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ABSTRACT: In the summer of 1979, in South Spitsbergen investigations of the
extreme temperatures of the ground surface were carried out. The investigations permitted
the determination of the magnitude of the extreme temperatures of the ground surface
and their relation to the air temperature. The spatial variability of the extreme tem-
peratures of the ground surface was observed.
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1. Introduction

In the summer of 1979, the scientific expedition of the Silesian University
worked in South Spitsbergen. in the area adjacent to Gés Bay (Kaminski
1980a). It carried out a wide programme of geographic research, whose
preliminary results were given by: Kaminski (1980b, 1982), Wach (1980),
Jania et al. (1981), Szczypek (1980, 1981, 1982). The elements of the
research included measurements of the maximum and minimum temperatures
of the ground surface.

Temperature is commonly recognized as a major element of climate.
It determines, among other things. the course of physical erosion, and
particularly those processes which occur either as a result of variable
heating of rocks or as a result of their variable cooling. In both cases
the causes are temperature variations related to the difference between
the solar radiation reaching the ground and the energy radiation by the
latter, but in the former case the main role is played by 24-hour
temperature amplitudes, in the latter — temperature variations about 0°C.
Because of this. it seems essential to know the 24-hour behaviour of the
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extreme temperatures of the ground surface in the Arctic region, where 24-hour
amplitudes, although smaller compared to other climate zones, can affect
significantly the erosion process.

Polish scientific publications include a few papers on the thermics of
ground in the Arctic region (Jahn 1948, Baranowski 1960, 1963, 1968,
Czeppe 1960). However, there is no elaboration devoted to the thermal
conditions of the ground surface. This problem was partly discussed by
Baranowski (1960), and some information about the phenomenon was given
by Schone and Wiedrich (1966). Investigations in this field were also
carried out by Leszkiewicz (1977), who studied the extreme temperatures
of the ground surface in the Kaffioyra region. General remarks about
the extreme temperatures of the ground surface in the region of interest
were given by Kaminski (1984). This problem was also considered by
Ptaszny (unpublished paper).

The purpose of the paper is to establish the magnitude of the amplitude
of the extreme temperatures of the ground surface in the area under
study and to find the relation between the extreme temperatures of the
ground surface and the corresponding air temperatures.

2. Area, material, methods

The area investigated was the region of the forefield of Gés Glacier
(Géshamnoyra), South Spitsbergen. The localisation of the meteorological
station, measurement points and the geophysical conditions of the study
points were described by Kaminski (1979, 1980b). The basic features of
the climate of the area investigated were given by Troitskij at al. (1975).

The investigations were carried out from July 15 to September 5,
1979. The measurement points were localised close to the meteorological
station of the expedition in various parts of the tundra. Fig. 1 shows
the positions of the points. The measurement point no. 1 was situated
in the outwash, close to a storm bank, at a distance of about 90 m
from the sea shore, at a height of 2.7 above the sea level, in a nearly
flat terrain, slightly inclined to the west and bereft of vegetation. The
point no. 2 was localised on an old sea terrace, remodelled by soliflux
processes, a terrain inclined to the southwest at an angle of 20°, at an
altitude of 13.5m above the sea level, in a waterlogged area of dark
colour, overgrown by mosses and saxifrages. The ground surface was
formed from detritus mixed with clay. The point no. 5 was inside a stone
ring with 5 m external diameter and 2.8 external one, situated on a sea
terrace modelled by frost processes. The interior of the ring was filled
by fine-grain material mixed with clay, of a yellow colour. The terrain
was inclined to the west, with an altitude of 20 m above the sea level.
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Fig. 1. Schematic diagram of the arrangement of the measurement points in the area studied
I — meteorological station, 2 — points of measurements of the extreme temperature of the
ground surface

The point no. 4 was also situated inside a stone ring of size similar
to the point no. 3. The interior of the ring was filled by fine-grain
material with a considerable addition of coarse material, with the colour
of the material being light and at an altitude of 31 m above the sea
level. The point no. 5 was localised on a scree cone built of rock
detritus with pieces up to 10cm in diameter. The deteritus contained
dolomites and limestones from the slopes of Tsjebysjovfiellet. The terrain
was dry, bereft of vegetation, inclined to the west at an angle of 10" and
at an altitude of 47 m over the sea level. The point no. 6 was situated
on the slope of Tsjebysjovfiellet, at an altitude of 73 m above the sea level.
The ground surface was formed of eroded dark slates. It was dry and
without vegetation. The point no. 7 was situated at an altitude of 101 m
above the sea level up the slope of Tsjebysjovfiellet. The ground surface
was formed from phyllites of dark green colour. The permafrost occurred
at low depth. of 70 cm, in the base. In the other points. permafrost
occurred at depths below | m. The point no. 8 was in the meteorological
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garden (A= 155408, ¢ =76 5606"), (H=4m over the sea level) on
a flat sea terrace sparsely overgrown with mosses and saxifrages. The
ground surface was formed from gravels of grey colour. At a distance
of 10m from the measurement point there is a river. Permafrost lay
in the period of the investigations at depths between 220 and 160 cm.
A detailed description of the measurement posts was given by Ptaszny
(unpublished).

