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Abstract

The main aim of the paper is to present generafimdtion about hydro-meteorological conditions
in the catchment of the Lebsko Lake. In the firstt pf the article a short description of the most
important hydrographic elements of the investigatezh (the Lebsko Lake, the Leba River and its
tributaries) was provided. The climatic analysidazfal conditions, besides the characteristics of
the air temperature and precipitation, containsdiséribution of other principal meteorological
elements (pressure, wind, cloud cover or relativaility). The paper is a part of broader studies
aimed at finding the key factors determining seaband annual changes of water relations in the
catchment of the Lebsko Lake.
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INTRODUCTION

It is clear that water and climate are, and alwhgse been, intricately linked.

Changes in climate are likely to bring changesh®hydrological cycle — the most
important feedback cycle in the Earth’s climatetesys Water in its various forms

has always worked as a great amplifier of changgsh as variations in insolation
or tectonic changes, that are imposed on the aimgstem. Climate has a major
impact on the environment and it is often respdasdibr variations in soil, plants,

water amount or drainage system. It is a decishetof in determining the type of
drainage system as well (e.g. in humid climatesndge is mostly required to

evacuate rainfall, whereas, in arid zones, drainageeded mainly to remove ex-
cess irrigation water).

Presentation of the most general relations betwselnological conditions in the

catchment of the tebsko Lake and its climatologamaisiderations is the main aim
of the article.
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MATERIALS AND METHODS

The research area (Fig. 1) covered the body of éisko Lake (coastal reservoir),
watercourses draining into the lake, the Leba Raret its tributaries. Hydrological
data for the research have been taken from numéw@sV (Institute of Meteorol-
ogy and Water Management) publications, the Pla&rofironment Protection of
Slovinski National Park (Chaski and Kaniecki 2004) and our own investigations.
The section of the local climate presents staistic main meteorological elements
such as temperature, relative air humidity, cload® precipitation, wind velocity
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Fig. 1. Location of the investigated area (the lwatent of the tebsko Lake)
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etc. Meteorological data from 1986-2005 are obthiftem IMGW weather station
in Leba. Daily means have been calculated as temge of all observations during
the day. Monthly and annual characteristics weméveleé from daily and monthly
means respectively. Arithmetic average was useth&calculation.

In the paper “clear day” was defined as a day withaverage cloud cover 30% or
less. The cloud cover is expressed by the propodialoudy space in the sky, with
10 as the total.

“Cloudy day” is a day with sky cover 80% or mor&diny day” is a day with
1 millimetre or more of precipitation, and “snowsgyd is a day with any snowfall
(excluding snow halil, ice hail, sleet and hailsg)néHot day” was defined as a day
with maximum temperature 25°C or more; “freeze daywith minimum tempera-
tures < 0°C.

GEOLOGICAL CHARACTERISTICS OF THE INVESTIGATED AREA

This area is situated within the limits of the ygast, Vistulian Glaciation. The
thickness of Quaternary deposits exceeds the maxiofu264 m (Rotnicki 1995).
In this area located within so-called teba Barrtertiary deposits form the sub-
stratum of the Pleistocene sediments and are avendh two beds of glacial
till, the latter being associated with fluviogldc@nd ice-dammed lake deposits.
The beds are separated from each other by a thimbu{ 50 m) series of fluvial de-
posits which are thought to be connected with thiblib Interglacial. The last
deposits represent the Vistulian Glaciation ascaigid by radiocarbon dating, and
include sediments and landforms of the Leszno PHasena Phase, Pomeranian
Phase, Gardno Phase and South Baltic Phase. TheRagher with teba dune field
within the Slovinski National Park is an area whietensive aeolian processes took
place in the Younger Holocene. In the middle pérthe teba Barrier, spread over
an area of about 5.5 Knalmost completely devoid of any plant cover, thare
shifting dunes attaining a relative height of 20mM0and among them are deflation
hollows sometimes filled with ephemeral pond-likekds appearing during high
storm surges.

