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ABSTRACT: On the basis of the results of direct measurements, the conduction
properties of the yearly behaviour of the heat flux conducted in the tundra soil (S)
are determined. In general. the cooling period of the soil profile lasted from August
to January, with highest intensity in October (S = —4.8 Wm™2). A rapid intensification
of the heat exchange in the soil occurred in July (S = 7.4 Wm~?). The 24-hour values
of S were found to vary greatly (from — 19 Wm~2 to 32 Wm~?). For chosen days,
relationships were determined among the particular elements of the heat balance of the
active layer.
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Introduction

For many years the problems related to the heat relationships in
tundra soil have attracted a large interest among the specialists carrying
out research on the phenomena and processes occurring in the active
layer of permafrost. The previous investigations carried out in the Hornsund
area were devoted above all to the problem of heat distribution in the
soil profile and its time variations (Czeppe 1966, Baranowski 1968), and
also the analysis of the behaviour and depth of the summer soil thawing
(Jahn 1982, Grzes 1984).

The purpose of the present elaboration is to characterise quantitatively the
exchange of heat conducted in the subsurface soil layer. in an environment
representative of the tundra Hornsund coast.

* The research was carried out within Problem MRI 29B6. for the Institute of Geophysics,
Polish Academy of Sciences. on the basis of measurements taken during the expedition
to Spitsbergen in 1980/1981
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The investigation results given in the paper involve the analysis of an
almost yearlong series of continuous measurements of the heat flux density,
conducted in the ground, carried out by the author from 1 August, 1980,
to 20 July, 1981, in the vicinity of the Polish Polar Station at Hornsund
(¢ =77°00' N, A =15°33' E).

2. Method of the experimental investigations

The measurement post was localised within a raised sea terrace (9 m over
the sea level). The typical tundra soil, about 50 cm thick, occurring here,
arose from sea sand (Szerszen 1965). Sand fractions with a large addition
of gravel and stones dominate in the mechanical composition of the soil.
The sparse soil cover is composed of single clusters of moss and saxifrage.
Some physical properties of this soil, determined by the author in a la-
boratory, are given in Table I. '

Table I

Some physical properties of the tundra soil at the measurement post
(mean values from August 1980)

. Soil Solid Current Bulk
Soil . General .
specific ; phase bulk soil
layer p porosity 550 ;
om weight o volume humidity heateapacity
10°kg-m~? ° % % MJm~3°C*
0—S5 2.54 57 43 20 1.710
5—10 2.59 44 56 17 1.871
10—20 2.60 ) 42 58 16 1.875
20—50 2.62 40 60 20 2.094

The heat flux conducted in the ground was measured directly by means
of a system of 4 Middleton fluxmeters linked in series. The measurement
sensors were set up at a depth of 2cm under the ground surface and
connected to a TZ 21S type recorder. Such a composition of the equipment
provided analog recording of the magnitude and direction of the heat
flux conducted just under the ground surface. The positive values of the
flux corresponded to the conditions of heat flow towards the deeper layers
of the base (soil heating), whereas the negative ones were characteristic
of the heat flow from the base to the ground surface (giving up of
heat by the base).
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3. Results and discussion

The heat exchange in the subsurface layer of the tundra soil depends
on the amount of energy reaching the active surface (the ground surface)
or that leaving it, and also of the physical properties of the base. Both
the direction and the density of the heat flux conducted in the ground
are subject to periodic variations, related above all to the conditions of
heat energy transformation on the active layer. The very distinct yearly
cycle of variations in the heat flux conducted in the ground. reflecting
approximately the behaviour of the net radiation, plays a deciding role
in the shaping of a large number of periglacial phenomena. The 24-hour
variations, although very high, occur only in the Arctic summer.

It follows from Table II that from August to January, in the Hornsund
area, the giving up of heat from the ground, by way of molecular con-

Table 11

Chosen components of the heat balance of the active layer of the

periglacial tundra and the temperatures of the air and soil at the

meteorological station at Hornsund (mean monthly values in the
research period 1980/1981)

o* S Ta Tg

Month W.m-2 W.m-2 °C °C
August 1980 39.2 —-0.2 3.8 3.8
September 10.8 —1.1 1.8 1.1
October —249 —4.8 —-5.5 —43
November —34.0 —-3.6 —134 -9.6
December —33.7 —1.8 —16.2 —16.2
January 1981 — —4.1 -179 —17.8
February - 2.2 —-9.0 —10.8
March — -0.3 —16.8 —12.0
April - 0.2 —11.3 —-10.8
May — 1.0 —4.3 —6.5
June — 1.2 0.4 —14
July 120 — 7.4 3.6 2.3

O* — net radiation,

S — density of the heat flux conducted in the ground,
Ta — air temperature,

Tg — ground temperature at 5cm depth

duction (S<O), dominated. This led to a systematic decrease in the soil
temperature throughout the profile (Fig. 1). This process was the most
intense in October, synchronously with the progressive freezing of the
successively deeper layers of the soil profile. The mean density of the
heat flux conducted in the ground was then — 4.8 Wm™2.
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Fig. 1. Yearly behaviour of the conducted heat flux and soil temperatures in the Hornsund
area in the research period 19801981

1 - depth of Scem. 2 depth of 50cm. * —-depth of 150 cm

In Poland (Warsaw - Bielany) the autumn maximum heat loss from
the ground is also observed. while the respective value of the flux in
October is —5.5Wm ™2 (Grzybowski and Paszynski 1981).

