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Abstract

The work presents the results of studies on melgical and hydrological determination of water
temperature in the coastal zone of the Pomeranign Bifferent statistical methods used in the
study revealed that coastal water temperature demthe influence of temperature of air masses
and water temperature of inland input. The infleen€water temperature of the Lower Odra River
on sea temperature was stronger especially duhiagQdra flooding events and periods of air
circulation coming from south-east to north-wesediions. The influence of air temperature was
increased when air circulation from north-east waticed. As correlation coefficients received as
a result of synchronous relating water temperaalees at Midzyzdroje to water temperature
values at Gozdowice and air temperature valu&svatoujscie were highly statistically significant

it was possible to describe water temperature atctastal zone of the Pomeranian Bay using
equations of simple and multiple regression.

Key words. water temperature, air temperature, circulationd@@mns, Pomeranian
Bay, Lower Odra River

INTRODUCTION

The Pomeranian Bay is the estuarine region, wieee and sea waters mix together.
In the coastal zone water temperature is determinestly by temperature of air
masses and water temperature of inland inputalge under the influence of other
factors like wind conditions, water inflows fromettNorth Sea, convection and ad-
vection processes in the area. The influence ofi éactor as well as interactions
between them cause the great variability of waepterature in that region (Cyber-
ska 1987, Majewski 1974, Piechura 1970).

Temperature of air masses is the most importatorfahaping coastal water
temperature in the Pomeranian Bay. It is genedallyer than water temperature
(because of great thermal capacity of water). Meanthly differences reach as far
as 2.6C in winter season (Majewski 1974).
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Annual mean water temperature of the Lower OdraeRig about 1%C
higher than water temperature at the southern oaftthe Pomeranian Bay.
In spring warmer water input from the Szczecin Laga@auses heating of coastal
waters of the bay. In autumn waters of the lagomol waters of the bay (Majewski
1980).

Polar-maritime and polar-continental air massesiognn over the Pomera-
nian Bay cause cooling or heating, depending osélason of the year, arctic masses
- cooling and tropical ones - heating (Kwieci#987). Because of the reaction of
a wind convection processes follow at the coasth@bay. In summer, while winds
coming from the land are blowing, the decreaseunfase temperature can reach
0.5°C an hour (Cyberska 1984). From Uiibki (1995) in the region of Kotobrzeg
the decrease of temperature can reach even someedeghen winds from north-
east are coming.

The work presents the results of studies on thadnte of meteorological (air
temperature and circulation of air masses) and digdical (water temperature as
well as water discharge of the Lower Odra Rivenditions on water temperature at
the southern coasts of the Pomeranian Bay. Thekihe study was:

1. To find the role of air temperature and water terapee of the Lower Odra
River on coastal water temperature of the PomenaBéy,

2. To find the role of direction of air circulation @hanges of sea temperature,

3. To describe water temperature at the coastal zbtleed®omeranian Bay using
equations of simple and multiple regression fofedént meteorological and hy-
drological conditions.

DESCRIPTION OF THE STUDY

Daily water temperature values as measured atidzdroje (the southern coast of
the Pomeranian Bay) were analysed and comparedwaitbr temperature values at
Gozdowice (the Lower Odra River) and air tempemtalues aSwinoujscie using
descriptive statistical methods. Next normalizelliea were used to cluster analysis.
The cluster procedure was based on the Ward methddhe probability function
was calculated using the Canberra distance metkodhérczyk 1982, Sneath and
Sokal 1973). Finally cross-correlation, simple amdltiple regression analyses were
performed to find statistical relations between maixeed parameters @bkowski
1992). Circulation conditions were taking into cioiesation in order to understand
the physical processes occurring in the area.

