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~i ?HEvIﬁﬁLﬁEﬁﬁE OF THE DENSITY OF WATER ON DEVIATIONS k
OF THE SEA LEVEL FROM THE SURPACE OF THE GEOID

[Feliowing iz a translatlion of an artlicle
by B. K. Ehansycheunkd 1in Heteorologliys 1

Gldrolegiya (Meteorclogy apnd Hydrology),

Fo. 3, 1960, pages 35-37.] ‘

The ses level continuously changes under the influ~-

ence of very different causes. Wind, wsves, ocurrenisa,

 atmospherie presgsure and msny other fastors constantly
causs changes in the vertical positliom of ithe. level sur-
face at any point of the world ocean.  Besldes changes
csused by aperlodic forces, the sez level is sublected to
soenstant periedic oseillastisng under the setion of tldal
forces exerted by the moor and the sun, .

A representation of the level surface close to the
geold or perallel to it is based on valuss cbtaimed by
averaging numerous factually observed instantaneous helghts
of the sea level over & sufficlently long period of time,

In 1893 alrecady, S. D. Ryl'ke [1] discovered the
existence ¢f & sloping level surface in the Baltle and
Blaok Seas. Witting [4] made & map of the sloping level
surface ¢f the Baltic Sea sccording to which the surface -
of the Beltlc Sez iz inclined from Nerth and East towards
Southwest; furthermore, the magnitude of the level fall
between the Nevskays Bay and the Big Belt and Eresumn
Straite is 20-25 cm. A levael f£sll of approximstely the
same magnitude has been obtalned on the baslis of the
latest state inveatligatlons,.

Both Ryl'ke and Witting thought thsat sueh sleping -
of the level surfses could ccour because of dlfferences
in the degres ¢f salinity or density of water. Ancther
sausze would undoubtedly be the average perennlisl atmospher-
: 4o pressure distribution which caused s statle varlation
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lof the level height. - | T

The Beltic Sea comnected to the North, Norweglan and
. Barents Sess and to the Atlantic Ocean through the Danlsh
gtrait can be considered as being a simple system of
. connected veesels filled with a liquid.

For the equilibrium of the liquid columns in iwo
connected vessels to be maintained, the external pressure
~ion the surface of the liquid must be egual to ths internal -

pressure of the llquid per unit area. o

As is well known, the internal pressure of a llquid
ig determined by the fundamental formuls of hydrostatlics,

pP=pgh, o (1)

where p is the internal pressure, f the density of the
 liquid, g the acceleration of gravity, h the height of the
1iquid ecolumn. :

" We must obviously hsve pl = p2 = pP3 = ... = Pn in
order t0 msintain ocean water im equilibrium at varlous
polnts or

'ﬂﬁh=h&h”hbh=m=‘

=P &xa Ma-

However, since the equation p1 = p2, etc. can be
obeysd for various values of ¢ and g, the height of liquld
columne or, in our case, the heights of the average level
at varioug peints msy be gulte diffsrent. :

Changes in the acceleration of gravity ocour as a
sunction of locel lstitude, whereas the quantity f may
change within rather wide limits (between 1.000 and 1.028)
even over & relatively small area. Therefore the actual
average level of the world ocean may not coinclde with the
trace 6f the geold at various points assuming a uniform

. external pressure over the whole surface of the ocean and
equal internal pressures.

In order to determine the slope of the level surface
of the Bgltlc Sea in terme of density, the height of the
1iguid coclumn determining the limits of hydrostatic action
must be found. :
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Figure 1. A plagram of Open. Connscted
Veesels Like the Baltle and Rorwesglan
Seas. - v )

T the model we have consldered as an example the
1imit of hydrostatic sctlon 1s the sea depth (h} at the
ridpe separating the hollew of the Baltie Sea from the
coesan. The shellowest ridge ls the Darz Ridge separabtling
tha southern pari of the Baltic Sea, the Arkonskaye hollow
1n particular, from the Danish stpeits. Sehulz [3] indi-
 estes that the 1limiting depth at that ridge does not exceed
18 m while deptha exseed 20 1 in the deepsst Daniseh Stralil,
the Big Balt, and its aspproaches. -

The 1imit depth of hydrcatatle getion can thus be
taken as being equel to 18 wm. ’ - ’

Table 1

Nevsksya Dars
Bay Ridge
@ = 60000' | ¥ = 54027’

Beight of ses level

ghove the surface A

of the ridgs (h) R 18.0

Average density of ' -

water in depth (f) 1.0011 1.010
. Acceleratlon of | o
""" gravity (g) - 9.8191 9.8146 -
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Phe average density of water ¢, or rather S * at the Dars L
Ridge acoording to obzervatlons made from the Gedser Rev
beacon (Y= 54027' and A = 12011') during 1954-1956 [2] was
equel to 1.00998. At the same time the perennisl denslty
of water in the Nevskays Bay was equal to 1.001l.

Our initisl data are recorded in Table 1.

Starting from equstion (1) and the equilibrium of

%water in the ocesn, we obtaln’ ?

pr &y = p; Ea bty

e“ g hy = e:t2 gy hy

 (quantitles indexed with 1 refer to the Nevskaya Bay, those
indexed with 2 to the Dars Ridge), where

1.0 04 8146 . Iy - o
ORI

' Hence, because of the difference in the density of
water, the level surface of the Beltic Sea between the Dars
Ridge and the Nevskaye Bey 18 ralsed by An = ng ~ ni, l.e.,
by 0.15 m. The excess helght of the level in the Nevskaya

Bay over the level at the Dars Ridge is 20 m according to
Vvitting's map. Such an agreement has to be accepted since
the average density of water at the Dars Ridge is computed

- by us from obgervational data spanning three years only.

