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　The characteristics of snow, including its high albedo, low 
thermal conductivity, large energy associated with phase 
change, and temperatures of 0 degrees Celsius and below, are 
suspected of being responsible for the changes occurring over 
a wide area and for having an effect on climatic systems. The 
extent of the effect varies depending on the amount of snow. 
Melting snow is also suspected to have a time-lag effect on 
climatic systems through a number of processes. What is 
more, snow cover itself is affected and changed by some of the 
processes. Thus, snow cover is a key factor in climatic system 
behavior.
　Satellite data are an effective means of ascertaining the 
distribution of snow cover over a wide area.  However, it is 
difficult to claim that satellites provide sufficiently accurate 
measurements for, in particular, the snow water equivalent 
and snow physical parameters. Also, while there are many 

Snow cover measurement and variation analysis

Fig.1
The rapid progression of snow cover extent in the northern hemisphere in October 2012. Red: Snow cover extent frequency in the ten years 
from 2003 to 2012. Blue: Snow cover extent in 2012. White: Snow cover extent in both the ten years from 2003 to 2012 and 2012 itself 
(MODIS Monthly data from NASA / GSFC and JASMES -JAXA Satellite Monitoring for Environmental Studies- from JAXA).
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datasets of snow cover extent over a wide range, there are dis-
crepancies among these datasets. For this reason, dataset 
accuracy is first evaluated based on terrestrial snow data, 
and the satellite data is then used to explain how snow 
varies, particularly in the Arctic (Example: After the smallest 
sea ice extent on record was recorded in the Arctic in Septem-
ber 2012, snow cover extent accelerated over a wide area in 
October, as shown in Fig.1). Additionally, MODIS global 5-km 
grid brightness data for snow cover extent from 2000 to the 
present has been connected with data from 2000 back to 1978 
from other sensors (AVHRR) for analysis of changes in snow 
cover extent over a period of over 35 years.
　In addition to this research, studies on spatial and tempo-
ral variations of black carbon (BC) in snow cover are also car-
ried out.

　Black carbon, thought to lower the snow albedo and 
accelerate melting, is one of the hot topics of climate change 
research. However, due to the lack of reliable analytical 
technique and systematic observations across the Arctic, there 
have been large uncertainties in black carbon concentrations 
in the Arctic snow.  Analytical errors in previous studies often 
have been greater than 100 %. Under the GRENE-Arctic 
project, glaciologists and atmospheric scientists have been 
collaborating to study spatial and temporal variations of black 
carbon concentrations in the Arctic snow. 
　A combination of new analytical technique developed by the 
University of Tokyo and a nebulizer proposed by the National 
Institute of Polar Research(NIPR) has enabled us to detect 

advance has led to accurate measurements of particle size 

distributions and mass concentrations. This new method has 
been used on snow samples from Alaska, Siberia, and Finland. 
Large regional  dif ferences in size distributions and 
concentrations of black carbon have been found. Black carbon 
concentrations were lower in Alaska than in Siberia or 
Finland, but Alaska was characterized by the presence of 

with a newly installed scanning electron microscope at NIPR 
also showed regional differences in the shapes of black carbon 
particles.
　S i n c e  s i z e  d i s t r i b u t i o n s  a n d  s h a p e s ,  a s  w e l l  a s  
concentrations, of black carbon affect albedo, more in-depth 
research on this topic is planned. Transportation and 
deposit ion processes  also  wil l  be  studied under the 
GRENE-Arctic project.

 Ice mass loss in Greenland Sin Sugiyama / Associate Professor, Hokkaido University

　Greenland is the world’ s largest island, located to the north 
of North America and lying between the North Atlantic Ocean 
and Arctic Ocean.  The ice that covers Greenland—the largest 
such ice masses in the northern hemisphere is rapidly losing 
mass.  The GRENE Arctic Climate Change Research Project 
has been pursued to quantify Greenland’ s ice mass loss and 
to clarify the processes of the rapid changes on the ice.  The 
research has focused on ice sheets, glaciers, and ice caps 
around Qaanaaq in northwest Greenland, and since 2012 it 
has included three local observational expeditions and 
analytical studies of satellite data and numerical simulations.
　The focus of the observations is the area around the 
terminus of the Bowdoin Glacier, an outlet  glacier flowing 

into water is called a “calving glacier.”  The rapid retreat of 
calving glaciers holds the key to  ice mass loss in Greenland. 
In July 2014, the GRENE Arctic Climate Change Research 
Project in cooperation with the Swiss Federal Institute of 
Technology, drilled a 260-meter-thick glacier two kilometers 

drilling operation was the first attempt in Greenland to drill 
to the glacier bed this close to the ocean. The mechanisms of 
the glacial change are investigated within and beneath the 
glacier. Additionally, researchers in boats measured ocean bed 
topography, water temperature, and salt concentration. The 
results of these operations will be applied to test on the 
hypothesis that the warming ocean is eroding Greenland ice.
　Along the coasts of Greenland many ice caps and glaciers 
are distributed being separated from the ice sheet. The low 
elevation of this ice leads to higher temperatures and 
drastically rapid ice melting. Field measurement and satellite 
analysis revealed that ice caps around Qaanaaq  are thinning 
at a rate of 1-2 meters annually, which is significantly faster 
than the previous estimate. We propose that the observed 
rapid  melt rate increase  is accelated by ice surface  
darkening and acceleration of the ice  due to meltwater 
lubrication at the glacier bed.