DESCRIPTION OF MAIN HYDROGRAPHIC OBJECTS
Lake tebsko

Lake tebsko is situated in the Slovinski Nationatl® It is the largest coastal lake
in Poland (in relation to area — 7140 ha) with maxin depth of 6.3 m and average
value of 1.6 m (Chaski and Kaniecki 2004 — Tab. 1). Since 1836 thee laks

shrunk by over 490 ha. tebsko Lake is an old sgada separated from the Baltic
Sea by with a 0.8-3.0 km wide sandy moraine fortmgdea currents (Fig. 1). The
sand-bar is covered partially by a pine forest. Ruthe process of sand accumula-
tion (which depends mostly on prevailing winds) tteth shore of the lake moves
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back by about 1 m per year. The lake is suppliedtimbdy water flowing from the
Kashubian Lake District and Gardrs&o-t.ebska Lowland. However, because of
the connection through the estuary of the teba Ritvés also under influence
of waters of marine origin (the difference of wdtarel between the lake and the sea
amounts to about 30 cm — Atlas jezior... 1997). Duductuations in water level
reaching over 1 m, the area of the lake may vamsnf6950 ha to over 7240 ha in
extremely high water stages (Chski 1985, Chlost and Giknski 2005). The ca-
pacity of the lake is about 117 52F and it has the direct drainage basin area —
239.1 knf (Choiaski and Kaniecki 2004). The water exchange coefficiquotient

of the total water inflow from the catchment to ke capacity) is about 4.4-4.8
(Drwal and Ciglinski 2006). The biggest water affluent of the lakethe teba
River, which can deliver yearly more than 36% of surface inflow (Cidinski
2008). Other small rivers such as: Pustynka andoW#/$low into the lake as well.
From the west tebsko is connected with the tupawerRand the Gardno Lake
(channels 8.7 km and 10.2 km long — Przyroda... 199%m the western, eastern
and south-western side the lake is surrounded bghes, swamps and peat bogs.
The bottom of the lake is almost flat and covergdyttia or sand. Only small areas
of the bottom (mainly in the centre and in the harastern part of the lake) have
hard ground (Chaski and Kaniecki 2004). The lake is being silteddominantly
by sediments carried by the teba River, which Hawi# a backward delta.

Table 1
Morphometric and bathymetric parameters of the kelhske
Parameter tebsko
Height above sea level 0.3m
Water area 7140 ha
Total capacity 117 521 m
Length of a shoreline 55.4 km
Maximal length 16.4 km
Maximal width 7.6 m
Maximal depth 6.3 m
Mean depth 1.6 m
Direct catchment area 239.1 knd
Total drainage area 1801.2 krf
Main tributaries rivers: Leba, Pustynka

Source: Chdiski and Kaniecki 2004

The teba River

The teba River has a total length of 125.4 km dndether wits its tributaries,
drains an area of 1801.2 kifChoiaski and Kaniecki 2004). It flows through several
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regions: the Kashubian Lakeland, Reda-Leba Iceimaryalley and the Slovinskie
Coast. The river has its source 165 m above sed, legar a small village — Bo-
rzestowo (about 13 km on the west from Kartuzy) amdns down through many
lakes: Diugie, Dolgie, Kozie, Lubowidzkie, tapaliektebsko, Mikorowo, Osuszyno,
Reskowskie, Sarbsko, Sianowskie, Strzepcz, WiglREGW Gdask). In Cece-
nowo its width on the water surface can reach 1%ma, depth 2.3 m. The teba
River provides about 36.6% of the surface watewifig into the lake and its mean
annual flow is about 369 000 000 m3 (&igski 2008). Its major tributaries are:
Chelst, Biatogardzka Struga, Charbrowska Strugdyniza, Jeowska Struga, Ki-
sewska Struga, Okalica, Pogorzeliczanka, PustyRkachcinka, Sitnica and &yo-
rza. The hydrological regime of the river (accogdio Parde’s classification simple
with oceanic features — after Dynowska 1972) dependstly on the rainfall, melt
waters, evaporation, frequency of extreme weathents (e.g. heavy rains, droughts,
prevailing winds) and physiographic characteristiésthe catchment area. High
water stages predominantly occur in late winteg(R). Total flows of the river
in Cecenowo (as an example) range from 5.3 méxiremely dry period (the"
June 1979) to 45.9 m3/s in flood (the‘hlBJIy 1980; Chdaiski and Kaniecki 2004).
The annual inflow from the Baltic Sea through thenal of the river is about
159 000 000 rh(Weber 1972, Chéski i Kaniecki 2004). For the sea water inflow
the water exchange coefficient can be estimat@d6atThe teba River and periodic
sea water inflow have the most decisive influennetlee process of water stores
formation and quality of bottom sediments in théslo Lake.
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Fig. 2. Mean monthly precipitation sums (mm) amvflof the teba River in Cecenowo {s)
in the hydrological years 2002/2003-2004/2005. ¢pitation sums — bars, flow — line)

