observed over Saudi Arabia and Iraq and also over 

northern parts of Iran and Afghanistan on March 18. 

Higher AOD values covered Saudi Arabia, Oman, Yemen, 

Pakistan, Afghanistan and southern parts of Iran on March 

19. The AOD values were low to moderate over Indian 

region on March 18 and March 19. The high AOD started 

covering a large area over northern India from March 20. 

During the intense dust episode, AOD values of                   

more than 0.9 were observed over north-western and 

northern part, namely Gujarat, Rajasthan and Punjab, 

indicating enhanced presence of dust aerosols. The region 

of higher AOD shifted southward on March 21. This is 

suggested in combination with the extremely high AOD 

and the air-mass trajectories (not shown here) revealing 

origin from the desert and arid regions of southwest Asia. 

High values of AOD were still observed over parts of the 

Arabian Peninsula while AOD values reduced 

significantly over Indian region on March 22 and              

March 23, 2012.  

http://disc.sci/
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Figs. 7(a-f). AQUA-MODIS (Deep Blue) AOD distribution over west & south Asia on (a) 18, (b) 19, (c) 20, (d) 21, (e) 22 and (f) 23 March, 2012 

 
 

3.4.4. Effect of dust event on solar radiation and 

radiative forcing 

 

The long range transport of dust during a sand-dust 

storm plays an important role in the Earth-atmosphere 

system. Dust aerosols in the atmosphere redistribute 

radiative heating at the surface and in the atmosphere by 

scattering & absorbing shortwave radiation. Dust aerosols 

also scatter, absorb and emit infrared radiation. Radiative 

impact of aerosols depends on aerosol concentration, size 

and chemical composition. A negative value of TOA ARF 

leads to cooling of the Earth-atmosphere system because 

of backscattering by aerosols, while positive radiative 

forcing implying warming of the atmosphere. Radiative 

effects of dust aerosols are also a function of dust layer 

height (Zhu et al., 2007; Forster et al., 2007). The low 

level dust layer induces small cooling at the surface, while 

an  elevated dust  layer and  a  uniform distribution of dust 

(f) (e) 

(d) 

(b) 
(a) 

(c) 
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Fig. 8.  Variation of diffuse and direct solar irradiance during dust 

event at Jodhpur and Delhi 

 

 

aerosols can cause large surface cooling (Chung & Zhang, 

2004). In case of low-level dust layer, vertical mixing and 

turbulent fluxes partially balance the surface cooling by 

transferring the absorbed heat from the dust layer 

downward to the surface. On the other hand, there is little 

transfer of absorbed heat from the elevated dust layer to 

the surface as the heating occurs well above the planetary 

boundary layer (Chung and Zhang, 2004). Zhu et al. 

(2007) found that dust plumes over Arabian Sea have the 

largest effect on atmospheric heating when compared with 

Yellow Sea and Saharan coast because of lower SSA and 

the relatively large dust loading. They observed that 

maximum shortwave heating occurs over Arabian Sea 

with the value around +0.5 K/day inside the dust layer at 

about 4 km height where dust concentration peaks. 

 

 The reduction of solar radiation at the surface during 

the dust event of March 2012 is shown in Fig. 8. Direct 

irradiance showed a very unusual and strong attenuation, 

reducing to 50.5 Wm
-2

 on March 20 as compared with 

304.5 Wm
-2

 on March 19, the day before the dust plume 

reached Jodhpur while diffuse irradiance increased from 

51.6 Wm
-2

 on March 19 to 159.9 Wm
-2

 on March 20. The 

daily mean direct solar irradiance value of 181.4 Wm
-2

 

was observed on March 19 which reduced to 73.8 Wm
-2

 

on March 20 and remained 78.5 Wm
-2

 on March 21, 2012. 

The daily mean direct solar irradiance value increased to 

237.8 Wm
-2

 on March 22.  
 

 Pandithurai et al. (2008) estimated DARF during 

premonsoon season of 2006 over Delhi suggesting a 

consistent increase in cooling of surface from -39 Wm
−2

 in 

March to -99 Wm
−2

 in June, while the atmospheric the 

lower atmosphere. In addition, values of forcing heating 

ranged from +27 Wm
−2

 (March) to +123 Wm
−2

 (June) 

since dust events lead to enhanced heating rates in 

efficiency at the surface were found to be -71, -85,             

-87  and -84 Wm
−2

 for March, April, May and  June  2006, 

 
 

 
Fig. 9.  Variation of SW and LW Direct aerosol radiative forcing at 

surface, TOA and atmosphere during dust event from March 18 

to March 23, 2012 observed at Jodhpur and Delhi 

 

 
respectively. These larger forcing efficiency values 

compared to other stations indicate more absorbing nature 

of aerosols over urban Delhi. Prasad et al. (2007) reported 

the surface and TOA forcing in the range of -19 to -87 

Wm
-2

 and +2 to -26 Wm
-2

 respectively, during the dust 

period from April-May, 2005. 