The website for this Greenland project is:
http://wwwice.lowtem.hokudai.ac.jp/~sugishin/research/hokudai2/greenland/greenla
nd.html

Snow sampling site near the Denali national park, Alaska
 (photo:Yoshimi Ogawa / National Institute of Polar Research)  

Bowdoin Glacier:  (photo:Sugiyama)

 Darkening ice surface (photo:Sugiyama)

Fig.2
Map of snow sampling sites　
This map shows snow sampling sites from 
2012 to 2014.
Analyses of black carbon (BC) in the snow 
have been progresseing.
 (figure:Yoshimi Ogawa )  

Finland (2013)
11 sites between Utsjoki and Helsinki.

Siberia (2012-2013)
19 sites between Yakutsk and Oymyakon.

21 sites between Yakutsk and Mirny.

Alaska (2012-2014)
Barrow, Brooks, Circle, Yukon, 
Poker Flat and 13 sites between 
Fairbanks and Anchorage.



Shapes and size distribution of black carbon in snow Kumiko Goto-Azuma / Associate Professor, 
National Institute of Polar Research

Snow  Ice  Glaciers

The role of Arctic cryosphere 
in global change

The role of Arctic cryosphere 
in global change

map:bing
©2014 Nokia

Drilling operation (photo:Sugiyama) 

　The characteristics of snow, including its high albedo, low 
thermal conductivity, large energy associated with phase 
change, and temperatures of 0 degrees Celsius and below, are 
suspected of being responsible for the changes occurring over 
a wide area and for having an effect on climatic systems. The 
extent of the effect varies depending on the amount of snow. 
Melting snow is also suspected to have a time-lag effect on 
climatic systems through a number of processes. What is 
more, snow cover itself is affected and changed by some of the 
processes. Thus, snow cover is a key factor in climatic system 
behavior.
　Satellite data are an effective means of ascertaining the 
distribution of snow cover over a wide area.  However, it is 
difficult to claim that satellites provide sufficiently accurate 
measurements for, in particular, the snow water equivalent 
and snow physical parameters. Also, while there are many 
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Fig.1
The rapid progression of snow cover extent in the northern hemisphere in October 2012. Red: Snow cover extent frequency in the ten years 
from 2003 to 2012. Blue: Snow cover extent in 2012. White: Snow cover extent in both the ten years from 2003 to 2012 and 2012 itself 
(MODIS Monthly data from NASA / GSFC and JASMES -JAXA Satellite Monitoring for Environmental Studies- from JAXA).
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datasets of snow cover extent over a wide range, there are dis-
crepancies among these datasets. For this reason, dataset 
accuracy is first evaluated based on terrestrial snow data, 
and the satellite data is then used to explain how snow 
varies, particularly in the Arctic (Example: After the smallest 
sea ice extent on record was recorded in the Arctic in Septem-
ber 2012, snow cover extent accelerated over a wide area in 
October, as shown in Fig.1). Additionally, MODIS global 5-km 
grid brightness data for snow cover extent from 2000 to the 
present has been connected with data from 2000 back to 1978 
from other sensors (AVHRR) for analysis of changes in snow 
cover extent over a period of over 35 years.
　In addition to this research, studies on spatial and tempo-
ral variations of black carbon (BC) in snow cover are also car-
ried out.

　Black carbon, thought to lower the snow albedo and 
accelerate melting, is one of the hot topics of climate change 
research. However, due to the lack of reliable analytical 
technique and systematic observations across the Arctic, there 
have been large uncertainties in black carbon concentrations 
in the Arctic snow.  Analytical errors in previous studies often 
have been greater than 100 %. Under the GRENE-Arctic 
project, glaciologists and atmospheric scientists have been 
collaborating to study spatial and temporal variations of black 
carbon concentrations in the Arctic snow. 
　A combination of new analytical technique developed by the 
University of Tokyo and a nebulizer proposed by the National 
Institute of Polar Research(NIPR) has enabled us to detect 
large black carbon particles over 1μm in diameter; this 
advance has led to accurate measurements of particle size 

distributions and mass concentrations. This new method has 
been used on snow samples from Alaska, Siberia, and Finland. 
Large regional  dif ferences in size distributions and 
concentrations of black carbon have been found. Black carbon 
concentrations were lower in Alaska than in Siberia or 
Finland, but Alaska was characterized by the presence of 
many large particles exceeding 1μm in diameter. Observations 
with a newly installed scanning electron microscope at NIPR 
also showed regional differences in the shapes of black carbon 
particles.
　S i n c e  s i z e  d i s t r i b u t i o n s  a n d  s h a p e s ,  a s  w e l l  a s  
concentrations, of black carbon affect albedo, more in-depth 
research on this topic is planned. Transportation and 
deposit ion processes  also  wil l  be  studied under the 
GRENE-Arctic project.

