THINNING RATE OF ICE SHEET ON MIZUHO PLATEAU, EAST ANTARCTICA,
DETERMINED BY GPS DIFFERENTIAL POSITIONING
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Abstract: Two sets of GPS receivers were used in January 1988 during the 29th Japanese Antarctic Research
Expedition (JARE-29) in order to conduct differential positioning of stations on the Mizuho route relative to the
astronomical point at Syowa Station. Noise sources common to each station in satellite positioning are easily
cancelled out, resulting in an elevation accuracy of £0.3 m. Simultaneous gravity measurements were also made using
LaCoste-Romberg Gravimeter G-515 at each differential positioning site. The positions of eleven stations were
determined through this method and compared with those observed in October 1980 after appropriate coordinate
conversion referred to WGS84 Ellipsoid since three stations observed in 1980 (S16, H231 and Z33) were repeated
in 1988. Although a different positioning system (NNSS) had been used in 1980, which gave out more erroneous
positions than those of GPS, direct comparison of the heights yielded the thinning rates of ice sheet (—dh/J¥) at the
three stations as 0.57, 0.20 and 0.53 m/y, respectively. A comparison of these results with the simultaneous gravity
measurements showed that the thinning rate of ice sheet coincided well with the gravitational secular change caused
by the height change at station Z33. The basal sliding velocity at station Z33 was also estimated as 11.9 m/y using
the thinning rate above and assuming the inclination of the bedrock as of the order of 1072,
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Introduction

The dynamics of the Antarctic ice sheet has recently
become of greater importance for glaciology because it has
been revealed to have an intense dynamic feature, rather
than static, typically understood by ice sheet thinning through
basal sliding (Mae, 1979; Nishio ef al., 1989). It is also of
great interest for the study of the Antarctic meteorites
because the concentration of the Antarctic meteorites might
be governed by the dynamic flow of ice sheet in which
lateral boundaries indicated by surface outcrops play a
dominantrole. Application of geophysical methods, such as
satellite positioning and/or gravity measurement, to glaci-
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This paper will describe the result of the simultaneous
measurements of gravity values and positions by GPS dif-
ferential positioning conducted in 1988 along Route S-H-Z
shown in Fig. 1. In the following, brief explanation of the
principle of GPS differential positioning and a description
of the 1988 experiment as well as a summary of the raw data
obtained will be given in the next section. In the 3rd section,
the positions and gravity values in 1988 will be compared
with those in 1980. The observed thinning rates of ice sheet
will be calculated also in the 3rd section using the result of
the comparison and their glacio-geophysical implications in
terms of the basal sliding velocity will be further discussed
in the 4th section.

Fig. 1. A map of the traverse route to Mizuho Station (Route S-
H-Z) on which the GPS differential positioning and simultaneous
gravity measurements were conducted in January 1988. Route A
is the traverse route on which Mae’s result was obtained in 1979.

Observation

Simultaneous measurements of both positions and gravity
values along Route S-H-Z (Fig. 1) were conducted in the
1988 experiment and results were obtained ateleven stations
including S16, H231 and Z33 where measurements of two-
dimensional positions as well as height determinations by
Navy Navigation Satellite System (NNSS) were made in
1980. It was for the first time that GPS receivers were
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applied on Route S-H-Z. Route A in Fig. 1 is the traverse
route on which Mae’s result was obtained in 1979. Shirase
Glacier is the largest glacier around the Japanese research
region and one of the fastest in Antarctica running between
Route A and Route S-H-Z. This means that comparison of
the results from both routes may also detect, if any, the
difference of the local flow field of ice sheet on each side of
Shirase Glacier although the traverse routes along which the
geodetic measurements were conducted have different ori-
entations, that is, almost perpendicular to the ice sheet
contour (Route S-H-Z) and parallel to it (Route A).

Figure 2 is a cartoon which describes the principle of the
GPS differential positioning. When GPS measurements are
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conducted simultaneously at an observation site (X;, Y;, Z;)
and at a reference site (X, Y, Z;), the position difference
between the two sites is given by

AX = X, - X,
AY =Y -,
AZ=27,-7,

while the error vector of GPS positioning at the observation
site, Ag;, is nearly equal to that of the reference site, Ag,;
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Fig. 2. A cartoon which describes the principle of the GPS differential positioning utilized in this experiment. See

text for more details.

Table 1. Summary of the 1988 experiment. Columns, from left to right, are site names, positions and elevations
determined by GPS differential positioning, gravity values, the height offsets between the antenna phase center and
the snow surface at each site and availability of GPS and NNSS data in 1988 and 1980, respectively.

| Site Position Elevation | Gravity Value Offset | GPS[IMR
SYO-CT | 69°00.3'S| 21.26m | 982523.75mgal - - -
39°35.3'E
SYO-AP 69°00.3'S| 49.29m 982522.26mgal (2.14m| o -
39°34.9'E
| S16 (69°01.8'S 584.35m |982387.47mgal|1.74m| o 1]
40°03.2'E
S25 69°02.0'S | 868.00m | 982296.98mgal | 1.76m | o -
40°28.1'E
H130 | 69°24.1'S | 1385.00m, 982155.78mgal  2.13m| o -
41°34.9'E ]
H231 69°46.3'S'1688.90m| 982094.40mgal|[1.78m| o 1)
,,,,, 42°26.5'E]
Z2 70°02.2'S [1926.00m | 982076.94mgal _ 1.80m | o | -
43°11.1'E | 1 ‘ B
233 170°16.1'S 2085.86m| 982031.65mgal 1.76m| o )
43°34.3'E -
| MZH | 70°41.9'S [2230.00m| 981981.90mgal  1.95m| o | -
44°19.9E | |
775 70°28.7'S 2159.00m| 981966.22mgal | 1.05m | o -
43°58.6'E |
740 70°19.2'S | 2083.00m ;| 982017.90mgal | 1.65m | o -
43°41.3'E !
H17 | 69°06.3'S |1015.00m| 982247.95mgal | 2.00m| o -
40°50.9'E I | |
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Ag; = Agy.

