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Guidelines 

New measurements of water temperatures and seafloor depths using XBTs in a northwest Greenland 
fjord  
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Abstract. 
We propose a light and fast expedition to a fjord in northern Greenland to help us better understand the 
cause of recent changes in the tidewater glaciers that terminate in these waters.  In particular, we are 
interested in two fast flowing glaciers, Tracy and Heilprin, which lay at the head of Inglefield fjord.  
Using NASA Operation IceBridge (OIB) data, we have determined that Tracy has been losing mass much 
more quickly than Heilprin.  By choosing neighboring glaciers, we can rule out disparate surface mass 
balances and so are left with different rates of basal melt and crevassing. Unfortunately, there are no 
estimates of the water temperatures in this fjord.  Ocean models, which might have provided some 
guidance as to the properties we could expect at the ice-ocean interface, have insufficient resolution there, 
leaving us only to speculate on the ocean’s role in melting these glaciers.  The town of Qaanaaq, which 
lies at the mouth of the fjord, provides a convenient base for small boat measurements of the fjord water 
by means of expendable bathythermographs (XBTs).  Additionally, bathymetry measurements along the 
fjord (also from the XBT deployment) will add further constraints for our ongoing effort to produce 
quality bathymetry estimates using inverted gravity measurements from the OIB campaign.  Importantly, 
this campaign will assess the feasibility of involving the local Inuit population in the ongoing sampling of 
Inglefield fjord, of engaging other Greenlandic communities to sample their coastlines, and to take winter 
measurements through fishing and hunting holes drilled in the sea ice. 
 
Proposed Research.  
It is estimated that Greenland’s ice sheet comprises enough water to raise the mean global sea level by 
approximately 7 meters.  Alarmingly, Greenland is melting faster now than in the last 6000 years [Axford 
et al., 2013].  As such, it is imperative to understand the mechanisms by which these recent changes are 
happening. Increasing greenhouse gases and circulation changes are the likely culprits, but the question 
remains as to whether the increase in ice mass loss is primarily due to warmer air or warmer water.  
Surface melt is certainly playing a role, especially near the ice sheet’s margin, where there is over 6 m of 
melt per year [Vernon et al., 2012] in recent years.  There are also indirect effects of increased surface 
melt in Greenland where it drains to the bed and reduces basal friction, thus increasing flow rates and 
eventual ice discharge at the margins.  Anomalous surface melting events, such as that which occurred in 
the summer of 2012, have been very rare since the last interglacial period [members, 2013]. Alternatively, 
for marine terminating glaciers, melting of the ice front can also be on the order of 2-5 m per year. It has 
recently been shown [Nick et al., 2009] that tidewater glaciers are most sensitive to changes at the 
terminus.  Warming water temperatures at the ice-ocean interface will increase melt at the ice front, 
triggering thinning there that eventually propagates upstream, ultimately resulting in ice mass loss from 
the land to the ocean, raising sea level.  
 
In the Arctic summer, the surface water is fresh, due to both river runoff and sea ice melt, and very cold.  
This means that the warmest water, mostly from the Atlantic and less from the Pacific, is found at depth 
(Figure 1), below about 200 m.  However, because of the presence of warm water at depth and the 
pressure-dependent melting temperature of ice, most of the melting of glaciers occurs at the base of the 
ice face.  Taken together, this means that satellite estimates of SSTs are insufficient at estimating how 
much melt is possible from oceanic sources, and instead in situ measurements are needed.  Due to the 




