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ABSTRACT
Annual and seasonal variations in aerosol optical depth (AOD) at a wavelength of
550nm have been investigated using MODIS (Moderate Imaging Spectroradiometer).
In addition, average Aerosol Radiative Fluxes (ARF) have been calculated for the
Long Wavelength (LW) clear sky at the Top Of the Atmosphere (TOA), the earth's
surface (SRF), and within the atmosphere (ATM) using the Earth’s Radiant Energy
System (CERES) data over Peshawar, Dera Ismail Khan (D I Khan), Swat and
Chitral during December 2002 – February 2005. The results have revealed that the
annual mean AOD at 550 nm were 0.37 ± 0.13, 0.73 ± 0.37, 0.31 ± 0.10 and 0.22 ±
0.09 over Peshawar, D I Khan, Swat and Chitral respectively. Seasonal variations
revealed that summer, winter, pre-monsoon and post-monsoon AODs were higher
over D I Khan and Peshawar while lower over Swat and Chitral. The monthly
average ARF variation at the TOA, SRF and ATM during clear-sky days have been
calculated. ARF computed from CERES model has yielded negative value (-102
W/m2) at the SRF and positive value (259 W/m2) at the TOA with a high value of
ATM (399 W/m2) leading to heating effect over D I Khan during the study period.
This value (399 W/m2) for atmospheric forcing was highest amongst those recorded
for other sites aforementioned. Further, AODs compared with ARF at the SRF, TOA
and ATM over all the sites, and was found reasonable relationship within ATM over
the sites investigated. The Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) model was used for back trajectories assessment. In addition to local
(Baluchistan Punjab and Azad Kashmir) air masses, the long range transported air
masses arrive at the study sites from Iran, Turkmenistan, India and Afghanistan.
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INTRODUCTION
Under clear sky conditions the Aerosol Radiative Flux (ARF) is the difference between incoming and
outgoing solar flux in the presence and absence of aerosols. The radiative flux within the
atmosphere (ATM) with aerosol can be obtained from either satellite data or model calculation,
using “received input data” while the “flux”, in the absence of aerosol, from the model observation
(Lesins et al, 1999). Radiative flux, measured in W/m2, can be described as the magnitude of power in
the form of photons or other elementary particles emitted through a given region. When restrained
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to the infrared spectrum, radiative flux acts as heat flux, and becomes irradiance when incident
upon a surface (Pollack et al., 1993).
Radiative flux is classified into two types – (i) Short Wave (SW) radiative flux and (ii) Long Wave (LW)
radiative flux. Both of fluxes are the result of specular and diffuse reflection of infrared waves. Short
wave radiation has a profound impact on certain biophysical processes such as photosynthesis and
land surface energy budget and long wave radiative flux is the product of both down welling as will
infrared energy as well as emission by the surface (Pawar et al., 2012).
Aerosol effect on atmospheric radiative fluxes precedes a forcing function that can change the
climate in significant ways. ARF is a major observed climate change of the past century and in
predicting future climate (Russell et al., 1999). The SW and LW radiative fluxes are critical components
of energy balance, and play a vital role for understanding the weather and climate within the
atmosphere (Karatz et al., 2000). Aerosols exert Direct Radiative Effects (DRE) due on scattering and
absorption of sunlight (Satheesh and Ramanathan, 2000). Aerosol scattering is the dominant aerosol
forcing that leads to the cooling of the atmosphere. Absorption of solar radiation by aerosols leads
