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Preliminary Study of Ice Flow Observations along Traverse Routes
from Coast to Dome Fuji, East Antarctica by Differential GPS Method
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Abstract: Ice flow has been observed along traverse routes from S16 to Dome
Fuji, East Antarctica using the differential GPS (Global Positioning System)
method since 1992. This positioning method is easier to use in the field than the
satellite doppler positioning system (JMR) or triangle chain method. The
vertical and horizontal error of positioning was within 1 ppm of base line. The
horizontal speed and direction of ice flow were almost the same both years at
each site.

1. Introduction

A five-year glaciological program, the deep ice coring project at Dome Fuji, was
started in 1992. In 1991 and 1992, the 32nd and 33rd Japanese Antarctic Research
Expeditions (JARE-32 and JARE-33) extended the new route from Mizuho Station
to Dome Fuji, about 1000 km from Syowa Station (Fuisii, 1992; KAMIYAMA et al.,
1994). These traverse routes are shown in Fig. 1.

The main glaciological field work was carried out along oversnow traverse
routes from Syowa Station to Dome Fuji. NARUSE (1978) and NISHIO et al. (1989)
analyzed the ice flow on Mizuho Plateau by the chain survey method and by satellite
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Fig. 1. Location map of GPS observations. Arrows indicate horizontal vectors of ice flow (m/a).
Broken line shows the boundary of drainage basin.

doppler positioning system (JMR-4A), respectively. Recently, the position and
altitude can be determined easily by Global Positioning System (GPS). The
differential GPS method (NIPPON SOKUCHI GAKKAI (Geodetic Society of Japan),
1989; Tou and SHIBUY A, 1993) was applied to observe the glacier ice flow on traverse
routes.

2. Observations

The synchronous GPS observations were conducted at Syowa Station and GPS
stations along traverse routes (KAMIYAMA et al., 1994; MOTOYAMA et al., 1995).
Using synchronous data, the distance and height difference were calculated precisely
by the differential GPS method. These errors were within 1 ppm of distance between
two stations. The GPS station as datum point was set up on an exposed rock at
Syowa Station. The 11 GPS stations along traverse routes on the ice sheet were set
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Table 1. Position of GPS station and observational period.

(WGS-84) Observational period

Latitude* Longitude* Altitude* | Jan. 1992 Jan. 1993 Dec. 1993 Jan. 1994
Syowa Station 69° 00'S  39° 35E 42(m) o) o 0 0
S16 69° 02'S  40° O3'E 589 0 0 o
HIS 69° 05'S  40° 47’E 1049 o o 0
H260 69° 53'S 42 41'E 1774 0 o} 0
Mizuho Station | 70" 42'S 44" 17T'E 2248 o o o
MDI120 71° 50'S  43° S3’E 2599 o 0 0
MD240 72° 54'S 43 28'E 2999 o ) 0
MD364 74 00'S 43 OO'E 3351 0 o 0
MD3500 75 14S  42° OI’E 3570 0
MD620 76" 18'S  40° SO'E 3718 0
Dome Fuji Station| 77° 19°S  39° 42°E 3800 0 o
DF80 77" 22'S 39" 3T'E 3799 0

* Calculated result of 1994 by differential GPS method based on Syowa Station.

up by JARE-33 and JARE-34. GPS stations with their positions and elevations are
listed in Table 1. The stations S16, H15 and H260 are in the SOya drainage basin.
Other stations are in the Shirase drainage basin. Dome Fuji is at the top of this basin.

The type of GPS receiver was 4000 SST (Trimble Navigation Co., Ltd). The
observed period was 6-8 hours with collection rate 15 s, elevation limit 15 degrees,
minimum number of satellite 4.

3. Results

3.1. Long term observations at Dome Fuji Station

The long term synchronous GPS observations were carried out at Syowa Station
and at Dome Fuji Station from December 23, 1993 to January 4, 1994. An observa-
tional period was from | hour to 20 hour (depend on electrical power condition)
each day. The base line vectors were calculated using the differential GPS method.
The horizontal distance and vertical difference of two stations are shown in Fig. 2a
and b, respectively. Standard deviations of the base line vector were around 0.01 m.
Distance between two stations is about 1000 km. So that the precision of the
differential GPS method was I m (I ppm of 1000 km). These figures indicate that the
error was to be expected within I m or | ppm, on the assumption that the position
of Dome Fuji Station did not move during the observation period.

3.2. Characteristics of flow rate

The positions of GPS stations along traverse routes from S16 to MD364 were
observed three times, in January 1992, 1993, and 1994 (Table 1). The rates of ice flow
for two periods are summarized in Table 2. The correction of snow densification was
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Fig. 2. Variation of measured position at Dome Fuji Station.
(a) Distance from Syowa Station. (b) Height difference from Syowa Station.

Table 2. Flow rates along traverse route (m/annual).
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Latitudinal Longitudinal Vertical
Flow rate component component component

(south +) (east +) (up +)

S16 1992-1993 5.2 — 1.6 —49 (—0.6)
1993-1994 5.0 —1.9 —4.5 ( 04)

HI15 1992-1993 6.7 —33 —5.8 (—1.5)
1993-1994 7.1 —3.5 - 6.1 (—0.2)

H260 1992-1993 14.5 —8.6 —11.7 (—0.9)
1993-1994 14.6 —8.7 —11.7 ( 04)

Mizuho Station 1992-1993 222 —10.2 —19.6 (—0.4)
1993-1994 22.1 -10.1 —19.6 ( 04)

MDI120 1992-1993 17.8 —15.7 —8.3 ( 0.0)
1993-1994 17.7 —15.7 —8.2 ( 0.0)

MD240 1992-1993 8.0 —8.0 —0.9 (—0.3)
1993-1994 8.1 -79 —1.0 ( 0.2)

MD364 1992-1993 4.1 —4.1 —0.1 (—0.1)
1993-1994 4.0 -39 —0.2 (—0.3)
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not considered in these analyses. There are no significant differences of horizontal ice
flow rates between two years at any station. Otherwise, the vertical flow rates cannot
be discussed in detail, because of lack of data.

The horizontal vectors of ice flow are shown in Fig. 1. Direction and speed in
the Shirase drainage basin are seen to have almost the same tendency as in previous
observations (NISHIO et al., 1989; NARUSE, 1978). The ice flow in SOya drainage
basin shows that the speed of ice flow was faster at H260 upstream than S16
downstream.

4. Conclusion

Ice flow was observed along traverse routes from S16 to Dome Fuji, East
Antarctica using the differential GPS method. This positioning method is easly to use
in the field. The error of position was within I ppm of base line.

The horizontal speed and direction of ice flow were almost same during by the
observational periods, but the vertical movement is curious. The observation of ice
flow is continuing five-year glaciological program, the deep ice coring project at
Dome Fuji.
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