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ABSTRACT: Ground temperature measurement results in main ecotopes of the
Kaffidyra coastal plain (Oscar 11 Land. northwestern Spitsbergen): sea beach. tundra
and morainic plateau, are presented and discussed in the paper. The spatial distribution
of thermal conditions is discussed with particular regard to temperature of the active
surface and vertical gradients of temperature dependent on daytime and weather conditions.
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Introduction

Ground temperature investigations are carried out in Spitsbergen in
regularly working meteorological stations, as at Barentsburg. These investi-
gations are carried out also in other regions, mainly in summer, by scientific
expeditions, including also the Polish expeditions (Czeppe 1961, Jahn 1961,
Baranowski 1963, 1968 ; Kaminski 1982, Jahn and Walker 1983, Grze$ 1984).
Wide range of the ground temperature measurements have been carried
out at Kaffioyra since 1975 by the Torun polar expeditions (Leszkiewicz
1977, Wojcik 1982, Marciniak and Przybylak 1983, Wojcik and Mar-
ciniak 1983).

Investigations of thermal properties, and thermal regime of ground in
polar countries have been dynamized during the last 20 years by inter-
national permafrost conferences. Four such conferences were held up to now !,
the fifth being announced in Norway in 1988, already under the auspicies
of the International Permafrost Association having its seat in Canada.

The physico-geographic exploration carried out by the 3rd Torun Polar
Expedition to Spitsbergen comprised also the ground temperature conditions
within the active layer of permafrost. The research works were located
in the northern part of the Kaffidyra coastal plain (Oscar II Land) at
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the Research Station of N. Copernicus University of Torun (¢ = 78 41’N,
A=11°5I’E, H=71.5m as.l.), at the distance of about 200 m from the
shoreline of Forlandsundet.

The investigations were carried out at three points representative for
main ground material types, different with physical and chemical properties
and character of the surfaces (Fig. 1), viz.: sandy seashore beach (B).
tundra (T) and moraine (M). They were located nearby the meteorological
station. In our opinion, the ecologic terminology in relation to these
selected measuring places. could be adapted, so we can say about 3 ecotopes
of beach. tundra and moraine. Their general characteristic is as follows:

a) The sea beach is narrow, widening near the station to 200 m; the
observation point was located at the distance of about 150 m from the
coastline, beyond the extent of the present storm ridge. The beach is
composed of light fine-grained sands of more than 1 m thick. The depth
of summer thawing reaches 1.1-—1.2 m (Wojcik 1982, Marciniak and Szczepanik
1983). The sand layer is always very moist what is connected, among
other things, with sea tides. During a low-tide the sea water inflows
into a shallow abandoned stream channel surrounding with an arch a plot
of the beach, on which measurements were performed, and infiltrates in
abundance into well permeable sand. Capillary rise of this water saturates
the whole layer above the permafrost.

During a wet weather with precipitations, the sand layer over the
permafrost is strongly saturated with water, whereas during a dry weather,
particularly at more intensive insolation, the thin outer layer (to 5 cm) is
dried. The occurrence of this layer, which has a reduced thermal capacity
and weakened heat conductivity, affects significantly the heat movement in
the vertical profile. It makes the beach surface reach, in spite of its light
colour, the highest temperature in the daytime and the lowest one at
night as compared with other ecotopes. The thermal capacity and the heat
conductivity are the highest there. The thermal regime of the beach is
formed, similarly as that of the other ecotopes, in connection with a shallow
occurrence of the permafrost.

b) The tundra has been formed on a small flat sandur fan located
in the forefield of the main terminal moraine of the Aavatsmark Glacier.
The outwash consists of fine gravel, mostly of 1—2 cm in diameter, mixed
up with sands and muds. A thickness of the thawing layer amounts
there as in the beach, to about 1.0—1.2 m. The whole layer is, however,
less moist than on the beach so the thermal capacity and heat conductivity
are there adequately less. The ground surface is covered by the tundra
vegetation, at prevalence of cup-moss (Cladonia rangiferina). Plants form
bunches covering about 70% of the area. The plant cover, though thin
and discontinous, affects to a certain degree the ground temperature
formation.
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¢) The third ecotope consists of a terminal moraine. The measuring
point was located on a flattened surface of the external, the oldest moraine
rampart composed of coarse waste mixed up with fine-grained and silty
material. The occurrence of the active melting niches within the same
moraine ridge near the measuring point indicates an occurrence of a buried
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Fig. 1. Morphologic sketch of the area of the Research Station of the N. Copernicus
University. Torun and location of measurement stands
1 — moraine. 2 — tundra, 3 — area periodically flooded during tides, 4 — storm ridges.
5 —area of the beach flooded during tides. 6 -— streams, 7 —-lakes, 8 — outwash plain.
9 — Research Station. 10 — ground temperature measuring stand “Beach™ (B). 11 — ground
temperature measuring stand “Moraine” (M). 12 — ground temperature measuring stand
“Tundra™ (T)

dead ice. The grain-size composition of the moraine (blocks and waste-rocks)
made it difficult to sound the depth of summer thawing which has been
only estimated for at least 1.5 m. Water content of the active layer is
still lower than in the tundra and so. the thermal volumetric capacity
and the heat conductivity coefficient are the least in this ecotope.

The deglaciated areas are gradually occupied by vegetation. Single flowers
start growing on the moraine surface. This pioneer plant cover does not
affect thermal conditions of the ground.
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Research methods

The ground temperature has been measured using the mercury-in-glass
thermometers placed at the depth of 1, 5, 10, 20 and 50 cm. Thus the
measurements comprised such a part of the active layer, in which temperature
fluctuations were perceptible by the used measuring instruments. The thermo-
meter indications were read during standard meteorologic observations
performed at 01, 07, 13 and 19 LMT. Synchronic observations at all
measuring points were carried out from July 24 to September 5. 1978.
The data for this period constitute a basis of the present work.

The measurements performed at 4 terms enabled to calculate mean
daily temperatures for each depth (Table 1, Figs. 2 and 3) as well as
means for decades and for the whole period (Tables 1 and 2). Also the
mean temperature of the whole 1—50cm layer was calculated using
the formula:

t+ts+t o+t ttso
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Fig. 2. Course of mean daily ground temperature values for the period July 24 —- September 5.
1978 against the background of wind velocity and relative insolation in the Kaffioyra plain
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Fig. 3. Courses of mean daily values of air and ground temperature for the period July 24 —
September 5. 1978 in the Kaffidyra plain
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Fig. S. Isoplethes of the diurnal ground temperature distribution at a cloudless weather
(August 12 and 13), at a partial cloudiness (August 15--16) and at a full cloudiness
(August 14) in selected ecotopes of the Kaffidyra plain

where: t,, ts ... t5, are the ground temperatures at the adequate depths.

