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1. INTRODUCTION

Characteristic of the circulation generated toy spatially heterogeneous
sea water density field is a seasonable variability due to the changes
in the structure of the water density field which does not undergo such
rapid variations as does the wind velocity field. Heterogeneity and the
principal features of the spatial structure of the density field in the
Baltic Sea are formed under the influence of wated exchange with the
North Sea occurring through the Danish Straits, the inflow of solar
energy and a substantial 'inflow of river waters {17].

The diversified topography of the Baltic sea bed together with re-
latively small depths (a mean depth of about 55 m) mean that the
application of the dynamic method ![10] to estimate the currents presents
certain difficulties.

Attempts to apply this method in the Baltic basin were taken up
(18]. The problems related to the application of the classic method to
assess currents in a heterogeneous sea can be overcome by the employ-
ment of mathematical models of the circulation. Such models were pre-
sented for the Baltic Sea in papers by Kowaliik and Taranowska [10],
Sarkisyan et al. [15], Kowalik and Staskiewicz i[9]. In the two latter pa-
pers, the global wind- and density-driven circulation iin the summer
season (August) was considered, being calculated basing on the method
by Sarkisyan [14], In the paper by Kowalik and Taranowska [10] only
density-driven circulation for the same period of the year was discussed.

The present paper refers to the above-mentioned model investiga-
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tions, constituting the second part of paper [7] which deals with the
hydrodynamic-numerical (H-N) model for the calculation of steady wind-
and density-driven circulation in the Baltic Sea. As compared with
previous models [9, 10, 15], the whole of the Baltic Sea together with
its main gulfs, i.e., the Gulf of Bothnia, Gulf of Finland and Gulf of
Riga, 'will be the subject of our considerations. A method of parametri-
zation of the vertical temperature and water salinity distributions [8]
was used to work out the water density field. The method enables the
assessment of currents at any depth in the water body.

lin this paper we shall discuss the results of the calculations of mass
tranport, sea level and currents for August, which is a characteristic
month in the Baltic. The essential part of the results will concern pu-
rely density-driven circulation. Global currents, i.e., the wind- and
density-driven, will be discussed when considering the vertical structure
of currents and comparing the results of the calculations with those of
hi situ observations. Tn a qualitative assessment of the results of model
calculations we shall also apply the spatial distributions of hydrological
parameters of the Baltic Sea.

2. EQUATIONS AND BOUNDARY CONDITIONS

The H-N model for the calculation of circulation is based on the system
of equations for mass transport and sea level [7]:
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The equilibrium state is described by the initial conditions:
A\

©)

Boundary conditions for the mass transport component normal to the
contour L of the coast line, in the case of a closed basin can be written
as:

MnL=0 (7)

in the H-N model, the horizontal components, u and v, of the current
are calculated by means of the analytical expression [7]:
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The above equations are ~written in a rectangular coordinate system the
origin of which lies on the free sea surface, the x-axis is directed to

the east, y-axis to the west and the z-axis — vertically upwards. The
denotations used in equations 11— 13) represent the following parameters:
pa .7. atmospheric pressure at the sea surface,

1 — sea level (deviation from the equilibrium state),

H — sea depth,

A — coefficient of the vertical turbulent exchange of momentum,
R — friction coefficient at the sea bottom,

£2 — the Coriolis parameter (Q=const=1,2368X10_4s-1),

g — gravity (&—980.777 cm s~2),

Q@ — mean wlater density (p0“ const),

q — water density anomaly,

u, v — horizontal components of current velocity,

T ty — components of tangent jwind stress,

0
Mv / dz

y — mass transport components along the x- and
y-axis, respectively.
|\/|y = dz

3. PHYSICAL PARAMETERS AND GENERATING FORCES

In the present paper we shall consider density-driven circulation, whe-
reas global Wind- and density-driven currents will be taken into account
during the verification of the model calculations only. The system o<
equations (1—3) and (8) is linear which permits assessment of mass
transports, sea level and current separately for the case of the wind-dri-
ven generating forces and those created by the spatial heterogeneity of
the water density field. The global water circulation will be the sum
of the circulations generated by the above-mentioned factors. Wind-
-drivein circulation in the homogeneous Baltic for the summer season
{August) 'was discussed by the author in paper [7], We shall now con-
sider currents generated by the heterogeneity of the water density
field in the Baltic Sea in August.

