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3D perspective of the study region

Himalayan Snow and Glacier Cover (Change)
— Landsat, ASTER, MODIS

Evidences of transport of mixed aerosols (dust +

anthropogenic emissions) over Himalaya (~5-6 km)
— MODIS Terra, Aqua (column AOD and surface reflectance)
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— Himalaya
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The true color images of Himalayan snow cover and glaciers, near the source of origin of three major rivers of Asia (Indus,
Ganga and Brahmaputra), from the Landsat series (1972, 1989, 2000, 2006) and ASTER (2000, 2008). (Location 1).
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8013m) from the Landsat series (1988, 2000, 2006) show the melting and formation of new lakes in the region during 2000
and 2006 compared with 1988. (Location 3)
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The Landsat images during year 1988 and 2001 show a sharp decline in the snow cover and enhanced melting of glaciersin
the eastern Himalayas near the state of Arunachal Pradesh (India) and Tibet (China) border. (Location 4)
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Photographs: Hlmalayan Snow cover and GIac:ers

aroundthe Parvat Parbat, BaraShlng
Glacler reglon, Himachal Pradesh, India
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Date: 28 Aug. 2010 Courtesy: A. Naumov
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Dust over Himalayan Glaciers (Indus, Ganga, Brahmaputra Rivers)
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Dust storms (Mav 7-8-9. 2005)
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January 7, 2003 at 11 :25 localtime, MODIS Terra
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April 22, 2010 (CALIPSO vertical profile) -2 2% am

IST (local time)
CALIPSO Profile 2010-04-22T720:33:39Z/2010-04-22T20:41:09Z

86.32°E  85.09°E  83.96°E 82.92°E 81.94°E 81.01°E 80.13°E  79.27°E
45.20°N  41.62°N  38.03°N  34.44°N 30.83°N  27.22°N  23.61°N  20.00°N

‘Uttarakhand & W. Nepal
Himalaya

|
Taklamakan . Tibetan ' ‘.l /Central IG plains
‘Desertx i Plateau e (Uttar Pradesh)

Black Ilne-w-' '
Surface =
.elevation

N

Total Attenuated Backscatter 532nm (km ' sr ')

- e e e e e e e e W W W W OW W W W W NN N NN NN NN

20 34 00 20:35: 00 20:36:00 20:37:00 20:38:00 20:39:00 20:40:00 20 41:00
Time (UTC)



O NWPLULLO N

2:35t0 2:41 am
IST (local time)

May 27, 2010 (CALIPSO vertical profile)
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April 22, 2010 (CALIPSO overpass during a dust storm)
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May 27, 2010 (CALIPSO overpass during a dust storm)
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May 28, 2010 (CALIPSO vertical profile) isT (local time)
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June 28, 2010 (CALIPSO vertical profile) 2:3°to2:41am
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CALIPSO Profile 2010-06-28T21:04:21Z/2010-06-28T21:11:21Z
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Dust Storm over Delhi (May 14, 2008)
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Annual MSU trend
lower and middle troposphere temperature
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mean Lower and middle troposphere temp. trend (°K/year)

over Himalayas-Tibel, Dust Source, Sink regions
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Middle Troposphere
(Trend for each month)
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Mid Trop. temp. trend (°K/Yr)

Mid Trop. temp. trend (°K/Yr)
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Conclusions

Historical Landsat and ASTER images since 1972 show evidences of glacier melting and
formation of numerous melt lakes across the Himalayan Range.

MODIS Terra and Aqua derived dark-target and deep_blue AOD retrievals, at 10 km grid
resolution, show high aerosol loading over the Himalayas.

CALIPSO vertical profiles during the major dust storms show that the mixed aerosols
reach up to 7 km from msl.

The dust storms affect the western, central and eastern section of the Himalayas during
April-May-June (pre-monsoon season).

MSU: The mean month-to-month warming (up to 0.048+0.026K/year or 1.44K over 30
years) of the mid-troposphere is prominent and statistically significant at a 95%
confidence interval.

MSU: Though the mean annual warming trend over the Himalayas (0.016+0.005K/year),
and Tibetan Plateau (0.008+0.006K/year) is positive, the month to month warming
trend is higher (by 2-3 times, positive and significant) only over a period of six months
(December to May).
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