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Temperature and salinity of surface
water at a coastal measuring point,
Isbjérnhamna, Spitsbergen

ABSTRACT: Results of measurements of temperature and salinity of surface waters
of the Hornsund (South Spitsbergen) carried out at a coastal point of the Isbjornhamna
Bay during the winter expedition 1979/80 of the Polish Academy of Sciences are
discussed. Courses of both parameters, their variability, mean values and distributions
are analyzed.
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Range and method of measurements

Measurements of surface water temperature and salinity in the Hornsund
were carried out during the expedition of Polish Academy of Sciences to
Spitsbergen in 1979/80 (Swerpel S., Lubomirski K.) in two periods:

1) autumn-winter series: from November 19, 1979 to January 27, 1980,

2) winter-spring series: from March 14, 1980 to June 25, 1980.

The measuring point was situated near the Isbjornhamna shore. Measu-
rements and sampling were carried out every day at 12 GMT. Temperature
was measured with the water mercury thermometer. At the same time water
samples were taken for salinity analyses, which were carried out after return
home by R. Moroz, Maritime Department of the Institute of Meteorology
and Water Management, with a use of the Bisset-Berman laboratory
salinometer.

The earlier surface water temperature measurements in the Isbjornhamna
Bay were carried out at a coastal point during the expedition of the Gdansk
University in summer 1975 and sporadically during the winter expedition
1978/79 of the Polish Academy of Sciences.
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Variation of surface water temperature

The highest measured value of the surface water temperature (Fig. 1)
was equal +5.8°C (June 23. 1980) and the lowest one was —2.3° (De-
cember 6. 1979). The arithmetical mean from measurements in particular
months was the lowest in December (-1.9°C) and the highest in June
(—0.3°C). Mean values of temperature in particular months are presented
in the T-S diagram (Fig. 4A. B).

In the autumn-winter season the temperature values showed slight de-
viations from the mean value. In November a gradual decrease of the water
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Fig. 1. Changes of surface sea water temperature and salinity measured in Isbjérnhamna
(Hornsund) at 12 GMT. A — mean daily temperature of surface sea water at Gronfjorden
(Barentsburg Station).

temperature was observed. It was the first freezing stage of the sea surface
water. The freezing temperature of the sea surface water for a salinity
in Hornsund is to be calculated according to the following formula
(Thompson 1932):
tree, = 0.0966 C1 - 0.0000052 C1-
where: t., — freezing temperature drop
Cl --sea water chlorinity for

25"/ y0: — 1.350 C.
31"y — 1.684 C.,
33"/,,,: —1.796 C.
3500, 1.909 C. respectively.

The measurements proved that water was supercooled in that period.

In March and April the temperature rise became stabilized. The measured
values amounted almost unchangingly to 1.8 C. despite considerable changes
in the water salinity. Few rises of temperature were connected with a weaker
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ice cover in the bay in consequence of ice translocation, rainfall or
snow-and-rainfall.

The ice cover exerts the strongest effect on a formation of the constant
surface water temperature in winter. It plays the role of a filter for
atmospheric processes and phenomena influencing the sea surface (Fig. 2).
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Fig. 2. Example of temperature changes in the section of air-sea ice-sea; Isbjérnhamna,
March 30—31, 1980
1 —surface water temperature below sea ice; temperature within sea ice at depths of:
2 —50cm.3—20cm. 4 —10cm, 5—5cm, 6 — 1 cm. 7 — air temperature at a meteorologic
station. Thickness of sea ice at a measuring point is 60 cm

The greatest deviations of temperature from the mean value were observed
in May and June. In this period a gradual recession of the fiord ice cover
took place. A variability of temperature was at first small. It occurred
mainly due to increasing insolation. recessing ice cover, its melting. wind
and sea processes. which caused mixing of surface waters as well as to
runoff. In June strong fluctuations of temperature occurred. caused by al-
ternately intensive insolation and draft of sea ice on the bay surface.

The diagram of surface water temperature and mean daily air temperature
at the Hornsund Station is presented in Fig. 3. There is no distinct in-
terrelation of either element within a wide range of negative temperature
below 0°C. This occurs mainly due to existence of the ice cover in the
fiord (¢f. Fig. 2).

A relationship between both variables could be only perceived for the
mean daily air temperature of over —2°C (Fig. 3). It could be characterized
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by the correlation coefficient which was calculated for May and June for
+0.64, being even much higher than its critical value for small values
of the significance level. Its value amounted for the period of measurements
from June 10, 1980 to June 25, 1980 to +0.78 proving a distinctly
positive relationship between the both variables.