 Ice mass loss in Greenland Sin Sugiyama / Associate Professor, Hokkaido University

　Greenland is the world’ s largest island, located to the north 
of North America and lying between the North Atlantic Ocean 
and Arctic Ocean.  The ice that covers Greenland—the largest 
such ice masses in the northern hemisphere is rapidly losing 
mass.  The GRENE Arctic Climate Change Research Project 
has been pursued to quantify Greenland’ s ice mass loss and 
to clarify the processes of the rapid changes on the ice.  The 
research has focused on ice sheets, glaciers, and ice caps 
around Qaanaaq in northwest Greenland, and since 2012 it 
has included three local observational expeditions and 
analytical studies of satellite data and numerical simulations.
　The focus of the observations is the area around the 
terminus of the Bowdoin Glacier, an outlet  glacier flowing 
from the ice sheet down into Bowdoin Fjord; a glacier flowing 
into water is called a “calving glacier.”  The rapid retreat of 
calving glaciers holds the key to  ice mass loss in Greenland. 
In July 2014, the GRENE Arctic Climate Change Research 
Project in cooperation with the Swiss Federal Institute of 
Technology, drilled a 260-meter-thick glacier two kilometers 
upstream of Bowdoin Fjord (○ in the photograph below). This 
drilling operation was the first attempt in Greenland to drill 
to the glacier bed this close to the ocean. The mechanisms of 
the glacial change are investigated within and beneath the 
glacier. Additionally, researchers in boats measured ocean bed 
topography, water temperature, and salt concentration. The 
results of these operations will be applied to test on the 
hypothesis that the warming ocean is eroding Greenland ice.
　Along the coasts of Greenland many ice caps and glaciers 
are distributed being separated from the ice sheet. The low 
elevation of this ice leads to higher temperatures and 
drastically rapid ice melting. Field measurement and satellite 
analysis revealed that ice caps around Qaanaaq  are thinning 
at a rate of 1-2 meters annually, which is significantly faster 
than the previous estimate. We propose that the observed 
rapid  melt rate increase  is accelated by ice surface  
darkening and acceleration of the ice  due to meltwater 
lubrication at the glacier bed.

The website for this Greenland project is:
http://wwwice.lowtem.hokudai.ac.jp/~sugishin/research/hokudai2/greenland/greenla
nd.html

Snow sampling site near the Denali national park, Alaska
 (photo:Yoshimi Ogawa / National Institute of Polar Research)  

Bowdoin Glacier: ○ indicates the drillin site (photo:Sugiyama)

 Darkening ice surface (photo:Sugiyama)

Fig.2
Map of snow sampling sites　
This map shows snow sampling sites from 
2012 to 2014.
Analyses of black carbon (BC) in the snow 
have been progresseing.
 (figure:Yoshimi Ogawa )  

Finland (2013)
11 sites between Utsjoki and Helsinki.

Siberia (2012-2013)
19 sites between Yakutsk and Oymyakon.

21 sites between Yakutsk and Mirny.

Alaska (2012-2014)
Barrow, Brooks, Circle, Yukon, 
Poker Flat and 13 sites between 
Fairbanks and Anchorage.
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　The characteristics of snow, including its high albedo, low 
thermal conductivity, large energy associated with phase 
change, and temperatures of 0 degrees Celsius and below, are 
suspected of being responsible for the changes occurring over 
a wide area and for having an effect on climatic systems. The 
extent of the effect varies depending on the amount of snow. 
Melting snow is also suspected to have a time-lag effect on 
climatic systems through a number of processes. What is 
more, snow cover itself is affected and changed by some of the 
processes. Thus, snow cover is a key factor in climatic system 
behavior.
　Satellite data are an effective means of ascertaining the 
distribution of snow cover over a wide area.  However, it is 
difficult to claim that satellites provide sufficiently accurate 
measurements for, in particular, the snow water equivalent 
and snow physical parameters. Also, while there are many 
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Fig.1
The rapid progression of snow cover extent in the northern hemisphere in October 2012. Red: Snow cover extent frequency in the ten years 
from 2003 to 2012. Blue: Snow cover extent in 2012. White: Snow cover extent in both the ten years from 2003 to 2012 and 2012 itself 
(MODIS Monthly data from NASA / GSFC and JASMES -JAXA Satellite Monitoring for Environmental Studies- from JAXA).
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datasets of snow cover extent over a wide range, there are dis-
crepancies among these datasets. For this reason, dataset 
accuracy is first evaluated based on terrestrial snow data, 
and the satellite data is then used to explain how snow 
varies, particularly in the Arctic (Example: After the smallest 
sea ice extent on record was recorded in the Arctic in Septem-
ber 2012, snow cover extent accelerated over a wide area in 
October, as shown in Fig.1). Additionally, MODIS global 5-km 
grid brightness data for snow cover extent from 2000 to the 
present has been connected with data from 2000 back to 1978 
from other sensors (AVHRR) for analysis of changes in snow 
cover extent over a period of over 35 years.
　In addition to this research, studies on spatial and tempo-
ral variations of black carbon (BC) in snow cover are also car-
ried out.

