52

Distribution of Firn Temperatures in Mizuho Plateau
and West Enderby Land, East Antarctica

Kazuhide SATOW#*, Okitsugu WATANABE** and Choétard6 NAKA JIMA*
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1. Introduction

The Japanese Antarctic Research Expedition (JARE) carried out oversnow
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traverses in 1968-1971 in the region of Mizuho Plateau and West Enderby Land.
During these traverses, measurements of firn temperatures at 10 m and 2m depths
were made. This report attempts to examine the relationships between the mean
annual surface temperature (based on the 10 m firn temperatures) and the topo-

graphical environments, and to elucidate the climatological features of this region.

2. Data of Firn Temperatures

The inland traverse of 1968-1969 (by the 9th JARE) is a return trip between
Syowa Station and the South Pole via Plateau Station along 43°E (S-route)
(Muravama, 1971). The traverse of 1969-1970 (by the 10th JARE) covered the
west side of 43°E to the Yamato Mountains, and that of 1970-1971 (by the 1lth
JARE) covered the east side of 43°E to the Sandercock Nunataks (IsHipa, 1972).
These routes are shown in Fig. 1. Thus the area to be discussed in this paper is
between 68°30’ S and 72°S, between 35°E and 52°E (Mizuho Plateau and West
Enderby Land), and includes the route from Syowa Station to the South Pole.

All the firn temperatures were measured with thermistors and the overall
accuracy of the measurements was within +0. 1°C. Measurements of the 10 m firn
temperature were made at 45 stations. Data of the 10m firn temperatures are
given in Table 1 and those of the 2m firn temperatures in Table 2 (See Fig. 1).

3. Meaning of 10 m Firn Temperature

As is known from the heat conduction theory in a semi-infinite medium with-
out a heat source, the annual variation of firn temperature at a given depth
depends on that at the surface and the value of the thermal diffusivity. When the
amplitude at the surface and the diffusivity are large, the annual variation of firn
temperature at the given depth becomes large. For example, when we assume the
thermal diffusivity to be 7 x 107 cm?/s for the snow density of 0. 5 g/cm?, the amplitude
of the annual temperature variation at 10 m is reduced to about 2.3 % of that at
the surface (Table 3). Calculated amplitude of temperature at 10m, 15m and
20 m is given in Table 3, for reference, in the cases of three different themal
diffusivities for the firn densities of 0.3, 0.7 and 0.92g/cm? (ice).

The annual temperature variation at a depth of 10m is 0.5°C at the South
Pole and 0.8°C at Byrd Station (PuiLrroT, 1967). At Mizuho Camp in Mizuho
Plateau the amplitude of air temperature was about 17°C (Ono, SaTomr and JosasHi,
1971), so the amplitude at 10 m may be about 0.39°C (17°Cx2.3%) if the thermal

diffusivity is assumed to be 7x107*cm?/s. Other measurements in Antarctica and
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Table 1. Firn temperature at 10 m depth.