to the warming of the surrounding, changing thereby the temperature and strength of convection
(Chou et al., 2005). The magnitude of DRE depends on the relative proportion of natural and
anthropogenic aerosols constituents which have manifest characteristics and size assessment (Griggs
et al., 2002). The direct radiative forcing due to the biomass burning aerosols is a sensitive function of
the size distribution of aerosol particles. The DRE due to anthropogenic and natural aerosols is
define as the effect of these aerosols on the radiative fluxes and the change in radiative flux due to
only anthropogenic aerosol can be termed as aerosol direct radiative forcing (Chung et al., 2005).
(Chakraborty et el, 2010) studied the impact of absorbing aerosol on the simulation of climate over
the Asian region in an atmospheric general circulation model and they show that, the absorbing
aerosols increase short wave radiative heating of the lower troposphere and reduce the heat at the
surface. Until now, few studies have been conducted on aerosol optical properties in Lahore and
Karachi (Alam et al., 2011b), (Alam et al., 2012), (Alam et al., 2014a) and (Alam et al., 2014b). The
radiative forcing in New Delhi was studied and increase in heating was observed at the top of the
atmosphere (Pandithurai, 2008). The direct radiative forcing of Indian Ocean region during spring
1999 was reduced in atmosphere (Collins et al., 2002). (Qin et al., 2009) reported that the heating
rate is increased over Tibetan Plateau (China). (Deepshikha et al., 2005) derived the dust absorbing
efficiency over the north Indian Ocean on the bases of METEOSAT observation in the U-V visible and
infra-red spectrum, and observed that the dust from desert areas of Arabian Peninsula was less
absorbing than the one interacting with anthropogenic aerosols which provides strong evidence for
occasional dust particles with black carbon.
(Menon et al., 2002) studied the climate effects of the black carbon aerosols in the East Asian
monsoon region and found the phenomenon of northern drought/southern flooding occurred in
summer during the past 50 years in China. Heating effects due to carbonaceous aerosols in the
atmosphere went up in the Himalayan region accompanied by the weakening of the Hadley and
polar circulations in the Northern Hemisphere (Zhang et al., 2009).
The present work analyzed the spatio-temporal variations in Aerosol Optical Depth (AOD), and Long
Wave (LW) Aerosol Radiative Fluxes (ARF) at TOA, SRF and in ATM using Clouds and the Earth’s
Radiant Energy System (CERES) and Moderate Resolution Imaging Spectroradiometer (MODIS)
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instruments data over Peshawar, D I Khan, Swat and Chitral for the period December 2002 –
February 2005. The relationship between ARFs and AODs has been examined. In order to investigate
the origin of air mass back trajectory, the Hybrid Single Particle Lagrangian Integrated Trajectory
(HYSPLIT) has also been utilized.
2 Methodologies
2.1 Site description
Peshawar (34o01´ N, 71o35´ E) covering area 1,257 km² with a population of approximately
3,307,798. Peshawar has a semi-arid climate with very hot summers and mild winters. Winter begins
in mid- November and ends in late march, while summer months are May to September. The mean
maximum temperature during the hot summer is 40Co (104Fo) and mean minimum temperature is
25Co (77Fo). The mean minimum temperature in winter is 4Co (36Fo) while maximum temperature is
18.5Co (50.5Fo). The map of Khyber Pakhtunkhwa (KP) is shown in Figure 1 in which the study areas
are shown. Peshawar is not a monsoon region, unlike other parts of Pakistan; however, rainfall
occurs in both winter and summer. The sources of aerosol concentration over this site are Industrial
emission and vehicular emission, road dust, smoke etc.