- During the ssme perlod the monthly average denslty varles
between 1.008 and 1.013. A drop in deneity down to 1.000
1ikewise oceurs in the Nevskaya Bey during periods of maxi-
mum inflow of fresh waters. Hence, the slope of the level

¥For oceanic conditlons we have taken magnitude &, in
whick water temperature has been tsken into consideration,
instead of laboratory density F. : ’ .
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[surface of the Baltic Sea and, therefore, the excess holght
of the aversge level in the Nevakaysa Bay over the average
1evel at the Dars Ridge may oscililate within relatively wld
1imits, betwesn 12 and 23 cm.

On the other hand, we should keep 1n mind thet
variations of the level height in the open part of the ssa
represented by igoiines are obtalned by interpolating shore
~ data, snd may therefore only be higher than the actual ones

, We tried to compute the difference in level heights
of the Ealtie and Barents Ssae so as not to 1limit ourselves
to the above mentioned example. In the sase of the Baltle
end Barents Beas the 1limlt of hydrostatic sotion is h =
= 18 m a%t that same Ders Ridge. '

The solution of this problem is even mors rational
since the aversge level helght obtalned over the Barents
Ses Prop a series of cbasrvstions spaoning twenty years ls
sonnected by high guelity eurveylng with the zero of the
Kronshtadt tide-gauge, 1.8., with the average level in the
Baltle Sea (Nevskaya Bay). '

Sinee the exeess in level height of the Nevskaya Bay
over the Dars Ridge (Ahy) has been obiained by us before-
hand, Wwe need only solve the second part of the problem in
order to obtaln the exceass level height of the Barents Sea
over the Dars Ridge. v '

Let us take the following initlal data in order to
solve that problem. For the Baltic Sea: hp = 18.05
634, = 1.010; g2 = ¢.8146. For the Barents Sea (yp = 69919')

h3 = ?; 51;’3 z 100267: 83 = 9:825?0

‘ | 14.051.0109, 8146
Then - hy =~ GmTx9,857 = V68

i.e., the excess level height at the}Dars Ri&ge over the
level ef the Barents Seas is Ahp = h3 = h2 = 0.32 m.

The sum of the excess heights Ahj + Ah2 will be
equal to 0.47 m, i.e., the helghts at whlch the aversge
perennial level of the Barents Sea stays as ealoulated on
the basis of density will be represented by & mark of
-0.47 m sbove the zero of the Krenshtadt tlde-gauge. The
abasolute level of the Barents Sea (for the twenty-year




[periocd) obtained by geodetlc surveying from the zero of thel
Kronshtadt tide-gauge is =0,49 » (Figurse 2). . -

, . pifferences in level heights due to differences 1im
the denalty of water have bean computed by us gssuning a
unifors external pressure, however. The stmoespherle pregs-
sure is not setually uniformly distributed over the earth's
gurface. For & pericd of tweniy years the preasure over
‘the Beremts Sea has beon 4 mb lower than in the vielnity

-of Kronshtadt on the average. The level at which the
Barents Ses stays must therefore be higher than that of

the Nevskays Bsy by & corrsaponding quantlity (Ahy). The
levsl of the Barents Sea will then be 4 om higheg than the
one computed above by us, 1l.e., Ahy + Ahs + 8hp = 0. 47 +
+0.04 = ~0.43 m beecause of the atetistliesl change in the
soa level dus to atmospheric pressure.

The slope of the level surface over the area bestween
the Nevsksys Bay and the Barents Sea as well as over the
Baltic Ses canmot apparently stazy comstant because of
sesaonal and anmual veriaticne in the denaity of water in
both seas, : ' :

We may alsc assume that varlations in the demslty
of water &8s well as other feciors ars ons cof the ocauses of
average ssa level height deviations from the average ‘
perenniel level over a certaln pericd both et Eronshtadt,
in the Barents Sea and at any other sea level points of
ohgervation in general. ;

¥e must point ocut that only the influence of hdro-
atatle feresz on the level aurface 1s considered 1n this
article proposed by us. The infiuence of dynamic factors,
including those acting constantly like the Coriolis force,
is not takem inte account. _ :

At the game time we must conclude that the density
of water together with other hydrometeoroclogical and
asstronomical factors detsrmines the height of the sea
level and, hence, the alope of the level surface of separate
B8, . : ’




Figure 2. The location of
points whose relative level
height was computed by geodetlc
surveying (1) and by means of
the hydrostatic pressure formu-
le (2%.

By taking the density of water and atmospheric
pressure at every level point into account 1t will be
possible to determine the magnitude of the deviation of the
average perennial sea level from the surface of the geold
with sufficient acouracy and the degree of precision
possessed by geodetlc surveyings over large distances.

BIBLIOGRAPHY

[1] Ryl'ke, S. D., The Average Level of the Black,
‘Baltle and Azov Seas, 1896.

[2] Nautisk-Meteorologlsk Arborg 1954, Publikationen

fra det Danske Meteorologlske Institut, Charlottenlund,
'1955; Nautisk-Meteorologisk Arbog 1955, Charlottenlund, o

T



| figsg; Nantlsk-Metsorologisk Arbog 1955, Charlottenlund, B
1 5 ® l ‘ :

f2] Schulz, Br., Hydrographlsche Untersuchungen 1n

der Ostee 1925 bis 1948, Deutsches Hydrographisches
Inatitut, Hemburg, 1956.

(4] Witting, R., Hafsytan, geoidytan och

1andhbjningen utmen Baltiske hafvet oenh vid Nordsj)8n,
-iFennls, Bull. de la Hoc. de geogr. Finlands, 39, Ho. S. -

L #1660 ' END v o