At all the points mentioned, everyday measurements of the maximum
and minimum temperatures of the ground surface were carried out. The
temperature was measured by maximum and minimum meteorological
thermometers placed on the ground surface. The containers of the thermometers
were covered by a 0.5 cm ground layer. After the readout and cancellation
of the results, the thermometers were laid again at the same place. The
temperature was read out once every 24 hours. between 13 and 14 hours
GMT, always in the same succession beginning from point 8 and then
in order from points 1 to 7. The readout time was so selected that it
occurred after the 24-hour minimum and maximum temperatures. The
investigations showed (Kaminski, 1984) that the 24-hour air temperature
minimum occurred in the area under study at 2 -- 3 GMT, whereas the
maximum came at 12 hours GMT. It is known in turn that the minimum
temperature of the ground surface coincides with the minimum air temperature,
whereas the maximum ground temperature precedes by 1 -2 hours the
maximum air temperature.

The maximum and minimum 24-hour results obtained served in calculating
the 24-hour amplitude of the temperature of the ground surface. The
maximum and minimum temperatures and the amplitude of the extreme
temperatures measured at particular points served to obtain a thermal
characteristic of the ground surface. In order to grasp some regularities.
simple characteristics were calculated in the form of the pentad means
of particular elements. Comparisons were also made between the extreme
air temperatures and the corresponding temperatures of the ground surface,
for the post no. 8 (the meteorological station) correlation coefficients and
regressions equations were calculated. illustrating the relationship between
the extreme air temperature and the mean 24-hour air temperature and
the maximum and minimum temperatures of the ground surface. Com-
parisons were made with the ground temperature at a depth of 5cm.

3. Results of investigations

The temperature characteristic of the investigation period. It was found
that in the investigation period the mean 24-hour air temperature varied
between 0.0 C on 3.09 to 9.1 C on 15.08. the highest air temperature
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was 17.0 C, whereas the minimum one was --4.5'C. In the investigation
period, the amplitude of the extreme air temperatures was 21.5 C (Table I).
A detailed meteorological characteristic of the investigation period was given
by Kaminski (1982, 1984).

The time distribution of the temperature of the ground surface. It
was found that in the investigation period the highest values of the
maximum temperature of the ground surface occurred between 16 and 20
July, i.e. in the beginning of the investigation period, when the greatest
solar energy radiation reaches the ground surface. From the fifth pentad
on, the maximum temperature of the ground surface decreases; however,
considerable temperature variations occur (Table II). The mean pentad

Table |

24-hour values of the maximum temperature (Max) and the
minimum one (Min). amplitude of the extreme air temperatures
(A). mean 24-hour air temperature (t) and mean 24-hour ground
temperature at a depth of Scm (ts).
Spitsbergen — Gashamnoyra 1979

Air temperature ts’'C

Date -

Max. Min. A. t

15 vl 9.0 37 53 6.2 12.3
16 11.2 52 6.0 6.5 13.6
17 9.9 52 4.7 71 14.1
18 9.1 5.2 3.9 7.4 11.9
19 124 5.4 7.0 8.4 14.1
20 10.9 4.5 6.4 8.8 12.3
21 9.0 3.1 59 6.3 11.0
22 6.6 1.9 4.7 4.3 9.8
23 6.1 1.0 5.1 29 9.9
24 9.5 3.0 6.5 53 9.4
25 10.2 1.7 85 6.3 10.2
26 8.3 49 34 6.2 9.6
27 7.8 3.1 4.7 4.5 8.4
28 5.6 25 3.1 4.2 7.6
29 45 20 25 3.0 7.0
30 5.8 1.5 4.3 35 7.0
31 44 0.5 39 20 5.1
1 VIII 38 0.5 33 1.6 4.8
2 8.1 0.6 7.5 2.0 5.1
3 32 0.9 2.3 22 5.5
4 4.6 24 22 3.1 54
S 6.5 4.0 2.5 5:2 6.0
6 6.5 35 3.0 4.7 6.5
7 6.3 3.2 31 5.1 6.5
8 35 0.5 3.0 2.8 6.4
9 4.6 24 22 34 5.1
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10 6.4 2.0 44 4.0 6.0
11 6.5 1.6 49 3.9 '5.4
12 59 2.0 3.9 3.8 6.1
13 7.0 —-0.4 7.4 2.0 6.7
14 6.1 2.9 32 5.1 5.8
15 17.0 2:7 14.3 9.1 7.8
16 9.5 35 6.0 6.7 7.2
17 79 22 5.7 5.5 6.4
18 6.6 2.1 45 4.3 5.7
19 7.3 29 44 5.1 55
20 5.6 1.1 4.5 34 5.8
21 44 0.9 3.5 2.7 4.4
22 7.6 —4.5 12.1 3.0 38
23 6.8 1.1 57 4.4 4.5
24 49 1.4 3.5 38 R
25 5.6 0.0 5.6 3.2 4.6
26 2.1 —-0.8 29 0.7 3.4
27 2.6 1.0 1.6 0.8 4.1
28 5.8 0.5 53 1.4 4.1
29 4.9 0.0 49 0.6 2.2
30 42 —0.1 43 0.4 0.8
31 1.5 0.0 1.5 0.6 0.4
11X 2.8 —0.1 29 0.7 0.6
2 24 -0.6 3.0 1.0 1.6
3 1.5 —-0.6 2.1 0.0 1.3
4 1.2 —-1.5 2.7 0.4 1.4
5 28 0.2 2.6 1.2 1.6

