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            Abstract
Atmospheric brown clouds are mostly the result of biomass burning and fossil fuel consumption1. They consist of a mixture of light-absorbing and light-scattering aerosols1 and therefore contribute to atmospheric solar heating and surface cooling. The sum of the two climate forcing termsâ€”the net aerosol forcing effectâ€”is thought to be negative and may have masked as much as half of the global warming attributed to the recent rapid rise in greenhouse gases2. There is, however, at least a fourfold uncertainty2 in the aerosol forcing effect. Atmospheric solar heating is a significant source of the uncertainty, because current estimates are largely derived from model studies. Here we use three lightweight unmanned aerial vehicles that were vertically stacked between 0.5 and 3â€‰km over the polluted Indian Ocean. These unmanned aerial vehicles deployed miniaturized instruments measuring aerosol concentrations, soot amount and solar fluxes. During 18 flight missions the three unmanned aerial vehicles were flown with a horizontal separation of tens of metres or less and a temporal separation of less than ten seconds, which made it possible to measure the atmospheric solar heating rates directly. We found that atmospheric brown clouds enhanced lower atmospheric solar heating by about 50 per cent. Our general circulation model simulations, which take into account the recently observed widespread occurrence of vertically extended atmospheric brown clouds over the Indian Ocean and Asia3, suggest that atmospheric brown clouds contribute as much as the recent increase in anthropogenic greenhouse gases to regional lower atmospheric warming trends. We propose that the combined warming trend of 0.25â€‰K per decade may be sufficient to account for the observed retreat of the Himalayan glaciers4,5,6.
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                    Figure 1: 
                        Vertical distribution of UAV observations.
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Figure 2: 
                        Colour-coded profiles of 532â€‰nm backscatter return signal from the CALIPSO lidar showing the vertical distribution of ABCs.
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Figure 3: 
                        The temperature change d
                        T
                         due to ABC solar heating at the 700â€‰hPa (or 700â€‰mb) level (âˆ¼3â€‰km a.s.l.) simulated by CCM3.
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        Editorial Summary
The heat is on
By 2001, it was realized that the thick brown haze discovered over the Arabian Sea during the Indian Ocean Experiment (INDOEX: 1997-1999) was a persistent dry-season feature above Southern Asia. A UNEP report in 2002 raised concerns of major climate disruption if the sources of the haze, including biomass burning, were not controlled. NASA's TERRA satellite has since detected similar atmospheric brown clouds (ABCs) elsewhere. Atmospheric solar heating and surface dimming due to ABCs both drive climate change, and to quantify that change we need direct measurements like the two datasets presented this week. First, three stacked, autonomous, unmanned aircraft measured solar heating above the Indian Ocean. Second, the CALIPSO satellite tracked a 3-km-thick haze from the Indian Ocean to the Himalayas. Climate modelling with the data suggests that ABC-induced atmospheric warming resembles that induced by greenhouse gases, a possible explanation for Himalayan glacier retreat.
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