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Abstract

In the study water temperature and salinity changes under different meteorological conditions were
analysed to recognise convection movements of waters mn the coastal zone of the Pomeranian Bav
(near the Wolm Island). The summer peniod (1971-1990) was considered  The study revealed that a
rapid up to 5.0°C drop of sea surface temperature, which cannot be explamed by the air temperature
fall. may mdicate the outflow of subsurface waters to the surface or along shore movement of
waters coming from eastern upwelling regions. The contnibution of easterly winds duning such
events reached 54% (Swinoujscie). On the other hand a sea temperature mcrease can be the result
of the movement of waters (mamly the Oder waters) caused by westerly winds. However since the
Pomeraman Bay 1s shallow and exposed to enhanced dynamics 1t can’t be perceived as a typical
upwelling or downwelling region.
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INTRODUCTION

Vertical water motions in processes called upwelling and downwelling are generated
by wind blowing over water. In the Northern Hemisphere the surface water does not
move directly in front of the wind but moves about 45 degrees toward the night of the
wind's motion. This process, called Ekman transport, is a result of the Conohis effect.
Where winds cause the surface water to move away from a coastline or to diverge
from another surface water mass. deeper water will move up to the ocean surface,
creating an upwelling current. Where winds cause the surface water to move toward
a coastline or to converge with another water mass. the surface water will try to move
downward to create a downwelling current. Upwelling currents bring deeper. colder
and more salty water to the surface. As surface waters are usually depleted of nutri-
ents such as phosphates and mitrates that are critical to plant growth, deeper waters
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have high concentrations of these nutrients. Upwelling replenishes the surface lavers
with the nutritional components necessary for biological productivity. So regions of
upwelling are among the richest biological areas of the world (Bowden. 1998).

At the southern coasts of the Baltic Sea the most important factor responsi-
ble for upwelling phenomenon, in accordance with the Ekman theory, is wind from
eastern sector. Sometimes the outflow of subsurface waters to the surface occurs also
under winds not consistent with the Ekman theory but consistent with bottom
bathymetry. As in summer months subsurface waters are colder than surface waters
thus during upwelling phenomenon a rapid drop of sea surface temperature is ob-
served. Together with the fall of water temperature there are recorded often changes
of other physical, chemical and biological features (like increase of salinity). At the
Polish coast upwelling appears irregularly and is of small time and space scales. So
far it has been distinguished in Kolobrzeg. Leba and Hel regions (Urbanski, 1995).
Since the Pomeranian Bay is shallow and exposed to enhanced dynamics it wasn’t
perceived as a tvpical upwelling region (Urbanski, 1995, Kowalewski, 1997). How-
ever some researches think that upwelling occurs at all the Baltic coastal stations
(Klimkiewicz, 1966).

At the southern coasts of the Pomeranian Bay under appropriate weather
conditions there are recorded rapid and significant changes of sea surface tempera-
ture during day. They are the result of air temperature changes as well as advection
movements of waters coming from regions with different water physical features or
may indicate convection movements. During summer period under eastern and
southern winds sea surface temperature fall can indicate outflow of subsurface waters
to the surface (upwelling phenomenon) or along shore movement of waters coming
from eastern upwelling regions. Often salinity increase is recorded then. On the other
hand in case air masses are coming from west or north, sea surface temperature in-
crease and salinity decrease can point out movement of the warmer and fresh Oder
waters onshore and than its fall down (downwelling event). But the increase of salin-
ity under such wind conditions can be the result of along shore movement of more
salty waters coming from the Arkona Basin and the Western Baltic Sea
(Kowalewska-Kalkowska, 2000).

Different methods of investigating of upwelling and downwelling processes
are in use. Direct measurements of velocities of vertical fluxes are very difficult.
Very often researches analyse effects of those processes like changes of water tem-
perature and salinity as well as content of nutrients. Examining upwelling remote
sensing techniques are applied successfully (Gidhagen, 1987, Krezel, 1997, Urban-
ski, 1995). But the registration is limited only to cloudless days and with significant
temperature differences between surface and subsurface waters, so to the summer
period. Coastal downwelling is very difficult to detect and it hasn’t been examined
widely so far. So more and more often numerical modelling is applied to get to know
convection movements in the Baltic Sea (Jankowski. 1998. Kowalewski. 1997,
Kowalewski, Ostrowski, 2002).