Fig.1: Map of Pakistan showing the study site
D I Khan (31o49´ N, 71o55´ E) is located on the west bank of river Indus covering area 7,326 km2 with
a population of approximately 852,995. D I Khan has a hot desert climate with hot summers and mild
winters. Precipitation mainly falls in two distinct periods, in the late winter and early spring from
February to April, and in the monsoon in June and July. Emissions from sugar mills, textile mills, ghee
mills, flour mills, and dates processing remains of blasting materials may increase in AOD
concentrations over D I Khan.
Swat (34o01´ N, 71o35´ E) upper valley of the Swat River is situated in the north of KP is enclosed by
the sky-high mountains covering area is 5,337km2 having a population of about 2,161,000. The
average temperature in the month of June is about 35 Co and decreases to about 26 Coin July and
August with a little chance of rain. The average temperature in the month of January is about 11 C
and decreases to about -2 Co in July. It has two major seasons, summer season from May to August
with high relative humidity and frequent rains and the dry season from April to May. Industries are
not so developed by the time the site is in Swat, so the major sources of aerosols are soot from
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wood stoves, burning coal, fuel and oil, emission from vehicle, atmospheric gases, road dust, etc.,
contribute to aerosol concentration.
Chital (35o50´ N, 71o47´ E) is a valley located in the extreme north of Pakistan with the larger part
of Chital is covered with high mountains and hills covering area is 14,850km2 having population of
about 600,000. This town is at the foot of Tirch Mir, the highest peak of Hindukush which is 25,289
feet high. Winter snowfall in the town can be quite heavy with an accumulation of up to two feet
being quite common, at higher elevation snowfall can reach as high as 20 meters (70 ft).The weather
is very cold during the winter.
2.2 Datasets and analyses (instrumentation)
In this study different datasets and their derived properties have been used. MODIS satellite is a key
instrument that installed on the Terra (EOS AM) and Aqua (EOS PM) satellites which were launched
in December 1999 and May 2002, respectively. Terra's orbit around the earth in the morning it
passes from north to south across the equator, while Aqua passes south to north over the equator in
the afternoon. MODIS uses 36 spectral bands with wavelengths ranged (0.41 μm-14.4 μm). MODIS
instrument give a lot of information about meteorological, terrestrial, and coastal surroundings. It
has (250-1km) spatial and (1-2) days temporal resolution, but for some parameters it also provides a
spatial resolution of 10 km [18]. MODIS uses different methods for retrieval data over oceans [19]
and over land [20] and for land it shows less accuracy [21]. The MOD08 AOD monthly data products
from Terra level-3 AOD at wavelength 550nm with a spatial resolution of 1o × 1o km from December
2002 to February 2005 were utilized in this study. More information on retrieval of AOD data is
available at website http://modis-atmos.gsfc.nasa.gov.
The Clouds and the Earth’s Radiant Energy System (CERES) instruments fly on several National
Aeronautics and Space Administration Earth Observing System (EOS) satellites starting in 1998 and
now it is a key constituent of the Earth Observing System (EOS) program. The CERES broadband
scanning radiometers are modified version of the Earth Radiation Budget Experiment (ERBE)
radiometers [22]. CERES monitors infinitesimal changes in the Earth's energy balance, the difference
between incoming and outgoing energy and determine the Earth’s energy balance providing a long
term record of this vital environmental parameters that will be reliable with those of its precursors.
The CERES instruments also provide radiometric measurement of the Earth’s atmosphere from three
broadband channels. The CERES instrument is scanning Earth, helping to assure availability of
measurement of the energy at TOA, at the SRF and at several selected levels within ATM [5]. CERES
data provide TOA radiative fluxes with a factor of 2 to 3 less error than the ERBE data. In this study
we have used CERES product having concurrent information of Clear-sky_TOA_LW_Flux and Clearsky_Sfc_Net_LW_Flux-Mod_B for the study period. The detail on retrieval of ARF data is available at
website http://disc.sci.gsfc.nasa.gov/giovanni.
NOAA HYSPLIT (National Oceanic and Atmospheric Administration Hybrid Single Particle Langrangian
Integrated Trajectory) model is used to calculate air mass trajectories, in specific backward and
forward trajectories, with meteorological variables (ambient temperature, rainfall, relative humidity,
solar radiation flux) [23]. In this study, we used NOAA HYSPLIT (National Oceanic and Atmospheric
Administration Hybrid Single Particle Langrangian Integrated Trajectory) model for back trajectories
in order to investigate the source of air masses arriving the study sites. We run this model for 3-day
time period (72 hours) through the website (http://ready.arl.noaa.gov/HYSPLIT.php).
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3. Results and discussion
3.1 Annual and seasonal variations in AOD
In this study, we derived time series of monthly mean AOD values from MODIS at 550nm for the
period of December 2002 - February 2005 and found that the monthly mean MODIS AOD values
ranged from 0.21-1.62, 0.22-1.57, 0.19-0.58, and 0.08-0.42 over Peshawar, D I Khan, Swat and
Chitral respectively. Figure 2(a-d) showed that the highest average AOD was observed in D I Khan
(1.57), and the lowest in Chitral (0.08). Every year AOD attained annual peak in the month of July at
all locations except Chitral. Annual and seasonal average AOD values and standard deviations
retrieved by MODIS over Peshawar, D I Khan, Swat and Chitral during the study period was given in
Table 1.