The wind field which is necessary to assess the friction coefficients
R at the bottom, as well as he method of calculating these parameters
are given in paper [7}. The water density field was prepared by model-
ling the vertical structures of temperature (T) and salinity (S) [4, 19],



Two- or three-layer structure of the T and S fields is characteristic of
the Baltic Sea waters [17], We approximate vertical distributions of

temperature and salinity in each layer by means of polynominals with
~N-variable;

Mz) * 2Z dn2n'1l r- 23,4 (14)
n-1
where:
f (z) — denotes water temperature or salinity.

We shall assess the d, coefficients using the experimental data for tem-
perature and salinity [1, 11] and the continuity of function f(z) and its
derivatives at the interfaces of individual layers. The Mamaev formula
[12] was used as a state function:

< ' Cl* QT +°312* QIS + C5TS <15>

where coefficients C{ are constant.

A more detailed discussion on the method of approximating the
vertical distributions of water temperature and salinity and the re-
sults of calculations of T, S and q are presented in paper [8], The water
density field for August obtained there will be used to calculate inte-
grals in equations (1), (2) and (8).

4. RESULTS OF CALCULATIONS

Numerical calculations were performed applying the H-N differential
scheme [5, 6] and assuming the spatial step of the numerical grid to
«e h=5 Mm and the time step At= 120 s. For the type of circulation
considered (purely density-driven circulation), tx=ty=0 and pa=const
in equations (1—3). Integrating equations (1—3) in relation to time with
the initial and boundary conditions (6), (7) and time constant generating
forces, we obtain a steady state after a certain period. Exemplary
oscillations of the sea level during calculations at a given point in the
Baltic are shown in Fig. 1. The results of the calculations of mass trans-
ports, sea level and bottom and surface currents are illustrated in Figs.
2—5.

Characteristic of the mass transport field (Fig. 2) is a complex
system of gyres. Strong cyclonic gyres occur in Bornholm Deep, in the
central part of the southern Baltic, in the southern area of the Gulf of
Bothnia and in the Gulf of Riga. Gyratory counter structures can be
observed in Gdansk, Gotland and Landsort Deeps. Maximum values of
mass transport of the order of 167 X 105 g cm-1«“1 can be found in



Fig. J. Sea level oscillations during computations at a given point in the
Baltic (density-driven circulation). Steady state is attained after 780 hours

Rys. 1. Oscylacje poziomu morza w czasie obliczen numerycznych w wybra-
nym punkcie Battyku (przeptywy gestosciowe). Stan ustalony nastepuje po uptywie
780 godz.

Gotland Deep. The gyre distribution in the mass transport vector field
is similar to the configuration! of isolines of 'the sea level field (Fig. 3).

The values of the ordinates of the free sea surface fluctuate from
—8.7 cm in the vicinity of the Danish Straits to 6.8 cm in the Gulf of
Finland. The highest density of the sea level isolines dan be observed in
the southern Baltic, particularly in Bornholm Deep.

The field of surface currents (Fig. 4) exhibits a distribution of the
current velocity vectors (gradient circulation) similar to the configura-
tion of the sea level isolines. Gyres occurring in the field of surface
currents are of a cyclonic character. Maximum current velocities occur
in Bornholm Deep, attaining values of the order of 16.0 cm s~The
field of bottom currents is slightly different (Fig. 5). Cyclonic gyres
occur over a considerable area of the Baltic. In Gotland and Landsort
Deeps, however, strong anticyclcmic gyres can be observed. Sea bottom
currents attain higher velocities than on the surface, the maximum
value reaching 17.4 cm s—

5. THE ROLE OF WATER DENSITY IN THE FORMATION
OF CIRCULATION IN THE BALTIC SEA

The fields of mass transport, sea level and currents calculated are closely
related to fhe water density field at the bottom (Fig. 6), as well as to
the depth field of the Baltic (see [7]). These conclusions are confirmed



Fig. 2. Mass transport field [10s g cm—1 s-'J in the Baltic for density-driven
circulation

Rys. 2. Pole wydatkéw masowych [10s g cm—1 s_1] w Battyku dla przepty-
woéw gestosciowych



Fig 3. Sea level field j[cm] in the Baltic, for density-driven circulation
Rys. 3. Pole poziomu morza [cm] w Battyku dla przeptywéw gestosciowych



Fig. 4 Surface current field (cm s—1] in the Baltic, for density-driven cir-
culation

Rys. 4. Pole pradéw i[cm s—*] na powierzchni morza w Battyku dla przepty-
wow gestosciowych



Fig. 5. Bottom current field [cm s—] in the Baltic, for density-driven cir-
culation