In the study water temperature and salinity changes under different meteoro-
logical conditions were analysed to recognise convection movements of waters in the
coastal zone of the Pomeranian Bay (near the Wolin Island).
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DESCRIPTION OF THE STUDY

To investigate the problem mean daily data sets of ncar shore water temperaturc
(Tw) and salinity (S) at Miedzyzdroje (1) as well as air temperature (Ta) at Swino-
ujscie (2) were considered (fig.1). Air circulation over Central Europe in a 9-degree
scale (eight basic directions and no advection) and routine local winds as measured at
Swinoujscie and Kolobrzeg (3) were analysed too. The months April — October in the
vears 1971-1990 were taken into consideration. The data were obtained from IMGW.

Firstly we analysed situations with water temperature drop that could indicate
upwelling phenomenon. Sincerely situations with daily water temperature drop more
than 2.0°C were found, we have excluded daily changes of water temperature caused
by daily sunshine or nightly heat emission as the only acting factors. For those 79
situations the analysis of meteorological conditions was carried out. Additionally
changes of salinity were checked as well. In case the air temperature was constant or
its rise was recorded as well as air masses were coming from east or south, sea sur-
face temperature fall was more than 2.0°C and salinity was constant or its increase
was recorded, these conditions were treated as an identifier of upwelling phenome-
non. Finally several situations indicating the outflow of subsurface waters to the
surface (upwelling phenomenon) or along shore movement of waters coming from
eastern upwelling regions were found. For those events further statistical analysis
was carried out in order to find typical features for upwelling.

PN

"

Pomeranian Bay

20m

54.4 10

54.2

3.8 14.0 14.2 14.4 14.6 14.8 15.0 15.2 15.4 "E

Fig. 1. The Pomeranian Bay
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Next we examined situations with water temperature rise of more than 1.5°C
that could point out downwelling phenomenon. Similarly we performed the statistical
analysis of 18 situations with water temperature increase under different meteoro-
logical conditions. In case the air masses were coming from western sector and the
air temperature influence could be excluded, sea surface temperature rise was more
than 1.5°C as well as salimity fall were recorded, these conditions were treated as an
dentifier of movement of the warmer and fresh Oder waters onshore and than its fall
down. On the other hand the increase of salimity under such wind conditions indi-
cated onshore movement of more salty open waters coming from the Western Baltic
Sea

RESULTS AND DISCUSSION

Some situations indicating the outflow of subsurface waters to the surface

In Mayv 1983 when offshore south air circulation was prevailing for several days on
21" May there was observed a rapid fall of water temperature (4.9°C) and a rise of
salimity (1.21 PSU). Local winds as measured at Swinoujscie and Kolobrzeg were
mamly from SE. As air temperature increased (4.1°C) such conditions could indicate
the outflow of subsurface waters to the surface. Next day when conditions changed
there was obscrved a gradual rise of Tw and a drop of salimty (fig.2).

In July 1984 when air masses were coming from south on 9® July there was
observed a rapid fall of water temperature (1.5°C) and a nise of saliuty (1.28 PSU).
Next day Tw decreased till 13.0°C and salinity increased up to 8.03 PSU. In three
days (8" to 10" July) local winds at Swinoujscic were mainly from south and at Ko-
Jobrzeg from SE. Those days air temperature increased (4.1°C) so water physical
changes could be explained by appearance of offshore movement of waters north and
replacing them by colder and more salty waters from below. Next days wind condi-
tions changed and a fast rise of Tw and a drop of salinity were observed (fig.3)

On 30" May 1973 there was observed a rapid drop of water temperature
(3.5°C) although air temperature ncreased (1.3°C). It happened after some days of
air circulation from NE and 1ts change to S. When air circulation changed to SW a
gradual increase of Tw was recorded (fig 4).

In June 1979 after some days with air circulation from NE to S on 22™ June
a fall of water temperature (2.2°C) and a slight nise of sahnity (0.79 PSU and next
day 0.35 PSU) were recorded (fig.5). Air temperature increased shghtly (1.1°C)

During examined two decades the small amount of cases with rapid water
temperaturc drop indicating upwelling. certifies that in the coastal zone of the Pom-
cranian Bay the outflow of subsurface waters to the surface occurs very seldom. It
appears irregularly and is of small time and space scales. The most often the phe-
nomenon was recorded 1n July, May and June. However the Pomeraman Bay 1s shal-
low and exposed to enbanced dynamics so it can't be perceived as a tvpical upwell-
ing region
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In the examined region the most important factor responsible for upwelling
phenomenon. n accordance with the Ekman theory, 1s wind from ecastern sector.
During such cvents the contribution of easterly winds (NE — SE) reached 54%'
(fig.6). Appearance of upwelling followed even after some hours with appropnate
wind conditions. A significant contribution of northern wind 1s a result of typical
weather conditions appearing in summer period.