The period 1971-1980 was taken into examinatiorartier to find the role of
the amount of water discharge of the Lower OdraeRon sea temperature the peri-
ods of high and low water in the years 1971-198mfBuchholz (1991) were stud-
ied carefully. In order to find the prevailing diteon of air circulation in the chosen
periods, basing on the work by Barry and Perry 8 9@irculation types from “Kal-
endarz typéw cyrkulacji atmosferycznej (1951-1990)ere transformed into
weighted coefficients of circulation indexes (Taldlg The observational material
was obtained from published sources as well as firwstitute of Meteorology and
Water Management in Gdynia.
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Table 1
The weighted coefficients of circulation indexes
Air circulation N NE E SE S SW| W NW| 20"
CS 0 -1 -2 -1 0 +1 +2 +1 0
CM -2 -1 0 +1 +2 +1 0 -1 0

Explanations:
CS- the weighted coefficient of zonal air circulation
CM - the weighted coefficient of meridional air circudat

RESULTSAND DISCUSSION
Thermal conditionsin the Odra Estuary region

In the years 1971-1980 annual average water tertopera the coastal area of the
Pomeranian Bay at Milzyzdroje was lower about 0 &3than water temperature of
the Lower Odra River at Gozdowice and higher al@o®®C than air temperature at
Swinoujscie. Monthly average water temperature atddiyzdroje was lower than
water temperature at Gozdowice from February toustignd higher from Septem-
ber to January (Fig. 1).
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Fig. 1. The annual distributions of monthly mearievéemperature as measured at
Miedzyzdroje and Gozdowice as well as air temperattSevinoujscie (1970-1980)
Explanations:

TW_M - coastal water temperature as measured at GozdowiCe
TW_G - water temperature of the River Odra as measur€bzadowice ir’C
TP_S - air temperature as measuredainouijscie in°C
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Mean coastal water temperature was higher thaemiperature almost during all the
year. As the Odra River drains into the PomeraBiap through a branched system
of water flows and prior transformation of watenstiie Szczecin Lagoon the mini-
mum of water temperature at ddzyzdroje was observed in February while the
minimum of temperature of the Odra River was reedrth January. The minimum
of air temperature was observed in January as @althe other hand water tempera-
ture at Medzyzdroje reached the maximum in August whereasntagimum of
water temperature at Gozdowice was recorded in Jiig results confirmed earlier
studies by Majewski (1974, 1980).

Circulation conditions over the Odra Estuary
In the ten year period 1971-1980 the air circutattoming from the east sector was

prevailing from February to July and coming frone tvest sector was prevailing
from August to January (Fig. 2).
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Fig. 2. The annual distribution of weighted coe#ids of circulation indexes
(1970-1980)

Water temperature in the coastal area of the Pomeranian Bay in relation to
water temperature of the River Odra and air temperature

The results of former studies (Majewski 1980) rdegaclose statistical relations
between water temperature of open waters of theesizt Lagoon and at its coasts.
The calculated coefficient of correlation was 084977. There were also found
close relations between water temperature of theze®in Lagoon and air tempera-
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ture over it. The computed coefficient of corredativas about 0.99 for positive val-
ues of air temperature and 0.63-0.81 for winter tim&n

Dendrograms received during cluster analysis shashesk relations between
water temperature in the coastal area of the PanieerdBay and water temperature
of the Lower Odra River as well as air temperatuweng periods of low and high
water of the River Odra - at the taxonomic distaddess than 0.2 (Fig. 3 and 4).
Moreover the dendrograms indicate that circulatonditions had an influence on
relations between examined parameters (the clasthe taxonomic distance 0.3-0.4
for the same periods).
The cluster analysis performed for periods undéfemint circulation conditions
confirmed their effect on relations between inshoxger temperature and water
temperature of the Odra River as well as air teatpee (Fig. 5-7). Generally it can
be found that circulation conditions modify thoséations. For example the relation
between air temperature and coastal water temperatder air circulation coming
from south-west was not so close than under aulztion coming from north-east.

water temp.- sea
l—[ water temp.- the Odra
air temp.
circ.type (9 classes)
[ circ.type (27 classes)
water temp.diff.- sea

water temp.diff.- the Odra
| air temp.diff.