A rather high variability of the general weather conditions. characteristic
of the Hornsund area. is reflected in the regime of heat exchange in
the ground over shorter time intervals. This is so both in the last days
of the polar summer (1 —--18 August). autumn and the whole period
of the polar night.
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It can be seen in Fig. 2 that at the end of the polar summer,
24-hour changes in the heat flux conducted in the ground correspond
distinctly to changes in the net radiation of the active surface. In periods
of anticvclonic weather. conditions favourable to heat accumulation in the
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Fig. 2. Mean hourly values of the net radiation and of the density of the heat tlux conducted
in the tundra soil in the Hornsund area during the polar day (1--2 August. 1980)

base can be observed. Then. almost 15", of radiation energy. absorbed
by the ground surface over 24 hours, can be used to heat the deeper
layers of the base (Fig. 3). The strong wind contributes to a weakening
of the heat exchange in the ground to the advantage of increased sensible
heat transport from the ground surface to the atmosphere (convection
exchange) and used up for evaporation. This occurred distinetly on
2 August (Fig. 2).
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Fig. 3. Schematic diagram of the heat balance of the active surface of the periglacial
tundra for chosen days in the summer and autumn seasons of 1980 (numbers represent
mean 24-hour energy values)

A — centre of anticyclone (1 August), B — cool advection in the cyclone (20 August),
C — intense advection of hot air from the south (25 September)

The negative 24-hour values of the heat flux conducted in the ground
(down to —13Wm~2), dominating at the turn of summer and autumn,
were mainly conditioned by low values of the net radiation (related to
a high degree of cloudiness), particularly in periods of advection of cool
air from the central Arctic regions. In these conditions the surplus of
solar radiation energy and of heat flowing up from the deeper soil layers
were used up almost entirely for convection (Fig. 3). Exceptions were
sporadic, 1-2 days long, periods of intense advection of heat and humidity
at noon, when the energy transported to the ground surface, as a result
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of still positive net radiation and turbulent fluxes of sensible and latent heat
(condensation), were used up to heat the deeper soil layers (Fig. 3).

Neither in October, nor in the following 3.5 — month period of the
polar night, the 24-hour behaviour of the heat flux conducted in the
ground was observed. For the most part of days, as a result of negative
net radiation, the ground surface lost a large amount of heat intermediated
in its transport from the deeper layer to the surface. In anticyclonic
conditions, the extreme value ‘of the density of the heat flux conducted
in the ground was — 19 Wm ™ 2. Only short-term advections of hot air from
the south caused a change in the direction of the flux and sometimes
rather intense heating of the base (up to 18 Wm™?2), which was reflected by
an increase in the temperature of the ground surface up to as much
as 0°C. The sporadic thin layer of snow cover did not affect significantly
the regime of heat exchange in the ground.

The long-term cooling process in the soil profile, dominating from
August on, stopped rapidly at-the end of the polar night (the 1st decade
of February). A high frequency of hot air advection in February brought
about high temperatures of the air and the subsurface soil layer (Table II).
It was then that a rather intense heat flux, directed from the ground
surface to the deeper layers of the base, dominated, with a maximum 24-hour
value of 13Wm™2 In the extremely freezing and windy March, with
snow cover often reduced from the base, mainly a not too intense cooling
of the subsurface soil layer was observed (Fig. 1).

The heat relationships in the tundra soil in the spring period (April —
June) were related almost exclusively to the conditions of shaping of the
heat balance of the already stabilized and rather thick (about 40 cm)
snow cover. As a result of slow generation of the heat wave (molecular
conduction) from the surface of the snow cover to the soil and absorption
of slight energy of the penetrating direct solar radiation, a slightly positive
heat flux conducted in the ground dominated. Increased heating of the
soil occurred only in the thawing periods, in relation to the processes
of exchange of mass and energy, and to phase transitions of water,
occurring then. At that time, the density of the heat flux conducted in
the ground increased to 10 Wm™2. However, the advection thaws were
sporadic.

It was not until the disappearance of snow cover (2 July), in general,
thet there was a rapid intensification of exchange of heat conducted in
the ground. In relation to high absorption of solar radiation by the
ground surface (low albedo), there occurred very intense heat accumulation
in the base, with a very distinct 24-hour cyclic character. The mean
density of the heat flux conducted in July was 7.4 Wm~2, while on some
days with good weather it varied between 20 and 32 Wm 2. These values
are close to those given by Thompson and Fahey (1977) for the initial
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days of the summer season in the Canadian Arctic. The maximum soil
heating in Poland occurs in May, when the mean density of the soil
heat flux is 8—9 Wm ™2 (Grzybowski and Paszynski 1981).

