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Estimating submarine groundwater discharge 
(SGD) from the subglacial ice sheet to the coastal 
sea bottom

According to the equi-
potential hydrostatic 
theory by Sawagaki 
and Hirakawa (2002), 
meltwater is generated 
a t  t he  fo re f ron t  o f 
t he  s teep  bed rock 
topography beneath 
the  i ce  sheet .  The 
meltwater fl ows into the 
coastal area through 
striae and channels.

 Using the instruments shown in the photo, we showed that the 
SGD in Lützow-Holm Bay is 1-2 orders of magnitude greater than 
that in mid-latitudes, which is consistent with the above theory.

Ice Sheet

According to the theory by Sawagaki and Hirakawa, there are places 
where meltwater is generated at the boundary between the ice sheet 
and the bedrock in coastal areas beneath the ice sheet. The meltwater 
fl ows into the sea bottom. 
Schematic fi gure explaining generation of meltwater and fl ow into the 
sea bottom at the marginal ice zone.

Using GPS to observe the fl ow of Shirase Glacier

Observing the fl ow speed of Shirase Glacier, one 
of the fastest fl owing glaciers in Antarctica by 
precise GPS measurement

Shirase Glacier is one of the fastest ice streams in Antarctica, 
and discharges the ice mass in its drainage basin into the sea. 
By observing the speed of its fl ow, we can evaluate the impact on 
global sea level rise. There is a possibility that ice sheet collapse 
could be induced if basal sliding is accelerated by the subglacial 
water acting as a lubricant around the terminal of the glacier. 

 By installing GPS on Shirase Glacier and measuring its position 
continuously, we succeeded in measuring the glacier flow rate 
precisely. In January 2012, it fl owed NNW (N24°W) at an average 
daily rate of 6.2m. We also obtained a height reduction of around 
1.6m that may reflect changes in the thickness of ice at the 
fl oating ice tongue of the glacier.

Do ocean tides affect the fl ow of Shirase Glacier?
The fl ow of Shirase Glacier has been found to vary greatly in 

hourly averaged speed and direction at high tide. However, no 
clear relationship has been seen between simultaneous fl ow rate 
acceleration with high tide. We aim to clarify a dynamical process 
between variation in the fl ow of Shirase Glacier and ocean tides.

Device used to measure submarine 
groundwater discharge (SGD)

Precise measurement of glacier fl ow speed

The SGD into Lützow-Holm Bay amounts to about 10-15% of the ice fl ow discharge from Shirase Glacier. 
Global warming will lead to an increase in SGD, making SGD a proxy of climatic change. In the future 
scenario of sea-level rise, the basal sliding velocity of the ice sheet will be accelerated. The above items 
are important in estimating the decrease in ice sheet volume.

First success in measuring submarine groundwater discharge (SGD) in 
the Antarctic Continent
Directly and precisely measuring the fl ow of Shirase Glacier


