
Science on GrIT- accumulation results
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Ground-truth for altimeters- ICESat line

Siegfried et al., 2011

For Peer Review

 

 

Fig. 2.  Examples of spatial selection of GPS and ATM subsets at accumulation stakes (a) 

near swath edge, (b) at a corner stake ‘donut’ and (c) along track. GPS data within 25 m 

of an accumulation stake were selected (large white circles).  ATM data within 5 m of the 

GPS subset were selected if they were one of the three closest neighbors to any of the 

selected GPS records. 
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Fig. 5. Distribution of elevation differences between GPS and ATM on 4/11/2012 (left) 

and LVIS on 9/20/2007 (right) and 4/14/2010 (right).  Values are derived from nearest 

neighbor measurements.  The mean differences of the ATM flight (-0.003 m) and the 

2007 LVIS flight (0.026 m) are statistically insignificant (Table 2). 
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Figure 12.   
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Figure 5. 
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Temperature and impurity effects on firn densification
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Project Description

Weather Data from
Summit Station AWS:
Temperature and
Accumulation

7 Geocon strain meters
in boreholes.

Thermistor
string measures
temperature
profile in firn 80 m

40 m

30 m

20 m

15 m

+ 10 m
and 5 m

(a)

Fluid-filled tube and wire
runsto bottom of hole

Fluid reservoir on
surface

Data logger
in box ats surface
receives signal
from pressure
sensor

Pressure Sensor
at bottom measures
pressure change

Settlement
plate

(b)

Figure 3: The proposed experimental set up at Summit. (a) 7 boreholes to observe strain rate at depths
of 5 m, 10 m, 15 m, 20 m, 30 m, 40 m and 80 m. A separate 80-m borehole will be instrumented with
thermistors to observe temperature variations. Any relative shifts of enclosure elevations will be detected
by leveling. We will acquire weather station data (wind speed, air temperature, and precipitation) from the
Summit MET station. Figure modified from Arthern and others (2010). (b) Cartoon of a strain meter. As
the firn compacts, the plate on the surface moves downward relative to the bottom of the hole. A sensor at
the bottom measures the pressure of fluid in the tube, which changes as the plate moves downward.

3 Methods

3.1 Overview

Our project will inolve installation and maintainance of a settlement monitoring system, field
measurements, laboratory analysis of cores, and modeling.

3.2 Compaction Measurement Experimental Design and Data Collection

Thinning rates within the firm will be calculated by di↵erencing the vertical displacement of Geokon
hydraulic settlement sensors installed in seven boreholes of 5, 10, 15, 20, 30, 40, and 80-m depths
(Figure 3a). The sensors are a modification of o↵-the-shelf civil engineering hardware, designed to
measure settlement in earth fill. They use a pressure sensor at the bottom of the hole, connected via
a fluid-filled tube to a reservior mounted on a settlement plate at the surface. As the firn compacts,
the distance between the settlement plate and the sensor at bottom of the hole decreases, reducing
the hydraulic head. The sensor measures the pressure change at the bottom of the fluid-filled tube.
This system was chosen because it does not have several of the problems that the co↵ee-can method
uses, notably that the wire in the co↵ee-can method can not touch the side of the borehole and
is subject to thermal contraction/expansion. Because this measurement is fundamentally pressure
di↵erence, it is independent of pathway (ie the tube can be curved or straight).

We chose the depths for compaction measurements for several reasons. Arthern and others
(2010) measured compaction to 5, 10, and 20 m depth, sampling the densification zones above
and below the 550 kg m�3 critical density. We will collect strain-rate data to the same depths as
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Bob Hawley (Dartmouth) GEOSummit January 31, 2014 3 / 3