Fig. 2: Annual variations in AOD for the period (December 2002– February 2005) over Peshawar, D I
khan, Swat and Chitral.
Figure 2(a-d) showed that, for Peshawar, the maximum AOD value (0.78) was recorded during the
month of July 2003; for D I Khan, the maximum AOD value (1.57) in July 2004; for Swat, the
maximum AOD value of 0.58 was in June 2003; for Chitral, the maximum AOD value of 0.42 in March
2003.
A marked AOD maximum was observed in month July is due to the increase in temperature, absence
of rain and harvesting of crops. The AOD value over Chitral was highest in March 2003. This
increased AOD value in march is due to local air pollutants and strong wind erosion. Additionally the
decrease in AOD values was observed from September to December for all sites which is due the
cloud scavenging and rain wash out processes. (Jin et al., 2006) observed maximum AOD from May
to June and the minimum from November to December over the Tibetan Plateau.
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Table 1. Annual and seasonal means and standard deviations of AOD retrieved by MODIS at
550nm over Peshawar, D I khan, Swat and Chitral during the study period

Sites

Annual

Winter

Summer

Pre-monsoon

Post-monsoon

Peshawar

0.37±0.13

0.26±0.04

0.56 ±0.13

0.37±0.04

0.38±0.09

D I Khan

0.73±0.37

0.41±0.09

1.34±0.17

0.64±0.10

0.71±0.14

Swat

0.31±0.10

0.24±0.03

0.46±0.07

0.30±0.05

0.28±0.09

Chitral

0.22±0.09

0.15±0.08

0.28±0.05

0.27±0.08

0.14±0.06

(Sarkar et al., 2006) reported that AOD from March started to increase and reaches a maximum
value in June over India. (Alam et al., 2011b) found the same result that AOD increased from the
month of March, reaching its maximum in July over Karachi. On the contrary AOD started to
decrease in September and found the low value in December. Our results were also consistent to the
ones found by (Metwally et al., 2010) using MODIS aerosol retrievals over Cairo (Egypt). We also
carried out a seasonal average MODIS AOD over Peshawar, D I Khan, Swat and Chitral for the
summer (June, July, August), winter seasons (December, January, February), pre-monsoon (March,
April, may) and post-monsoon (September, October, November) for the period December 2002–
February 2005.
MODIS retrieved AOD varies significantly over seasons. Figure 3(a-d) presented the average AOD
values as a function of month, showing seasonal variations for the four selected cities with a high
AOD value in July during the summer season in almost all regions. Similarly, high AOD values were
obtained in the December during the winter season for all sites except Chitral because over Chitral
for winter months not much data were available to make any precise observations. It was also
evident from the Figure that summer AOD’s were higher than winters. Figure 3(c-d) showed that
AOD values in post monsoon were high while low in pre-monsoon over Peshawar and D I Khan. In
contrast AOD values in pre-monsoon were high while low in post-monsoon over Swat and Chitral.
(Ranjan et al., 2007) reported that in summer, higher humidity indicates higher AOD values.
(Balakrishnaiah et al., 2012) observed high AODs values over Pune, Visakhapatnam and Hyderabad
during the summer season using MODIS satellite data. (Tripathi et al., 2005) recorded maximum
AODs values during the summer months retrieved from MODIS over Kanpur. (Li et al, 2003) used the
MODIS data to analyze the seasonal variations of AOD in eastern China, and found the higher value
of AOD in summer due to human activities and Asian dust. In terrestrial regions of China, the
regional monthly average AOD values were analyzed from MODIS which showed higher values of
AOD in summer and lower in winter (wang et al, 2008). (Papadimas et al., 2008) recorded high
precipitation rate in winter which causes removal of atmospheric aerosols and a lower value of AOD
during this season was observed. (Chen et al. 2010) observed the seasonal variability with a higher
AOD level in summer and a lower AOD level in winter over Southern Ontari (Canada). Similarly,
(Singh et al., 2010) found that the AOD was higher in summer season than in winter season for
different areas of India. (Alam et al., 2014a) analyzed the retrieval of MODIS AOD over Lahore and
noted high AOD values during post-monsoon than pre-monsoon. (Choudary et al., 2012) examined
the aerosol concentrations over Kanpur (India) and that fond that AOD data increases during the
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pre-monsoon months because dust storms were common in the Indo Gangetic Plain. Using MODIS
data earlier researchers (Kalita et al., 2011) and (Pathak et al., 2013) have reported that highest fire
activities in the region take place during pre-monsoon. (Kharol et al., 2008) have also attributed
enhanced fire activities peaking in pre-monsoon over North-East India to observed high AOD.

