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Abstract

The aim of this thesis was to estimate and possibly quantify ocean flow by utilizing
conventional and novel observational methods as well as model results.

Motionally induced voltages, from a cable-based observational system in the Baltic
Sea, were analysed to determine their utility for ocean monitoring. The data set was
examined as regards the influence of single- and multi-layerflow. Correlation analyses
undertaken in the first study showed that the geoelectric installation is capable of provid-
ing good estimates of the net flow across the Visby-Västerviktransect. The second study
focused on possible effects of multi-layer flow on the signal. Comparisons were made
with tidal-gauge geostrophic flow estimates, and a good agreement was found, except
for a few brief winter periods characterized by significant discrepancies. The velocity
fields from a three-dimensional model showed that these events coincided with strong
surface and bottom currents, and hence the attenuated voltage signal was suggested as
being caused by the non-uniform velocity distribution.

The third study dealt with the deep-water flow through the Understen-Märket trench.
Observational data indicated that this flow could be described by applying hydraulic the-
ory. Since the passage is narrow compared to the internal Rossby radius of deformation,
rotational effects could be neglected to lowest order. The theoretical predictions proved
to agree well with the observational results.

The final study examined the effects of the heat flux and the wind forcing on the cir-
culation in Bahía de Concepción, Chile, where three field surveys were undertaken dur-
ing the extended austral summer 2002. Hydrographic and current measurements were
compared to local tidal-gauge records. Rough estimates of the barotropic and the baro-
clinic flow across the transect indicated an unusual vortex circulation during periods of
weak wind forcing and strong surface heating; results whichwere corroborated by nu-
merical simulations.
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Thesis summary

1 Introduction

The aim of this thesis is to investigate how different oceanographic tools can be employed,
singly or in combination, to elucidate the dynamics of the ocean. This has been done by
applying a number of measuring techniques as well as analytical and finite-difference mod-
eling.

The two geographical areas under consideration are widely separated from each other,
one being the Baltic Sea in northern Europe (cf. Fig. 1), the other the Bahía de Concepción
(cf. Fig. 2) in central Chile. The two basins differ considerably in extent; the Bahía de
Concepción could, for instance, fit within Skälderviken on the north-western coast of Scania.
This discrepancy, however, poses no problems, since the physical basis of the circulation in
the two areas is the same. Both basins are characterized by anestuarine circulation with
a seasonally dependent fresh-water influx and are, furthermore, fairly polluted and harbour
fragile ecological systems.

Paper I deals with the wind-driven barotropic transports in the Baltic Proper, which are
examined using a cable-based monitoring system between Visby on the island of Gotland
and Västervik on the Swedish mainland as well as the results from a two-dimensional (2D)
shallow-water model.Paper II represents a continuation of the geoelectric investigations,
analyzing the influence of multi-layer flow on the voltage signal. This was achieved using
data from nearby tidal gauges and the velocity fields from a three-dimensional (3D) ocean
model. Paper III is devoted to the deep-water flow through the Understen-Märket trench
leading to the Bothnian Sea from the Baltic Proper. This transport, which is of importance
for the hydrographic conditions in the Bay of Bothnia, is examined from an observational as
well as theoretical standpoint. In the final study,Paper IV, the circulation in a small bay and
its sensitivity to changes of the wind forcing and the sea-surface heat flux is investigated using
sea-level records and data from field surveys combined with the results from 3D modeling.

2 Oceanographic "tools"

The circulation in the world oceans can, in a simplified fashion, be described as being due to
either wind- or density-driven forcing, where the latter primarily is caused by variations in
temperature and salinity. For global-scale motion, temperature effects dominate the density
variations and hence the flow, whereas the stratification andthe associated circulation in
smaller enclosed basins (e.g. the Baltic Sea or the Mediterranean) tend to be more dependent
on the salinity distribution. Water masses with different temperatures and/or salinities will
always seek to reach the state of lowest potential energy. That is, if water of higher density
is located above water of lower density, vertical convection will ensue until the water column
is stably stratified with the "lightest" water closest to thesurface. If denser water is found
next to less dense water, then the former will subduct and near-surface advection of the latter
water mass will take place. This rearrangement is known as baroclinic flow and is the main
cause of the large-scale motion of the world oceans. In regions with abundant fresh water
inflow, as in the case of the Baltic Sea, this type of advectionwill have a significant effect
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Figure 1: The Baltic Sea area is situated in northern Europe. The line between the
Swedish mainland and the island of Gotland shows the location of the telecommunication
cable. The box highlights the study area in Paper III. Abbreviations: Denmark (DK), the
Gulf of Bothnia (GB), the Gulf of Finland (GF), the Gulf of Riga (GR), the Baltic Proper