' The frequency was calculated for winds blowing durning the day with water temperature
fall and the dav before
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The occurrence of upwelling seems not to depend on wind speed. Although
the measured values of wind speed were usually between 2 and 4 m/s, stronger winds
were recorded as well (fig.7). The results are in accordance with results obtained for
the Polish coast by other rescarches (Urbanski, 1995. Krezel. 1997). It should be
mentioned that speeds between 2 and 4 m/s are typical for the examined region and
appearance of upwelling seems to be mainly a result of weaker long lasting winds.
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Wind speed [m/s]

Fig. 7. The frequency of wind speed occurrence

Disappearance of water temperature anomalies followed usually very fast
(even after one dav), especially after rapid change of wind direction. The longest
falls of sea temperature lasted 3 days. Occurrence of western winds caused quicker
disappearance of anomalies. That indicates rather small range of cold water spread-
ing out on the surface

Some situations indicating the movement of surface waters onshore

On 8 July 1987 under strong western air circulation and winds coming al-
most from west sector there were recorded simultaneously a rise of sea surface tem-
perature from 17.8°C to 20.8°C and a hittle fall of salimitv from 595 to 532 PSU
pointing out the inflow of the warmer waters from the Szczecin Lagoon (fig.8). Next
two days under the same wind conditions there were recorded a nise of salmty (139
PSU) and a little drop of sea temperature (1.8°C) mdicating the inflow of more salty
open waters. During these three days air temperature decreased from 22.7°C untl
13.5°C

In July 1990 when air masses were coming from western sector for several
days in three days 7" to 9™ a significant increase of water temperature of 2.2°C and a
rapid decrease of salimity of 1.55 PSU were observed. Local winds were mainly from
SW and W. As during those days air temperature was colder than water temperature
that situation pointed out the inflow of the warmer and fresh Oder waters to
Miedzyzdroje (fig. 9). Such wind conditions were prevailing for next days pushing
waters of different physical features onshore (notable changes of salinity)
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Fig. 10. Hydrometcorological situation in May 1989
Legend: Air circulation types:
0 —no advection, | -N,2-NE,3-E, 4-SE.5-S,6-SW,7-W,_8 -NW.

Significant changes of salinity under SW to NW inflows of air masses were re-
corded in May 1989 (fig. 10). First on 12" May there was observed a high increase of
salinity of 2.16 PSU but next days salinity decreased until 4.67 PSU. Water temperature
was growing slightly and was higher than air temperature. Local winds were blowing
mainly from western sector. That situation indicated the inflow of waters with different
physical features onshore.

In the end of May 1989, when air circulation as well as local winds from SW to
NW where prevailing, a decrease of salinity of 1.72 PSU pointed out the movement of
fresh waters from the Szczecin Lagoon to the region of Migdzyzdroje. From 29" to 31
May water temperature was almost constant but higher than air temperature (fig.11).
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Legend: Air circulation types
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CONCLUSIONS

The analysis revealed that:
= At the southern coasts of the Pomeranian Bay (the Wolin Island) during sum-
mer period when air masses from E. NE, SE and S were advected a rapid up to
5.0°C drop of sea surface temperature was observed. The mcrease of salimty
up to 2.80 PSU was often recorded as well. Such change of water temperature.
which cannot be explained by the fall of air temperature. may indicate the out-
flow of subsurface waters to the surface (upwelling phenomenon) or along
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shore movement of waters coming from eastern upwelling regions. The contri-
bution of easterly winds during such cvents reached 54%. The occurrence of
upwelling seems not to depend on wind speed. Although the measured values
of wind speed were usually between 2 and 4 m/s. stronger winds were re-
corded as well.

= On the other hand in case air masses were coming from west or north. sea sur-
face temperature increase and salimty fall even of 2.3 PSU was recorded such
conditions could point out the inflow of the warmer and fresh Oder waters on-
shore and than its fall down (downwelling event). But the increase of salinity
even more than 2.2 PSU under such wind conditions could be the result of
along shore movement of more salty waters coming from the Western Baltic
Sea.