Fig. 3: Seasonal Variations in AOD for winter, summer, pre-monsoon and post-monsoon for the
period December 2002 - February 2005 over Peshawar, D I Khan, Swat and Chitral.
3.2 Aerosol radiative forcing (ARF)
3.2.1 Annual and seasonal variation in ARF
The Long Wave (LW) and Short Wave (SW) radiative fluxes at the surface are important components
of the Earth's radiation balance (net flow of energy). Thus, the energy fluxes are important to
understand climate change, defined by changes in the Earth's energy balance. In this section average
ARF was calculated for the LW clear sky at TOA, SRF, and within the atmosphere (ATM) using CERES
data. The difference of the two (TOA - SRF) gives ARF within the atmosphere (ATM). The monthly
average annual and seasonal ARF variation at TOA, SRF and within the atmosphere (ATM) during
clear-sky days for the study period December 2002 - February 2005 were shown in Table 2. The ARF
over Peshawar for TOA, SRF and ATM was in the range from 252 to 324 W/m², - 95 to-129W/m² and
349 to 454 W/m2, respectively. The ARF over D I Khan for TOA, SRF and ATM was in range of 262341 W/m², SRF - 62 to -127W/m² and 357-457 W/m², respectively. The monthly mean average clear
sky long wave length ARF over Swat for TOA, SRF and ATM was in the range 251-355 W/m², - 80 to118 W/m² and 347-442 W/m² respectively. The averaged aerosol radiative forcing (ARF) over Chitral
for the TOA was 220-305 W/m², while at the surface it was -93 to-122 W/m² leading to an
atmospheric forcing of 315-365 W/m². The temporal variations of aerosol forcing in clear sky forcing
presented in the figure 4(a-d) that the average forcing in the long wave region within the
atmosphere was maximum in the month of June for the years 2003 and 2004 for almost all the cities
leading to warming effect. It was noted that the monthly variations of aerosol forcing over studied
sites in each year were not uniform. After June the aerosol concentration decreased very slowly due
to monsoonal rain resulting in lowest aerosol surface forcing. Likewise, over Chitral AOD was high in
September due to anthropogenic forcing at surface and atmosphere. In the long wave region,
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interaction of clouds with the long wave radiation leading to increase in the atmospheric forcing
(Dey, S. and Tripathi, 2008). In a global study, (Miller et al., 1999) have found that the dust radiative
forcing during June–August at the TOA and surface were in the range of -2 to +2 and -5 to -10 W/m2.
(Alam et al., 2014b) reported longwave ARF values in the range of +6 W/m2 and +20W/m2 at the
earth's surface and +7W/m2 and +30W/m2 at the TOA producing warming effect in the atmosphere.
(Chinnam et al., 2014) also noted heating effect within the atmosphere forcing using LW regions
over Kanpur. (Adesina et al., 2014) reported over Gorongosa recorded the monthly mean ARF at
TOA, SRF and ATM in the range of -6 to -22 W/m2, -16 to -89 W/m2 and 10 to 68 W/m2,
respectively.
Table 2. The average annual and seasonal LW clear sky ARF values retrieved by CERES at the TOA,
SRF and within the ATM over Peshawar, D I khan, Swat and Chitral during the study period.
Sites