Station Ter(n_pc;xét)ture Eleg:lt)ion Date Lazistsjde Lon(%i;ude
Part 1
S 16 14.3 553 1968. 4.20 69°02.70 40°02./8
S 70 24.1 1388 1969. 2.12 06. 9 42 29
S 126 29.2 1883 1968. 4.26 70 05. 2 43 07
S 170 30.2 2034 1969. 2. 7 50. 6 11. 5
S 244 38.4 2617 1968.10. 17 72 04. 2 09
S 330 46.0 3177 1969. 2. 4 73 32. 5 42 55
S 400 52.2 3478 1968. 10. 25 74 45. 2 51
S 414 51.6 3519 1969. 1.31 59. 7 50
S 470 54.6 3613 1968.10.31 75 57. 4 23
” 54.0 ” 1969. 1.28 ” ”
S 556 57.1 3717 1.24 77 26. 0 41 32
Plateau St. 60. 5* 3624 79 14. 8 40 30
S 687 55.5 3563 1968.11.18 80 01. 1 39
S 747 51.2 3407 11.24 82 00. 1 37
S 777 50.5 3362 11.26 83 00. 4 31
S 807 50.3 3291 11.30 84 02. 0 37
S 837 49.9 3194 12. 4 85 03. 3 31
S 867 49.4 3116 12. 7 86 05. 0 00
S 897 49.3 2945 12.10 87 08. 4 39 37
S 927 49. 1 2859 12.12 88 08. 4 40 53
S 957 49.2 2816 12.15 89 08. 8 41 08
S 975 49.8 2801 12.18 45. 4 42 14
South Pole 50. 8*x* 2800 59. 9
Part 2
S 40 20.9 1112 1969.11. 3 69°04./7 41°07/
S 170 31.2 2034 9.19 70 50. 6 43 11. 5
S 200 35.0 2261 11.18 71 19. 4 00
S 240 37.8 2591 11.23 72 00. 1 09. 9
A 075 35.3 2412 12.12 71 55. 4 39 23. 8
C37 28.7 1805 1970. 1.16 07. 9 37 27. 5
C 80 29.4 1767 1.19 05. 7 39 43. 9
Part 3
S 122 30.5 1853 1971. 1.17 70°01.71 43°06./5
Mizuho Camp 32, Pkkx 2169 1970. 7.25 42. 1 44 17. 5
Y 100 38.0 2545 11.21 71 15. 9 46 32. 2
Y 135 39.8 2644 11.24 26. 8 47 21. 8
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Station Terglffixét;ure Elee/:lgion Date Lazist)ude Lon(gFilgude
Y 170 41.2 2720 11.25 37. 4 48 12. 0
Y 200 42.9 2819 11.26 46. 2 56. 0
Y 235 42.6 2764 11.29 28. 2 49 13. 9
Y 270 41.6 2676 11.30 10 0 34. 3
Y 335 39.4 2577 12. 2 70 36. 9 50 13. 4
Y 370 38.4 2503 12. 3 18. 8 32. 8
Y 440 35.1 2306 12. 7 69 41. 9 51 00. 9
Y 510 28.3 2108 12. 9 05. 3 30. 1
WO07 32.5 2051 12.17 68 45. 1 36
w19 31.0 1943 . 12.19 58. 7 50 51
W40 31.7 1840 12. 26 69 23. 3 49 28
W55 34.3 2107 12.30 41. 4 48 10. 3
W270 36.5 2339 1971. 1. 6 70 09. 4 46 46. 0

Part 1 was measured by JARE 9 in 1968—1969 (Fujiwara and Enpo, 1971), Part 2 by
JARE 10 in 1969—1970 and Part 3 by JARE 11 in 1970—1971 (SumMizu et al., 1972).

* WELLER and SCHWERDTFEGER, 1970

**  DALRYMPLE, LETTAU and WoLLAsTON, 1966
***  WATANABE and YOSHIMURA, 1972

Table 2. Firn temperature at 2 m depth (Waranasg, O., 1972).

Station Temperature (—°C) Elevation (m) janugf;f 1971
S 16 9.1 553 27
19 11.2 634 26
21 10.8 699 25
23 11.3 771 26
26 13.8 870 26
30 15.2 961 25
40 15.6 1112 22
50 16.3 1215 21
60 16.7 1332 21
75 18.0 1435 20

Table 3. Calculated amplitude of temperature at depths when a sinusoidal temperature change was given
at the surface of semi-infinite ice sheet. (Unit: percent)

Diffusivity (cm?/s)

Depth (m) 4.0%107 7.0x107 12x 1072
(0.3g/cm?) (0.7g/cm?) (0.92g/cm?®)
10 0.68 2.31 5.61
15 0.06 0.35 1.33
20 0.00 0.05 0.32
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Greenland have also confirmed that the amplitude at 10 m is very small (KoTLYAKOV,
1961; MELLOR, 1961; Benson, 1961; MEeLLOR, 1964; DALRYMPLE, LETTAU and
WoLLrasToN, 1966; WELLER and SCHWERDTFEGER, 1970). Consequently, we may
find from Table 3 that seasonal temperature changes are little below a depth of
15m or 20 m, and that the uncertainty at 10 m can be neglected. Thus we can
say that the 10 m firn temperature is nearly equal to the mean annual ‘“surface
temperature”.