 

 The daily shortwave (SW) and Longwave (LW) 

aerosol radiative forcing results are shown in Fig. 9.  The 

average daily AOD at 500 nm was 0.168, 1.015, 0.837, 

0.546 and 0.364 while SSA was 0.869, 0.837, 0.840, 

0.842, 0.852 and 0.857 from March 19 to March 23 

respectively at Jodhpur. The estimated daily SW ARF at 

the surface was -15.5, -69, -65.2, -47.3 and -30.7 Wm
-2

 for 

March 19 to March 23, 2012 respectively. Forcing values 

at the TOA were -1.9, +2.6, -6.3, -6.0 and -6.4 Wm
-2

 and 

hence the atmospheric forcing values are +13.6, +71.6, 

+58.9, +41.2 and +24.3 Wm
-2

 for March 19 to March 23, 

2012 respectively at Jodhpur. Higher surface aerosol 

forcing on March 20, 2012 is due to the higher aerosol 

loading as the average AOD value of 1.09 was observed   

at 500 nm. 
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Fig. 10(a). Distribution of maximum temperature (°C) before and after the dust plume over Indian region 

 
 

 

 The effect on DARF is not much pronounced in 

Delhi as the atmosphere was also turbid before the dust 

episode. The average daily AOD at 500 nm was 1.044, 

0.945, 0.884, 0.956, 0.756 and 0.636 while SSA was 

0.898, 0.887, 0.865, 0.844, 0.850 and 0.866 from March 

18 to March 23 respectively at Delhi. The sun completely 

obscured on March 20 and aerosol optical properties could 

not be obtained because of dust plume before 0530 UTC 

at Jodhpur and after 0540 UTC at Delhi on March 20, 

2012. Hence, skyradiometer data on March 20 are not 

actually representative of dust event. The estimated SW 

ARF at the surface was -58.2, -50.8, -59.5, -57.5 and -48.5 

Wm
-2

 for March 19 to March 23, 2012 respectively at 

Delhi. Forcing values at the TOA are -12.0, +4.4, +8.9,               

-7.0 and -10.8 Wm
-2

 and hence the atmospheric forcing 

values are +46.3, +55.3, +68.4, +50.5 and +37.7 Wm
-2

 for 

March 19 to March 23, 2012 respectively at Delhi.                   

In  addition,  the  negative  shortwave  DARF value at  the  

 

18 Mar 2012 19 Mar 2012 

21 Mar 2012 20 Mar 2012 

23 Mar 2012 22 Mar 2012 
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Fig. 10(b). Distribution of Minimum Temperature (°C) before and after the dust plume over Indian region 

  

 

 

surface reveals that the desert dust aerosol significantly 

reduced the solar radiation reaching the ground                        

level, thus producing a large cooling effect on the surface 

level. This result confirms a significant absorption                      

of solar radiation in the atmosphere, leading to 

considerable atmospheric warming. It is distinct                        

that high heating rates correspond with high AOD and 

high shortwave DARF during the dust event in                      

the atmosphere.  

 Dust can affect both the shortwave and longwave 

components of the radiative energy balance, but in 

opposing ways. In contrast to the reduction in SW 

radiation, dust significantly increases the LW radiation 

reaching the surface. Huang et al. (2009) found that about 

one third of the SW radiative cooling effect caused by 

Asian dust is compensated by its longwave warming 

effect and about two thirds of the warming effect at the 

TOA is related to the longwave radiation. The 

22 Mar 2012 23 Mar 2012  

20 Mar 2012 
21 Mar 2012 

19 Mar 2012 18 Mar 2012 
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corresponding average daily ARF in the LW region at the 

surface were 6.4, 3.4, 16.4, 14.2, 9.8 and 6.9 Wm
-2

 while 

at the TOA 5.1, 2.3, 12.1, 10.6, 7.5 and 5.3 Wm
-2

 for 

March 18 to March 23, 2012 respectively at Jodhpur. The 

estimated average daily LW ARF at the surface were 12.6, 

12.2, 13, 15.5, 12.6 and 10.4 Wm
-2

 while at the TOA 9.9, 

9.3, 9.6, 11.5, 9.4 and 8.0 Wm
-2

 for March 18 to March 

23, 2012 respectively at Delhi. LW warming effects 

therefore compensates SW cooling at the surface & TOA. 