ANNUAL

WINTER

SUMMER

TOA

SRF

ATM

TOA

SRF

ATM

TOA

SRF

ATM

W/m²

W/m²

W/m²

W/m²

W/m²

W/m²

W/m²

W/m²

W/m²

Peshawar

284±23

-108±9

392±30

259±4

-100±4

360±8

313±8

-116±11

429±18

DIKhan

259±23

-104±16

399±30

271±6

-103±6

374±12

321±19

-104±12

425±37

Swat

282±22

-102±11

385±26

258±4

-99±4

358±7

309±10

-106±14

416±21

Chitral

259±26

-105±9

365±35

232±17

-95±2

327±10

284±13

-115±5

399±15

Fig. 4: Monthly averaged variations of radiative forcing (W/m²) at TOA, Surface and within the
atmosphere over Peshawar, D I Khan, Swat, Chitral.
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(Alam et al., 2011b) over Karachi found that TOA, ATM and SRF was in the range of -7 to -35 W/m2,
38 to 61 W /m2 and 56 to -96 W /m2, respectively. (Ge et al., 2010) noted that surface forcing in the
range of -7.9 and -35.8 W/ m2 over China, which were higher than our values. The global mean
clear-sky ARF at the surface was negative found by previous authors (Yu et al., 2006) and (Kim et al.,
2008). Parasad et al. [48] calculated ARF at SRF between -19 and -87 W/m² and a TOA forcing
between +2 and -26 W/m² during over Indo-Gangetic plains (India), which was higher than found in
our own study. (Pandithurai, 2008) reported a surface ARF between -39 W/m2 (in March) and -99
W/m² (in June), and an atmospheric forcing between +27 W/m² (in March) and +123 W/m² (in June)
over New Delhi in 2006. (Prasad et al., 2007) reported that ARF at the surface varied between -45
and -65 W/m² over Morocco, which was higher than the ARF values over Peshawar, DI Khan, Swat
and Chitral. (Chinnam et al., 2014) found LW forcing at TOA and surface due to dust were +3 and +2
W/m2 respectively. Overall the TOA for Peshawar, D I Khan and Swat were comparable. SRF values
were less for D I khan as compared to the other three location.
Figure 5(a-h) showed the seasonal variation of aerosol radiative flux at TOA, SRF and in the
atmosphere over selected sites. Maximum LW ATM flux was found in general in summer, and
minimum in winter over all sites. D I Khan and Peshawar show slightly higher values of flux in
summer than winter indicating significant heating of the atmosphere and Chitral shows lowest flux
in winter. The magnitude of LW ATM flux varied from 315 W/m2 in winter over Chitral to 457 W/m2
in summer over D I Khan.
The average ARF values found by (Alam et al., 2012) in summer within ATM were 82.6 W/m2 and
43.3 W/m2 over Lahore and Karachi respectively. Likewise, the average ARF values in winter in ATM
were 64.3 W/m2 and 41 W/m2 over Lahore and Karachi respectively. (Alam et al., 2011b) also
reported the same heating effect over Karachi. The large differences between TOA and surface
forcing demonstrate that solar radiation is being absorbed within the atmosphere, and as result the
atmosphere get warmer but the earth’s surface gets cooler (Miller et al., 1999), [45] and (Alam et al.,
2011b). This can substantially alter atmospheric stability and influence the dynamic system of the
atmosphere (Lee et al., 2010).
3.3 Intercomparison of MODIS AOD and CERES ARF data
The time series of reflectance anomalies from MODIS and CERES are similar and are well correlated
with each other; they are also correlated with the variations of the atmospheric/surface properties,
especially cloud fraction, optical depth, and snow/ice coverage. Comparison of AOD measured from
MODIS and ARFs of CERES at the SRF, TOA and ATM over Peshawar, D I Khan, Swat and Chitral
during the study period was shown in Table 3. The MODIS-retrieved AODs at a wavelength of 550nm
compared with CERES-measured at LW ARF at the SRF, TOA and ATM over Peshawar, D I Khan, Swat
and Chitral during the study period as shown in figure 6(a-l). The correlation at TOA over Peshawar
was found to be relatively high (R2=0.58) between MODISAOD and CERESARF and low (R2=0.00) over
Chitral. Therefore, MODISAOD were better matched with CERESARF at the top of the atmosphere
over Peshawar.
The correlation at SRF over D I Khan was recorded to be low (R2=0.16) between MODIS AOD and
CERES ARF and poor (R2=0.01) between MODIS AOD and CERES ARF over Chitral. Thus MODIS AOD
was in reasonable agreement with CERES ARF at the surface over D I Khan. The correlation between
MODIS AOD and CERES ARF at ATM was maximum (R2=0.48) over Peshawar and minimum (R2=0.02)
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over Chitral, so the good agreement was observed between MODIS retrieved AODs and CERES
measured ARF at atmosphere over Peshawar.
SUMMER:

WINTER:

Figure 5. Seasonal variation in aerosol radiative flux over TOA, surface and within the atmosphere
over Peshawar, DI Khan, Swat and Chitral for the period (Dec 2002-Feb 2005).
TOA:

38

SRF:

ATM:

Fig. 6: Intercomparision of MODISAOD and CERESARF (TOA, SRF, and ATM) over
Peshawar, D I Khan, Swat and Chitral.
Correlation based on Correlation based on satellites will provide a better understanding of the
spatio-temporal behavior of aerosol optical properties and radiative forcing over these sites.
3.4 HYSPLIT trajectories
NOAA HYSPLIT (National Oceanic and Atmospheric Administration Hybrid Single Particle Langrangian
Integrated Trajectory pretends the long-range transport deposition, and scattering, when air masses
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move from the source to the receptors and also measured high and low AODs. Furthermore, with
the HYSPLIT model daily back trajectories have been calculated (Draxler et al., 2003) in order to
define the origin of the air masses arriving in the area of measurement. There are three main
configurations in HYSPLIT, which can be set to characterize the dispersion of the air pollutant
(Escudero et al., 2006).
Table 3. Comparison AODs of MODIS and ARFs of CERES and at the TOA, SRF and within the
atmosphere over Peshawar, D I khan, Swat and Chitral during the study period
MODIS AOD vs CERES ARF
Sites
TOA (W/m²)

SRF (W/m²)

ATM (W/m²)

R2

R2

R2

Peshawar

0.58

0.03

0.48

D I Khan

0.47

0.16

0.09

Swat

0.46

0.08

0.20

0.000003

0.01

0.02

Chitral

To investigate the origins of the air masses reaching the studied sites we calculated the three days
back long trajectories bringing aerosol particles at three different altitudes above the ground at
height of 500m, 1000m and 1500m for 15 January and 15 July 2003. These trajectories are indicative
of the study period analyzed.
Figure.7 depicted the probable transport of air masses from the source area to Peshawar, D I Khan,
Swat and Chitral from the Iran, the Turkmenistan, India and Afghanistan also some air masses were
from Baluchistan Punjab and Azad Kashmir. Anthropogenic aerosol sources (fine aerosols from the
burning of fossil fuels and biomass, industrial activity, cooking and traffic) contributed to an increase
in aerosol concentrations over different sites in Pakistan (Alam et al., 2011a).
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Fig. 7: Three-day back-trajectories representing the air mass at three different heights reaching
Peshawar, D I Khan, Swat and Chitral on a specific day in the month of January 2003 and July 2003.
Conclusion
This paper emphasis on as the annual and seasonal variations of monthly mean AOD values from
MODIS and aerosol optical and radiative forcing from CERES data for the period of December 2002 February 2005 over Peshawar, D I Khan, Swat and Chitral.
The major conclusions of the study are:
1. Highest average AODs were observed over D I Khan (0.73); while the lowest AODs were found
over Chitral (0.22). AODs over Peshawar (0.37) and Swat (0.31) were relatively higher but then
Highest AODs over D I Khan occur as the location is hot desert with hot summers and mild winters
and Precipitation could contribute additionally to the increase in AODs.
2. Over the study locations change in AODs is observed due to seasonal variation because of wind
speeds, relative humidity, and temperature changes.
3. Using CERES data, we analyzed the clear-sky long-wave aerosol radiative forcing at top of the
atmosphere and at surface to compute atmospheric forcing which leads to warming of the
atmosphere data.
4. The MODIS-retrieved AODs compared with CERES-measured at LW ARF at the SRF, TOA and ATM
over all sites and found best correlation (R2 = 0.58) between MODIS AODs and CERES ARF over
Peshawar than other sites.
5. We also used the Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) model to
analyze trajectories of air masses, in order to understand the spatial-temporal variation in aerosol
loading.
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