Such an area that the 10m firn temperature represents the mean annual
surface temperature is where the summer temperature is not so high as to produce
substantial snow melting near the surface and non-conductive heat transfer down-
wards by infiltration and refreezing of melt water in the deeper layers. This area
corresponds to “dry snow facies” (where the average temperature in melt season
does not rise above —5°C) and to a part of “percolation facies” defined by BENsoN
(1962). As an example of an area warmer than percolation facies, CAMERON
(1964) reported the situation near Wilkes Station: the deviation between the 10 m
firn temperature and the mean annual surface temperature begins near the satura-
tion line (500 m above sea level) where the surface temperature is lower by 0.2°C
than the 10 m firn temperature; the difference is greatest in the area of the firn
line (300 m above sea level) where the surface temperature is lower by 2.6°C than
the 10 m firn temperature; then it decreases toward the sea level (at an elevation
of 39 m, the difference is 0.3°C).

It is generally accepted that in high polar regions the 10m firn temperature
representing the mean annual “surface temperature” can be regarded also as an
approximation of the mean annual “air temperature at screen level” at that loca-
tion. Loewe (1970), however, concluded as follows, summarizing the available
data of eleven stations in Antarctica:

“On the Antarctic ice sheet and the ice shelves down to a mean annual
temperature of —30°C, the temperature at a depth of 10 m is close to the annual
mean at the surface and the level of the meteorological shelter. In colder regions
the 10 m firn temperature is systematically colder than the air at 2m height. The
difference increases by 1°C for a drop of the mean annual temperature of 10°C.”
Loewk attributed the reason of the difference that the inversions of temperature
from 2m upwards get stronger with lower temperature and the same is likely to
occur between the surface and 2m also.

DALRYMPLE (1966) attributed also the difference between the 10 m firn tempe-
rature and the mean annual air temperature to the existence of air temperature

inversion during most of the year.

We can now conclude that the “l0 m firn temperature” gives a fairly good
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approximation to the mean annual “surface temperature” in dry snow facies and
the major part of percolation facies near the saturation line, and the 10 m firn
temperature is also close to the mean annual “air screen temperature” in the

regions warmer than —30°C.

4. Discussions

4.1. Relation between Mean Annual Surface Temperature and Continentality
As a representation of continentality, the shortest distance from the coast is
adopted. The relation between the mean annual surface temperature and the

distance from the coast is illustrated in Fig. 2 (a) and 2 (b).
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Fig. 2 (b). Relation between mean annual suiface
temperature and distance from the coast
in Mizuho Plateau and West Enderby
Land.

In the region of Mizuho Plateau and West Enderby Land, the mean annual
surface temperature decreases rapidly from —10°C to —30°C within an area of
about 140km from the coast (Fig. 2b), whereas the temperature in the inland
decreases at a rate of 4.5°C/100 km.

Along 43°E (S-route) (Fig. 2 a), the temperature decreases towards Plateau
Station from where to the South Pole the temperature increases. This temperature
distribution is related to the surface elevations.

4.2. Relation between Mean Annual Surface Temperature and Elevation
It is considered that the temperature is most effectively controlled by the
elevation, so the plots of temperature against elevation are shown in Fig. 3.

From Om to 3,100 m, the mean annual surface temperature decreases from

—10°C to —45°C, which indicates the average elevation gradient of —1.22°C/100m.
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Table 4. Elevation gradients of mean annual surface temperatures in East Antarctica.