= In the coastal zone of the Pomeranian Bav. where river and sea waters mix to-
gether, great variabilitv of water phvsical feature is recorded. Hence recognis-
g convection processes there. 1t is important to investigate both changes of
water temperature and salinity. However as the Pomeranian Bayv is shallow and
exposed to enhanced dynamics it can’t be perceived as a typical upwelling or
downwelling region.
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ZMIANY CECH FIZYCZNYCH WOD JAKO WSKAZNIKI RUCHOW
KONWEKCYJNYH W STREFIE BRZEGOWEJ ZATOKI POMORSKIEJ

Streszczenie

W pracy podjeto probe identvfikacyi ruchow konwekevynyveh wod u poludmowyvch
wybrzezv Zatoki Pomorskie)., w rejonic Wyspy Wolin. analizujac zmiany temperatu-
rv 1 zasolema wody przy roznvch warunkach pogodowych. Wykorzystano srednie
dobowe zasolenie 1 temperaturg wody w Migdzyvzdrojach. srednia dobowa temperatu-
ra powietrza w Swinoujsciu. a takze terminowe pomiary predkosci 1 kierunku wiatru
w Swinoujsciu 1 Kolobrzegu oraz srednie dobowe kierunki naphvwu mas powietrza z
lat 1971-1990 otrzymane z IMGW. Pod uwage wzigto okresy od kwictma do paz-
Jako glowne identyfikatory zjawiska upwellingu lub downwellingu potrakto-
wano zmiany temperatury 1 zasolenia wody powierzchmowej pray uwzgledmeniu ich
relacyi 7z cyrkulacja dobowa. kierunkiem 1 s1la wiatru oraz z temperatura powietrza
Analiza wynikow pozwolila na sformulowanie nastgpujacych wmoskow:
= U poludniowvch wybrzezv Zatokt Pomorskiej /Wyspa Wolin/ w polroczu
letnim. przv naplvwie mas powietrza z E. NE 1 SE oraz S, zachodza nagle 1
duze dobowe spadki temperatury wody powierzchmowej nawet do 5.0°C. Cze-
sto towarzyszy 1m wzrost zasolema wody powierzchniowej, nawet do 2.80
PSU. Takic spadki Ty. nic majace zwiazku z ochlodzeniem powietrza. moga
swiadezy¢ o wyphwie podpowierzchniowych wod na powierzchni¢ (zjawisko
upwellingu) lub o wzdluz-brzegowym przemieszczaniu si¢ w okolicach Mig-
dzyzdrojow chlodniejszych wod pochodzacych z sasiednich, wschodnich rejo-
now okreslanvch mianem upwellingowvch. Udzial wiatrow wschodnich w
tvch syvtuacjach sigga 34%. Czas inercji upwellingu nie zalezy w duzvm stop-
niu od predkosci wiatru. Zanotowane predkosct miescily sie najczescie) w
przedziale 2 - 4 m/s, ale wyst¢gpowaly rowniez wiatry o wigkszej sile.
=  Z drugiej strony przyv naplvwie mas powietrza z scktora zachodmiego lub z
polnocy wzrost temperatury powierzchniowej wody przy jednoczesnvm spad-
ku zasolenia nawet o 2.30 PSU wskazuje na dophw w kierunku Migdzyzdro-
jow wyslodzonych 1 cieplejszych wod rzecznych wyplywajacych z Zalewu
Szczecmskiego przez Ciesning Swiny. Natomiast wzrost zasolenia nawet o
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2.20 PSU przy tych warunkach cvrkulacvjnvch wskazujacy na wystgpowanie
w zatoce pradow wzdluz-brzegowvch 1 dotarcie wod bardziej slonych z za-
chodniej czgsci Baltvku.

W rejonie Zatoki Pomorskie). migjscu styku wod srédladowveh i morskich
wystepuje bardzo duza zmiennos¢ cech fizycznyvch wod. Stad przy badaniu
procesow konwekeyjnych wazna jest analiza zmian zaréwno temperatury jak i
zasolenia wody. Jednak ze wzgledu na silng dynamike wod 1 niewielkie glgbo-
Kosci Zatoka Pomorska nie moze by¢ postrzegana jako rejon typowo upwel-
Iingowy lub downwellingowy.