 

3.5. Effect of dust plume on meteorological 

parameters 

 

 Dust over Indian region started approaching over 

two pockets from March 20, 2012; one over North-west 

India and other over Gujarat and Mumbai coast. The 

surface meteorological elements such as temperature, 

visibility and relative humidity responded significantly to 

the change in dust aerosol concentration. Significant 

negative surface forcing as explained in the previous 

section caused the decline in temperature during the dust 

events. Distribution of maximum and minimum 

temperature before and after the dust plume over Indian 

region is presented in Figs. 10(a&b). Maximum 

temperatures on March 19 were above normal by 4 to 7 

°C over many parts of Punjab, Haryana, Rajasthan and 

Arunachal Pradesh & east Assam; by 2 to 3 °C over many 

parts of Gujarat region, central and peninsular India and 

remaining parts of northeastern states; below normal by 2 

to 3 °C over some parts of Gangetic West Bengal and 

isolated pockets of Bihar and Jharkhand and near normal 

over rest parts of the country. Minimum temperatures 

were above normal by 2 to 5 °C over many parts of the 

western Himalayan region, Punjab, Haryana, Delhi, west 

Uttar Pradesh, Rajasthan and West Bengal & Sikkim and 

below normal by 2 to 4 °C over some parts of Konkan and 

northeastern states and near normal over rest parts of the 

country. On March 20, minimum temperature was higher 

by 2 to 4 °C over some parts of Jammu & Kashmir, 

Punjab and north Gujarat and isolated pockets of 

Rajasthan, Madhya Pradesh, Vidarbha and west Bengal & 

Sikkim. The minimum temperature was above normal by 

5 to 7 °C over the western Himalayan region, Punjab, 

Haryana and Rajasthan and by 2 to 4 °C over parts of 

north Gujarat and west Madhya Pradesh. The weather 

remained mainly dry over most parts of the country except 

Jammu & Kashmir. The maximum temperatures on March 

20 decreased by 5 to 10 °C over many parts of Rajasthan, 

some parts of Punjab and Jammu & Kashmir; by 2 to 4 °C 

over some parts of Himachal Pradesh, Uttrakhand, 

Haryana and Delhi. Maximum temperature increased by 2 

to 3 °C over some parts of eastern Uttar Pradesh and 

isolated pockets of Bihar, Jharkhand and Gangetic West 

Bengal which were not affected by dust plume. The 

maximum temperatures were below normal by 2 to 4 °C 

over some parts of west Rajasthan and Punjab; above 

normal by 2 to 5 °C over rest parts of the country outside 

Gujarat, Bihar, Jharkhand, Gangetic West Bengal, south 

interior Karnataka and west coast the temperature was 

found to be near normal. 

 

 On March 21, dust haze was prevailing over Punjab, 

Haryana, Delhi, Uttar Pradesh, Rajasthan, Gujarat and 

Madhya Pradesh. Minimum temperatures fell by 4 to 8 °C 

over many parts of Jammu & Kashmir, Punjab, Haryana, 

Delhi and Rajasthan; by 2 to 3 °C over parts of Himachal 

Pradesh, Uttar Pradesh, Madhya Pradesh and Gujarat. The 

minimum temperatures were below normal by 2 to 3 °C 

over the plains of northwest India. Maximum 

temperatures fell by 2 to 6 °C over many parts of 

northwest and adjoining central India and rose by 2 to 3 

°C over many parts of eastern India. The maximum 

temperatures were below normal by 2 to 4 °C over many 

parts of Punjab, Haryana, Rajasthan and some parts of 

west Uttar Pradesh and northwest Madhya Pradesh and 

above normal by 2 to 4 °C over many parts of the western 

Himalayan region, northeast, east and north peninsular 

India and near normal over rest parts of the country. Dust 

leads to a large decrease in surface air temperature. Such a 

reduction is attributed to the negative short-wave dust 

ARF at the surface, which surpasses the warming by the 

thermal radiative forcing. 

 

 Before the arrival of the storm, the weather was 

stable with clear sky; Temperature was 26.6 °C, Pressure 

1007 hPa, RH 21%, visibility 2000 m and the local wind 

was relatively light and westerly at 2100 UTC on March, 

19, 2012 at Jodhpur. Around 0000 UTC on March 20, 

with the arrival of the dust plume, there were dramatic 

changes in visibility. The visibility reduced to 1000 m at 

0000 UTC and further deteriorated to 200 m at 0600 UTC 

and remained 200 m till 0900 UTC. Visibility increased to 

500 m at 1200 UTC and further to 1000 m at 1500 UTC. 

