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Abstract: This study established a five-component aerosol model (including Black Carbon (BC), Brown Carbon (BrC), Ammonium
Sulfate (AS), Dust (DU), and Water (AW)) utilizing AERONET data, to perform inversion calculations on the aerosol components
variability in the Himalayas and surrounding regions. The results indicated that, on a multi-year average, the proportion of the mass
concentration of each component at various monitoring sites was similar, with AS, DU, AW, BrC, and AW accounting for 53.49%,
29.33%, 10.63%, 5.27%, and 1.28%, respectively. The aerosol mass concentration in the southern slope of the Himalayas (annual
average of 390mg/m?) was significantly higher than that in the northern slope (annual average of 49mg/m?), primarily due to the
substantial obstruction of South Asian pollutant aerosols by the high-altitude mountains during transboundary transport crossed the
Himalayas (with only about 13% transported over the Himalayas). Generally, the aerosol mass concentration in the Himalayan region
was highest in spring (multi-year average), while it saw significant reductions in summer, autumn, and winter. This variation was
mainly attributed to the cumulative effect of atmospheric pollutant emissions prior to the South Asian Monsoon (SAM) and the
substantial transport of dust aerosols from South Asian deserts, which were greatly diminished during the summer monsoon period
due to heavy precipitation. Interannually, the average aerosol mass concentration from 2015 to 2024 (with southern slope average of
370.83mg/m?) was slightly lower than that during the earlier period from 2006 to 2015 (with southern slope average of
453.26mg/m?), reflecting an improvement in recent pollution levels in South Asia. However, the overall atmospheric pollution
remained extremely serious. Given that the absorbing aerosols like black carbon and brown carbon can significantly accelerate the
melting of glacial snow, the persistent high emissions of polluted aerosols in the South Asian region may continue affecting the
accelerated glacial changes in the Himalayas in the future.
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Fig.2 Aerosol concentration retrieval results at each station for the periods 2006~2015 and 2016~2024
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Table 2 Mean columnar mass concentrations (mg/m?) at each Himalayan station for 2006~2015 and 2016~2024

F4 A J5§ i LS N iR Koy
2006~2015 NAM_CO 34.367 0.380 9.44 9.645 14.657 0.231
2016~2024 NAM_CO 74.0507 0.050 2.100 61.250 10.600 0.050
2006~2015 Lahore 615.814 4.552 27.129 182.171 351.317 50.644
2016~2024 Lahore 548.889 4.014 26.731 123.890 279.351 110.097
2006~2015 Pantnagar 427.574 5.400 13.894 167.460 215.402 25.418
2006~2015 QOMS_CAS 33.895 1.409 6.880 7.413 15.248 2.944
2016~2024 QOMS_CAS 33.019 1.694 12.230 11.109 5.778 2.031
2006~2015 Jomsom 68.646 / 4.456 18.836 43.782 1.572
2006~2015 Gandhi_College 535.557 3.326 27.848 189.917 265.245 49.221
2016~2024 Gandhi_College 478.771 4.741 30.219 127.004 262.426 54.379
2006~2015 Pokhara 234.102 7.006 12.906 42.369 143.629 28.192
2016~2024 Pokhara 266.679 3.840 8.748 79.528 132.351 42212
2016~2024 Kyanjin_Gompa 24.0989 0.534 3.774 5.715 10.898 3.178
2016~2024 Langtang BC 14.177 0.880 7.404 1.576 2.640 1.677
2016~2024 Thimphu 103.375 3.317 / 18.866 78.608 2.584
2016~2024 Dibrugarh_Univ 188.988 6.047 0.506 18.204 133.546 30.685
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Fig.3 Seasonal-columnar mass fraction of aerosol components over the northern and southern Himalaya
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Fig.5 Seasonal-mean distribution of sulfate (SO4) at 1km a.g.l. (ug/m?) and concurrent wind fields for 2021~2022
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