values of the maximum temperature are shown in Table III. The time
distribution of the minimum temperature of the ground surface looks
similar, its highest values were found in the fourth pentad of July. the
lowest in the first pentad of September (Table III). The highest amplitude
of the extreme temperatures of the ground surface was found at all the
measurement posts in the same pentad and as a rule on the same day
when there occurred the highest maximum temperature of the ground
surface. The magnitude of the amplitude of the extreme temperatures
of the ground surface was considerable, at the post no. 8 it varied
between 1.5 - 19.4 C (Table II).

The spatial variability of the extreme temperature of the ground surface.
Comparison of the extreme temperature of the ground surface. measured
at the particular measurement points. shown some differentiation among
them within the area under study. The highest mean maximum temperature
was in the period of the investigations found for the ground surface
at post I, the lowest mean minimum one occurred at the ground surface
at post 5. where also the highest mean amplitude of the extreme tem-
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of the ground surface and amplitude (A) of the extreme temperatures °C. Spitsbergen — Gashamndyra 1979

Table II

Post no. 1 2 3 4 5 6 . 7 8

Date Max. Min. A. Max. Min. A. Max. Min. A. Max. Min. A. Max. Min. A. Max. Min. A. Max. Min. A. Max. Min. A.
15VII | 242 6.2 18.0 17.6 6.0 11.6 17.9 5.0 12.9 20.0 4.0 16.0 19.5 5.0 14.5 17.0 4.5 12.5 23.7 5.0 18.7 234 6.4 17.0
16 27.4 8.3 19.1 18.5 8.0 10.5 19.4 6.7 12.7 222 6.4 15.8 17.2 6.3 10.9 234 6.6 16.8 25.7 7.0 18.7 259 8.3 17.6
17 25.0 8.0 17.0 18.4 6.2 12.2 19.1 5.2 13.9 23.6 4.1 19.5 21.9 4.0 17.9 26.9 49 22.0 25.1 54 19.7 26.0 7.8 18.2
18 26.5 8.3 18.2 17.8 6.5 11.3 19.5 5.2 14.3 24.6 5.6 19.0 19.9 49 15.0 259 5.6 20.3 29.6 6.4 23.2 21.0 7.6 13.4
19 29.2 8.0 21.2 18.8 74 11.4 19.0 6.1 12.9 25.6 6.0 19.6 20.0 5.0 15.0 24.6 5.8 18.8 24.0 6.3 17.7 26.8 7.4 19.4
20 24.4 10.5 13.9 17.6 89 8.7 18.4 7.5 10.9 224 8.6 13.8 22.0 8.0 14.0 23.1 8.6 14.5 25.7 8.9 16.8 15.3 10.1 52
21 21.1 6.9 14.2 14.8 53 9.5 13.9 3.5 10.4 17.5 5.7 11.8 235 4.5 19.0 22.2 4.2 18.0 16.8 52 11.6 19.2 7.0 12.2
22 224 3.1 19.3 14.8 2.6 12.2 14.9 1.3 13.6 16.6 0.8 15.8 21.1 0.3 20.8 20.3 1.2 19.1 19.8 1.1 18.7 21.5 3.8 17.7
23 22.3 39 18.4 15.2 3.4 11.8 15.6 2.0 13.6 13.7 0.9 12.8 20.6 0.7 19.9 20.4 1.1 19.3 25.4 24 23.0 20.6 39 16.7