On the basis of the collected material, dynamics of the spatial tem-
perature distribution from day to day and in the diurnal cycle was
investigated and discussed (Figs. 4 and 5). Vertical temperature distributions
in particular ecotopes, dependent on weather conditions, were also analyzed
(Figs. 6 and 7). Thermal properties of the background of the investigated
ecotopes were finally compared by means of a simple complex index (t)
of the mean temperature of the whole measured 1—50 cm layer (Tables 1
and 2).

During the investigations the cyclonic. i.e. windy weather with frequent
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precipitations and fogs, prevailed; it was described in another paper
(Wéjcik and Marciniak 1983). The weather (insolation, wind velocity, air
temperature) is presented in Figs. 2 and 3.

Spatial differentiation of ground temperatures

Vertical distribution of the ground temperature in selected ecotopes
(see Fig. 6) allows to distinguish 2 layers:

a) outer and thinner layer with a varying thickness, in which thermal
differences between the investigated ecotopes decrease with the depth and
sometimes vanish at all. Such an equalized or almost equalized temperature
is defined by us as a monothermy and its stabilization depth as the level
or depth of monothermy. This layer is situated between the active surface
and the monothermy. Its thickness is thus determined by the monothermy
depth and varies, depending on weather conditions, from 0 at a cloudy
weather (e.g. on August 15 at 01h) to about 17cm at a cloudless
weather (e.g. on August 13 at 01 and 19h) or at a light overcast
(e.g. on August 14 at 01 h), whereas its average thickness amounts to
about 5cm (Fig. 6). In the diurnal cycle, at least at a light overcast,
the thickness of this layer is smaller within the daytime and greater
at night (Fig. 6).

The upper part of the investigated profile is always the warmest on
the beach and the coolest on the moraine, occupying an intermediate
place on the tundra (c¢f. Figs. 3, 6). Only at night (Fig. 6, graphs for
01 h, means for the whole period July 24 — September 5) and at a light
overcast (August 13), the tundra was the warmest, the beach was the
coolest, while the moraine occupied an intermediate place.

In the outer layer the greatest thermal differences between particular
ecotopes were marked on the active surface. The thermal conditions of
this surface are to be discussed somewhat more detailed due to their
significance for the processes within the atmosphere boundary layer. The
temperature of the active surface was measured by thermometers, the
reservoirs i.e. receptors of which were plunged about 1 cm into the ground.

Investigations were carried out already after the summer solstice, in
the regression phase of the annual solar cycle. The ground temperature
gradually dropped. showing sufficiently considerable oscillations from day
to day in accordance with changing weather conditions. particularly the
cloudiness. Therefore. the mean daily temperature of the beach at the
depth of 1cm decreased from 11.2°C at the beginning of measurement
start (July 24) to 4.0°C on the last day (September 5). The average
temperature for the whole period amounted to 5.7°C (Table 1). The highest
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mean daily temperature occurred at the beginning of the measuring period.
at still most favourable astronomic parameters and at a cloudless weather,
whereas the lowest one occurred at the end of the measuring period,
at the beginning of the arctic autumn and at a cloudy weather with
precipitations (mean daily cloudiness on September 4 was 7.8 in the 0—10
scale), whereas the total precipitation was 4.4 mm (Table 1. Figs. 2 and 3).

The general decreasing trend of mean daily temperatures of the active
surface of three ecotopes is presented by the following equations and graphs
in Figs. 2 and 3:

— for the beach (B) y; = —0.087 x;+7.56
— for the tundra (T) y; = —0.072x;,+7.12
— for the moraine (M) y; = —0.077x;+7.03,
where:

x; — subsequent day of the period July 24 — September 5
i=1, 2 3..44
y; — mean daily temperature on the i-th day.

A general trend of decreasing temperature is noted for the considered
period, but its oscillations from day to day, dependent on weather conditions,
were clearly marked. Short-term, interdiurnal changes of the mean temperature
were small, mainly within the limits of 0.5—-1.5°C. The maximum of.
3.6°C occurred on the beach while the mean for the whole period amounted
to 0.9°C (Table 1).

The highest interdiurnal change of temperature on the beach occurred
between 24th and 25th July and has been caused by a radical change in
the cloudiness degree (3.5 and 9.0, adequately) and consequently in insolation
(7799, and 1.29%,). Weaker oscillations from day to day showed night
temperatures, stronger — diurnal ones. So e.g., on the beach at the depth
of 1cm at 01 h the mean temperature variability amounted to 0.87°C at
the highest temperature of 4.1°C. whereas at 13 h the adequate values
amounted to 1.86°C and 6.8°C. .

The thermal spottiness of the active surface depends on its character
and ground properties, depends also on weather and changes in the diurnal
cycle. Mean temperature at the depth of 1cm for the period of investi-
gations (Table 1) amounted to 5.7°C on the beach, to 5.5°C on the tundra
and to 5.3°C on the moraine. The temperature differentiation increased
at the sunny weather. The widest differences occurred at a cloudless sky.
particularly at still high astronomic parameters as e.g. on July 24 when
daily means amounted to 11.2°C on the beach, to 9.6°C on the moraine
and to 8.7°C on the tundra (Table 1. Fig. 2). During a cloudy weather.
particularly when joined with rainfalls. the thermal differences disappeared.
as e.g. on July 30, when mean daily temperatures in the investigated
ecotopes were almost the same and equal 6.6—6.7"C.
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Fig. 6. Vertical ground temperature distribution in the diurnal cycle on selected ecotopes

at a cloudless weather (August 13). at a partial cloudiness (August 15). at a full

cloudiness (August 14). and mean in the period July 24 - September 5. 1978 in the
Kaffidyra plain

The thermal spottiness changed in the diurnal cycle and its highest
intensity appeared at the most intensive insolation i.e. at noon, at a cloudless
weather. Thus on July 24 at 13 h the temperature at the depth of 1cm
on the beach amounted to 17.0°C. to 14.0°C on the moraine and to
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12.8°C on the tundra (Fig. 7). The night cooling of the active surface
depends only slightly on its character and in this connection the thermal
spottiness disappears at night, particularly at a cloudy weather as e.g.
on July 30 when at 01 h the temperature of the tundra surface amounted
to 6.8°C, to 6.6°C on the beach and to 6.5°C on the moraine. At
a fine weather these differences were greater however still did not exceed
1°C, and e.g. on July 24 at 01 h temperature amounted to 5.2°C on the
moraine, to 4.9°C on the beach and to 4.5°C on the tundra.

b) In the lower layer located below the monothermy the temperature
differentiation between particular ecotopes keeps increasing with the depth
(c¢f. Fig. 6). The beach is always the coolest., the moraine is the warmest
. (inversely as in the outer layer) and the tundra occupies an intermediary
place. Means for the whole period of investigations at the depth of
50 cm amounted to 1.8°C on the beach, to 3.3°C on the tundra and
to 4.3°C on the moraine. The horizontal differentiation of temperature at
this depth is several times higher than on the active surface. This fact
is closely connected with the permafrost depth. shallow on the beach,
deeper on the tundra and still deeper on the moraine.

