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[1] A linear shallow water model was used to study different harmonic oscillations in the
Baltic Sea. The model was initialized using a linear sea surface slope from east to west and
was hereafter run without forcing. In our results we could identify three different local
oscillatory modes: one in the Gulf of Finland with the two distinct periods 23 and 27 h,
one in the Danish Belt Sea with a less distinct period in the range 23—27 h, and one in the
Gulf of Riga with the period 17 h. The most pronounced mode is that in the Gulf of
Finland. No clear indications of basin-wide seiches in the Baltic could be found from our
simulations. These results were further corroborated by a frequency analysis of sea
level observations from the Baltic. This shows an amplification of the K; and O, tidal
modes in the Gulf of Finland but not of the M, and S, modes. No such amplification was
seen in the rest of the Baltic Sea. On the basis of our model simulations we propose
that the sea level oscillations of the Baltic be regarded as an ensemble of weakly coupled
local oscillations. Each oscillator corresponds to a “gulf mode” or “harbor mode™ in a
particular bay or subbasin. These are not proper eigenmodes since their energy gradually

leaks out to the rest of the Baltic Sea, resulting in radiation damping. Nevertheless,
their resonance may in fact be sharper than that of the proper basin-wide eigenmodes.
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1. Introduction

[2] A proper knowledge regarding the characteristics of
the Baltic seiches is of great practical importance not least in
view of possible flooding of St. Petersburg, located at the
inner end of the Gulf of Finland. Ever since Forel [1895]
described the standing oscillations (seiches) of Lake Geneva,
considerable research efforts have been directed toward the
prediction and analysis of seiches. Early last century,
Chrystal [1905] developed a technique for solving the
standing wave eigenvalue problem for realistic bathyme-
tries, in which variations of the width and depth along the
“channel” could be dealt with analytically. It was partic-
ularly well-adapted to elongated basins, such as the lochs
of his native Scotland. Witting [1911] applied this meth-
odology when investigating the tides of the Baltic and
made particular note of the fact that the K; and O; diurnal
tidal modes were amplified in the Gulf of Finland, a result
which was further confirmed by Lisitzin [1944].

[3] Neumann [1941] focused on the seiche modes encom-
passing the entire Baltic using sea level data from a number
of events when particularly pronounced standing oscilla-
tions had been observed. His theoretical analysis was based
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on computational methods attributed to Defant [1918] and
Hidaka [1936]. The rapid postwar development of the
digital computer, as well as the catastrophic North Sea
floods in 1953, provided a great impetus for this branch
of research, and in the late 1950s, two important studies of
the Baltic were conducted. Svanssson [1959] presented the
first time-dependent simulations of this almost landlocked
sea, and Lisitzin [1959] undertook a detailed study of 17
instances when regular sea level oscillations (encompassing
at least four distinctly recorded periods) had been observed
at Hamina in the Gulf of Finland. She determined the
associated periods, finding that they tended to be fairly
constant at around 26.4 h and furthermore undertook a
systematic discussion of the possible effects of the Coriolis
force on the oscillations of the Gulf of Finland. Krauss and
Magaard [1962] applied Chrystal’s [1905] technique to
calculate the periods of the Baltic Sea seiches, and these
authors later subjected spectra of the 1958 sea level records
from 35 tide gauges along the coasts of the Baltic to a
thorough investigation [Magaard and Krauss, 1966].

[4] The first numerical study properly incorporating the
effects of the Earth’s rotation was conducted by Wiibber and
Krauss [1979], who used a two-dimensional shallow water
model with a 10 km grid size and the connection to the
Kattegat closed. The model was forced by a prescribed
pressure field during 30 h and then run without forcing or
friction. Wiibber and Krauss [1979] described 10 modes of
standing oscillations, the first 4 of which had approximate
periods of 31, 26, 22, and 20 h. Meier [1996] investigated
the differences between simulated eigenmodes in a similar

C03004 1 of 11

