24 20.6 4.4 16.2 14.2 4.5 9.7 13.6 34 10.2 16.4 3.1 13.3 18.0 2.5 15.5 19.8 4.1 15.7 22.0 4.8 17.2 18.0 5.1 12.9
25 215 6.4 15.1 15.2 5.2 10.0 14.9 3.9 11.0 15.1 4.7 104 21.4 3.0 18.4 22.7 3.8 18.9 23.2 4.5 18.7 22.6 6.8 15.8
26 21.6 5.6 16.0 15.1 5.1 10.0 14.9 38 11.1 13.1 49 8.2 194 3.1 16.3 22.7 39 18.8 229 4.6 18.3 17.4 6.4 11.0
27 11.9 53 6.6 11.6 4.8 6.8 11.5 3.7 7.8 13.6 4.8 8.8 11.5 4.8 6.7 11.7 35 8.2 11.7 4.0 7.7 13.2 5.4 7.8
28 14.0 5.1 8.9 13.4 4.6 8.8 13.0 3.2 9.8 16.5 44 12.1 13.5 2.7 10.8 17.1 34 13.7 9.5 38 5.7 13.2 5.6 7.6
29 10.4 44 6.0 8.6 35 5.1 8.5 2.3 6.2 9.9 34 6.5 9.2 2.0 7.2 10.0 24 7.6 8.4 2.7 5.7 10.5 5.0 5.5
30 18.9 3.2 15.7 14.5 35 11.0 14.5 24 12.1 18.0 3.0 15.0 15.0 0.9 14.1 15.9 2.0 13.9 144 2.5 119 21.0 39 17.1
31 13.0 3.1 9.9 10.8 3.1 7.7 11.4 2.0 9.4 12.0 2.0 10.0 15.8 0.9 14.9 16.6 1.2 154 14.5 2.0 12.5 14.2 34 10.8
1 VIII| 12.8 0.1 12.7 11.4 04 11.0 12.0 —1.0 13.0 14.8 0.2 14.6 13.8 —-1.8 15.6 14.0 —-14 15.4 14.2 -0.9 15.1 12.2 0.1 12.1
2 12.6 1.6 11.0 104 2.0 8.4 10.5 0.1 10.4 13.6 1.4 12.2 12.0 —-0.1 12.1 11.9 0.0 119 11.7 0.9 10.8 10.5 2.5 8.0
3 13.1 1.4 11.7 10.3 0.1 10.2 10.7 —-0.5 11.2 10.1 1.0 9.1 10.6 —-0.2 10.8 9.2 0.0 9.2 7.5 0.6 6.9 13.3 2.2 11.1
4 14.0 3.5 10.5 11.0 3.0 8.0 11.7 1.5 10.2 17.1 2.6 14.5 15.9 1.3 14.6 19.2 1.6 17.6 15.7 29 12.8 8.3 34 49
5 13.4 4.5 8.9 10.1 4.2 5.9 11.0 2.9 8.1 14.5 4.2 10.3 12.7 2.4 10.3 11.5 2.9 8.6 8.0 3.6 44 9.0 39 54
6 15.5 4.1 11.4 11.5 4.0 7.5 12.6 2.5 10.1 14.6 3.5 11.1 13.2 1.7 11.5 144 2.1 12.3 12.9 2.8 10.1 14.7 3.8 10.9
7 13.4 3.2 10.2 11.3 3.1 8.2 1.1 1.6 9.5 13.6 3.6 10.0 12.0 1.0 11.0 11.6 1.3 10.3 11.0 2.8 2 12.6 3.0 9.6
8 14.1 3.8 10.3 11.6 3.7 7.9 12.5 2.2 10.3 17.1 3.0 14.0 18.9 1.5 174 21.1 2.1 19.0 17.6 29 14.7 14.0 2.1 11.9
9 12.1 43 7.8 10.5 3.7 6.8 11.2 2.1 9.1 12.2 34 8.8 12.5 1.6 10.9 12.0 2.3 9.7 11.4 3.0 8.4 6.2 3.7 2.5
10 14.0 2.2 11.8 12.4 2.5 9.9 12.5 0.9 11.6 12.1 1.6 10.5 17.4 0.0 17.4 19.5 0.9 18.6 18.5 1.9 16.6 14.5 2.0 12.5
11 14.7 1.5 13.2 12.0 1.6 10.4 12.6 0.0 12.6 18.0 0.2 17.8 17.0 —-0.8 17.8 16.8 0.5 16.3 16.4 1.7 14.7 14.5 1.7 12.8
12 14.5 42 10.3 11.6 42 7.4 12.0 2.6 9.4 9.9 4.0 59 16.0 24 13.6 17.0 34 13.6 15.1 4.4 10.7 9.5 4.0 55
13 13.2 3.0 10.2 11.9 3.5 8.4 12.2 1.9 10.3 15.2 2.2 13.0 19.2 0.6 18.6 16.4 1.6 14.8 16.2 2.2 14.0 17.6 39 13.7
14 12.8 3.6 9.2 11.4 4.1 7.3 12.0 2.2 9.8 13.1 3.0 10.1 17.0 1.9 15.1 16.6 44 12.2 16.2 5.5 10.7 9.8 4.4 5.4
