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One key challenge of marine monitoring programs is to reasonably combine information
from different in situ observations spread in space and time. In that context, we suggest
the use of Lagrangian transport simulations extending both forward and backward in time
to identify the movements of water bodies from the time they were observed to the time
of their synopsis. We present examples of how synoptic maps of salinity generated by
this method support the identification and tracing of river plumes in coastal regions. We
also demonstrate how we can use synoptic maps to delineate different water masses in
coastal margins. These examples involve quasi-continuous observations of salinity taken
along ferry routes. A third application is the synchronization of measurements between
fixed stations and nearby moving platforms. Both observational platforms often see the
same water body, but at different times. We demonstrate how the measurements from a
fixed platform can be synchronized to measurements from a moving platform by taking
into account simulation-based time shifts.

Keywords: Lagrangian transport, surface ocean monitoring, integrating data and models, FerryBox, synoptic maps
of data, Elbe river flood

1. INTRODUCTION

In situ observations from FerryBoxes installed on ships of opportunity provide measurements for
a large number of different parameters with high temporal resolution. In this study, we address
a couple of examples that refer to FerryBox observations in the southern North Sea (Petersen,
2014). Localized in situ observations are, however, only limited snapshots of an ongoing evolution
of water masses, ranging from the large-scale ocean circulation on the order of years (Sheehan et al.,
2017) to the smaller meso- and submeso-scale structures (Oka et al., 2014; Schubert et al., 2019).
Proper interpretation of oceanographic measurements often requires knowledge about the origin
and history of the regional water masses. Naturally, this would be analyzed within a Lagrangian
framework. In this study, we demonstrate the usefulness of such an approach with three examples.

High-quality quasi-continuous data being available along frequent 1D ship transects entails
a certain imbalance between high temporal resolution on one hand and low spatial coverage
in a 2D domain on the other. Satellite pictures might be employed to achieve some spatial
extrapolation. Another kind of complementary information are hydrodynamic currents derived
from high-frequency radar observations, altimetry, or numerical models. Based on such current

Frontiers in Marine Science | www.frontiersin.org 1

July 2021 | Volume 8 | Article 666653


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2021.666653
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2021.666653&domain=pdf&date_stamp=2021-07-22
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:yoana.voynova@hereon.de
https://doi.org/10.3389/fmars.2021.666653
https://www.frontiersin.org/articles/10.3389/fmars.2021.666653/full


































Callies et al.

Lagrangian Drift Simulations Aid Monitoring

BSHcmod surface salinity

54°

53°

52°

51°

counterparts (same location and time) from BSHcmod.

0.0 33.2 33.3 334 335 33.6 337 33.8 33.9 34.0 341 342 343 344 345 346 347 348 349 350 40.0
Salinity

FIGURE 11 | (A) Composite of a surface salinity field from BSHcmod (1 June 0:00) and the corresponding synoptic map derived by combining FerryBox observations
within £40 days with BSHcmod surface currents (cf. Figure 10B). (B) The same composite but replacing real FerryBox salinity observations by their simulated

The best choice of the time slot taken into account is not a
priori clear.

5. CONCLUSIONS

In this study, we propose using Lagrangian transport simulations
to infer 2D spatial structures from 1D FerryBox data with high
temporal resolution. Synoptic spatial patterns at given times are
generated combining data from a time slot centered around
the time of interest. Hydrodynamic drift calculations are used
to move all water parcels sampled within this time slot either
forward or backward in time. In this way, FerryBox data collected
during several cruises along a set transect become expanded
into a larger spatial “corridor”. Examples we showed addressed
localizing an estuarine water plume, identifying the orientation
of a salinity front and synchronizing time series measured by two
different platforms.

We applied the proposed method to observations of salinity,
for which the assumption of passive behavior can be justified.
However, our 2D Lagrangian simulations did not take into
consideration either horizontal or vertical mixing processes. That
is likely the reason why even double twin experiments using
virtual observations extracted from the top layer of 3D model
simulations did not show perfect agreement with the simulated

“truth”. Unresolved sub-grid scale processes will generally be a
source of uncertainty in the synopses established.

Identification of regions of origin of water masses is generally
of great help for the interpretation of monitoring data. For
such an analysis, the simplistic treatment of salinity as a
passive tracer may not be a crucial constraint. For other
variables like chlorophyll, for instance, the constraint might
be relaxed and replaced by a simple parameterization of algal
growth. Alternatively, observations from an independent second
platform might be used to estimate rates of change in the drifting
water body.
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