In Fig. 1A the course of mean daily surface water temperature at
Gronfijorden (Barentsburg Station) is presented. Due to averaging. the course
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Fig. 3. Diagram of mean daily air temperature Tp (Hornsund Station) and of surface
sea water temperature in Isbjornhamna at 12 GMT

is more smoothed than that in the diagram for Hornsund, nevertheless
it shows approximate variability tendencies. This could bear evidence of the
effect of periodical tendencies in macroscale processes. such as sea circulation,
insolation, atmospheric circulation, etc. on the surface waters in both fiords.

Variation of surface water salinity

The highest measured value salinity (Fig. 1) amounted to 35.67"/,,
(March 21, 1980) and the lowest one to 11.73°/,, (June 5. 1980). The
arithmetical mean for measurements in particular months showed the highest
value in May (32.00°/,,) and the lowest one in June (27.79% ).

Contrary to temperature, the course of surface water salinity changes
was greatly differentiated in the whole period. It depended on many
factors, such as sea ice cover in the bay, sea ice type. atmospheric
precipitation, water circulation and waves, snow and ice melting or runoff.

During occurrence of shuga or grease ice on the sea surface a distinct
drop in salinity was observed. The salinity drop by several promilles
(e.g. in samples taken on November 23 and 27, or on December 25—29.
1979) was observed, particularly after intensive precipitation and at formation
of shuga. Sea surface salinity was close to oceanic one. if there was no
sea ice cover or the latter was very stabilized. _

In spring (April. May) the salinity value fluctuations were smaller.
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Considerable deviations from the oceanic value are connected more rarely
with the shuga and more frequently with an increasing runoff and sea ice
melting (11.7"/,, — June 5. 1980, 17.2°/,, —- December 6. 1980).

Statistical T-S diagram

The statistical T-S diagram (Fig. 4) was used for the T-S analysis of
surface water (Mamayev 1975).

Water samples were counted at intervals of AT =0.5°C — AS = 1%/,,.
Frequency of the observations (in per cent) was inscribed into corresponding
squares of AT, AS and the freezing temperature line for surface water
was plotted according to the formula of Thompson (1932).

T-S mean monthly values for November approximate the freezing tem-
perature (—1.684°C for 31Y/,,) whereas mean values for December and Ja-
nuary prove distinctly the occurrence of a supercooled surface water.

The frequency curve shows the single distinct temperature maximum
within the interval of —2.0°C<T < —1.5°C, occurring in over 809 of all
samples in the series. The salinity occurrence frequency distibution is cha-
racterized by a lack of any distinct maximum.

In the winter-spring series of measurements the temperature and salinity
distributions are distinctly asymmetric. The salinity distribution assumes the
highest values within the interval of 33°/,,<S<34°/,, and is distinctly
expanded. This is caused by the runoff influence. The water temperature
is characterized by the distinct maximum within the interval of —2.0°C<
<T< —1.5C. In this measurement series no samples within the intervals
below —2.0°C have been found.

The point of mean T and S values is in March at the left side of
the line denoting the freezing temperature; water is still supercooled. In
April the mean sample values approximate the freezing temperature, being
higher from it in May and June.

The diagram shows two kinds of transformations in that period: the
first when water temperature increases at stabilized (close to oceanic)
salinity values and the second with changes of the T-S sample values due
to simultaneously increasing temperature and decreasing salinity. Two processes
are responsible for that. viz. intensified insolation and inflow of waters
from melting ice and snow.

T-S diagram for the period of summer 1975 is also presented (Siwecki.
Swerpel 1979). The T-S distributions show distinct maxima whereas the layout
of samples in the diagram is concentrated around squares of the maximum
frequency of the observations.
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Recapitulation

A distinct variability of T-S parameters of surface water samples
occurs in particular seasons. A linear distribution with a distinct temperature
maximum in the autumn-winter period is more dissipated in spring whereas
the occurrence of the samples is determined by insolation and melting .
of snow and ice. In summer the distribution is concentrated around mean
values of the sample.

Oceanic waters predominating in the fiord are connected with the West
Spitsbergen and East Spitsbergen sea currents (Herman 1974). They are most
distinct in the coastal zone during the summer season. Their influence
vanishes in the autumn-winter season. This is connected with sea ice
formation. During the polar winter the surface water is distinctly supercooled.

During the spring-summer season the processes affecting a formation
of thermohaline properties of surface water are the most intensive. The sea
ice melting is accompanied by a large runoff. At the same time, owing
to intensified insolation, a rise of surface water temperature occurs.
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Pe3rome

B cratbe NpUBOAMTCS aHAMM3 HM3MEPEHHH TeMnepaTypbl M 3aCOJICHHUs NOBEPXHOCTHOM
Bo/bl B (pyopne T"OpHCYH/I, npoBedeHHBIX BO Bpemsi dkcneanunu Ilonbckoit Akanemun Hayx
Ha MWlmunbepren B 1979,80 11. M3MepuTesbHbIi NOCT Obl1 3ajoXeH y Oepera OyxTh
Ucobépuxamua. Ha puc. | npuBoaurcs nquarpamma H3MEHYMBOCTH TEMIEPATYPbl U 3ACOJICHHS
B JIByX NEPUOAAX M3MEPEHUI: OCEeHHEe-3UMHEM M 3UMHE-BECEHHEM.