Rys. 5. Pole pradéw [cm s—] na dnie morza w Battyku dla przeptywoéw
gestosciowyeh



Fig. 6. Water density field at on the Baltic Sea floor, calculated by means
of the parametrization method [8]

Rys. 6. Pole gestosci umownej ot na dnie morza w Baittyku obiczone metoda
parametryzacji [8]



by the vertical structure of the horizontal components and the modulus
of the current velocity {Figs. 7, 8a, 8b). These figures present the results
of the numerical calculations carried out for wind- and density-driven
currents and vertical distribution of temperature, water salinity and
density estimated by means .of the parametrization method [8], The

Fig. 7. Vertical structure of current velocity {cm s—1J in the Baltic (wind-
and density-driven circulation) at point tp= 57°28' N, X= 20ul4' E: a) total compo-
nents, b) absolute value of current velocity and vertical distributions of tempera-
ture. salinity and density

Rys. 7. Struktura pionowa predkosci pradu [cm s—I] w Battyku (przeptywy
wiatrowo-gestosciowe) w punkcie o wspotrzednych <= 57°28' N, X= 20°14' E:
a) skladowe petne, b) modut predkosci pradu oraz pionowe rozkiady temperatury,
zasolenia i gestosci umownej

correlation between the vertical structure of current and the distribu-
tions of T, S and o is visible.

The comparison of the ma&s transport, sea level and current fields
for wind-driven circulation in the homogeneous Baltic [7] with the den-
sity-driven fields (Figs. 2, 3, 4) indicated that in the summer season,
density-driven circulations influence the formation of water circulation
in the Baltic Sea. Their spatial structure results from the interaction
between the heterogeneity of the waer density field, particularly in the
near-bottom layer, and the sea bed topography. Similar conclusions can
be reached from papers by other authors [15, 16, 19].

Taking advantage of the H-N model linearity, the roles played by

/
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Fig. 8 Vertical structure of current velocity [[cm s—] in the Baltic (wind-
and density-driven circulation) at point @= 55°19' N, X= 16°36"' E: a) total compo-
nents, b) absolute value of current velocity and vertical distribution of tempera-
ture, salinity and density

Rys. 8. Struktura pionowa predkosci pradu i[cm s— w Baltyku (przeptywy
wiatrowo-gestosciowe) w punkcie o wspétrzednych @@= 55°19' N, ).= 16“36' E:
a) skiadowe petne, b) modut predkosci pradu oraz pionowe rozkiady temperatury,
zasolenia i gestosci umownej

these two factors generating circulation in the Baltic Sea have been
assessed separately. The question which appears to ibe interesting ds at
what value of wind velocity can the influence of the heterogeneity of
the water density field be omitted when applying the linear model for
calculations. To attain this, let us compare the absolute values of sea le-
vel and sea surface currents for density- and wind-driven circulations
generated by the westerly winds of constant velocity. Pig. 9 showts
schematic comparative maps. Analogical considerations can be carried
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Fig. 9. Schematic charts illustrating the influence of water density and wind
upon sea level and surface currents in the Baltic. Darkened patches indicate the
predominance of water density

Rys. 9. Schematyczne mapki ilustrujgce wptyw gestosci wody i wiatru na
poziom morza i prady na powierzchni Battyku. Miejsca zaczernione wskazuja na
przewazajg;q role gestosci wody

out for the vertical structure of currents (Figs. 10 and 11). Analyzing
Figs. 9— 11 it cam be seen that a predominant role in the greater part
of the Baltic is played by winds with velocities of Wa~ 7—10 m s_1.
In the case of surface currents, low winds (Wa~3 m s-1) also prevail.
In the deeper layers of the sea the situation is different. Here, only
currents generated by high'winds (Wa~10 m s-1) have a certain con-
tribution to magnitude of the global current.
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Fig. 10. Differences between the absolute values of density and wind-driven
currents (west winds with a constant velocity: 1 — 10 m s— 2 — 7 m s—} 3 —
5m s 1, 4 — 3 m s-1) as a function of depth at point <p=57°28" N, (=20°14"' E.
Negative values indicate the predominance of water density

Rys. 10. R6znice pomiedzy modutami predkosci pradéw gestosciowych i wia-
trowych (wiatry zachodnie o statej predkosci: 1 — 10 m s— 2 — 7 m s_1; 3 —
5m s—* 4 — 3 m s—=) w funkcji gtebokosci w punkcie o wspétrzednych @=
= 57°28' N, X= 20°14' E. Ujemne wartosci wskazujag na przewage gestosci wody.