Hence, AX, AY and AZ give very good approximations of the
true position difference from the reference site. Ifthe precise
position of the reference site (X, Y€, Zy°) is known, we can
determine the accurate coordinates of each observation site
(X<, Y, Z°) referred to WGS84 Ellipsoid as

X =X5 +AX
Y = Y$ +AY
78 =ZE + AZ

In this study, the reference point of position was taken at the
astronomical point in Syowa Station (SYO-AP).

The gravity values at each site were also measured using
LaCoste-Romberg Gravimeter G-515 and the reference
point for the gravity measurement was taken at SYO-CT
(Earth Science Laboratory in Syowa Station).

Table 1 is a summary of the 1988 measurement showing
site names, positions, elevations, gravity values and the
offset values between the antenna phase center and the snow
surface at each site, respectively. The last column indicates
the available corresponding NNSS measurement in 1980.

Comparison with the 1980 Experiment

The differences of the positioning system in 1988 and in
1980 are summarized as follows:

The positioning system was NNSS in 1980 while it was
replaced by GPS in 1988. Consequently, the geodetic ref-
erence systems were also different from each other. So, we
must convert it from WGS72 to WGS84 in the case of the
1980 data.

Another important difference between these two systems
is the difference in accuracy. The positioning error amounts
to +4 m in the case of NNSS while that of GPS is £0.3 m.
SONY GTT-3000 receivers were used in the GPS measure-
ments which were L1 (C/A code) frequency four channel
parallel tracking receivers simultaneously measuring carrier
phases from each satellite with automatic selection of ad-

equate satellite geometry with respect to PDOP values. The
ionosphere was slightly disturbed at the time of measure-
ment at S16 while it was very quiet in the case of H231 and
733 (Maeno and Ohtsuka, 1990). The tropospheric correction
was made by simply quoting nominal standard atmosphere
values as had been made for the NNSS data reduction. At
least 30-min duration of data was recorded at each GPS site
which was analyzed by the doubly differenced phase method
in our baseline analysis and resulted in 1 o error of 5 cm for
all the three stations. Hence, we consider the elevation
accuracy of £0.3 m for the GPS measurements is quite
reasonable though there still remain unknown errors arising
from one frequency analysis and the tropospheric and iono-
spheric correction. As for the NNSS measurements, the
positions were based on Shibuya and Ito (1986) which were
point positioning data using the broadcast ephemerides.
This amounts to a nominal error of £4 m in height determi-
nation while 1 o errors in their actual analysis were 1.01 m
at S16, 1.23 m at H231 and 1.20 m at Z33, respectively. In
spite of this difference in the estimation errors, we made a
direct comparison of the positions from the two separate
terms because we had the gravity data as a complementary
dataset to examine the results.

Raw results of the comparison at the three sites are
summarized in Table 2 for both the positions and gravity
values after appropriate coordinate conversion where full
corrections including scale and z-shift were made for the
NNSS data (Defence Mapping Agency, 1987). The gravity
values in 1980 were read from Kaminuma and Nagao
(1984). Using the observed height changes in Table 2, we
calculated the thinning rates of ice sheet and compared them
with the gravity changes.

The thinning rates of ice sheet were determined as 0.57
m/y at S16,0.20 m/y at H231 and 0.54 m/y at Z33 as shown
in Table 3. As the free-air gradient;

%8 =—0.3086 mgal / m
oh

is the most dominant term in the gravitational secular change
compared with the Bouguer gradient or horizontal dis-
placements of positions, we used the value above to convert

Table 2. Result of observation for both the 1980 and 1988 experiments. The positions in 1980 were read from Shibuya
and Ito (1986) and converted to the coordinate referred to WGS84 Ellipsoid. The gravity values in 1980 were after

Kaminuma and Nagao (1984).

Position (WGS84) Gravity
Site 1988 (GPS) 1980(NNSS) 1988 1980
SYO-AP (69°00'19.309"S, 39°34'52.270"E) 982523.75 mgal
49.29m (SYO-CT)
S16 69°01'47.525"S 69°01'48.254"S 982387.47 mgal not available
40°03'12.621"E 40°03'14.888"E
584.35m 588.36 m
H231 69°46'20.070"S 69°46'22.812"S 982094.40 mgal 982093.45 mgal
42°26'27.936"E 42°26'21.206"E
1688.90 m 1690.27 m
733 70°16'04.863"S 70°16'07.795"S 982031.65 mgal 982030.42 mgal

43°34'16.453"E
2085.86 m

43°34'13.096"E
2089.63 m

Thinning Rate of Ice Sheet on Mizuho Plateau

581