15 17.7 24 15.3 15.0 2.5 12.5 14.9 2.1 12.8 18.9 2.1 16.8 16.4 0.6 15.8 16.8 1.4 15.4 13.5 25 11.0 20.5 2.3 18.2
16 16.6 2.0 14.6 14.0 6.6 7.4 14.3 5.2 9.1 19.7 6.6 13.1 18.3 4.8 13.5 18.6 6.0 12.6 17.0 7.4 9.6 11.0 6.5 45
17 9.1 4.6 4.5 9.0 49 4.1 8.7 34 5.3 9.2 4.7 4.5 8.9 3.0 5.9 9.5 3.7 58 8.3 5.3 3.0 12.3 4.7 7.6
18 9.3 4.5 48 9.2 49 4.3 9.0 34 5.6 10.7 4.5 6.2 9.4 3.3 5.9 10.0 4.2 5.8 9.2 5.4 3.8 10.6 4.5 6.1
19 10.5 4.0 6.5 10.1 4.2 5.9 9.2 29 6.3 8.8 4.0 4.8 9.2 25 6.7 9.5 3.0 6.5 10.0 44 5.6 144 4.2 10.2
20 13.5 3.2 10.3 10.8 3.8 7.0 10.8 1.9 8.9 13.2 3.1 10.1 14.2 1.1 13.1 14.4 1.9 12.5 15.6 2.8 12.8 15.6 39 11.7
21 12.0 0.4 11.6 10.0 0.6 9.4 9.9 — 1.1 11.0 13.0 —0.6 13.6 11.9 -2.2 14.1 12.6 —1.5 14.1 10.9 —04 11.3 10.6 09 9.7
22 11.0 -1.0 12.0 8.9 —-0.9 9.8 8.6 -2.1 10.7 12.5 —-2.6 15.1 11.9 —3.8 15.7 13.1 —-2.4 155 10.2 —-1.0 11.2 12.0 -0.9 12.9
23 13.9 1.0 12.9 10.3 0.2 10.1 9.5 --1.0 10.5 13.2 —0.1 13.3 14.9 —-2.0 16.9 13.7 - 1.7 15.4 12.8 0.0 12.8 14.1 1.1 13.0
24 114 2.6 8.8 6.9 1.5 5.4 6.8 0.0 6.8 9.8 24 7.4 9.8 —0.1 99 10.6 —0.5 11.1 10.1 1.0 9.1 8.5 2.5 6.0
25 11.0 1.2 9.8 8.8 1.0 7.8 8.0 —0.6 8.6 | 163 1.0 9.3 10.0 —0.8 10.8 10.6 —-0.6 11.2 10.1 0.6 9.5 11.6 1.5 10.1
26 13.0 —1.7 14.7 10.5 ~-12 11.7 8.5 -2.5 1.0 | 158 —2.6 18.4 11.6 —3.6 15.2 8.8 —3.0 11.8 11.2 —1.2 12.4 14.0 —-1.0 15.0
27 9.4 2.4 7.0 8.1 2.0 6.1 7.0 0.4 6.6 [ 9.5 1.8 7.9 8.0 0.0 8.0 9.0 —-0.2 9.2 8.6 1.5 7.1 9.2 2.4 6.8
28 10.2 1.5 8.7 9.8 1.6 8.2 8.0 0.0 8.0 u' 12.0 1.0 11.0 11.0 —-0.9 11.9 12.6 —0.6 13.2 10.8 0.9 99 10.6 2.1 8.5
29 10.0 0.6 94 7.0 0.6 6.4 7.0 0.6 6.4 128 0.8 12.0 10.0 —-0.9 10.9 13.2 —0.6 13.8 12.0 0.9 11.1 4.0 1.5 25
30 3.0 0.0 3.0 2.5 0.0 2.5 2.5 —-19 44 ‘L 2.4 —0.1 2.5 24 —-22 4.6 25 —2. 4.5 2.4 —0.8 32 3.5 0.0 3.5
31 1.5 —-0.5 2.0 1.8 0.0 1.8 1.5 1.5 3.0 “ 1.2 0.1 1.3 1.2 —2.1 3.3 1.0 -2.0 3.0 0.8 0.0 0.8 1.5 0.0 1.5
1 IX 5.0 - 1.0 6.0 Tl -0.6 2.3 1.6 —24 4.0 | 3.1 —-0.9 4.0 1.2 -3.0 4.2 2 -2.6 2.8 0.3 —1.4 1.7 4.6 —1.1 5.7
2 8.0 —-2.4 104 5.2 - 1.0 6.2 5.5 -2.5 8.0 10.0 —2.6 12.6 6.6 —4.5 11.1 3.6 -39 7.5 3.0 -2.6 5.6 8.1 1.2 9.3
3 9.0 —0.1 9.1 6.8 0.0 6.8 5.8 —1.5 7.3 10.0 - 1.6 1.6 6.8 —2.6 9.4 38 —-24 6.2 2.6 —-0.5 3.1 4.0 —0.5 4.5
4 5.4 —-09 6.3 4.5 —-0.5 5.0 4.5 —2.0 6.5 5.0 —-1.6 6.6 4.0 —-3.2 7.2 4.5 -3.2 7.7 2.0 — 1.1 3.1 6.0 - 1.0 7.0
5 —0.1 6.1 44 —0.1 4.5 4.6 —1.5 6.1 6.5 —-0.5 7.0 3.7 —2.5 6.2 3.7 -3.0 6.7 2.4 — 1.7 4.1 6.5 0.2 6.5