Fig. 3. The dendrogram for high water period inshenmer 1977

! Legend (Fig. 3-7):

water temp. - sea — water temperature aiyzdroje

water temp. - the Odra — water temperature at Geneo

air temp. — air temperature Swinoujscie

water temp. diff. - sea — 24-hour differences ofewéemperature at Milzyzdroje
water temp. diff. - the Odra — 24-hour differenoésvater temperature at Gozdowice
air temp. diff. — 24-hour differences of air temgtere aSwinoujscie

circulation type (A,C,0) — the type of air circutat (divided into anticyclonic (A), cyc-
lonic (C) and lack of advection (Q))

circ. type (9/27 classes) — the type of air cirtata(divided into 9 classes or 27 classes)
.1 = the taxonomic distance= 0.1
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Fig. 4. The dendrogram for high water period ingpeang 1979
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Fig. 5. The dendrogram for north-east circulation
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Fig. 6. The dendrogram for south-west circulation
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Fig. 7. The dendrogram for north-west circulation
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The results received during cluster analysis irtditaxistence of significant
statistical relations between water temperatur®ligdzyzdroje and Gozdowice as
well as air temperature &winoujscie. So cross-correlation, simple and multiple
analyses were performed.

The cross-correlation analysis showed that the gdarfi water temperature
at Miedzyzdroje under the influence of the change of maeperature of the Lower
Odra River or air temperature follows fast. Whemnt@iperature was a forcing factor
the reaction of coastal water temperature was quiekon average after 1-2 days.
When temperature of the River Odra forced sea testyre, the change of inshore
water temperature followed on average after 6-&5dRig. 8). When the influence of
both factors had ceased the process of getting awer result of changes spread in
time. It was longer when water temperature at Geic® was a forcing factor,
shorter — air temperature $winoujscie (up to 3 months).
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Fig. 8. The coefficients of cross-correlatiog)between inshore water temperature
at Miedzyzdroje and air temperatureSatinoujscie (A) and between water
temperature as measured attltyzdroje and Gozdowice (B)

Correlation coefficients obtained as a result afckyonous relating of water
temperature values at Miizyzdroje to water temperature values at Gozdoaru
air temperature values tvinoujscie were highly statistically significant. Hence it
was possible to describe water temperature in tizstal zone of the Pomeranian
Bay using equations of simple and multiple regm@ssi

1. X, =TPS,Y=TW_M,r =0.915r% = 0.838,p, < 0.001, N = 3288
TW_M = 0.869 TPS + 2.093

2. X,=TW_G, Y =TW_M, = 0.9492 = 0.902,p, < 0.001, N = 3288
TW_M = 0.867 TW_G + 0.572

3. X;:=TP.S, X,=TW_G, Y = TW_M, R-SQ(ADJ) = 0.91p, < 0.01, N = 3288
TW_M =0.738 + 0.254 TR + 0.642 TW_G
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The results indicate the significant role of watemperature of the Lower
Odra River as well as air temperature in shapingmt@mperature in the coastal area
of the Pomeranian Bay.

Highly statistically significant coefficients of oelation between water tem-
perature values at Mlilzyzdroje and water temperature values at Gozdoarnckeair
temperature values &winoujscie were also obtained for two 6-month periods of
prevailing east or west circulation. So it was jjussto describe water temperature
in the coastal zone of the Pomeranian Bay usindoil@ving equations:

1. For the period under prevailing east circulatidn-(VII):

a. X:=TPS,Y=TW_M,r =0.922p,< 0.001, N = 1688
TW_M = 0.898 TPS + 1.247

b. X,=TW_G, Y =TW_Mr =0.954p,< 0.001, N = 1688
TW_M =0.862 TW_G — 0.460

c. Xi=TPS, X, =TW_G, Y = TW_M, R-SQ(ADJ) = 0.92h, < 0.01, N = 1688
TW_M =-0.241 +0.273 TR + 0.628 TW_G

2. For the period under prevailing west circulationl (M 1):

a. X;=TPS,Y=TW_M,r=0.917p,<0.001, N = 1809
TW_M = 0.854 TPS + 2.761

b. X,=TW_G,Y =TW_M =0.977p, < 0.001, N = 1809
TW_M =0.914 TW_G + 1.293

c. X;=TPS$,X,=TW_G, Y =TW_M, R-SQ(ADJ) = 0.95p, < 0.01, N = 1809
TW_M =1.341 + 0.097 TR + 0.824 TW_G

The results indicate the increased influence ofesirperature on coastal water
temperature in the 6-month period under prevaiéagt circulation, and the in-
creased influence of water temperature of the Rd@ra during the 6-month period
under prevailing west circulation.

Next simple and multiple regression analyses weréopmed in order to ex-
amine carefully shaping coastal water temperatageudifferent types of air circu-
lation. As highly statistically significant coeffents of correlation between examined
parameters were obtained the equations of simmlenaritiple regression were writ-
ten for each type of air circulation (Table 2). Tieltiple regression equations re-
vealed that the influence of water temperaturehef River Odra on coastal water
temperature was increased, especially during thiegseunder air circulation from
south-west to north-west directions. The effecaioftemperature was increased dur-
ing the periods under air circulation coming froorth to east directions, especially
when north-east circulation was recorded. In swades the effect of water tempera-
ture of the Odra was decreased.

Highly statistically significant coefficients of oelation were also received
for chosen periods of high and low water of theeRi@®dra. Multiple regression
equations showed that during the Odra flooding &véme influence of water tem-
perature of the Lower Odra was increased and ttheeimce of air temperature was
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decreased. In case of the Odra flooding eventearidte summer 1977, the equation
of multiple regression explained almost 95 % otladl cases (Fig. 9).

Table 2
Statistical relations between coastal water tenipezat Midzyzdroje and air
temperature awinoujscie as well as water temperature at Gozdowice

TW_M=f(TP.S, TW_G)
Period R-SQ(ADJ) Multiple regression
N 0.943 TW_M =0.939 + 0.330TB + 0.604TW_G
NE 0.920 TW_M =2.023 6.728TP_S + 0.199TW_G
E 0.906 TW_M = 1.404 + 0.383TB + 0.452TW_G
SE 0.877 TW_M =0.897 + 0.135T®+ 0.644TW_G
S 0.881 TW_M = 0.963 + 0.146T® + 0.691TW_G
Sw 0.917 TW_M =0.320 + 0.176TR + 0.734TW_G
W 0.923 TW_M = 0.486 + 0.249TB + 0.678TW_G
NW 0.940 TW_M =0.676 + 0.227TB + 0.724TW_G
NZ73 0.936 TW_M = 3.748 + 0.283TR + 0.545TW_G
WZz74 0.649 TW_M =1.567 - 0.021TB + 0.918TW_G
NZ76 0.867 TW_M = 4.244 + 0.305TB + 0.470TW_G
WZz77 0.947 TW_M =4.392 + 0.022TB + 0.681TW_G
WZ79 0.907 TW_M =0.160 + 0.158T® + 0.437TW_G

Explanations:

R-SQ(ADJ) - correlation coefficient squared

NZ73 - the period of low water of the Odra (27.8.42.73);

NZ76 - the period of low water of the Odra (26.6.1D.76);

WZ74 - the period of high water in the winter 197%(19.10.74-8.3.75);
WZ77 - the period of high water in the late sumit@r7 (4.8.-25.10.77);
WZ79 - the period of high water in the spring 1929.02.-5.6.79).
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Fig. 9. Water temperature at dizyzdroje (TW_M) as measur@usitu at
Miedzyzdroje and obtained from multiple regressiorcfiom taking
into calculations water temperature values as mmedsat Gozdowice
(TW_G) and air temperature $vinoujscie (TP_S) during the period

of high water of the Odra in the summer 1977

CONCLUSIONS

The study revealed that:

1.