(BP) and the Sounds (S).

on the circulation in the basin. The "fresh" water will spread over the basin and leak out at
the open boundary, an outflow which will be matched by an inflowof more saline, denser
water at deeper levels; this type of flow exchange in a confinedarea is known as estuarine
circulation. The equations governing the conservation of volume and salt in an estuary were
formulated by Knudsen (1900) as

Q1 = Qf +Q2, (1)

Q1S1 = Q2S2. (2)

10
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Figure 2: Bahía de Concepción is located in central Chile. Abbreviations: Boca Chica
(BC), Boca Grande (BG) and Río Andalién (RA).

HereQ1 andQ2 are the out- and inflows, whereasQf describes the fresh-water inflow/evaporation.
The salinity of the surface and bottom layers are defined asS1 andS2, respectively. These
relationships become highly useful when all but one of the variables characterizing an estuary
are known.

Barotropic flow is characterized by a homogeneous vertical velocity profile corresponding
to a one-layer structure and can be due to e.g. atmospheric pressure differences or tides. Since
the Danish Sounds dampen out the tidal signal (cf. Stigebrandt, 1980), the Baltic Sea shows
very small tidally induced sea-level changes compared to the Swedish west-coast, and hence
the barotropic flow in the Baltic is mainly caused by meteorological disturbances (Walin,
1972).

As oceanic flow can be due to various properties of the water column, a number of differ-
ent methods have been developed over the years for monitoring specific flow features. Thus,
when attempting to measure e.g. the velocity at a given location, the method to be applied
should be chosen in relation to present knowledge of the local characteristics of the currents.
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2.1 Current monitoring techniques

Currents can be directly measured using numerous alternative methods. In the investiga-
tions constituting this thesis flows have been determined using data from ADCPs (Acoustic
Doppler Current Profiler), gelatine pendulum current meters (Cederlöf et al., 1996), sea-level
gauges, and geoelectric (MIV) installations (cf. Sanford,1982; Larsen, 1992).

The flow data from ADCPs and pendulum current meters include both barotropic and
baroclinic velocities, while the results from the two latter methods yield barotropic-flow es-
timates. An ADCP is either bottom-moored/mounted (thus pointing upwards) or ship-borne
(pointing towards the bottom). It emits high-frequency acoustic pulses and, using range-
gating, records the Doppler-shifted echoes, hereby yielding information about the velocity
profile (and, in exceptional cases, about the density stratification, Lake et al. (2005)). In
contrast, pendulum current meters must be regarded as "low-tech", but may serve a useful
purpose when making single-point casts of the velocity profile, see e.g. Borenäs and Lund-
berg (1988). The sea-level difference∆η between tidal gauges on each side of a rectangular
channel is related to the geostrophically balanced barotropic transportQg along the sound:

Qg =
gH∆η

f
, (3)

whereg is the gravitational constant,H the channel depth andf the Coriolis parameter. The
velocity estimates (¯v⋆) from the MIV observations are related to the barotropic velocity v and
the water and sediment conductivities (σw andσb) of the transect as

v̄⋆
=

∫ 0
−H σwvdz

∫ 0
−H σwdz+

∫−H
−H−hb

σbdz
, (4)

where the integration limits are set by the sea surface (z = 0), the water column depthH
and the thickness of the conductive sediment layerhb. For constant water conductivity and
insulating bottom sediments, the geoelectric measurements provide precise values of the net
flow across the transect; i.e. ¯v⋆=v. For vertically non-uniform velocity profiles, Longuet-
Higgins et al. (1954) stated that the water column can be divided into infinitesimally thin
horizontal layers, in each of which the velocity may be regarded as constant. This vertically
resolved formulation of Eq. 4 could become useful when analyzing and interpreting the MIV
signal in areas characterized by multi-layer flow.

2.2 Density-related measurements

The density of sea water depends on its temperature, salinity and the pressure. Originally,
the ocean temperature was measured on the deck of the ship using standard mercury ther-
mometers. The samples were from insulated water-bottles, lowered to some specific depth in
the water column. In the 1880s, the deep-sea reversing thermometer was developed in order
to preserve the in situ temperature and avoiding the data being affected by conditions in the
layers above.