6.0
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Table III

Post no. 1 2 3 4 5 6 7 8

Pentada

Month Max. Min. A Max. Min. A Max. Min. A Max. Min. A Max. Min. A Max. Min. A Max. Min. A Max. Min. A
4/VII 26.5 8.6 17.9 18.2 7.4 10.8 19.1 6.1 13.0 23.7 6.1 17.6 20.2 5.6 14.6 24.8 6.3 18.5 26.0 6.8 19.2 23.0 8.2 14.8
5/vIl 21.6 4.9 16.7 14.8 4.2 10.6 14.6 2.8 11.8 15.9 3.0 12.9 20.9 22 18.7 21.1 29 18.2 21.4 3.6 17.8 20.4 5.3 15.1
6/VII 15.0 4.4 10.6 12.3 4.1 8.2 12.3 29 9.4 13.8 3.8 10.0 14.1 2.4 11.7 15.7 2.7 13.0 13.6 3.3 10.3 149 5.0 9.9
1/VIII 13.2 22 11.0 10.6 1.9 8.7 11.2 0.6 10.6 14.0 1.9 12.1 13.0 0.3 12.7 13.2 0.6 12.6 11.4 1.4 10.0 10.7 2.4 8.3
2/VIII 13.8 3.5 10.3 11.5 3.4 8.1 12.0 1.9 10.1 13.9 3.0 10.9 14.8 1.2 13.6 15.7 1.7 14.0 14.3 2.7 11.6 124 29 9.5
3/vil 14.6 29 11.7 12.4 3.2 9.2 12.7 1.8 10.9 15.0 2.3 12.7 17.1 0.9 16.2 16.7 2.3 14.4 15.5 3.3 12.2 14.4 3.3 11.1
4/VIIl 11.8 3.7 8.1 10.6 4.9 5.7 10.4 3.4 7.0 12.3 4.6 7.7 12.0 3.0 9.0 12.4 3.8 8.6 12.0 5.1 6.9 12.8 4.8 8.0
5/VIII 11.9 0.8 11.1 9.0 0.4 8.6 8.6 -08 9.4 11.8 0.0 11.8 11.7 -1.8 13.5 12.1 -1.3 13.4 10.8 0.0 10.8 114 1.0 10.4
6/VIII 7.8 0.5 7.3 6.6 0.5 6.1 5.8 -1.0 6.8 9.0 0.2 8.8 7.4 -16 9.0 7.8 —1.4 9.2 7.6 —0.2 7.8 7.1 0.8 6.3
11X 6.7 -0.9 7.6 4.5 —0.4 49 4.4 -20 6.4 6.9 —1.4 8.3 45 -32 7.7 3.2 -3.0 6.2 2.1 —1.5 3.6 58 —0.7 6.5
Mean

4VIL-11X] 143 3.1 11.2 11.0 3.0 8.0 11.1 1.6 9.5 13.6 2.4 11.2 13.6 0.9 12.7 10.2 1.5 8.7 13.5 2.4 11.1 13.3 3.3 10.0
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peratures of the ground sufrace showed (Table III). Table IV ahows the
frequency of the occurrence of the highest and lowest extreme temperatures .
of the ground surface. It follows from Table IV that most frequently
the highest maximum temperatures of the ground surface occurred at
posts 4 and 8, with the lowest being most distinct at post 5. The
explanation of the different occurrence frequency of the extreme temperatures
of the ground surface should be sought in the physical properties of the
soils at the particular measurement posts and their position, particularly
the inclination of the slope.