Cpennsisi MecsiyHas JUlsi TeMrepaTypbl Oblia CaMoOll BbICOKOH B uioHe (—0,3°C), a s
3acojicHusi — B Mae (32,200/,.). Camble HM3KHE BEIMYMHBI CPEJHMX ObLIM OTMEYEHBI COOTBET-
cTBCHHO B ackabpe (—1.9 O) u mione (27.790/.).
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Jns 3uMHUX MecsleB (lekaOpb — anpesib) IHarpaMma TeMnepaTypbl CTaOWIM30BaHA C Be-
nuyHamu paspaga —1,8°C. OcHOBHOe BIMSHHE Ha 3TO MOJIOKEHHE OKa3biBAJI JIEASHOH NMOKPOB
BBHINOJIHAIOIMUHA poJib GUILTPE NPOTUB BO3ACHCTBUS aTMOCGHEPHBIX ABJIEHHN W NPOLECCOB HA
MOBEPXHOCTH MOps (puc 2). B3anMoCOOTHOLLIEHHE TeMIepaTypbl BO3AYXa ¥ TEMMEPATYPhI BOIbI
MOXKHO OblTo HabMIOIaTh JUTS BEJTMYMH TeMmnepaTypbl Bo3ayxa Beiiie —2°C (puc. 3).

Juarpamma T-3 (puc. 4) nokasbiBaeT NOJIOKEHHE CPEAHUX MECAYHBIX 0Opa3LOB MNOBEPX-
HOCTHOW BO/lbl 110 OTHOLLEHUIO K JIMHMM Olpeesisioleil TeMnepaTypy 3amep3anus. Haburo-
JlajioCh NeEepeoxJiaXxIeHHe MOPCKOi BoAbl B nepuoj Aekabps-mapra. [luarpamma nokasbiBaeT
J1Ba BUA npeobyia30BaHMA MOBEPXHOCTHBIX BOJ B NMEPHOA MO3JHEN BECHBI: POCT TeMNEpaTypbl
NpU MOYTH HEU3IMEHHOM 3aCOJICHUH (BJIMSHME HHCOJSLMH) U POCT TEMMEpaTypbl MO Mepe
CHMXKECHHMSA 3aCOJICHUS (BJIMSIHMS TasHHSA CHEXHOTO MOKPOBAa M MOPCKOIO JIbIA).

Streszczenie

W artykule przedstawiono analize pomiaréw temperatury i zasolenia wody powierzchnio-
wej w fiordzie Hornsund wykonanych podczas ekspedycji PAN na Spitsbergen (1979—80).
Punkt pomiarowy byt zlokalizowany przy brzegu Isbjornhamna. Fig. 1 przedstawia wykresy
czasowej zmienno$ci temperatury i zasolenia w dwoch okresach pomiarowych: jesienno-zi-
mowym i zimowo-wiosennym.

Srednia miesigczna dla temperatury byla najwyzsza w czerwcu (—0.3 C), dla zasolenia
za§ w maju (32.20°/,,). Najnizsze wartoéci $rednich zanotowano odpowiednio: w grudniu
(—1.9°C) i w czerwcu (27.79°/40)-

Dla miesigcy zimowych (grudzien — kwiecienn) wykres temperatury jest ustabilizowany.
o warto$ciach rzedu —1.8°C. Gitéwny wplyw na to miala pokrywa lodowa spetniajaca rolg
filtra dla oddzialywania zjawisk i proceséw atmosferycznych na powierzchni¢ morza (fig. 2).
Wzajemny zwigzek temperatury powietrza z temperatura wody daje si¢ zauwazy¢ dla wartosci
temperatury powietrza powyzej —2°C (fig. 3).

Diagram T-S (fig. 4) przedstawia polozenie $rednich miesiecznych préb wody powierzchnio-
wej wzgledem linii wyznaczajacej temperatur¢ zamarzania. Obserwowano przechlodzenie wody
morskiej w okresie grudzien-marzec. Diagram wskazuje na dwa rodzaje transformacji wod
powierzchniowych w okresie pdznej wiosny: wzrost temperatury przy prawie niezmiennym
zasoleniu (wplyw radiacji stonecznej) i wzrost temperatury wraz ze spadkiem zasolenia
(wplyw tajania pokrywy $nieznej i lodu morskiego).

Praca zostala wykonana w ramach problemu MR.II.16.B.