Fig. 11. Differences between the. absolute values of density and wind-driven
currents (west winds with a constant velocity: 1 — 10 m s_1; 2 — 7 m s
3, — 5 m s, 4 — 3 m s_1) as a function of depth at point <= 55°19' N, X=
=16°36"' E. Negative values indicate the predominance of water density

Rys. 11. Réznice pomiedzy modutami predkosci pradéw gestosciowych i wia-
trowych (wiatry zachodnie o statej predkosci: i — 10 m s— 2 — 7 m s-i;
3 —5ms— 4 — 3 m s— w funkcji gtebokosci w punkcie o wspétrzednych
= 55°19' N, \ = 16°36' E. Ujemne wartosci wskazuja na przewage gestosci wody



6. VERIFICATION OF NUMERICAL CALCULATIONS

The assessment of the correctness of the results of modelling the steady
circulation presents certain difficulties, due to the lack of suitable ob-
servational material concerning the currents. Long series of measure-
ments carried out at several stations, which would permit the assessment
of current field for given anemobaric situations or for particular seasons,
are indispensable. For this reason we have used the material collected
from Finnish lightships in the years 1923— 1927, and elaborated by Pal-
men [13] (Table 1). Constant currents estimated as the vector sum of
the current velocities irrespective of the 'Wind direction [18], are given
in Table 2. The location of the lightships on the Baltic and the graphic
image of the currents are given in Fig. 12. In this figure and in Tables

Table 1. Mean surface currents for June and the whole year, observed from lightships in the
years 1923 —1927 [13] and calculated by means of the H-N model (wind- and density-driven
circulation)

Tab. 1. Powierzchniowe prady $rednie dla czerwca i roku na podstawie obserwacji na latar-
niowcach w latach 1923-1927 [13] oraz obliczone za pomoca modelu H-N (przeptywy wiatro-
wo-gestosciowe)

Geographie * Current velocity [cm s~‘] Current direction6
No.» Lightship coordinates June | year | model June j year |model
. Nazwa Wspotrzedne
Lp. latarnionca geograficzne Predkos$¢ pradu [cm s~*] Kierunek pradu6
*(N) 1 ¢(E) czerwiec | rok | model czerwiec | rok jmodel
1 Kemi 65°26' 24°22' 10 0.5 0.72 70 107 203.2
2 Nahkianen 64°36' 23°51" 0.5 0.9 2.24 108 103 2499
3 Helsinghal-
lan 63°37" 21°43' 14 14 181 221 231 3459
4  Snipan 63°26' 20°43' 0.8 10 1.76 80 141 2287
5 Sydostbrot-
ten 63°19' 20°ir 35 25 3.78 42 39 732
6 Storkalle-
grund 62°40' 20°39 0.4 11 1.59 220 181 355.6
7 Rauma 61°07" 21°07 11 25 247 199 205 56.6
8 Finngrundet 61°02' 18°31 29 3.2 3.53 278 301 170.2
9 Grundkallan 60°30" 18°55' 51 5.6 3.88 286 283 133.0
10 Storbrotten 60°26' 19°13' 11 18 4.99 291 333 79.0
11 Svenska
Bjorn 59°36' 19°56' 3.4 5.0 1.04 32 11 1107
12 Helsinki 59°57" 24°5T" 12 2.2 1.22 48 86 229
13 Kalbada-
grund 59°58' 25°36' 0.9 13 2.22 97 58 53.9
14 Tallinn 59°43' 24°44' 13 3.2 4.24 161 243 1051
15 Hiiumadal 59°06' 22°12' 35 38 6.04 223 221 92.5

a Numbers denote the positions of the lightships in Fig. 12.—Liczby oznaczajg potozenie latarniowcéw na rys. 12.
b Direction of current measured clockwise of N. —Kierunek pragdu mierzony od N zgodnie z ruchem wskazéwek
zegara.