Table 1V

Occurrence frequency of the highest (Max) and the lowest (Min)

temperatures of the ground surface at the particular posts in the

area investigated and the highest amplitude of the extreme tem-

perature (A) — in percentage of the total number of observations.
Spitsbergen — Gashamndyra 1979

Measurement 1 2 3 4 5 6 7 8
post no.
Element
Max. 12 2 0 24 9 18 13 22
Min. 2 0 8 2 83 5 0 0
A 9 0 0 16 28 31 9 7

The relationship with the air temperature. A high positive correlation,
r=0.78, was found to exist between the maximum temperature of the
ground surface and the mean 24-hour air temperature. The relationship
between the maximum temperature of the ground surface and the cor-
responding maximum air temperature is expressed by the equation y = 1.64x +
2.76, with a high positive correlation, r = 0.80. Similar relationships exist
between the minimum temperature of the ground surface and the mean
24-hour air temperature, where a high positive correlation, r = 0.80, was
found, while the relationship between them is expressed by the equation
y =0.95x—0.31. Between the minimum temperature of the ground surface
and the corresponding minimum air temperature, there is a high positive
correlation, r =0.84, and the relationship between relationship between
them is expressed by the equation y = 1.8x+1.29.

Correlations also exist among the extreme temperatures of the ground
surface and the mean 24-hour ground surface at a depth of 5c¢m, and
between the amplitude of the extreme temperatures of the ground surface
and the amplitude of the extreme air temperatures. Namely, it was found
that between the maximum temperature of the ground surface and the
mean 24-hour ground temperature at a depth of 5cm, there is a high
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positive correlation. r = 0.99. while the relationship between them is expressed
by the equation y = 150x+395. The correlation between the minimum
- temperature of the ground surface and the mean 24-hour ground temperature
at a depth of Scm is r=0.88. while the relationship between them is
expressed by the equation y = 1.33x—3.82. There are weaker correlations
between the amplitude of the extreme temperatures of the ground surface
and the amplitude of the extreme air temperatures. The correlation found,
r=0.48. is only considerable. The relationship between them is expressed
by the equation y = 0.49x + 7.75.

4. Discussion of the results

The investigations permitted the characteristic of the behaviour of the
extreme temperatures of the ground surface during part of the Arctic
summer to be obtained. They failed. however. to ensure a full characteristic
of the thermal relationships of the ground surface. because of the short
obserwation period and limited range of measurements.

In view of the small number of papers devoted to the extreme tem-
peratures of the ground surface in the Arctic. it is very difficult to
‘evaluate the results obtained and compare them with the literature data.
For the southern region of Spitsbergen. there is a total lack of such
information. It can. however. be recognized that confirmation has been
found for Baranowski’s observation (1968) that in the period without
snow cover the temperature of the ground surface is higher than that
of the air. Analysis of the behaviour of the extreme temperatures of the
ground surface indicates that in the area investigated there occurs the
phenomenon of a drop of the minimum temperature below zero, which
is unknown from the literature (Hess. 1967) as typical for the forefield
of mountain glaciers. During the Arctic day this is prevented by constant
supply of the solar radiation energy to the ground surface. However, large
amplitudes of the extreme temperatures of the ground surface can indicate
the cooling effect of the glaciers nearby, above all Gas Glacier.

Comparison of the measured values of the maximum and minimum
temperatures of the ground surface with the data given by Leszkiewicz
(1977) leads to the statement that these quantities are comparable, which
would suggest low temporary variability. from year to year. of the element
studied. These values are also close to the minimum temperatures of the
ground surface measured at Kigsbay by the German expedition (Schone
and Wiedrich 1965). At the same time. it should be stated that the
observed amplitudes of the temperature of the ground surface. although
much lower than those in medium and low latitudes. reach periodically
high values up to 20 C (23.2 C).
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5. Conclusions

1. The extreme temperatures of the ground surface are much higher than
the corresponding air temperatures, and their amplitude reaches 23°C.

2. Considerable spatial variability of the maximum and minimum tem-
peratures of the ground surface was found in the area under study.

3. There is a close relationship between the extreme temperatures of the
ground surface and the air temperature and the mean 24-hour temperature
of the ground at a depth of 5cm.