The horizontal differentiation of temperature at the depth of 50 cm
changed in the period of investigations. The greatest differences appeared
at the beginning and gradually decreased till the end of this period.
Mean daily temperatures at this depth (Table 1) amounted- on July
24 to 1.9°C on the beach, to 4.1 C on the tundra and to 6.0°C on
the moraine. On August 11 they amounted adequately to 1.7°C, 3.1°C
and 4.0°C and on September 5 to 1.4 C, 2.6'C and 3.3'C. Equalization
of temperatures was connected on the one hand with a reduced inflow
of heat from outside into the ground (due to the decreased insolation
and shortened the daylength). and on the other one with a growth of
permafrost from below at a cost of winter cold reserves stored in the
permafrost. The growth of the permafrost at the end of summer was
proved by Marciniak and Szczepanik (1983). Therefore. the temperature
at the depth of 50 cm began to differentiate in spring in connection with
a varying thawing rate. the slowest on the beach and the quickest on

Fig. 7. Vertical ground temperature distribution in the Kaffidyra plain, for particular

observation terms (1. 7, 13. 19 h) and daily means (d) during a sunny weather (August 13),

at a partial cloudiness {August 15) and at a full cloudiness (August 14) and means

for the period July 24 — September 5. 1978 on the beach- (1), the moraine (2) and
the tundra (3)
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the moraine. however only when the thawing moves beyond a depth
of 50 cm. On the beach the shallower occurrence of permafrost than in
other ecotopes resulted in the most intensive decrease of temperature.
In addition. the lowest temperature in the layer below the monothermy
depends on a higher thermal capacity and reduced heat conductivity in
the outer 2--3cm thick layer of the beach due to its easy drying up.
It happened at the weather with a light overcast. otherwise most effective
for heating up the ground.

In the period of investigations the temperature inside the ground
systematically decreased as on the surface. The deeper the slower decrease
rate occurred. At the depth of 50 cm the daily temperatures decreased
from 22'C on the beach at the beginning of investigations to 1.4 C
at the end of this period. whereas from 4.6 C to 2.6 C on the tundra
and from 6.3 C to 3.2 C on the moraine. The mean drop of temperature
amounted adequately to 0.02. 0.05 and 0.08 C a day. These coefficients
are. therefore. more differentiated than those referring to the ground surface.
It indicates then a depth increase of thermal differences between particular
environments.

¢) Remarks concerning the both primary layers. particularly the mono-
thermy. allow consequently to distinguish another one. the third transitional
layer situated between the two mentioned above and comprising the lower
part of the (a) layer and the upper part of the (b) layer. For the
predominant occurrence of the monothermy in this layer. it is characterized
by the least differentiation of temperature between particular ecotopes.

Daily course of ground temperature

The daily course of ground temperature was considered mainly on
the basis of observations at 4 terms and more detailed every-hour ob-
servations performed on several selected days with different weather conditions.

Ground temperature in the warm season is characterized. on the whole.
by a well-marked diurnal course. The daily amplitudes. determined as
distinctions between the highest and the lowest measured temperature at
4 observation terms correlate with the weather conditions. At a sunny
weather the amplitudes are high and e.g. on July 24 on the beach surface
the amplitude was equal 12.1 C whereas at a cloudy and rainy weather
the differences almost disappeared. e.g. on August 7 the amplitude was
0.9 C at the mean amplitude for the whole period amounted to 3.5 C.

The daily courses of the ground surface temperature are marked some-
what weaker in the other sites. In comparison with the beach. daily
temperatures are lower on the moraine and still lower on the tundra.
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They changed from 0.3 C (August 7) to 8.8. C (July 24) on the moraine
at the mean amounting to 2.6 C. whereas from 0.6 C to 8.3 C on the
tundra at the same mean value. '

Daily amplitudes decrease with the ground depth in accordance with
the second Fourier’s law. At the depth of 50 cm its highest value reached
0.3 C on the beach at the mean amounting to 0.0 C. 0.7C on the
moraine at the mean of 0.1 C and 0.4 C on the tundra at the mean
of 0.2 C. It could be estimated on the basis of the performed measurements
and their analysis that the daily amplitude vanished at the depth of
60 cm on the beach. at 75cm on the moraine and the tundra. These
values marked out the constant daily temperature level. Its average depths
are smaller. amounting 50 cm on the beach, 57cm on the moraine and
60 cm on the tundra.

According to measurements at 4 climatologic terms, the lowest tem-
perature in the diurnal cycle on the ground surface occurred at 01 h.
the highest one —at 13h LMT. These terms slow down with the depth
in accordance with the third Fourier’s law. and at the depth of 20 cm,
they occurred 6 hours later. Therefore, the slowing down of terms of
extreme temperatures in the diurnal cycle amounts to 3 hours per 10 cm
of the depth.

The above every-hour observations for several selected days allowed to
determine more correctly the terms of the diurnal extreme. The daily
maximum at the ground surface occurs always at noon (differences between
the temperature values at 12 and 13 h are not high), the minimum before
a sunrise above the mountains.

Vertical distribution of ground temperatures

The temperature penetration into the ground depends on physical
properties of the latter i.e. on the heat conductivity (direct relation) and
on the thermal capacity (inverse relation). The performed measurements
proved that in Spitsbergen rapid diurnal temperature changes occurred in
the outer ground layer and they were modified by weather conditions
whereas their quantitative characteristics depend on the ecotope. In the
light of the collected data and the calculations (Tables 1 and 2. Figs. 6
and 7). the highest vertical temperature differentiation occurs on the beach
lower on the tundra and the lowest on the moraine. Mean vertical
- gradients from July 24 to September 5 in the layer of 1 --50cm were
equal  0.80. 040 and 0.20 C per 10 cm. respectively. The vertical
differentiation of temperature in ground changes in the diurnal cycle:
the highest gradients occur at 13h and. on the average amount to
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—1.20°C on the beach, to -“0.74°C on the tundra and to —0.50C
per 10cm on the moraine. while the lowest ones at 01 h amounted
adequately to —0.44, —0.18 and —0.06 C per 10 cm.