12
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Determining the salt content of sea water is a far from straightforward matter and was
until the 1960s done by titration aimed at chloride ions. Theassumption behind this method
is that the major types of ions are represented in almost constant proportions, hence the salin-
ity is related to the abundance of chloride ions in the water sample. This well-established
chemical technique is, however, rather difficult and time-consuming and was thus later re-
placed by a new method which estimates the salinity in terms of the conductivity of the sea
water. Since it was highly desirable to compare old and new data sets, the conductivity-
based salinity measurements were expressed in terms of the old unit scale. Needless to say,
ocean monitoring became considerably easier when electricmeasuring equipment, such as
the CTD, was developed.

Figure 3: Ongoing CTD measurements from R/V Aranda 2006.

A CTD (Conductivity-Temperature-Depth) cast yields vertical profiles of the water-column
structure (cf. Fig. 3). These can hereafter be used to evaluate the density-driven (baroclinic)
flow across the transect between two hydrographic stations by dynamical calculations. A
constraint associated with this method is that the data setstend to be limited in time as well
as in space, since the obtained profiles only provide the instantaneous single-point vertical
structure of the water column. Hence repeated measurementsat fixed locations are frequently
necessary for this method to be useful for oceanographic purposes, a task that can be fulfilled
either by moored buoys or by field surveys. As ship time is rather expensive, the possibility
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of employing commercial vessels for oceanographic measurements (based on ship-mounted
instruments as well as expendable profilers) has become a valuable alternative, cf. Rossby
et al. (1995). Present-day equipment for observing the ocean density structure was first de-
veloped in the 1960s, and has since been further refined, not least in the form of expendable
profilers (XBTs, XCPs and XCTDs) and the widely used ARGO floats.

2.3 Ocean models

Numerical models often serve as important "tools" for studies of the ocean circulation over
small as well as large scales. The equations of motion are first discretized on a grid (the
design and resolution of which can vary in the horizontal as well as the vertical) over which
the equations hereafter are solved. In this thesis the results from three different types of
models have been utilized: a 2D shallow-water model (Döös etal., 2004), the 3D RCO model,
developed at the Rossby Centre (belonging to the Swedish Meteorological and Hydrological
Institute, SMHI), and the 3D MITgcm model (Marshall et al., 1997). The shallow-water
model was based on an Arakawa C-grid (cf. Mesinger and Arakawa, 1974), and yielded
wind-driven barotropic velocity fields for the Baltic Sea. The 3D RCO and MITgcm models
were discretized on a B- and a C-grid, respectively, and had atelescopically increasing grid
size in the vertical, with fine resolution near the surface and coarser towards the bottom. Both
of the 3D models provided velocity, temperature and salinity fields, the RCO for the Baltic
Sea and the MITgcm for the Bahía de Concepión.

The choice of model and the degree of grid resolution dependson the type of oceano-
graphic feature under investigation, and the results from these numerical experiments can
serve as an important complement to classical marine research based on field surveys of the
"real" ocean.

2.4 Optimizing insights concerning the flow

Measuring and quantifying ocean flow is often a challenging task, and thus combining dif-
ferent methods for estimating e.g. currents can become essential for extracting the maximal
amount of information from the study area. Long-term monitoring of, for instance, deep flow
at a location with complicated bathymetry might not be feasible, yet it could be achieved
indirectly by combining net flow data and surface-current measurements. The possibilities
of merging conventional oceanographic methods with more "novel" techniques for this and
other purposes should thus be taken into account.

A good example of optimizing the utility of the tools available for the oceanographer is
provided by data assimilation, where observations are fed into numerical models for opera-
tional purposes.

14
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3 Previous research on the study areas

Traditionally marine research in the Baltic Sea area was focused on physics, while, on the
other hand, biological studies dominated the investigations undertaken in the Bahía de Con-
cepción. In more recent times, however, research has come toencompass both biological and
physical oceanography in both areas, which in turn has contributed greatly to our understand-
ing of these delicate systems.

