
  

Himalayan  Plateau  is  surrounded  by  regions  with  high  natural  and  anthropogenic aerosol 
emissions that have a strong impact on regional climate.  

Spatial and vertical distribution of di erent aerosol types with their seasonal variability are ff
investigated by means of the 2007-2010 years of CALIPSO (Cloud Aerosol Lidar and Infrared 
Path Finder Satellite,   Winker et al., 2007) vertically resolved satellite data 

Clusters of Lagrangian back-trajectories are used to  highlight transport pathways from source 
regions during the dusty spring season.
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The analysis focuses on aerosol layers defined in CALIOP data as desert aerosol (dust), particles produced by combustion and composed mainly 
by soot and organic carbon (smoke), and a mix between dust and smoke (polluted dust) which appear from this analysis to be the main typologies 
of particulate over the region. 

Images reports the frequencies of occurrence of each class, estimated as the ratio between the number of observations of at least one layer of a 
particular class of aerosol and the total number of satellite tracks, within a 3-dimensional grid (resolution 3°x3°) during a time interval of a 
season.

Trajectories analysis allows to identify the possible sources contributing to the observed aerosol 
spatial distribution. The figure indicates the regions of PBL crossing for the spring season over the 
four years of observation (2007-2010).

A frequency of the potential sources (directly comparable with those obtained from CALIOP data) 
was estimated as the ratio between the number of back-trajectories crossing a PBL over a specific 
source and the number of total back-trajectories for each bin. 

 The analysis shows a prevalence of dust; at low heights they are distributed mainly north (coming 
mainly from the Gobi and Taklamakan deserts) and west of the Tibetan Plateau (originating from the 
deserts of South-West Asia).
 
Above the Himalayas the dust amount is minor but still not negligible and transport from distant 
deserts (Sahara and Arabian Peninsula) is important. 

Smoke aerosol, produced mainly in North India and East China, is subject to shorter range transport 
and is observed closer to the sources. Only a limited amount reaches the top of the plateau. 

A clear seasonal variability in the frequencies of occurrence is revealed. The study also highlights 
relevant interannual di erences, showing a larger presence of aerosol in the region during 2007 and ff
2008 years.

Analysis is  limited to the CALIP SO lidar CALIOP (Cloud  Aerosol  LIdar  with  Orthogonal  
Polarization) level 2 data. The provided  backscatter vertical profiles at 532 nm and 1064 nm 
allows to discriminate between clouds and aerosol and to extract local information about their 
vertical and spatial extent, mean depolarization and backscatter coe  cient; Optical properties ffi
enable then a primary discrimination between 
di erent classes of aerosol.ff

Transport in the region of analysis is estimated calculating clusters of 10 days backtrajectories that 
originates daily from the same rectangle of observational frequencies at two di erent heights (500 ff
hPa and 700 hPa). Sources are identified as the points where the trajectories crossed irreversibly 
the PBL height over an emission area.

 

Meteorological analysis comes from the ECMWF (European Centre for Medium-Range Weather 
Forecasts). The localization of desert areas was made by means of ground cover maps from US 
Geological Survey (USGS) Land Cover Institute (LCI). Sources of smoke aerosol are identified 
with the help of MACCity Biomass Burning emissions dataset (Granier et al., 2011; Diehl et al., 
2012; Lamarque et al., 2010; van der Werf et al., 2006)

Fig. 1. : Example of CALIOP level 2 Aerosol Layer Data.
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Fig. 3. : Aerosol frequency of occurrence for the A) Winter season B) Spring season C) Summer season D) Autumn season. Different aerosol types (dust, polluted dust, smoke) are reported 
from top to bottom. Different vertical layers are reported from left to right. Data are accumulated over the 2007-2010 years. Violet boxes highlight the areas studied in the interannual 
analysis 
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Fig. 4. :  Frequency of occurrence for dust, polluted dust and smoke for the A) India, B) China, C) North Plateau, D) Plateau regions for the years 2007–2010. Di  erent lines report the ff
vertical layers 0–2 km (black), 2–4 km (blue dashed), 4–6 km (green), 6–8 km (red). Please note the di  erent vertical scales.ff

Interannual differences are estimated for 4 selected regions of interest. The frequency time series are reported for the same layers as above and 
data are accumulated monthly over the four years 2007-2010

Regions:

A) India
20°N-33°N, 60°E–81°E

B) China 
38°N-42°N, 78°E-102°E

C) North Plateau 
29°N-44°N, 105°E-120°E

D) Plateau
29°N-28°N, 78°E-102°E

Results (2)

Fig. 5. : Geographical distribution of PBL exit points for backtrajectories at 500 hPa (left) and 700 hPa (right). Di erent sources ff
are plotted with the color table reported in the figure together with its relative contribution. Black box indicates the starting point 
area of the back-trajectories.

Fig. 6. :  Frequency of occurrence of air masses at 700 hPa (left panel) and 500 hPa (right panel) coming from di  erent PBL ff
sources 

Conclusions

The work is partly funded by the EVK2-Share project Paprika. CALIPSO data were obtained from the 
NASA Langley Research Center Atmospheric Science Data Center. MACCityemissions come from the 
ECCAD program. ECMWF data used in this study have been obtained from the ECMWF Data Server.
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Fig. 2. : Example of Back-trajectories analysis for April 2010 originating at 700 hPa and 500 hPa.
Violet box indicates the starting point area of the back trajectories. 
Yellow areas are the potential dust sources. Grey areas are the potential black-carbon sources.
Black contours represent where 99% of the back-trajectories are found.
Light blue points are the irreversible PBL crossing points. 
Red contour reports the 700 hPa level to identify the presence of the Himalayan Plateau.
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