I tigat Station Longitude Elevation Gradient
nvestigator o (°E) (m) (—=°C/100 m)
Lorius (after CAMERON, 1964) Dumont d’Urville 140 0—2400 1.04
CAMERON, 1964 Wilkes 110 0-1206 1.02
BocosLovski, 1958 Mirny 93 —94 0—2000 1.05
2000—3500 1.27
MELLOR, 1960 Mawson 63 0—1000 0.9
1000—2000 1.1
2000 — 1.3
This paper
(SATOW, WATANABE and) Syowa 37-52 0—3100 1.22
Naxajma 31003700 2.11

This elevation gradient is sometimes called “lapse rate” of mean annual surface
temperature. The elevation gradient of —1.22°C/100 m is in close agreement with
the values obtained in other parts of East Antarctica (Table 4).

From 3,100 m to 3,700 m (the highest elevation along 43°E), the temperature
drops more rapidly (elevation gradient is —2.11°C/100 m), and the lowest temper-
ature of —60.5°C was recorded in the vicinity of Plateau Station (3,624 m), which
was situated farther south from the highest point. Elevation gradient of —2.11°C
/100 m is an exceptionally large value, almost twice the values in other parts of
East Antarctica (Table 4). The area with large elevation gradient has a horizontal
distance of 440 km (from 73°30” to 77°30’) and a fairly gentle slope as compared
with the region near the coast.

From Plateau Station to the South Pole, the surface elevation decreases grad-
ually while the me=an annual temperature increases, and the elevation gradient

in this portion is small, being —0.26°C/100 m.
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It has been already mentioned that the mean annual surface temperature de-
creases with the increases of surface elevation and the distance from the coast
(See Fig. 2a, 2b and Fig. 3). But it is a complex problem to separately evaluate
the contribution of elevation and distance to the distribution of mean annual

surface temperatures.

4.3. Map of Mean Annual Isotherms in Mizuho Plateau and West Enderby Land

The isotherm contour map of mean annual surface temperature is shown in
Fig. 4. In drawing this figure, linear interpolation of temperatures between two
observed stations was not adopted automatically, but the relations between the
mean annual surface temperature and the geographical conditions along various
routes were examined to estimate the temperature in blank area. For example,
Fig. 5 shows the relations among the temperature, the surface profile and the
elevation along the route between Sandercock Nunataks and C 37, via Mizuho
Camp. This route with a distance of about 600km is roughly parallel to the
coastline. Fig. 5 shows a good correspondence of the temperature distribution to
the surface profile, so the temperatures between observed stations were easily

estimated. It is also noted that three stations of W 40, W55 and W 270 are on a
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Fig. 4. Isotherm contour map of the Mizuho Plateau and West Enderby Land showing the mean
annual surface temperature based on the 10 m firn temperature.
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Fig. 5. Mean annual surface temperature and surface elevation along the route from Sandercock
Nunataks to C 37 via Mizuho Camp.
The abscissa stands for the position of each station projected on the straight line
connecting Sandercock Nunataks and Mizuho Camp.

straight line with the elevation gradient of —0.94°C/100 m, so that the temper-
atures between W 40 and W 270 were obtained with linear interpolation. Estima-
tion of temperature in other areas was also made, the areas such as between S 16
and Y 200 via Mizuho Camp, between Y 200 and Sandercock Nunataks, and so on.

In compiling Fig. 4, the value of —28,3°C at Y510 (2,108 m above sea level)
was excluded. This was exceptionally higher than the values at neighboring low-
elevation stations, like —32.5°C at W 07 (2,051 m), —31,.0°C at W 19 (1,943 m) and
—31.7°C at W40 (1,840 m). It is not known whether this anomalously high value
1s due to some error in measurement or to any other reason.

Fig. 4 shows that the mean annual isotherms generally reflect the influence
of topography; the lower temperature domain stretches out on the ridge of ice
sheet and the warmer temperature domain occupies the troughs. It must be
pointed out that the isotherms are not parallel to elevation contour lines in every
part of the Mizuho-Enderby region; that is, the area on the east side of trough is
warmer than on the west side, or the east side of the ridge is colder than the west side.