Other tributaries of the tebsko Lake

Ten watercourses drain into the Lebsko Lake; thay from the Kashubian Lake
District or the Gardnigsko-tebska Lowland (Fig. 1). Many streams and cada-
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charge water from polders directly into the lakéeTotal amount of water from
polders can reach 8.9°mer second. Annually the surface inflow into thebkko
Lake is estimated at 129 300 000 (@ieslinski 2008). Only one watercourse (the
teba River) flows directly to the sea.

Local climatic conditions

Climatic conditions around the tebsko Lake are dempvith high variability. The re-
gion is located within a transition zone from miaré to continental climate. The
Atlantic Ocean and the Baltic Sea are the mainofacinfluencing the climate of
the region. The active cyclonic activity prevailimgthe northern part of the Atlantic
Ocean (the Icelandic low) as well as prevailingaairculation all year round de-
termine a great variability of weather conditiolite advection of humid maritime
air from the west in active depressions usualledff high precipitation, strong
winds and fluctuations in temperature. In the dwddf-year this brings about a con-
siderably warmer, while in the warmer months a seha cooler weather. On the
contrary high pressure systems, conveying therain the east, quite often are ac-
companied with hot days in a warm half-year (AppS) and cold days in Nov.-
Mar. period (Fig. 3).
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Fig. 3. Mean monthly number of freeze and hot daysba for the period 1986-2005

The meridional circulation in this part of Europeléss frequent and irregular, how-
ever colder arctic air masses are always standihgvith lower temperature, contrary
to warmer air masses flowing from the south. Thestnobaracteristic feature of the
Polish sea-coast climate (in comparison to thergihgs of the country) are relatively
cold spring and summer and warm autumn and mildewifBaranowski 2008, Trapp
2007). The mild marine climate of the coast fingdsréflection in a relatively smooth
annual course of the temperature and its maximuwmanimum values (Tab. 2).
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Generally, summer in Leba is short and cold anchyways occur as often as rainy
days (Atlas klimatu... 2005). The annual averagdeirperature in teba is about
8.1°C. Mean monthly temperatures range from ab@f@in January to 17°C in
July. Usually summer in Leba (with temperaturesvabd5°C) starts in June (‘Q}S
and is about 65-70 days long. Temperatures inseééson rarely exceed 25°C. Hot
days, when the maximum temperature exceeds thigvaktcur in this part of the
Polish coast from March to September, with its mmaxn in July and August. Sub-
zero temperatures in this region most often appetween December and February,
with their average number throughout the year {BB8anowski 2008). Exception-
ally long pre-spring and pre-winter season (ab&uald 60 respectively) is one of
the most characteristic features of the local d@r{gazuchowski and Mijtus 1996).
Spring, with temperatures varying from 5°C to 1588ually starts in April and lasts
until about the third decade of June.

Initially warm October is the beginning of autuneason. In December, when win-
ter begins, the temperature drops from a few degvew zero to sometimes -10°C
(0.1% of all cases). Winter is rather short andslabout 35-40 days. The annual
number of days with snow cover varies from 5 (199098 (1996). Snow remains
for the longest time in February, but it usualipegrs at the end of November and
disappears in the first half of March.