Table 2. Constant currents observed from lightship [18] and calculated by means of the H-N
model (global wind- and density-driven circulation on the sea surface)

Tab. 2. Prady stale obserwowane na latarniowcach [18] i obliczone za pomoca modelu H-N
(sumaryczne wiatrowo-gestosciowe na powierzchni morza)

Current velocity

Geographic coordi-
[cm s-1]

Current direction6

No. Lightship Ws rTates constant] model constant:.  model
“ Nazwa polrzedne Predkos$¢ pradu
L latarniowca geograficzne [om S_E]q Kierunek pradu6
e (N) | (B) stale | model stale | model
10  Storbrotten 62°26' 1973 6.9 4.99 312 79.0
1 Svenska Bjorn 59 36' 19 56' 4.0 1.04 173 110.7
12 Helsinki 59' 57 24°57" 31 122 90 22.9
15  Hiiumadal 59°06' 22°12' 3.0 6.04 12 925
16 Owiszi 57°38' 21°36' 39 4.12 32 59.0
17 Li bawskij 56°32' 20-56' 4.0 3.33 14 125.7
18  Elansrev 56°07" 16°34" 5.0 6.16 217 237.5
19  Adlergrund ___ 5450 - 14425 34 2.82 84 129.6

a Numbers denote the petitions of the lightships in Fig. 12—Liczby oznaczaja potozenie latarniowcéw na rys. 12.
b Direction of current measured clockwise of N.—Kierunek pragdu mierzony od N zgodnie z ruchem wskazéwek
zegara.

1 and 2, the values of currents calculated for global circulation are
given. The values of velocities are similar. In relation .to the measure-
ments, there is a greater discrepancy in the directions of the currents
calculated. This is due to the fact that the observational material does
not strictly correspond to the thermohaline and anemobaric situations
for which the circulation was modelled in the Baltic Sea.

In order to assess the vertical structure of currents, the observation
of currents in Gdansk Deep was undertaken (from 31 July to 12 August
1964) [2], Fig. 13 shows the results of the measurements of current and
water density, model profiles of current velocity, density, temperature
and water salinity also being given. In this case, only a qualitative com-
parison is possible, as the aniemobaric Situation during the measurements
differed significantly from that of the model (strong southwest winds
with velocities of the order of 8—12 m s-1). The close correspondence
between the experimental and calculated curves indicates that the mo-
del applied gives a description of the influence of the density field on
the vertical structure of currents.

7. CONCLUSIONS

On completing our considerations on the results of modelling of circu-
lation in the heterogeneous Baltic we shall comment on the application
of the results of the calculations. It seems to us that the correlation of
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Fig. 12. Comparison between currents calculated for wind- and density-driven
circulation and those observed from lightships (mean values for the years 1923—
—1927 for June and the whole year) [13] and constant currents [18]

Rys. 12. Poréwnanie pradoéw obliczonych dla przeptywdéw wiatrowo-gestoscio-

wych z obserwowanymi na latarniowcach ($rednie za lata 1923—1927 dla czerwca
i roku) [13] oraz pradami statymi [18]



Fig. 13. Comparison of the
vertical structure of currents in
Gdanisk Deep, calculated for
wind- and density-driven circu-
lation and those measured in
situ [2]: a) components and ab-
solute value of current velocity
— calculations, b) absolute va-
lue of current velocity, tempe-
rature, salinity and density —
calculations, c¢) absolute value
of current velocity and density
— measurements

Rys. 13. Poréwnanie struk-
tury pionowej pradéw na Gtie-
bi Gdanskiej, obliczonych dla
przeptywoéw wiatrowo-gestoscio-

wych i pomierzonych in situ
[2]: a — skiadowe i modut pred-
kosci pradu — obliczenia, b —
modut predkosci pradu, tempe-
ratura, zasolenie i gestos¢ u-
mowna — obliczenia, ¢ — modut

predkosci pradu i gestos¢ u-
mowna — pomiary



gyres in the mass transport and current fields with the field of water
density and sea bottom configuration, enables the application of the
results of the calculations to assess the distribution and spreading of
pollution, nutrients or chemical substances. The distribution of oxygen,
silicates and phosphates in jthe near-bottom layer of the Baltic [4] is
presented in Figs. 14 —16 in ordelr to emphasize the relation between

Fig. 14. Oxygen concentration [ml/litre] on the Baltic Sea floor; July —
August, 1954 i[4]

Rys. 14. Stezenie tlenu [ml/litr] na dnie morza w Baltyku; lipiec — sierpnien,
1954 14]



Fig. 15. Phosphate concentration [ng P/litre] on the Baltic Sea floor; August
1960 [4]

Rys. 15. Stezenie fosforandw [jigP/litr] na dnie morza' w Baittyku; sierpien
1960 [41

the fields of factors which characterize water dynamics and the fields,
of nutrients. The convergence of the localization of gyres in the mass,
transport and current fields (Figs. 2, 4, 5) with the areas of high or
low concentration of nutrients (Gotland Deep) is obvious. The heteroge-
nity of the water density field and the sea bottom configuration result
in the formation of closed circulation systems, characteristic of which is
the poor exchange of water with the surrounding areas. The distribution
of oxygen, silicates and phosphates in the vicinity of Gotland Deep
shown in Figs. 14— 16, may be the result of this phenomenon.