6. Pe3rome

Jletom 1979 roga B rokxHoM Ulnuumbeprene Ha TeppuTOPUU, TMPUJETAIOWIEN K 3ajMBY
lac, paborana HayuHas skcneAuLnsi CIEH3KOro YHHBEPCHTETAa Peasin3upys LIMPOKYIO NporpamMmy
reorpaguyeckux uccienosanuii. B ee cocTas BXOAMIIO MPOBEIEHHE M3MEPEHHS IKCTPEMATbHBIX
TeMIepaTyp NOBEPXHOCTH rpyHTa. MXcoast u3 MoJIOKEHUs, 4TO TeMrepaTypa SBJISETCS IJIEMEH-
TOM KJIMMaTa BaXXKHBIM JUISl MHOTHX (DM3MUECKHX ‘POIECCOB, NPOUCXOMAILMX HA TOBEPXHOCTH
rpyHTa, aBTOP CTapajcs W3Y4UHTh XOA OJKCTPEMAbHBIX TEMNEpPaTyp OJTOH MOBEPXHOCTH.
Hab6ito1eHust npoBOAMIMCh B 4acTH apktudeckoro sera (taba. 1I). OnHoBpeMeHHO Oblin
NPOCJIEXEHbl BO BPEMEHHM W MPOCTPAHCTBE U3MEHEHMS MAaKCHMMaJIbHOW W MHHHUMAJbHOH TeM-
nepatypbl mnosepxHoctn rpyHta (tabs. 11 wm III). Bbuta BbicuMTaHa w€acToTa NpPOSBJIEHHS
MaKCHMa/IbHOM M MHHHMAJIBHOM TeMnepaTyp MOBEPXHOCTH TPYHTa B OT/ENbHBIX Habmiona-
Te/IbHBIX MYHKTax H3yueHHoW Tepputopun (1abi. 1V). I1pobrema paccmaTpuBanach Ha (oHe
CYTOYHOIO XO[a TEMIIepaTypbl MOBEPXHOCTH cioeB rpyHta (Tada. I). YcraHoBieHa cBs3b
MEXly MaKCMMAaJIbHOH M MUHUMAJILHOM TEMMEPATypOll MOBEPXHOCTH I'PYHTA M €€ aMILIUTYI0i
M COOTBETCTBYIOUIMMH MM 3JEMEHTAMM TEMNEPAaTypbl BO3yXa.

HccnenoBanus MO3BOJIMIM YCTAHOBMTB, YTO JKCTPEMAJIbHBIE TEMMEPATYPbl MOBEPXHOCTH
IPYHTAa 3HAYUTEJIbHO BbIIE TEMNEPATYypbl BO3/JyXd, a4 WX aMIUIATYAa MOXET B YCIOBHSX
Inuudeprena nocturate 30°C (29,6°C). TemnepaTypbl NOBEPXHOCTH T'PYHTa Ha H3yuyaeMoM
TEPPHUTOPUN CHJILHO MEHSIIOTCS B 3aBUCHMOCTH OT POJA IPYHTAa U YCJIOBMH NPUTOKA COJIHEY-
HOM pajMallid Ha MOBEPXHOCTh TPYHTA.

7. Streszczenie

Latem w roku 1979 pracowala na poludniowym Spitsbergenie w obszarze przyleglym
do Zatoki Gas. wyprawa naukowa Uniwersytetu Slaskiego. Realizowala ona szeroki program
badan geograficznych. Jednym z elementow badan byly pomiary temperatur skrajnych po-
wierzchni gruntu. Wychodzac z zalozenia, ze temperatura to wazny element klimatu, istotny
dla wielu procesow fizycznych odbywajacych si¢ na powierzchni gruntu czynnik. starano
si¢ pozna¢ przebieg temperatur skrajnych powierzchni gruntu w czeSci okresu arktycznego
lata (Tab. II). Jednoczesnie przesledzono czasowa i przestrzenng zmienno$¢ temperatury
maksymalnej i minimalnej powierzchni gruntu (Tab. II i 1), wyliczajac tez czestos¢
wystepowania najwyzszej 1 najnizszej temperatury powierzchni gruntu na poszczegdlnych
stanowiskach badawczych obszaru (Tab. 1V). Calo$¢ zagadnienia rozpatrywano na tle prze-
biegu dobowego temperatury powietrza i $redniej dobowej temperatury powierzchniowych
warstw gruntu (Tab. ). Stwierdzono zwiazki korelacyjne pomigdzy temperatura maksymaina
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i minimalna powierzchni gruntu oraz ich amplituda a odpowiadajacymi im elementami
temperatury powietrza.

Badania pozwolily na stwierdzenie, ze temperatury skrajne powierzchni gruntu znacznie

przewyzszaja temperatury powietrza a ich amplituda moze dochodzi¢ w warunkach Spitsbergenu
do ponad 20 C (232 C). Istnicie duza przestrzenna zmienno$¢ temperatury powierzchni
gruntu w badanym obszarze, wynikajaca glownie z wiasciwosci gruntu i warunkoéw doplywu
energii promieniowania stonecznego do powierzchni gruntu.

8.

10.
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