3.1 The Baltic Sea

The Baltic Sea, located in northern Europe, is one of the largest semi-enclosed brackish seas
in the world (cf. Fig. 1). The area is conventionally dividedinto the following sub-basins:
the Baltic Proper, the Gulf of Bothnia, the Gulf of Finland, the Gulf of Riga and the Sounds.
It has a large drainage area, a state of affairs which exerts considerable influence on the dy-
namics (cf. Bergström and Carlsson, 1994). The overall circulation is thus characterized by a
significant outflow of brackish water through the Sounds and an inflow of dense water origi-
nating from the North Sea (Knudsen, 1900). Partly due to thiscirculation and the associated
more-or-less continuous inflow of saline water, the sea-level inclination in the Baltic Sea is
maintained together with the accompanying inverted slope of the halocline (Backhaus, 1996).
Lehmann and Hinrichsen (2000) found that the Skagerrak-Gulf of Bothnia sea-level differ-
ence was around 40 cm, reflecting the salinity front between the brackish Baltic-Sea water
and the saline water originating from the North Sea. The well-developed halocline in the
basin, located at around 60 m (cf. Kõuts and Omstedt, 1993), has implications for the ecosys-
tem, since it does not allow direct wind mixing below this depth during the greater part of the
year. To summarize, the circulation of the Baltic Sea is highly complex and depends on (in
addition to the estuarine forcing) atmospheric forcing andthe shallow bathymetry.

The Baltic Sea has been subjected to intense research ever since the first oceanographic
surveys were conducted here during the late 1870s. Despite these efforts knowledge is some-
what incomplete, not least as regards the influence of baroclinic and barotropic forcing on the
transports.

3.2 Bahía de Concepción

Bahía de Concepción in central Chile (cf. Fig. 2) is almost rectangular with a surface area of
approximately 200 km2. It is connected to the Pacific Ocean via two passages, Boca Chica
and Boca Grande. This shallow bay has a mean depth of 25 m and the bathymetry slopes
gently towards the entrance, where the maximum depth is around 45 m (Arcos and Wilson,
1984). The freshwater inflow mainly comes from Río Andalién in the southeastern part of
the bay. During late spring and early autumn the bay is characterized by equatorial sub-
surface water, otherwise by sub-Antarctic surface water (cf. Ahumada and Chuecas, 1979).
The northward-flowing Humboldt Current of sub-Antarctic origin is found outside the bay,
with a characteristic salinity 33.7 and temperature 12◦C (Arcos and Wilson, 1984). Below
this current, a counterdirected flow of equatorial subsurface origin is present (Gunther, 1936;
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Brandhorst, 1971). During the austral summer, intense upwelling takes place off Bahía de
Concepción leading to a coastal ecosystem that yields a significant part of the total Chilean
fish catch. The shelter provided by the bay favours the hatching and development of fish
larvae. Since these are strongly dependent on the circulation, especially the upwelling, proper
hydrographic insights are essential for ensuring a rational management of the fish stocks.

4 The ocean circulation

4.1 From a telecommunication cable’s point of view

The use of motionally induced voltages (i.e. potential differences) for measuring ocean trans-
ports was first suggested by Faraday in the 1840s. This concept was given its modern form
by Longuet-Higgins et al. (1954) and a monitoring system based on these ideas was success-
fully implemented for the Florida current by Sanford (1982). The observational methodology
applied inPapers I and II is based on electromagnetic induction. Saline water in motion
through a magnetic field gives rise to an induced electric field proportional to the average
velocity of the flow. On the basis of standard electromagnetic theory, it is possible to show
that the observed potential differences are related to the conductivity-weighted depth-average
velocity of the flow, a quantity which bears a strong resemblance to the barotropic velocity.
This implies that an amalgamated "electro-oceanographical" model could be developed for
facilitating the interpretation of the potential differences in terms of the transport in the Baltic
Proper.

In Paper I the possibility of using data from a cable-based observational system for long-
term monitoring of barotropic flow in the Baltic Sea was investigated. A first attempt was
made to apply model data for the interpretation of the induced potential differences between
Visby on the island of Gotland and Västervik on the Swedish mainland. The motionally
induced voltages were known to be related to the barotropic velocity, hence comparisons
were made with predictions from a 2D electric-potential model, forced by velocity fields
from a shallow-water circulation model developed by Döös etal. (2004). The model output
proved to be well correlated with the voltage observations.