The large scale dust plume caused visibility to fall from 

0600 UTC in Delhi when it suddenly fell from 3000 m to 

1000 m. From changes in meteorological parameters, it is 

established that dust plume approached at Jodhpur around 

0000 UTC and at Delhi around 0600 UTC. The lowest 

visibility of 200 m covered Rajasthan on March 20, 2012 

and visibility of 500-1000 m covering most parts of 

western and North-west India. Cities like Jaipur, Jodhpur, 

Ahmedabad and Ludhiana had visibility of 500-800 m in 

the morning hours. Visibility of 4000 m was observed at 

Karachi Airport on March 19 at 1200 UTC which 

decreased significantly to 500 m at 1500 UTC and further 

to 200 m at 1800 UTC. 

 

 The semi-direct effect of aerosols was introduced by 

Hansen et al. (1997) to describe the impact of absorbing 

aerosols on clouds. A series of experiments with a simple 
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general circulation model showed that increased 

shortwave absorption could reduce relative humidity and 

subsequently decrease cloud cover. Ackerman et al. 

(2000) investigated the semi-direct aerosol effect and 

found that absorbing aerosols reduce the relative humidity 

in the boundary layer. Jacobson (2002) found a decrease 

in global averaged column liquid water and ice associated 

with the strong warming influence of absorbing aerosols. 

The dust storm events are usually associated with low 

relative humidity weather conditions (Ling, 2010). 

Relative humidity (RH) was the highest before the dust 

storm event, reaching a maximum of 60% on March 19 at 

0000 UTC at Jodhpur. Relative humidity then dropped 

sharply and the respective values for March 20 at 0000 

and 0600 UTC were only 18% and 4%. Dew-point 

depressions of 44 °C or more occurred after passage of the 

dust plume at Jodhpur and Karachi. RH of 56% was 

observed at Karachi Airport on March 19 at 1500 UTC 

which decreased significantly to 7% at 1800 UTC and 

further reduced to 2% at 0600 UTC on March 20. RH less 

than 10% was observed over large parts of Iran, 

Afghanistan, Pakistan, Saudi Arab, Oman, Yemen and 

northwest India during dust event on March 19 and 20 

(Fig. 3). After the dust event, the relative humidity 

recovered gradually. Reduction of the RH was observed 

due to the increase in dust AOD levels. Dust aerosol 

impacts negatively on the atmospheric moisture levels. 

Significant reduction of relative humidity during the dust 

event can be attributed to the mixture of dry air masses 

associated with dust storms and the absorption of 

incoming solar short wave radiation by dust aerosols.  

 

4.  Conclusions 

 

 Severe dust-storm activities over the Arabian 

Peninsula and Southwest Asia affected the north-west 

region of India between March 20 and 23, 2012. The 

strong winds in surface and middle troposphere favored 

the uplift and long-range transport of desert-dust covering 

an extended area of the Iraq, Kuwait, Iran, UAE, Oman, 

Afghanistan, Pakistan and India. The dust episode was 

capable of reducing direct solar radiation by as much as 

80% and a corresponding increase of 300% in diffuse 

solar irradiance during cloudless days. Ground based 

measurement of AOD at 500 nm reached 1.015 and 0.837 

at Jodhpur while AE dropped to -0.030 and -0.065 on 

March 20 and 21 respectively. The average daily AOD 

reached 0.956 at Delhi while AE reduced to 0.006 on 

March 21, 2012.  PM10 concentration peaked at unusually 

high value of more than 1800 μgm
-3

 during dust storm 

hours of March 20 at Delhi. Moderate Resolution Imaging 

Spectrometer retrieved AOD also exhibited high values 

along the path of dust storm and dust plume. The 

estimated daily SW ARF at the surface was -80.4 and                

-68.6 Wm
-2

 at Jodhpur and -66.1 and -76.2 Wm
-2

 at Delhi 

for March 20 and March 21, 2012 respectively. The net 

DARF was dominated by the shortwave cooling at TOA 

due to the backscattering of incoming solar radiation and 

cooling at surface level due to the attenuation of solar 

radiation by the dust layer. The large reduction in the 

radiative flux at the surface level had caused a significant 

drop in surface temperature by approximately 2 - 10 °C. 

Extremely low visibility up to 200m was observed at 

many sites such as Karachi, Jodhpur, Ahmedabad during 

the dust event. Relative humidity less than 10% was 

observed over large parts of Iran, Afghanistan, Pakistan, 

Saudi Arab, Oman, Yemen and northwest India during the 

dust event.  
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