In Leba the wind from the west and southwest pt€@8% of all cases). South and
north-east directions are represented quite often- 16.4% and 10.1 respectively
(Fig. 4) The average wind speed in teba (5.0 nm's) given period 1986-2005 for
more than 1-2 m/s exceeds values observed in thteateart of Polish lowlands
(Atlas klimatyczny... 2005). In the annual course thghest wind speed (mean
velocity over 5.3 m/s) is observed during winterntip the maximum occurs in

N
25

S
Fig. 4. The frequency (%) of wind directions with@alms in Leba (1986-2005)



Hydro-meteorological conditions in the catchmenthef L ebsko Lake 117

August (4.3 m/s) and in May (4.4 m/s). From theibeigg of September the aver-
age wind speed is gradually rising to achieve thhdst value in January (6.1).

The location of the Lebsko Lake in a short distafnom the sea coast and its direct
exposition to the flow of humid air masses from Kitantic Ocean results in rela-
tively high cloudiness (Fig. 5), humidity and pigtation (Tab. 2).

teba is one of the cloudiest places in Poland #atimean annual cloudiness 6.3 in
0-10 scale (Baranowski 2008). Usually skies ararelst in late spring and early
summer, and clouds amount tend to reach its maximubecember. Cloudy days
most often occur from late fall to early springgdFb). During summer months, the
number of cloudy days is smaller and ranges frodni®.June to 11.0 in July. The
number of clear days in teba is rather small, oeraye 37.5 days each year and
they are observed less frequently in late autunchimminter months.
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Fig. 5. Mean monthly: cloud cover in 0-10 scal@d), number of clear and cloudy days
(bars) in L.eba for the period of 1986-2005

CONCLUSIONS

The Lebsko Lake receives its supplies of water ftbencatchment area of the Leba
River and from precipitation that falls not only time lake if self but also on its
drainage basin. The lake loses water through ewa#ipar outflows and consumptive
uses. Because of the combined effects of predipitasea-water inflow, runoff and
evaporation which can change from season to seasbfrom year to year, the level
of the lake also vary. Its outflow changes as a&tion of the lake level (e.g. the lake
usually rises in late winter and spring due to tddal runoff and recedes in late
summer and early fall as runoff decreases). Wateellin the tebsko Lake can
change over periods of years for the same reaBangig seasons or years in which
precipitation and runoff in the lake are high anépmoration low, water level can
gradually increase. In periods of low precipitatiamd high evaporation, the level
can gradually lower. The length of time requiredrioticeable changes, and the de-
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gree of the changes, will depend on how wet or Honthe weather is and on ambi-
ent temperatures.

Further, more detailed research, aimed at detengnithie influence of deforestation,
urbanization and drainage of wetlands in the basithe tebsko Lake in time and
space, should be supplemented by verification ghaeeon the basis of the hydrau-
lic parameters measurements in chosen measuremdilep Additionally, func-
tional relations between particular hydrologicahdibtions on the investigated area
(e.g. high and low water stages, sea water intng$iand particular meteorological
factors (e.g. prevailed strong winds from one diceg rapid changes in atmospheric
pressure) will be determined.
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WARUNKI HYDROLOGICZNE | METEOROLOGICZNE
ZLEWNI JEZIORA LEBSKO

Streszczenie

Opracowanie stanowi ¢& projektu, ktdrego celem jest analiza zmian stoéunkod-
nych w zlewni jeziora tebsko. W artykule przedstawa ogdlna charakterysty& warunkow
klimatycznych i hydrograficznych zlewni jeziora tsdw. Charakterystyka hydrologiczna
obejmuje opis najwaniejszych elementéw sieci wodnej analizowanego atsjeziora teb-
sko wraz z zasilagymi je ciekami oraz rzeki Leby jako gtownegmdta zasilania jeziora.
Opis warunkéw klimatycznych oprécz podstawowychrakeerystyk termicznych i opado-
wych zawiera réwnig analiz rozktadu wielu innych elementéw meteorologicznyefatru,
cisnienia, zachmurzenia oraz wilgotwd wzglednej. Bardziej szczegétowych pomiaréw
wymaga hatomiast analiza bezpsdnich i pérednich skutkéw hydrologicznych w czasie
gwattownych zmian wybranych elementéw meteorolawyych (np. spitrzenia wody przy
silnych wiatrach z jednego kierunku). Wnikliwej éing poddane zostaly warunki pogodowe
sprzyjapce wystpowaniu skrajnie niskich i wysokich stanéw wody lrgbie zlewni jeziora
tebsko.