The vertical gradients depend on weather conditions. The highest ones
occur by day at a sunny weather (Fig. 6). e.g. on August 13 the vertical
gradient on the beach in the layer 1--50 cm amounted to 1.80'C per
10cm and in the outer layer 1--10cm it reached —6.20 C per 10cm.
The adequate values on the tundra amounted to 122 and -2.20C
and on the moraine to  1.02 C and 2.30 C per 10 cm. In summer 1977
during three-day sunny weather. complex an extremely strong vertical differen-
tiation of temperature took place. and e.g. on July 26 at 13 h on the beach in
the 1—50 cm layer the gradient amounted to - 2.98 C and in the 1-—10 cm
layer it was almost the same as in 1978. amounting to  6.10 C per
10cm (Wojcik 1982). At a cloudy and rainy weather the temperature
in the vertical profile of the 1--50 cm layer was equalized. the vertical
gradients at all terms being small. e.g. on August 14. 1978 at 13h
(Figs. 6 and 7) the gradient amounted to - 0.66 C on the beach. to
—0.34°C on the tundra and to - 0.06 C per 10cm on the moraine.
whereas in the evening at 19 h a further smoothing of vertical temperature
took place: the gradients amounted adequately to  0.49. 0.24 and
0.00°C per 10 cm.

The investigations allowed to note that under conditions of the polar
summer with absence of a snow cover. 3 types of vertical stratification
of temperature in ground occurred. viz.:

a) The summer, i.e. insolation type predominates (temperature decreases
with the depth). In the diurnal cycle this type occurs in the day-time
and, as it has been shown (Fig. 7) for the whole period (July 24 —
September 5). forms early in the morning being noted as early as at
07h. and is marked most clearly at noon disappearing towards the
evening and at 19 h is still marked only on the beach and on the tundra.

b) Radiation-insolation type (temperature grows in the upper part of
the section. decreases in the lower part with the depth. This type occurs
in the diurnal cycle at night due to georadiation. It occurs (although
only on the moraine) usually at about 19 h and is most clearly visible.
as at 01 h (¢f. Figs. 6. 7). However. the night cooling does not reach
too deep and e.g. at a cloudless weather on August 13 at 0l h the
vertical gradient in the 1--20cm layer amounted to - 1.25 C per 10cm
while the daily mean on the same day amounted to -0.80 C per 10cm.

The radiation-insolation type of the temperature distribution divides
the investigated ground section into three thermicly different layers. two
of which - upper and lower are cool. separated by a warm middle layer
(Figs. 6 and 7. graphs for August 12 at 01 h). The latter layer corresponds
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Table 2

A. Beach
Depth -
. 1cm 5cm 10 cm 20 cm 50 cm 1 —50cm
Period
hours hours hours hours hours hours
01 07 13 19 m 01 07 13 19 m 01 07 13 19 m 01 07 13 19 m 0l 07 13 19 m 01 07 13 19 m
24—31.07 58 7.7 102 84 8,1 60 64 81 76 70 56 53 64 65 60 53 48 53 56 52 20 20 20 20 2.0 49 52 64 60 56
01—10.08 44 52 7.1 56 56 43 46 59 56 5.1 40 38 48 49 44 39 36 42 44 40 1.8 1.7 18 1.8 1.8 37 38 48 45 42
11—20.08 30 43 69 54 49 33 36 54 52 44 34 30 42 45 38 36 30 35 41 36 1.7 1,7 16 17 17 30 3.1 43 42 37
21—31.08 37 45 70 54 5.1 38 3,7 56 52 46 37 32 45 47 40 38 32 39 43 38 19 1.8 1.8 1.8 1.8 34 33 46 43 39
01—05.09 28 29 65 40 40 29 25 51 40 3.6 28 23 36 3.7 3.1 30 25 30 35 30 16 16 15 15 16 26 24 39 33 3,1
01--31.08 37 46 70 55 52 38 40 56 53 47 37 33 45 47 4.1 38 33 39 44 38 18 1.8 1,7 18 1.8 34 34 45 43 39
24.07—05.09 40 50 78 60 5.7 41 42 61 56 50 40 36 48 50 43 40 35 41 45 40 1.8 18 1,8 1.8 18 36 36 49 46 42
B. Moraine _
24—31.07 62 7.3 93 81 77 68 69 88 82 7.7 71 66 79 81 74 72 66 7.1 17 1.1 60 60 59 60 60 6.7 67 78 76 12
01—10.08 45 51 63 55 54 47 50 60 57 53 48 48 57 57 52 50 47 52 55 5.1 47 46 45 46 46 47 48 55 54 51
11—20.08 3,1 39 58 48 44 35 38 55 50 44 38 36 49 50 43 41 37 43 48 42 3.8 37 36 36 37 37 37 48 46 42
21—31:08 40 44 64 53 50 43 43 6,1 55 50 44 42 54 54 49 46 42 48 52 47 40 39 39 40 39 43 42 53 5.1 47
01—05.09 25 29 56 3.6 3.7 30 29 50 40 37 32 30 44 41 37 34 3,1 38 41 36 34 33 32 32 33 3,1 3.0 44 38 36
01—31.08 38 45 62 52 49 42 44 58 54 49 44 42 53 54 48 45 42 48 51 46 41 41 40 41 41 42 43 52 50 47
41 48 67 55 53 45 46 63 57 53 47 45 57 57 52 49 45 51 55 5.0 44 43 43 43 43 45 45 56 53 50
C. Tundra
24—31.07 59 7.0 88 80 74 63 65 81 78 72 63 62 74 76 68 6.1 56 61 66 6,1 43 42 41 42 42 58 59 69 68 64
01—10.08 47 54 67 6,1 57 48 50 62 60 5.5 47 47 58 58 52 46 42 48 51 47 35 34 34 34 34 45 45 54 53 49
11—20.08 33 41 64 56 48 37 39 57 55 47 38 36 51 53 44 39 34 40 46 40 30 29 28 29 29 35 3,6 48 48 42
21—31.08 42 44 65 57 52 44 42 60 5.6 5.1 44 39 54 55 48 43 37 43 48 43 32 31 30 33 3.1 41 39 50 50 45
01—05.09 32 30 60 45 42 34 29 54 45 40 34 29 47 44 39 35 29 36 40 35 29 28 27 27 28 33 29 45 40 37
01—31.08 41 46 65 58 52 43 44 60 57 5.1 43 41 54 55 48 42 38 44 48 43 732 31 31 32 32 40 40 51 50 45
24.07-—05.09 43 49 69 6.0 55 46 46 63 59 53 46 43 57 58 5,1 45 40 46 50 45 34 33 32 33 33 43 42 53 52 48
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to the monothermic layer. which has been mentioned in the paragraph 2.