A winter and a summer period were selected for comprehensiveanalyses, the results
of which indicated that the modeled ("barotropic") and the observed potential differences
generally showed a higher degree of correlation during winter than in summer. This could
imply that the Baltic Sea circulation is influenced by barotropic processes to a greater extent
during winter. The non-barotropic effects during summer could possibly be explained in
terms of increased baroclinicity, this due to seasonal heating and augmented fresh-water run-
off. Although the MIV data and the model results proved to agree well locally during winter,
episodes were noted where they differed in amplitude. A global correlation analysis was
undertaken between the modeled potential differences and meridional transports, and it was
found that the spatial coverage of the potential differences encompassed a considerable part of
the Baltic Proper. Another global correlation analysis wasundertaken between the observed
MIV data and the modeled meridional transports (not shown inPaper I). The winter-period
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results revealed patches of low correlation in the vicinityof the cable, all of which were
found in areas characterized by large depths (cf. Fig. 4). This supports the conjecture that
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Figure 4: Correlation between the observed MIV data and the modeled meridional trans-
ports the Baltic Sea (established with 99.5% significance for essentially the entire area)

during a) the winter period and b) the summer period.

the winter-time damping of the signal as well as the low-correlation patches are related to the
barotropicity of the flow varying both in time and space in theBaltic Sea; hence the MIV
observations could include a non-barotropic (possibly baroclinic) signature.

An overall result of the study inPaper I is that geoelectric monitoring is capable of
providing useful data for oceanographic purposes. A somewhat speculative interpretation of
these results is that the geoelectric installation possibly could be used for determining the
barotropic flow in more-or-less the entire Baltic Proper. Ifthis proves to be the case, the
results could be highly useful for observational deployment strategies in conjunction with
assimilation of data into circulation models.

Before this aim can be realized it is, however, necessary to investigate the effects of
stratified flow on the measured conductivity-weighted depth-average velocity (¯v⋆). Longuet-
Higgins et al. (1954) presented theoretical considerations regarding the effects of multi-layer
flow on motionally induced voltages. By using this theory, the background to the discrep-
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ancies of "unknown" origin between the MIV observations andthe 2D model data as well
as the anomaly between the MIV data set and the barotropic flowestimates (Sigray et al.,
2004) could be studied in greater detail. This task was pursued in Paper II by comparing
the voltage measurements with sea-level data from two nearby tidal gauges and the 3D RCO
model output.

When examining the sea-level differences together with theMIV data, three distinct
events were found where the data sets differed significantlyin amplitude. One of these took
place in December 1999 as highlighted by Sigray et al. (2004), who explained this anomaly
in terms of an exceptionalwindstaucaused by an atmospheric front extending across the
western Baltic. It, however, appeared puzzling that three events of this unusual type would
occur during the same winter period. An investigation was thus undertaken to possibly find
the cause of these noticeable discrepancies. From Eq. 4 in Section 2.1 it is evident that
the anomalous flow estimates must be due to the conductivity properties and/or the velocity
distribution across the Visby-Västervik transect. The modeled salinity field did not change
during these periods in a way that could explain the attenuated signal. It was, however, noted
from the modeled meridional velocity fields that all three events coincided with an unusual
flow distribution characterized by strong currents near thesurface as well as the bottom. A
method was developed, using "barotropic" and "baroclinic"flow indices, to detect events with
this specific flow structure. It was found that the anomalies occurred during periods when the
baroclinic flow index assumed maximal values.

The study presented inPaper II concluded that under certain winter conditions the volt-
age signal is strongly attenuated, most likely due to exceptionally high velocities in both
upper and lower layers. During these episodes, the voltage-derived net flow is a severe under-
estimate (by up to 60%) and the resulting spurious data should consequently be disregarded.

The plans for future work as regards analyzing the voltage data set are primarily focused
towards constructing a vertically resolved electric modelfor the Visby-Västervik transect, a
topic to be further discussed in Section 5 of this thesis summary.

