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ABSTRACT

Acrosols perturb Earth’s energy balance by scattering and absorbing radiation and by modifying clouds. This
review synthesizes direct, indirect, and semi-direct mechanisms with a regional focus on South Asia. Field
evidence from INDOEX and satellite records reveals strong atmospheric heating by black carbon and surface
dimming by sulfates, altering monsoon dynamics. Global climate model studies quantify the magnitude of
aerosol forcing yet highlight substantial uncertainty linked to spatial heterogeneity and mixing state. Integrating
aerosol forcing into climate policy can deliver rapid co-benefits for health and environmental quality.
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INTORDUCTION:
1. AEROSOLS AS CLIMATE FORCERS

Aerosols rank next to greenhouse gases as agents of radiative forcing, albeit with shorter lifetimes and
pronounced regionality (IPCC, 1996). Direct effects arise from scattering (sulfates) and absorption (BC)
(Charlson et al., 1992; Jacobson, 2001). Indirect effects stem from enhanced cloud droplet number and albedo
(Twomey, 1974; 1977), while semi-direct effects describe cloud burn-off from atmospheric heating (Rosenfeld,

2000).
2. OBSERVATIONAL EVIDENCE OVER SOUTH ASIA

INDOEX integrated observations showed extensive haze with reduced surface insolation and elevated
atmospheric absorption (Ramanathan et al., 2001). Satellite-based clear-sky retrievals also demonstrate
significant tropospheric aerosol forcing over oceans (Haywood et al., 1999). Ground campaigns across
peninsular India captured strong seasonal cycles in optical depth (Moorthy et al., 2001).

3. MODELING EVIDENCE AND FORCING MAGNITUDES

GCM studies attribute negative forcing to sulfates and positive forcing to BC, with regional hotspots in
South Asia (Kiehl et al., 2000; Takemura et al., 2000). Comprehensive simulations of multi-component aerosol
mixtures underscore sensitivity to emissions and mixing (Jacobson, 2001). Indian analyses specifically identify
sizable forcing from carbonaceous aerosols (Reddy & Venkataraman, 1999).

4. IMPLICATIONS FOR MONSOON AND CRYOSPHERE

Atmospheric heating by absorbing aerosols can stabilize layers and modify pressure gradients, potentially
weakening monsoon circulation. BC deposition on Himalayan snow decreases albedo, accelerating melt.
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Although attribution remains complex, the sign and direction of effects are consistent with observed dimming
and heating patterns (Ramanathan et al., 2001).
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Figure 1. Radiative forcing of greenhouse gases and aerosol classes (illustrative magnitudes).

Figure 2. Direct, Indirect, and Semi-Direct Aerosol Effects Converging on Radiative Forcing
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Figure 2. Direct, indirect, and semi-direct acrosol effects converging on radiative forcing.

JETIR1908E90 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 622


http://www.jetir.org/

© 2019 JETIR October 2019, Volume 6, Issue 10 www.jetir.org (ISSN-2349-5162)

5. RESULTS AND DISCUSSION
5.1 OBSERVED AEROSOL BURDEN AND OPTICAL PROPERTIES

Field measurements across India and neighboring regions consistently show elevated aerosol optical depth
(AOD) values, particularly over the Indo-Gangetic Plain. Satellite observations from MODIS and MISR
confirm strong seasonal variability, with maxima during pre-monsoon and post-monsoon months. Black carbon
concentrations are especially pronounced over urban centers such as Delhi, Kanpur, and Kolkata, where fossil
fuel combustion and biomass burning dominate emissions. These aerosols exhibit high single scattering albedo
variability, highlighting the coexistence of strongly absorbing and scattering particles.

5.2 RADIATIVE FORCING ESTIMATES

Model simulations and campaign-based retrievals suggest that aerosols exert a net negative radiative forcing
at the surface, primarily due to enhanced scattering by sulfates and organic carbon. However, absorbing
aerosols such as black carbon contribute to significant positive forcing in the atmosphere, warming the lower
troposphere. This vertical redistribution of energy leads to the so-called “atmospheric solar dimming,” reducing
surface radiation while intensifying atmospheric heating. Studies estimate that black carbon forcing over South
Asia can reach +20 W/m2 locally, altering boundary layer dynamics and potentially suppressing convection.

5.3 IMPLICATIONS FOR CLOUDS AND MONSOON DYNAMICS

Aerosol-cloud interactions are evident in both observational datasets and modeling studies. Increased
aerosol loading leads to higher cloud droplet concentrations and smaller effective radii (Twomey effect), which
in turn delay precipitation onset. Over South Asia, this has been linked to reduced pre-monsoon rainfall and
altered monsoon onset patterns. Rosenfeld and colleagues demonstrated that polluted clouds in northern India
are less efficient at forming rain, contributing to regional water stress. Simultaneously, semi-direct effects
caused by absorbing aerosols can evaporate cloud droplets through localized heating, reducing cloud cover and
amplifying warming.

5.4 REGIONAL CASE STUDIES

Evidence from the Indian Ocean Experiment (INDOEX) highlighted the long-range transport of continental
aerosols over the Arabian Sea and Bay of Bengal, with clear signatures of black carbon and sulfate mixtures.
More recent campaigns such as ICARB (Integrated Campaign for Aerosols, Gases and Radiation Budget)
reinforced the finding that Indian aerosol forcing exhibits strong north—south gradients, with the Indo-Gangetic
Plain experiencing the most severe radiative effects. Himalayan snow and glaciers are particularly vulnerable
due to deposition of soot and dust, accelerating melt and threatening long-term water availability.

5.5 BROADER CLIMATE IMPLICATIONS

The combined direct, indirect, and semi-direct aerosol effects culminate in substantial perturbations to the
South Asian climate system. Reduced surface solar radiation has implications for agricultural productivity and
solar energy harvesting. Enhanced atmospheric heating by black carbon destabilizes vertical temperature
gradients, contributing to changes in circulation patterns. The cumulative result is a complex climate forcing
signal, where mitigation of aerosol emissions could simultaneously improve air quality, human health, and
regional climate resilience.
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6. CONCLUSION

Aerosols exert complex, regionally concentrated forcing. Accounting for their rapid response potential and
uncertainties is essential for credible projections and near-term mitigation design in South Asia.
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