As snow cover receded from the measurement post at Hornsund, there
occurred permanent thawing of the successive lower layers of the soil
profile. It was delayed by almost a whole month compared with the
prewious year. The process of soil. thawing in 1981 was, however, more
intense. The “progress” of the 0°C isothermal line in the 5—50cm soil
layer lasted then 11 days, compared with .23 in the previous one. At the
.end of the research season (20 July, 1981), the temperature of the soil
profile was, however, still lower by 0.3 — 1.3°C than the value on the
analogous day the previous year. This comparison shows high variability
of the thermal relationships for the tundra soil (the climate of the soil)
in the Hornsund area. This is so both in terms of a yearly cycle and
over longer intervals. This factor must not be neglected in constructing
empirical models of the effect of the physical properties of the active
layer of permafrost on the behaviour of morphological processes. It also
indicates the significant role of meteorological conditions in the Arctic
ecosystem.

4. Pe3roMme

B ocHOBaHMM paGoOTHl JieXAaT Pe3yabTaThl HENMOCPEACTBEHHBIX M3MEPCHHH TEIIOBOTO MO-
TOKa B TPyHTe, mpoBeleHHble BOIM3M [losbckoit monsipHo# craHuuu B T'opH3yHIe B nepuon
ot 1 aprycra 1980 no 20 urona 1981 rona.

OxapakTepn3oBaHbl (pU3MUECKHE CBOWCTBA TYHAPOBO#M Mousbl (1ad.. 1), 1poBeneH aHaIu3
ro0BOTO0 M CYTOYHOIO XOJa TEIJIOBOro MOTOKa B rpyHTte (S).

B paccMaTpHBaeMo#i IEPHOJ CPEIHIE MECAYHbIE BETMUMHBI S n3MeHsnuch ot —4,8 W m~2,
B okTsi6pe g0 +7,4 Wm~2 B mone (1abn. II). TMepuoa oxnaxmeHusi Npoduias TNOUBLI

OpOAOJIKAJICA OT aBrycTa A0 sHBaps. MIHTEHCHMBHOE HAaKOIJIEHME Tella B IPYHTE HACTYNHIO
TOJIbKkO B Hiojie (¢wur. 1).

YCTaHOBJIEHO, 4TO CYTOYHBIE BEJIMYHHBI S CHJIBHO MEHAIOTCA B TeueHue roaa. OHu
yMewaiuch B rpauumax or —19 Wm=2 go +32Wm—2

CyTounble KojieOaHuss S B TeueHHE MOJAPHOTO J[HA SBHO COOTBETCTBYIOT H3MEHEHMAM
paauanMoHHOro OajaHca coJHeYHOW paamauuu (¢wur. 2).

B ompeneneHHble OHM € XapaKTEPHbIM THIOM MOROIAbI Oblna ompedeseHa CTPYKTypa
TemIoBoro OajaHca moAcTwiIaloled nosepxHocTu (dur. 3).

VcraHoBiieHO 3ama3bIBaHHE pa3MEpP3aHUs NMOYBEHHOTO NMpO(duIis B CPaBHEHHH C TpPEnbl-
JOYIUM TOJOM.

5. Streszczenie

Podstawe opracowania stanowia wyniki bezpo§rednich pomiaré6w strumienia ciepta prze-
wodzonego w gruncie, przeprowadzone w poblizu Polskiej Stacji Polarnej w Hornsundzie
w okresie od 1 sierpnia 1980 roku do 20 lipca 1981 roku.
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Przedstawiono wlasciwosci fizyczne gleby tundrowej (tab. I) oraz przeprowadzono analizg
rocznego i dobowego przebiegu strumienia ciepta przewodzonego w glebie (S).

W rozpatrywanym okresie $rednie miesigczne warto$ci S zmienialy si¢ od —4.8 W-m~™
w pazdzierniku do +7.4W-m~% w lipcu (tab. II). Okres wychladzania profilu glebowego
trwal od sierpnia do stycznia. Intensywna akumulacja ciepla w gruncie wystapita tylko
w lipcu (fig. 1).

Stwierdzono duza zmienno$¢ dobowych wartoéci S w ciagu calego roku. Miescily si¢
one w przedziale od —19W-m~2 do +32W-m™2,

Dobowe zmiany S w okresie dnia polarnego koresponduja wyraznie ze zmianami catkowitego
bilansu promieniowania (fig. 2).

Dla wybranych dni, reprezentujacych charakterystyczne typy pogody, okreslono strukture
bilansu cieplnego powierzchni czynnej (fig. 3).

Stwierdzono miesigczne opdznienie odmarzania profilu glebowego w stosunku do roku
poprzedniego.
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