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【Purpose and Background of the Research】 

Many climate models cannot simulate recent 
abrupt snow/ice melting in the Arctic. One of the 
possible causes is albedo reduction due to light 
absorbing snow impurities such as black carbon 
(BC) and glacial microbes. To clarify that, we will 
conduct field campaigns in Greenland, where the 
abrupt melting is occurring, and continuous 
meteorological and snow observations in Japan. 
Based on those data, snow metamorphism and 
albedo process (SMAP) model and glacial microbe 
model (GMM) will be developed and incorporated 
into earth system model (ESM). We will simulate 
the recent and future climates, by which the 
quantitative contributions of BC and glacial 
microbes on the recent abrupt melting in the Arctic 
will be clarified. We will also reproduce the 
atmospheric aerosols and snow impurities after the 
Industrial Revolution from Greenland ice core. 
Furthermore, we will retrieve the temporal-spatial 
variations of snow physical parameters with 
satellite remote sensing. 
 

【Research Methods】 
(1) Field campaigns for meteorological and 
radiation observations, snow pit work, and glacial 
microbial survey will be conducted from 2011 to 
2013 in Greenland. 
(2) Continuous meteorological and snow 
observations will be performed at three sites in 
Japan from 2011 to 2015. Using those data 
including (1), SMAP model and GMM will be 
developed and validated. 
(3) Climate simulation and numerical sensitivity 
experiment with ESM, in which SMAP model and 

GMM are incorporated, will be made for the 
present and future Arctic. 
(4) Shallow ice core drilling will be conducted in 
Greenland to obtain the record of atmospheric 
aerosols, snow impurities, and glacial microbes 
after the Industrial Revolution. 
(5) Long term and spatial variations of snow 
physical parameters and albedo in the Arctic 
will be retrieved with satellite remote sensing. 
 

【Expected Research Achievements and 
Scientific Significance】 

Snow pollution by BC in the Arctic is elucidated 
from in-situ and satellite measurements. 
Radiative forcing due to light absorbing snow 
impurities such as BC and glacial microbes are 
estimated with ESM, by which quantitative 
contributions of BC and glacial microbes on the 
recent abrupt snow/ice melting in the Arctic can 
be clarified. If the BC contribution to snow/ice 
melting cannot be ignored, these estimates could 
be scientific basis for the emission restriction. 
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Fig. 1 Five research subjects in this study. 
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