From the observations of the surface relief, or the orientations of sastrugis and
other features, AGETA (1971), WATANABE and AGETA (1972) reported that the
direction of the prevailing wind in this area is dominantly east. According to the
theory of katabatic wind by BarrL (1956, 1960), flow lines of prevailing winds
(katabatic winds) have a tendency to concentrate towards the east side of the
ridge. Thus the distribution of the mean annual surface temperature in this region
seems to be largely influenced by the katabatic winds.

4.4. Distribution of Mean Annual Surface Temperature along the Longitudinal
Section

An analysis will be made on the relation of the mean annual surface temper-
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ature to the surface elevation and profile along the longitudinal section from the
coast to inland in the region of Mizuho Plateau and West Enderby Land.

The route between S 16 and Y 200 via Mizuho Camp is about 450 km from the
coast. Fig. 6 (a) shows the relation between the distribution of the mean annual
surface temperature and the surface profile, showing no appreciable change of
temperature between S 122 and Mizuho Camp. Each station’s elevation and dis-
tance from the coast are as follows; S16 (553 m, 14 km), S 122 (1,853 m, 150 km),
Mizuho Camp (2,169 m, 225km), Y200 (2,819 m, 435 km).

form temperature distribution between S 122 and Mizuho Camp is also shown in

The situation of uni-

Fig. 6 (b) representing the elevation gradients; the elevation gradient is —1.18°C
/100 m near the coast between S 16 and S 122, and —1.81°C/100 m between Mizuho
Camp and Y 200.
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Fig. 6 (a). Mean annual surface temperature and surface
profile along the route from S16 to Y 200,
via Mizuho Camp.

The three points, Syowa Station, Mizuho
Camp and Y 200, are nearly on a straight
line as shown in Fig. 1. The position of
other stations are projected on this line.
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From snow stratigraphy studies, WATANABE (1973), one of the present authors,
suggested the presence of a transition zone in the area between S 122 and Mizuho
Camp. Analysing the data of the snow accumulation, YaAMaDA (1972) revealed that
the accumulation changed also between S 122 and Mizuho Camp.

It may be concluded that the area of S16-S 122 belongs to the coastal zone
in climatological aspects, and the area of Mizuho Camp-Y 200 to the continental
zone. It may also be said that the Mizuho Plateau and the West Enderby Land
are influenced by the katabatic winds and the penetration of moisture-rich cyclon-

ic storms from the ocean onto the ice sheet.
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4.5, Two-meter Firn Temperature

Using the data of the 2m firn temperatures measured by JARE 11 (Table 2),
the elevation of dry snow line will be discussed. The surface temperatures were
also measured, but the values were not used in the present discussion, because the
solar radiation might have warmed the thermistor thermometer. According to the
measurements of the radiation transmission and extinction in the snow at Plateau
Station, only 1 percent of solar radiation at the surface reached below 1 m depth
(WELLER and SCHWERDTFEGER, 1970). In the measurement of the 2m firn temper-
ature, therefore, the effect of the solar radiation might be neglected. The measure-
ments of the 2m firn temperatures at 10 stations along the route from S 16 to S75
were made for a week from January 20 to 27, 1971 (See Fig. 1). Seasonal varia-
tion of the 2m firn temperatures will not be detected within such a short ‘period
of 7 days.