c) Insolation-radiation type (temperature decreases in the upper part
of the section and grows in the lower part with the depth) occurs in
single days. mainly at a cloudless or slightly cloudy sky. as e.g. on
August 13 in the morning (Fig. 7). This type does not comprise the
whole investigated profile, confining only to its outer part. about 20 c¢m
thick. This layer is divided into three thermal layers: Two of them. upper
and lower ones are warm, separated by a cooler layer. Below, the
temperature keeps decreasing with the depth due to a close vicinity of
the permafrost. ’

Mean temperature of ground layer of 1--50 cm

The mean temperature of the 1—50cm layer is the complex index
used in comparison of thermal relations in the three analyzed ecotopes
(Tables 1 and 2. Fig. 3). We are conscious of the physical limitations
of this index; however. it seems to be applied for a determination of
thermal differences between particular ecotopes.

In the light of mean values of this index, the beach forms the
coolest environment, the moraine is the warmest one, which only slightly
differs in this respect from the tundra. Such relations between ecotopes
maintained, in principle, throughout the whole period of measurements,
whereas the differences between them changed in particular days. The
greatest thermal differences between ecotopes occurred at the start of the
measuring period (July 24 — September 5) at a sunny weather. On July
29 these differences reached, in the light of daily means for the 1-—50 cm
layer. the maximum value, amounting between the beach and the moraine
to 1.7°C and between the tundra and the moraine to 0.6°C. The least
differences occurred between the beach and the moraine, amounted to
0.3°C (August 19). It should be underlined that within 6 days of the
second decade of August the mean daily temperature of the tundra came
up to the analogic temperature of the moraine, and even within 2 days
exceeded temperature of the latter by 0.1°C.

The fluctuations of mean daily temperatures in the measurement period
were the highest on the moraine (4.7°C), then on the beach (4.4°C)
and the lowest ones on the tundra (3.8°C). Much higher values are
reached by fluctuations of mean temperature of the 1—50 cm layer de-
termined on the basis of field measurements. The highest values of this
index on all the ecotopes occurred on July 24 at 13h and the lowest
on September 4 at 07 h. The extreme values amounted to 9.0°C and 1.2°C
on the beach, to 10.3°C and 2.4°C on the moraine and to 10.0°C

Polish Polar 3
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and 2.0°C on the tundra. So, the temperature fluctuations determined by
the measurements for the period July 24 — September 5 amounted to
7.8°C on the beach, to 7.9°C on the moraine and to 8.0°C on the tundra.
Against the background of the general decreasing trend of the mean
daily temperature values of the ground layer 1—50 cm. the gradual de-
crease of thermal differences between the ecotopes have been also observed.
At the beginning of the measuring period the greatest interdiurnal tem-
perature changes of the whole layer have been marked. They reached
1.3°C on the beach (July 24—25). The mean daily temperature run of
the 1-—-50 cm layer was only slightly varying (Table 2). The highest mean
daily temperature calculated on the basis of performed measurements
occurred on the beach (1.3°C). varying only slightly in this respect from
the moraine and the tundra (by 1.1°C). In all three ecotopes the diurnal
mean maximum temperature occurred at 13h., and next at 19h. The
maximum temperatures occurred at 01 and 07 h whereas the mean has
been the same in the given site. The comparison of a mean temperature
of 1—50 cm layer in the analyzed ecotopes at particular observation terms
has proved that the spatial differences between them were the highest
at night and in the morning, decreasing during the day and the evening.
The above spatial differences are mainly caused by physical properties

of the ground of the investigated ecotopes because the influence of thermal
energy from outside is the same. There are either no significant differences
in the value of absorbed solar radiation dependent on the albedo of their
surfaces. For instance the superficial layer of the beach. in spite of the
light colour of sand. is heated stronger than on the moraine and tundra.
No significant differences occur. either. in the night cooling of these sites. {
Therefore. one should assume that the heat conductivity and the thermal
capacity of a ground are the main factors that influence the thermal
conditions of these ecotopes.

Final remarks

The general qualitative model of the annual and diurnal thermal regime
of the land ground corresponds to the theory of molecular heat conductivity
of J. B. B. Fourier. Quantitative indices of this model under natural con-
ditions depend on the physical properties of ground. being disturbed by
meteorologic factors, mainly by cloudiness and atmospheric precipitation.

In Spitsbergen the permafrost occurring beneath the active layer is an
additional disturbing factor. A more detailed recognition of the thermal
regime of the outer ground layer in Spitsbergen against the background
of meteorologic conditions requires additional investigations of the section.
concerning the ground compactness and dynamics of water content. thermal
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capcity, heat and temperature conductivity. These investigations will be
carried out during the next polar expedition.
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Pe3rome

1. UccnenoBanus TepMUKH IpyHTa npoBoauiuch Bo BpeMms Ill-eii TopyHbckoW nossipHOi
skcneauuuy ,,lnuubepren 1978 Ha npumopckoil HuzMeeHHocTH Kadduéiipa (zemns Ockapa
II-ro) B nepuoa 24 utonsi — 5 centsabps 1978 r. U3mepenns temnepatypsl rpyHTa NpOBOAMIINCH
Ha 3 nocTax npe/CTABUTE/ILHBIX JUTS OCHOBHBIX 9KOTOTOB NONSPHO# cpeabl (puc. 1): necyanoro
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npumopckoro misxa (B), tynapbl (T) u mopenbl (M). DTu 3KOTONBI pu3HUJIMCH APYT OT
pyra TepMHYECKOH E€MKOCTbIO U TEMJIONPOBOAUMOCTbIO I'DYHTA.

