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Dust and black carbon deposits can markedly lower snow albedo. Strong positive feedback mechanisms link
increased solar light absorption to earlier snow melt and further to changes in the climate and hydrological system.
The basic processes are increasingly understood, whereas the effective regional radiative forcing (RF) due to snow
albedo feedbacks and changes in snow cover are still poorly quantified. Measurements of snow albedo and snow
water equivalent, as well as solar irradiance are drastically under sampled to study theses processes over time and
space.

Here we present an analysis of imaging spectroscopy of albedo and RF of dust on snow. We use data ac-
quired by NASA’s Airborne Visible Infrared Imaging Spectrometer (AVIRIS) in the snowmelt season of 2011 over
the Upper Colorado River Basin, USA. AVIRIS measures reflected radiance in 224 continuous bands across the
spectrum from 400 to 2500 nm at nominal 10 nm full-width half-maximum. Spectroscopy is unique in providing
a direct measurement of the spectrally resolved radiative impact of dust and black carbon in snow. We support the
AVIRIS radiance data with simultaneous in-situ ground-based spectral highly resolved irradiance and directional
surface reflectance measurements using a field spectroradiometer, as well as sunphotometer and samples of dust
loading in the snow pack. In addition, we use the ATCOR4 model for atmospheric and topographic correction
to determine the hemispherical-conical reflectance factor (HCRF) from AVIRIS data and to calculate the direct
and diffuse irradiance at any point of a digital elevation model. It uses a look-up-table approach based on prior
DISORT (Stamnes et al., 1988) and MODTRAN (Berk et al., 1989) radiative transfer calculations. We integrate
the HCRF data with respect to the hemisphere using a priori knowledge of the directional reflectance of snow to
approximate the spectral snow albedo. The difference between a representative clean snow and a dust loaded snow
spectral albedo multiplied with the surface irradiance provides the spectral RF of the snow impurities.

We show a time series of snow albedo reduction and the related RF due to dust and black carbon deposi-
tions in our study area. We also provide the preceding HCRF retrievals with the corresponding at surface direct
and diffuse irradiances adjusted for terrain effects. Along with those results, we give estimates for the influence of
uncertainties and approximations in the calculations.

The presented results are relevant to regional studies on the influence of the combined systems of cryosphere,
aerosols and hydrology to climate. Given the required measurements, our methods can be applied to other regions
of the globe as well, such as the Hindu Kush through Himalaya and polar regions where these processes occur on
much larger scales.