1500 \
o
o

°
\' —0.63 °C}]DOM<
o o

1000|-
o

DRY SNOW UNE_________.._. Fig. 7. Relation between 2 m firn temperature and surface

°°\ elevation along the route from S16 to S75.
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=20 —115 -]‘0
2m FIRN TEMPERATURE (°C)
Fig. 7 shows the relation between the 2m firn temperature and the surface
elevation. The relations are different in two areas where the 2 m firn temperature
are above —11°C or below —15°C. Fig. 7 also indicates that the area up to
700 m above sea level is somewhat influenced by “melting”, the area between
700 m-950 m is a transition zone, and the area higher than 950 m is a non-melting
zone. About 100 m change in elevation of the dry snow line will be expected for
both area and time. In.considering the saturation line at 500 m on the ice sheet
near Wilkes Station (CaMERON, 1964), the elevation of dry snow line near Syowa
Station at 700 m-950 m appears to be reasonable. The stratigraphic observations
of the surface snow cover down to 2 m deep revealed the evidence of melting up

to station S 21 (699 m elevation) (WATANABE, 1972). .

In Fig. 7, it is noted that the elevation gradient of 2m firn tempenatures from
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950m to 1,450m was —0.63°C/100 m, which was about a half of the elevation
gradient of mean annual surface temperature in this area. This small value is
considered to represent the distribution of the mean surface temperature in the
middle of December, 1970 (if the thermal diffusivity for firn is assumed to be
7x107% cm?/s, the temperature variation at 2m occurs with a time lag of about 44
days later than that at the surface). In summer, the inversion strength of air
temperature on the ice sheet becomes small, thus the katabatic wind force is
weakened. The warmer air mass with a smaller lapse rate of temperature from

the ocean would easily invade inland.

4.6. Elevation Gradient of Mean Annual Surface Temperature
A preliminary discussion on the average elevation gradient of mean annual

surface temperature was given in section 4.2, In Table 5, the elevation gradient

Table 5. Elevation gradient of mean annual surface temperature and surface slope*

Area G S T E D H
(—°C/100m) | (m/km) (=°0 (m) (km) (km)
S 40-S 122 1.18 5.18 21-31 1110-1850 50-150 130
Mizuho-Y 200 1.81 2.76 32-43 2170-2820 230-430 210
Y 200-Y 440 1.58 3.00 35-43 2310-2820 270430 250
W 40-W 270 0.94 8.53 32-37 1840-2340 210-270 140
S 170-S 330 1.36 3.86 31-46 2030-3180 200-390 280
S 330-S 556 2.11 0.90 46-57 3180-3720 390-770 400
S 777-S957 0. 26 1.50 49-51 2820-3360 | 1340-1960 620
* G elevation gradient E : surface elevation
S : surface slope D : distance from the coast
T : mean annual surface temperature based on 10m H : horizontal distance

firn temperature
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of mean annual surface temperature in several section is given with surface slope,
firn temperature, elevation, distance from the coast and horizontal distance in the
sections. In Fig. 8, the elevation gradient of temperature is plotted against the

slope. The graph shows the following empirical relationship:
G:2. 4_2 X 10~0-OSBS

where G (°C/100 m) is the elevation gradient and S (m/km) the surface slope.
With the exception of a very small value of —0.26°C/100 m in central Antarctic
plateau (St. S777 and S957), when the surface slope increases, the elevation
gradient approaches the value of the meteorological adiabatic lapse rate, —1.0°C
/100 m.

The elevation gradients can be related to processes in the atmosphere by
assuming that the snow surface has the same temperature as the air it contacts.
But it is important to note that the elevation gradient refers to the rate of change
of 10 m firn temperature measured along the surface of the ice sheet, and should
not be confused with the meteorological “lapse rate” which refers only to the gra-
dient of vertical free air temperature. The meteorological lapse rate is not gener-
ally applicable to the different air mass at different elevations along the surface

of the earth.

In Antarctica, a strong inversion of air commonly takes place because the
ground is severely cooled by net out-going radiation. An air mass with high density
covers the ice sheet and flows down along the slope under the influence of gravity.
At the same time, by the action of the Coriolis force, the direction of the wind
is turned counterclockwise from that of slope. This is the commonly observed
katabatic wind on Antarctic slopes; the steeper the surface slope, the larger the
velocity of this wind. The katabatic wind is warmed up with the dry adiabatic
lapse rate as it descends along the surface of the ice sheet.