2. TemnepaTypy M3MepsjM C NOMOLIbIO PTYTHBIX TEPMOMETPOB Ha riaybume 1, 5, 10,
20 u 50 cm. [Moka3aHusi TEPMOMETPOB OTCYUTHIBAJIN BO BPEMSsI CTAHIAPTHBIX METEOPOJIOTHIECKUX
Habmonennin B 01, 07, 13 u 19 wacoB LMT. Ha ocHoBanuum wusmepeHuit B 4 cpoka
UCYMCJISJIM CPEAHECYTOYHBIE TEMIEPATYPbl JUIS OTAEIbHBIX IJyOuH (Taba. 1, puc. 2 u 3),
a TaKXe Cpe/IHMe JIeKa/IHble W Cpe/lHMe s Bcero mnepuona (tabn. 1 wm 2). B kauecrtse
KOMIUIEKCHOI'O MoKa3aTessi Oblja NpHHATA cpelHss Temmepatypa (t) Bcero ciosi 1—50 cM, ko-
TOPYIO HCHHCIIAIN MO opMmyie: t = (t; +ts+t),+1t,+tso): 5. Ha ocHOBEe cobpanHOro matepuana
M PE3yJIbTATOB MCC/EAOBAHMI M3y4aly IMHAMHUKY NPOCTPAHCTBEHHOTO pacnpesielieHusl Temiepa-
TYpbl CO AHA Ha JeHb (puc. 4 u 5), a Takxe B cyTouhom uuMkie. AHAJIM3UPOBAIM TaKXKe
BEPTUKAJIbHOE paCrpe/e/ieHde TEMINEPATYPbl B OTAEJIbHBIX KOTONAX, a TaKXke CpelHee pacrpe-
JIEJIEHUE ¥ 3aBUCsILIEE OT YCJIOBUH nmorojwl (puc. 6 u 7). Tepmuyeckue pa3HHILbI MaTepPUHCKOM
NOPO/Jbl MCCIAENAYEMBIX JKOTONOB CPaBHUBAJIM B KOHEYHOM CHYETE C MOMOILbLIO BbILIEYKa3aH-
HOTO KOMIUIEKCHOTO TOKa3aTeJs.

B nepuon uccnenopanmii npeobiasiana 1MKIOHHAs (T.e. BETPsiHAs) MOTOAA C YACTHIMH
aTMoc(epHbIMU OcajJkaMu M TymMaHamMu. OHa HJUTIOCTpUpYeTcsl KpuBbIMU (puc. 2 U 3) xona
MHCOJISALIMU, CKOPOCTH BETPA M TEMIEpPAaTypbl BO3/ayXa.

3. B uccienayeMsix 5KoTONnax, B BEpTUKAJILHOM Npoduiie, 0603HauaroTes asa ci1os: a) Buew-
HUH, Oojiee TOHKHH CJIOH U3MEHYMBOH TOJILLMHBI, B KOTOPOM TEPMHYECKHE DPa3HMLbI MEXIY
HCCIIEyEMBIMU 3KOTONAMU YMEHbILAIOTCSA C IIyOMHOM, a HHOTIA [aXe COBEPILEHHO HCYE3aloT.
Takyio BBIPOBHEHHYIO, WJIH TOYTH BBIPOBHCHHYIO TEMNEpAaTypy Ha3blBAEM MOHOTEPMHEH, a
1jyOuHy ee cTabuaM3alMy — YPOBHEM WM IJyOMHOH MOHOTEpMMM. YKa3aHHBIH cioit mo-
MeILaeTCs MeXIy aKTHUBHOH NMOBEPXHOCTbIO U MOHOTEPMHEH. DTa BEpXHS 4acTh HCCIELYyeMOTO
npoduis Obula Bceraa Haubosiee TeIoi Ha ruisbke, a HauboJiee XOJOAHONW Ha MopeHe. B sTom
cioe camble OosibLIME TEPMUYECKHE DPA3HHULBI MEXy OTAECJbHBIMH KOTONAMH 06O3HAYaJIMCh
Ha aKTUBHOH noBepxHocTH. TemmnepaTypy 3TOH NOBEPXHOCTH HM3MEpPsIM Ha TayOouHe 1 cMm.
TepMuqecxaﬂ MATHUCTOCTL AKTUBHOM NMOBEPXHOCTH OGyCJ‘lOBHCHHaﬂ €€ XapaKTecpoM BéBHCHT
Takxe OT NOroAbl M HM3MEHAETCAs B CyTOYHOM uwukiae (tabxn. 1, puc. 2). Ee HauBbicuias
MHTEHCHMBHOCTb TNOSIBJISAETCS NpU Haubosee HHTEHCHBHOW MHCOJSUMM, T.€. B TMOJAEHb TPH
Oe3o0ymaynom Hebe, 3aTyxasi HO4YbIO, OCOOEHHO mpu nacMypHoil norone. 6) HuxHwuii cioi,
pACNOJIOKEHHBIH HM)X€ MOHOTEPMHMH, B KOTOPOM C TIJIyOMHOW YBeJIMYMBAETCS TepMHYecKas
nubdepeHuuanus Mexay skoronaMu (puc. 6). B 3TOM cekTope BepTHKajIbHOro mnpoduis
HauboJiee XOJIONHBIM SIBJISETCS BCeraa MJsk, a Haubosee Tenjaod MopeHa (0OpaTHO yeM BO
BHellHeM ciioe). Ha riny6une 50 cm BeptukanbHas auddepeHunanus Temnepatypbl HECKOJIbKO
pa3 OoJibllie, YeM Ha AKTUBHOW NOBEPXHOCTH, YTO CBA3aHO C TIJIyOMHOW 3ajieraHus nepMma-
¢pocTa, Hanbosee MENKOH Ha IUIsKE, a NMOCTeNeHHO Oojee riyboKoW Ha TYHApPE U MOPEHE.
BepTukanbHble pacnpenesieHusi TeMNepaTypbl B IPYHTe MO3BOJISIOT BBIICJUTb €IUE TPETHH,
NepexoIHbIA CIIOM MeXIy ABYMs NpeAblAyLIUMH CIOSMU. [H OXBAaTbIBaeT HUXHIOIO 4acThb CJIOS
(a) u BepxHIOIO 4acTb cjost (6), B KOTOPOH wuallle BCEro BBICTYNAET MOHOTEPMHS, B CBS3H
C 4eM OH XapakTepusyeTcs HauMeHblled IuddepeHunanueit ypoBHS TeMNepaTypbl.

