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Background

Black carbon(BC) could perturb the radiative balance of the 
Earth-Atmosphere system through direct, semi-direct and snow-
albedo effects and then have great implications on the regional 
climate and hydrological cycle.

Deposition of BC onto snow-surface over Himalayas would 
reduce the surface albedo significantly, lead to accelerated 
melting of Himalayan glaciers and rusult in positive radiative 
forcing(warming) at the top of the atmosphere(TOA) .



Fig. 1. Locations of measurement sites.
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Fig. 2. Spatial pattern of atmospheric BC mass concentrations over 
the Satopanth region.

Results and discussion



Hanle

NCO-P



Fig. 3. Climatological monthly mean mass 
concentrations of atmospheric black carbon 
(BC) aerosols at Hanle and NCO-P.
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Fig. 4. Climatology of monthly variations of atmospheric BC
mass concentrations at Dehradun, Kullu and Nainital.
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Fig. 5. Seasonal variation of atmospheric BC mass concentrations measured at 
Dehradun, Kullu, Nainital, Hanle and NCO-P as a function of station altitude.



Fig. 5. Hourly mean values of BC in the atmosphere and the estimated 
mass concentrations of BC in the top snow layer over Hanle.
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FBC=Cair*Vd
               
                 FBC *t
                      Dsnow*ρsnow
Csnow =

The amount of BC in 
the snow during the 
pre-monsoon period 
was estimated as 
20.8µg kg-1.

Cair: atmospheric BC concentrations
Vd: dry deposition velocity
FBC: flux of atmospheric BC
t: time
Csnow: BC mass concentrations in snow
Dsnow: snow depth
ρsnow: snow density



The amount of BC on snow over Hanle due to dry deposition during the pre-monsoon 
season would be 1.7-117µg kg-1.

Table 1. The estimated amount BC on snow through dry deposition over Hanle and 
Satopanth during pre-monsoon season



Fig. 6. Temporal variation of BC concentration and meteorological parameters 
during the snowfall event observed at Hanle(25 August-20 September 2009). 
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Fig. 7. Size-resolved 
scavenging 
coefficients for 
different snow-fall 
rates estimated using 
Feng (2009).
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 The amount of BC scavenged during the first snowfall(25-31 
August) had beed estimated as ~6µg kg-1 for a precipitation column 
of 1000m and accumulated snow depth of ~9cm.

The average concentration of BC on snow during pre-monsoon 
season via wet scavenging was estimated to be 29µg kg-1  using the 
modelled mean scavenging efficiency of 0.008h-1 for an 
accumulated snow depth of 27 cm and an ambient BC mass 
concentration of 109ng m-3 in the air.



scavenging 
ratio

The mean BC concentration in the snow for the 
pre-monsoon season was estimated as 19.5µg kg-1

.
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Direct radiative forcing
Table 2. Optical properties of aerosols over measurement sites 
during pre-monsoon and winter season.



Fig. 8. Direct radiative forcing due to composite 
aerosols on snow and sandy surfaces over Hanle 
and NCO-P during pre-monsoon season and 
winter season.
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Fig. 9.  (a) Spectral variation of snow albedo for pure and contaminated snow (BC 
loading of 50µg kg-1) simulated using SNICAR model; (b) spectral variations of 
pure snow albedo for different zenith angle conditions.

Snow albedo forcing



 Fig. 10. variation of snow-albedo radiative forcing.

For the range of 10-
200µg kg-1 of BC in snow, 
the diurnally averaged 
forcing due to snow 
darkening had been found 
to vary from 0.87 to 10.2W 
m-2 for fresh snow and from 
2.6 to 28.1W m-2 for the 
aged snow.



Conclusions
The measurements of BC concentrations from Hanle and NCO-P showed 
strong seasonal variations with pre-monsoon high and summer minimum.

The estimated amount of BC in the snow due to dry deposition at Hanle  
varied from 1.7-117µg kg-1 during pre-monsoon season and the amount of BC 
due to wet deposition was estimated to be 29µg kg-1.

The estimated DRF over a snow surface was  ＋1.69W m-2 compared to 
－1.54W m-2 over a sandy surface. The snow-albedo forcing estimated for the 
range of BC in snow (10-200µg kg-1 )varied from 0.87 to 10.2W m-2 for fresh 
snow and from 2.6 to 28.1W m-2 for aged snow.