Sea bottom currents (Fig. 5) can help in the assessment of the mo-
vement of rubble. The mass transport field enables the assessment of
water exchange between the Baltic Sea and its bays. As an example
we shall give the magnitude of water exchange between the Baltic and
the Gulf of Gdansk (the boundary lies on the line connecting Cape Roze-
wie and Cape Taran), which amounts to Q= 1.088XI0n gs-1. This
number characterizes, of course, the steady circulation in the summer
season (August).

The author wishes to express his thanks to Prof. dr hab. Zygmunt Kowalik
for his scientific supervision during the model investigations and to dr Anitoni
Stankiewicz for valuable comments and advice during the computer work.
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Fig. 16. Silicate concentration [ug Si/litre] on the Baltic Sea floor; August
1958 [4]

Rys. 16. Stezenie krzemiandéw [jxg Si/litr] na dnie morza w Baltyku; sierpien
1958 £4]

Andrzej JANKOWSKI

Polska Akademia Nauk —
Zaktad Oceanologii w Sopocie

MODEL H-N DO OBLICZEN USTALONYCH PRZEPLYWOW
W MORZU BALTYCKIM
CZESC 11

Streszczenie

Publikacja niniejsza jest kontynuacja pracy autora omawiajagcej model hydrody-
namiczno-numeTyczny (H-N) do badan ustalonych przeptywow wiatrowo-gestoscio-
wych w Baltyku £7]. Obecnie przedstawione sg wyniki obliczen numerycznych
ustalonych przeptywoéw gestosciowych .dla okresu letniego. Pole gestosci wody opra-



cowano opierajac sie na metodzie parametryzacji jrozktadéw pionowych tempera-
tury i zasolenia [8], wyzyskujac znane z obserwacji pi, 11] pola temperatury i za-
solenia wody w sierpniu.

Rezultaty obliczenn stanowia mapy wydatkéw masowych, poziomu morza
oraz pradéw na powierzchni i dnie Battyku (rys. 2—5). Pionowe rozkiady skia-
dowych predkosci pradu (rys. 7, 8) dopelniaja przestrzennego obrazu pola praddw.
Profile pionowe temperatury, zasolenia i gestosci wody, przedstawione réwniez na
rys. 7 i 8 wskazuja na korelacje struktury pionowej tych wielkosci ze strukturg
ipionowa skladowych'predkosci pradu.

Spozytkowujac wyniki obliczen przeptywoéw czysto gestosciowych i wiatro-
wych w morzu jednorodnym [7] dokonano oceny roli dbu czynnikéw generujacych
cyrkulacje poziomg woéd w Battyku (rys. 9—11). Wykazano, ze dla silnych wiatréw,
o predkosciach (5=7—10 ms_1, na przewazajacym obszarze Morza Bailtyckiego decy-
dujacy wptyw na pola wydatkéw masowych i poziomu morza ma wiatr. W wy-
padku pradéw na powierzchni morza nawet stabe wiatry, o predkosci ~3 m s,
wnosza wiekszy wkiad niz gestos¢. Jednak w giebszych warstwach morza decydu-
jaca role odgrywa niejednorodnosc¢ pala gestosci wody.

Wyniki obliczen modelowych poréwnano z rezultatami obserwacji pradéiw na
latarniowcach (rys. 12, tabl. 1 i 12. Wartosci predkosci pradéw obliczonych i po-
mierzonych sa zblizone. Wieksze réznice wystepuja w kierunkach pradéw. Na
rys. 13 przedstawione sg rozklady pionowe predkosci pradu ii gestosci wody zmie-
rzone in situ na Glebi Gdanskiej [2] i obliczone na podstawie modelu H-N. Po-
réownanie wynikéw pozwala oceni¢ wplyw rozkiaddéw gestosci wody na strukture
przestrzenna predkosci pradéw.

W koncowej czesci pracy poréwnano mapy wydatkéw masowych oraz pradow
z rozkladami gestosci wody i substancji biogenicznych na dnie morza (rys. 6, 14—
—16). Korelacja zawirowan poél wydatkéw i pradéw z obszarami o niskim lub wy-
sokim stezeniu substancji biogenicznych wskazuje na mozliwio$¢ zastosowania wy-

nikéw obliczen modelowych przeptywéw do oceny przenoszenia substancji bier-
nych w Baltyku.
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