4. B Ten:ion ce30He XOpoiio 0003HAYaeTes CYTOUHBINR X0 Temnepatypbl. OH KoppeaupyeT
C XapaKTEpPOM INOroAbl M BHUAOM MaTepuHckoi nopoabl. Haubonee uyetko oH o6Go3Hauaercs
Ha ruisbke, a Oosiee cnabo Ha MopeHe M TyHApe (puc. 6 u 7).

S. poHukaHue TeMnepaTypsl BrilyOb rpyHTa 3aBUCUT OT (PM3UYECKMX CBOMCTB NOCJIEIHEIO,
T.€. OT TEMJIONPOBOAMMOCTH (NPSAMO MPOHOPIMOHATLHO) U OT TepMuueckoil émkoctu. B cBa3n
C 9TUM B BepTHKa10HOM 1poduie Handosiee cuibHO AuddepeHUrpoBaHbl TEMNEPATYPbl Ha
misbke, a HauOoJjiee cjaado Ha MopeHe (1ads. | u 2, puc. 6 u 7).

IMpoBeneHHbIE MCCIEOBAHUS TOKA3au, YTO B YCIOBHUSAX NMOJISPHOTO JIETa, MPH OTCYTCTBUH
CHEXHEro NMOKpOBa, B I'PYHTE BLICTYMAIOT TPU THUNA BEPTUKAJIbHON CTpaTHUKALMKM Temrepa-
Typbl: a) [1peobnanaer neTHU#, HHCOALUMOHHBIA TUN (TeMnepaTupa najaaer ¢ riyouHoit). B cy-
TOYHOM IIMKJIC OH BBICTVMAET B mnpejene [HS W B CpelHeM JUis Bcero nepuonma (puc. 7).
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OH nosIBASETCS PaHO yTpom o0003Hauasch Haubosiee veTKo B TnojaeHb. 0) Paamanuonso-
MHCOJISLIMOHHBIM TUll (B BEpXHEH 4vacTu mpoduis Temnepatypa pacTeT, a B HUXKHEHW Nanaer
C r1yOuHOl), KOTOPbI B CYTOYMHOM LMKJE BBICTYyNaeT Noj BIMSHMEM reopaauanuu. OH no-
ABJISETCS BE4ePOM, 0603HauasICh HauboJIee YeTKO B MOJHOYb. DTOT THUN Pa3JeiseT UCCIENyeMbIT
npoduabL TPYHTA HA TPH CJIOS, U3 KOTOPBIX [BA XOJIOIHBIE — BEPXHUH M HUXXHHH, pa3lIeNIeHbI
CpeNIHUM TOHKHM CJI0eM (puc. 7, a Takxe 6, yeptexku uis 13 aBrycra 01 wac). ToT nocneanui
CNOM TIOKPBHIBAETCS C MOHOTepMHEH, B) VIHCOJISALMOHHO-paIUAllMOHHBIA TUII (B BEPXHEH 4acCTH
npoduas TeMmnepaTypa MNagaeT, a B HUXKHEH pacTeT C TIiayOMHOH), KOTOPBHIH BBICTYyNaeT
B OT/JEbHbIE JHM Npu Hebe 6e3061aYHOM WM ¢ Majoi ob6navyHOCThIO (Kak Hanp. 13 aBrycra,
07 yac. — puc. 7) M He. OXBATHIBAET BCEr0 HCCIAEAYEMOTO TIPOGUIIS, OrPaHMYUBASCH TOJIBKO
€ro BHEIIHEN 4YacTbio 10 OkoJo 20 cM. DTa vyacTb pa3lesieHa Ha TPU CJIOs: JBa TEIUIble —
BEPXHHMIl M HIDKHHMH, pa3jiejieHHble TOHKMM OoJiee XO0JI0AHBIM cioeM. Huke Ttemmnepartypa
najaeT ¢ riyouHOW B cBS3M C¢ 6.1M30CTBIO nepmadpocTa.

KoMiekcHbIA 110Ka3aTelb (CpeaHss Temnepatypa ciosi 1—50 cM), HECMOTpss Ha CBOO
(GU3MUECKYI0 OrPAHMYEHHOCTh, OOHAPYXKUBAET TEPMUYECKHE PpA3JIU4YUs MEXAY OTACIbHBIMU
JKoTomamm. B cBeTe cCpelHMX BENMYMH 3TOro mnokasatens (tabm. 1 u 2, puc. 3) Haubonee
XOJIOJHBIM SIBJISETCA MUK, a HauboJlee TEMJIOW MOpeHa, KOTOPO# JINIL B HEOGOMbILONH CTENEeHH
ycTynaeT TyHApa.

7. Bosnee noapo6HOE M3yYEHHE TEPMHYECKOTO PEXHMMa BHeEIIHero ciost rpynrta Ha Ilnuu-
Geprene TpeOyeT NpPOMMILHBIX HCCIAEJOBaHMHA MO OMNPEIENICHHIO T'YCTOTHI I'DYHTA, AMHAMMKU
€r0 YBJIaXHEHUS, TEPMHUYECKOH EMKOCTH, a TaKXKe TEIJIO- U TEMIEPATYPONPOBOIUMOCTH.

Streszczenie

Badania termiki gruntu prowadzono podczas Il Torunskiej Wyprawy Polarnej “Spits-
bergen 1978” na nadmorskiej nizinie Kaffioyra (Ziemia Oskara II) w okresie od 24.07—
5.09.1978 r. Pomiary temperatury gruntu wykonywano w 3 punktach reprezentujacych za-
sadnicze ekotopy $rodowiska polarnego (fig. 1): piaszczysta nadmorska plaz¢ (B), tundrg
(T) i moreng (M). Ekotopy te roznily si¢ miedzy soba pojemnoscia cieplna i przewodnictwem
cieplnym gruntu.

Temperature mierzono przy pomocy termometréw rtgciowych na glebokosci 1. 5. 10,
20 i 50 cm. Wskazania termometréw odczytywano podczas standardowych obserwacji meteo-
rologicznych o godz. 01. 07. 13 i 19 LMT. Na podstawie pomiar6w w 4 terminach
obliczono $rednie dobowe z poszczegdlnych gigbokosci (tab. 1. fig. 2—3) oraz $rednie dekadowe
i z calego okresu (tab. 1—2). Obliczono. jako wskaznik kompleksowy. $rednig temperaturg
(t) calej warstwy 1--50 cm wg wzoru: t = (t; +ts+t,o+tso+1ts0)/5. Na podstawie zebranego
materiatu i wyliczen przebadano i omowiono dynamike przestrzennego rozkladu temperatury
z dnia na dzien (fig. 4—5) i w cyklu dobowym. Przeanalizowano takze pionowe rozktady
temperatury w poszczegdlnych ekotopach. $rednie i w zaleznoSci od sytuacii pogodowej
(fig. 6—7). Roznice termiczne podioza badanych ekotopoéw poréwnano na koniec przy po-
mocy wspomnianego kompleksowego wskaznika.