　Black carbon, thought to lower the snow albedo and 
accelerate melting, is one of the hot topics of climate change 
research. However, due to the lack of reliable analytical 
technique and systematic observations across the Arctic, there 
have been large uncertainties in black carbon concentrations 
in the Arctic snow.  Analytical errors in previous studies often 
have been greater than 100 %. Under the GRENE-Arctic 
project, glaciologists and atmospheric scientists have been 
collaborating to study spatial and temporal variations of black 
carbon concentrations in the Arctic snow. 
　A combination of new analytical technique developed by the 
University of Tokyo and a nebulizer proposed by the National 
Institute of Polar Research(NIPR) has enabled us to detect 

advance has led to accurate measurements of particle size 

distributions and mass concentrations. This new method has 
been used on snow samples from Alaska, Siberia, and Finland. 
Large regional  dif ferences in size distributions and 
concentrations of black carbon have been found. Black carbon 
concentrations were lower in Alaska than in Siberia or 
Finland, but Alaska was characterized by the presence of 

with a newly installed scanning electron microscope at NIPR 
also showed regional differences in the shapes of black carbon 
particles.
　S i n c e  s i z e  d i s t r i b u t i o n s  a n d  s h a p e s ,  a s  w e l l  a s  
concentrations, of black carbon affect albedo, more in-depth 
research on this topic is planned. Transportation and 
deposit ion processes  also  wil l  be  studied under the 
GRENE-Arctic project.

 Ice mass loss in Greenland Sin Sugiyama / Associate Professor, Hokkaido University

　Greenland is the world’ s largest island, located to the north 
of North America and lying between the North Atlantic Ocean 
and Arctic Ocean.  The ice that covers Greenland—the largest 
such ice masses in the northern hemisphere is rapidly losing 
mass.  The GRENE Arctic Climate Change Research Project 
has been pursued to quantify Greenland’ s ice mass loss and 
to clarify the processes of the rapid changes on the ice.  The 
research has focused on ice sheets, glaciers, and ice caps 
around Qaanaaq in northwest Greenland, and since 2012 it 
has included three local observational expeditions and 
analytical studies of satellite data and numerical simulations.
　The focus of the observations is the area around the 
terminus of the Bowdoin Glacier, an outlet  glacier flowing 

into water is called a “calving glacier.”  The rapid retreat of 
calving glaciers holds the key to  ice mass loss in Greenland. 
In July 2014, the GRENE Arctic Climate Change Research 
Project in cooperation with the Swiss Federal Institute of 
Technology, drilled a 260-meter-thick glacier two kilometers 

drilling operation was the first attempt in Greenland to drill 
to the glacier bed this close to the ocean. The mechanisms of 
the glacial change are investigated within and beneath the 
glacier. Additionally, researchers in boats measured ocean bed 
topography, water temperature, and salt concentration. The 
results of these operations will be applied to test on the 
hypothesis that the warming ocean is eroding Greenland ice.
　Along the coasts of Greenland many ice caps and glaciers 
are distributed being separated from the ice sheet. The low 
elevation of this ice leads to higher temperatures and 
drastically rapid ice melting. Field measurement and satellite 
analysis revealed that ice caps around Qaanaaq  are thinning 
at a rate of 1-2 meters annually, which is significantly faster 
than the previous estimate. We propose that the observed 
rapid  melt rate increase  is accelated by ice surface  
darkening and acceleration of the ice  due to meltwater 
lubrication at the glacier bed.

The website for this Greenland project is:
http://wwwice.lowtem.hokudai.ac.jp/~sugishin/research/hokudai2/greenland/greenla
nd.html
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2012 to 2014.
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have been progresseing.
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Barrow, Brooks, Circle, Yukon, 
Poker Flat and 13 sites between 
Fairbanks and Anchorage.
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