4.2 Below the surface

Paper III deals with the deep-water flow through the narrow Understen-Märket trench us-
ing climatological as well as synoptic data and hydraulic theory. This furrow is the deepest
connection between the Bothnian Sea and the Baltic Proper, and insights concerning these
deep-water transports are of considerable significance when attempting to analyze the cir-
culation in the Bothnian Sea. A field survey was carried out bythe Finnish R/V Aranda in
October 2004, during which measurements of the density structure and current profiles were
undertaken at a number of stations in the Åland as well as Bothnian Seas using a CTD and a
ship-borne ADCP. The vertical salinity structure in the trench showed a slight cross-channel
tilt of the isohalines and the velocity profiles suggested a 1.5-layer hydraulic flow, with a
more-or-less passive upper layer and a comparatively rapidflow towards the Bothnian Sea at
depths. On the basis of these observations and from climatological data sets it was suggested
that the deep-water flow through the channel could be described using hydraulic theory. The
passage is narrow compared to the internal Rossby radius of deformation and hence it is, to
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lowest order, possible to neglect rotational effects. The cross-channel bottom profile is fur-
thermore approximately parabolic, which implies that a formalism adapted to bathymetries
of this type (Borenäs and Lundberg, 1986) can be applied. In these hydraulic studies condi-
tions in the upstream reservoir are of particular importance; viz. its depth, interface level and
flow distribution. The maximal deep-water transport was calculated using the "exact", the
lowest-, and the first-order solutions (Borenäs and Lundberg, 1986). These estimates were
found to correspond reasonably well to predictions from a mass-balance model (Knudsen,
1900). Hereafter the study was extended to also take into account more general conditions,
where the accuracy of the solutions corrected to first order was determined by comparing with
the "exact" solutions for passages characterized by different widths and upstream-reservoir
depths. Incorporating first-order corrections in the transport estimates was found to serve a
useful purpose for a considerable range of parabolic channel geometries and upstream-basin
conditions.

The current measurements in the upstream reservoir suggested that a "false bottom" could
be prescribed here at a depth of 110 m, since the waters below appeared to be stagnant. This
observation improved the theoretical deep-flow estimates and demonstrates the importance
of combining different oceanographic methods.

4.3 In a small bay

In Paper IV the water exchange, stratification and circulation patterns in Bahía de Con-
cepción, Chile were examined using field observations augmented by the results from a 3D
numerical model (MITgcm). Three hydrographic surveys including current measurements
were conducted in the bay during the extended austral summer2002. The observed temper-
ature and velocity fields in the Boca Grande transect were analysed and sea-level data were
used to calculate the water exchange induced by the tidal flow. These results gave reasonable
estimates of the barotropic flow, which, together with the observed velocity profiles, made
it possible to quantify the baroclinic flow across the mouth of the bay. To cast further light
on this matter, the MITgcm was used to determine the responseto heating and local wind
forcing of a model domain patterned on Bahía de Concepción. An initial heating period gave
rise to a baroclinic vortex in the bay. For southerly winds the model results showed a well-
stratified water column, with surface-layer outflow and a compensating bottom-layer inflow;
upwelling was found to take place at the eastern boundary of the bay. These results are in
good agreement with the observations. The circulation pattern for northerly winds showed a
shallow surface-layer inflow and an outflow in an intermediate layer. These latter results may
have bearing on the dynamics in the Bahía de Concepción during El Niño episodes.

In this study the importance of using and combining the results from hydrographic mea-
surements and numerical models becomes apparent. The indications of e.g. the proposed
gyre circulation would have been too vague had they only beenbased on the field obser-
vations. Here, the modeled velocity field that emerged for similar meteorological forcing
corroborated the suggested vortex, making this conjectureabout the circulation less tentative.
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5 Conclusion and outlook

Some of the studies presented inPapers I-IV leave open questions that should preferably be
dealt with at a future date. A prime example is whether the short-lived wintertime attenuated
voltage signal events is an effect of baroclinic flow or not. A3D "electro-oceanographical"
model could serve as an important tool for elucidating the short-circuiting effects that are
due to multi-layer flow, results which would facilitate further analyses of the voltage data set.
It would also be of considerable interest to in the future place a moored ADCP in the vicin-
ity of the Visby-Västerik cable. Such independently obtained single-point observations of the
velocity field could be of great significance when attemptingto isolate periods in the geoelec-
tric data set when spurious net flows are obtained. Presumably it should hereby be possible
to establish if, as hypothesized above, the discrepancies between the "barotropic" and the
"voltage-derived" results in fact are due to vertically non-uniform velocity distributions.

To further develop the research topics dealt with here and toextract the maximal amount
of information from the results arrived at using the methodspresented in this thesis, a nat-
ural continuation would be within the field of data assimilation. The analysis of the MIV
observations has shown that this data set, with its high resolution in time and large spatial
coverage, would be suitable for these purposes. By using voltage-derived, near real-time net
transports from the Visby-Västervik transect, the modeledvolume flux in this region could
be constrained. Especially in the case of the Baltic Sea, there is a need for improving the
numerical circulation models in order to later incorporatee.g. ecosystem modeling. Indeed,
fusing the data from different monitoring systems with a model for the Baltic Sea to yield a
"best estimate" of the system state on the basis of data-assimilation techniques would pose
an intriguing task for the future.
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