W okresie badan przewazala pogoda cyklonalna. tj. wietrzna z czestymi opadami
atmosferycznymi i mglami. Ilustruja ja krzywe (fig. 2—3) przebiegu ustonecznienia, predkosci
wiatru i temperatury powietrza.

W badanych ekotopach. w profilu pionowym. zaznaczaja si¢ dwie warstwy: a) Warstwa
zewngtrzna. ciensza. o zmiennej grubo$ci. w ktorej roznice termiczne miedzy badanymi
ekotopami maleja wraz z glgbokosScia. a czasami nawet zupelnie zanikaja. Te wyréwnana
lub prawie wyrownana temperature nazywamy monotermia. a gleboko$¢. na ktorej sig
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ustala, poziomem lub gigbokoscia monotermii. Omawiana warstwa mieéci si¢ pomigdzy
powierzchnia czynng i monotermig. Ta gorna cze§¢ badanego profilu prawie zawsze byta
najcieplejsza na plazy. naichlodniejsza za§ na morenie. W tei warstwie najwieksze réznice
termiczne pomigdzy poszczegolnymi ekotopami zaznaczaly si¢ na powierzchni czynnej. Tem-
peratur¢ tej powierzchni reprezentuja pomiary na glgbokosci 1 cm. Termiczna plamistosé
powierzchni czynnej. uwarunkowana jej charakterem zalezy takze od pogody i zmienia sie
w cyklu dobowym (tab. 1. fig. 2). Najwicksze jei nat¢zenie pojawia si¢ przy najwigkszej
insolacji, a wigc w potudnie przy niebie bezchmurnym. Zanika ono noca, szczegdlnie przy
pogodzie pochmurnej. b) Warstwa dolna. lezaca ponizei monotermii. w ktorej wraz z glebo-
~ ko$cig narasta termiczne zroznicowanic migdzy ckotopami (Fig. 6). W tym odcinku profilu
pionowego najchlodniejsza jest zawsze plaza. a najcieplejsza morena (odwrotnie niz w warstwie
zewnetrznej). Na glebokosci 50 cm zréznicowanie poziome temperatury jest parokrotnie wigksze
niz na powierzchni czynnej. co pozostaje w zwiazku z glgbokoscia zalegania zmarzliny.
ktora na plazy wystepuje najptycej. na tundrze i morenie stopniowo coraz glebiei. Pionowe
rozklady temperatury w gruncie pozwalaja wyrozni¢ trzecia warstwe, przejsciowa pomigdzy
dwoma poprzednimi. Obejmuje ona dolna cze$§¢ warstwy a i gorna cze$¢ warstwy b,
w ktorej najczgsciej wystepuje monotermia, i w zwiazku z tym jej cecha jest najmniejsze
zrdéznicowanie poziome temperatury.

W sezonie cieptym dobrze jest zarysowany dobowy przebieg temperatury. Koreluje on
z charakterem pogody i rodzajem podloza. Najlepiej wyrazony jest na plazy. stabiej na
morenie i na tundrze (fig. 6—7).

Przenikanie temperatury w glab gruntu zalezy od jego wlasciwosci fizycznych. tj. od
przewodnictwa cieplnego (wprost proporcijonalnie) i od pojemnosci cieplnei. W zwiazku
z tym w profilu pionowym najbardziej sa zroéznicowane temperatury na plazy. a najmniej
na morenie (tab. 1—2. fig. 6--7). Z przeprowadzonych badan wynika. ze w warunkach
polarnego lata i przy braku pokrywy S$nieznej w gruncie wystgpuja trzy typy pionowei
stratyfikacji temperatury: a) Dominuje letni. insolacyiny typ (temperatura maleie wraz z glebo-
koscia). W cyklu dobowym wystepuje w przedziale dnia i przecigtnie w calym okresie
(fig. 7), formuje si¢ wcze$nie rano, w potudnie jest wyrazony najpelniej. a ku wieczorowi
zanika. b) Typ radiacyjno-insolacyjny (w gornej cze$ci profilu temperatura roénie. w dolnej
maleje wraz z glebokoscia), ktory w cyklu dobowym wystepuje wskutek georadiacji. Po-
jawia si¢ wieczorem, najwyrazniejszy jest o poinocy. Typ ten dzieli badany profil gruntu
na trzy warstwy. z ktorych dwie chlodne -- gorna i1 dolna — przedzielone sa warstwa
srodkowa cieplta (fig. 7, a takze 6. wykresy z dnia 13.08. godz. 01). Ta ostatnia warstwa
pokrywa si¢ z warstwa monotermiczng. c¢) Typ insolacyjno-radiacyjny (w goérnej czeSci
profilu temperatura maleje. w dolnej rosnie z glgbokoscia), ktory wystepuje w pojedynczych
dniach przy niebie bezchmurnym lub z malym zachmurzeniem (jak np. 13.08. godz. 07. fig. 7)
i nie obejmuje on calego badanego profilu. a ogranicza si¢ tylko do jego czgsci zewnelrznej
do okolo 20cm. Dzieli sic ona na trzy warstwy. dwie cieple — gorna i dolna — prze-
dzielone warstewka chlodniejsza. Ponizej temperatura maleje wraz z gigbokoscia na skutek
bliskiej obecno$ci wieloletniej zmarzliny.

Kompleksowy wskaznik (Srednia temperatura warstwy 1--50 cm). pomimo swej fizycznei
ograniczonoéci, ujawnia roznice termiczne miedzy poszczegdlnymi ekotopami. W Swietle
$rednich wartoéci tego wskaznika (tab. 1--2. fig. 3). naichtodnieiszym Srodowiskiem jest
plaza, a najcieplejszym morena. ktorej niewiele pod tym wzgledem ustgpuje tundra.

Pelniejsze rozpatrzenie ustroju termicznego zewngtrznej warstwy gruntu na Spitsbergenie
wymaga badan profilowych dotyczacych gestosci gruntu. dynamiki uwilgotnienia. pojemnosci
cieplnej i przewodnictwa cieplnego i temperaturowego.

Praca zostala wykonana w ramach problemu MR.1.29. B. 14.