Under such circumstances were the katabatic winds prevail throughout the
year, the elevation gradient of the 10 m firn temperature representing the mean
annual surface temperature is expected to be almost equal to the adiabatic lapse
rate. Fig. 8 seems to indicate a close relation between mean annual surface
temperature and katabatic wind.

KAaNE (1970) stated that two types of slope-influenced flows are possible: (1)
katabatic air flow, and (2) air flow modified by a thermal wind. According to a
multiple regression analysis of the data collected at 46 traverse stations in the

central East Antarctic Plateau, he obtained the following equation:
Tp=—26.9%—0.893(E) x102+2.16(S) °C

where Tp=the predicted mean annual temperature, E=elevation in meters, and
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S=slope in meters/km. This equation indicates that the temperature increases
2.16°C for 1 m/km increases in slope. KANE concluded that the mechanism of
this warming appears to result from turbulent mixing of the inversion layer caused
by slope-induced thermal winds. His idea of the slope-induced thermal wind may
not be simply applicable to the case of the Mizuho Plateau-West Enderby Land
region.

On the basis of the weather observations made during the traverse by JARE
10 (1969-1970) and the previous traverses by JARE 4, 5, 8 and 9, in the area
between the coast and 72°S, AGeTA (1971) estimated that the mean wind speed
from September to January is about 8-10 m/s.

5. Conclusion

We have discussed the distribution of the 10 m firn temperature (mean annual
surface temperatures) and the 2m firn temperatures in the region of Mizuho
Plateau and West Enderby Land, and along 43°E from Syowa Station to the
South Pole, East Antarctica. The results may be summarized as follows:

(1> The relation between the mean annual surface temperature and the
distance from the coast showed the existence of a transition zone at about 140 km
from the coast, from where to inland the temperature decreases at a rate of
4.5°C/100 km.

(2) Along 43°E, the lowest temperature of —60.5°C was observed at Plateau
Station (3,624 m), while —57,1°C at the highest point (3,717 m). In general, the
temperature shows a good correlation with the change of surface elevation.

(3) An average elevation gradient of mean annual surface temperature —1.22
°C/100 m was obtained in a area with temperatures between —10°C and —45°C
(0Om to 3,100 m). This value of elevation gradient is in close agreement with the
values obtained in other parts of East Antarctica.

An exceptionally large value of —2.11°C/100m was obtained in a portion
between 73°30’ and 77°30’ (3,100m to 3,700 m). And an extremely small value of
—0.26°C/100 m was obtained between Plateau Station and the South Pole.

(4) A map of mean annual isotherms in the region of Mizuho Plateau and
West Enderby Land indicates a close relationship between the isotherms and the
elevation contours. The deviation of isotherms from elevation contours was
explained in terms of the influence of the katabatic winds.

(5) It is concluded that the coastal climate zone and the continental climate
zone are separated in the vicinity of S122-Mizuho Camp. Snow stratigraphy and

snow accumulation measurements also support this conclusion.
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(6) Analysis of the 2m firn temperature near Syowa Station, with supple-
mentary data of snow stratigraphy, indicated the existence of dry snow line at
about 700 m-950 m above sea level. From 950 m to 1,450 m, the elevation gradient
of summer surface temperatures, given by the 2m firn temperatures, was —0,63°C
/100 m, which is about a half of the mean annual surface temperature. This small
value indicates the intrusion of an air mass with a srnall lapse rate into this area.

The elucidation of the phenomenon of katabatic wind and the relation be-
tween the stratigraphic structure of snow cover and the weather condition are
important problems for a future study. For the study of these problems, compre-
hensive and continuous surface and aerological meteorological observations and
glaciological researches in the inland area of the ice sheet are required. Further-
more, in connection with the dynamics of Antarctic Ice Sheet, it is very important
to measure the vertical temperature distribution within the ice sheet together with

deep core analysis, from the surface to the bottom.
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