Temperature of air masses and water temperatuhe dfower Odra River shape
water temperature in the coastal area of the Paonierday. Highly statistically
significant coefficients of correlation between wmattemperature values at
Miedzyzdroje and water temperature values at Gozdowaimckair temperature
values aSwinoujscie made possible to describe water temperatutigeicoastal
zone of the Pomeranian Bay using equations of gimptl multiple regression.
Circulation conditions modify relations between mi@ed parameters. The in-
creased influence of air temperature on coastaémiaimperature was found in
the 6-month period under prevailing east circufatid—VII). The increased in-
fluence of water temperature of the River Odra feasd in the 6-month period
under prevailing west circulation (VIII-I). Moreowé¢he increased influence of
air temperature was found when air circulation froonth to east directions was
coming. The increased influence of water tempeeatfrthe Odra River was
found in periods of air circulation from south-wesid north-west directions.
The water discharge of the River Odra has an effiectlations found during the
studies. During the periods of high water of theaDithe influence of water tem-
perature of the Odra was increased and the infRiefair temperature was de-
creased on coastal water temperature in the PoiaarBay.
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METEOROLOGICZNE | HYDROLOGICZNE UWARUNKOWANIA
TEMPERATURY WODY W STREFIE BRZEGOWEJ ZATOKI POMORSK]J

Streszczenie
U wybrzezry Zatoki Pomorskiej rozklad przestrzenny tempesatbd powierzch-

niowych oznacza sitypowo sezonowym charakterem, uwarunkowanym ratzny
rytmem temperatury powietrza oraz temperatury drédladowych wyptywagcych
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z Zalewu Szczefiskiego. Praca przedstawia wyniki badaad meteorologicznymi
i hydrologicznymi uwarunkowaniami temperatury wodystrefie brzegowej Zatoki
Pomorskiej.

Wyniki przeprowadzonych analiz statystycznych wskgzze zmiana tempe-
ratury woéd przybrzimych Zatoki Pomorskiej pod wplywem zmiany tempemnatu
wody Odry lub powietrza pojawiaestdos¢ szybko. Gdy czynnikiem wymusaaym
jest temperatura powietrza zmiana temperatury waghpzeznych wysgpuje sred-
nio po dwoéch dniach. Zmiana temperatury wody vedyzdrojach pod wplywem
zmiany temperatury wody Odry w Gozdowicach wpsie srednio po 6-7 dniach.

W pracy wykazanoze warunki cyrkulacyjne odgrywajwazna role w ksztat-
towaniu temperatury wod przybragych Zatoki Pomorskiej. Rola temperatury Odry
w ksztattowaniu termiki wéd strefy przybrzeej Zatoki Pomorskiej uwidaczniagsi
szczegolnie w potroczu o przewadze cyrkulacji zacle (od sierpnia do stycznia).
Wplyw temperatury powietrza na temperatudd przybrzenych wzrasta natomiast
w potroczu o przewadze cyrkulacji wschodniej (otkgo do lipca). W czasie prze-
wazania cyrkulacji z sektora zachodniego i potudnioavégntaszcza przy cyrkulacji
NW i SW) wzrasta wpltyw temperatury wod Odry na temgtue wod przybrzenych
zatoki. Natomiast przy naptywie mas powietrza zaekwschodniego i pétnocnego
(zwtaszcza przy cyrkulacji NE) wzrasta wplyw terngdery powietrza.

Wielkos¢ przeptywu wody w dolnym biegu Odry odgrywa pewrple
w ksztattowaniu temperatury wod przybimgch zatoki. W czasie wezhiraOdry
wzrasta rola temperatury wéd rzecznych, natomiaszasie nidbwek wzrasta rola
temperatury powietrza.

Zastosowane w pracy metody statystyczne pozwoditpszacowanie wplywu
czynnikbw meteorologicznych i hydrologicznych w tatowaniu temperatury wod
przybrzenych Zatoki Pomorskiej oraz urdawvity ich wyrazenie w oparciu o analizy
regresji prostej i wielorakiej.



