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Positive feedback effect of NIR-albedo reduction due to temperature increase
on surface melting on Greenland ice sheet
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To investigate a relationship between recent snow surface melt on Greenland ice sheet (GrIS) and albedo redction, a
relationship between air temperature and near-infrared (NIR) albedo, and its influence on surface height (variation of snow
height gage record) are analyzed from the data measured by an automatic weather station at SIGMA-A site (78°N, 67°W,
1,490 m a.s.l.), which was installed in June 2012. Annual variation of snow surface height counted from September 1 to the
same day in the next year has a large interannual variation, which were +117 cm for 2012-2013, +61 cm for 2013-2014, -9 cm
for 2014-2015, and +121 cm for 2015-2016. For the annual variation of snow surface height, not only surface melt in summer
season but also annual accumulation change were important. Although the SIGMA-A site is generally located in accumulation
area, surface height change was negative in 2014-2015. This is due to hot summer in 2015 and low annual accumulation in the
overall period. On GrIS the surface albedo is controlled by change of snow grain size because a contribution of light absorbing
snow impurity concentration such as black carbon to albedo reduction is low (Aoki et al., 2014). Particularly, as the NIR-
albedo strongly depends on snow grain size, the NIR-albedo is an important indicator for the change of snow surface condition.
Examining the relationship between air temperature and NIR-albedo, NIR-albedo correlates strongly with the air temperature
at around 0°C and substantially decreases at a higher temperature than -2°C. This mechanism is that temperature increase
accelerates snow metamorphism, by which snow grain growth occurs and thus NIR-albedo decreases. This phenomenon was
remarkable in 2012 and 2015 including hot summer and not remarkable in 2013 including cold summer. This tendency was
most significant in July among the monthly analysis. Snow surface melting was remarkable in 2012 and 2015 when snow
surface melting by temperature increase would be accelerated by a positive feedback effect through the NIR-albedo reduction.
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