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MOTIVATION – OCEAN EDDIES, FRONTS, FILAMENTS 
(MESOSCALE/SUBMESOSCALE TURBULENCE) 

GENERATE STRONG HETEROGENEOUS HORIZONTAL 
BUOYANCY GRADIENTS AND CURRENTS AT VARYING 

SCALE

OBJECTIVE – HOW DOES OCEAN  SUBMESOSCALE
TURBULENCE IMPACT THE ABL AND THE OBL IN THE 

EUREC4A REGION?

Trade wind clouds

Density filaments

Upper ocean mixing

SST heterogeniety

Teleconnections?
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ATMOSPHERIC & OCEAN BOUNDARY LAYER:

Subtasks:

• Determine the strength of submesoscale processes within eddies and their 
role for the surface and the atmospheric boundary layer; 

• Investigate the spatial and temporal variability of mixing processes within 
eddies and quantify diapycnal fluxes of heat and solutes

• Determine internal wave variability and its contribution to elevated mixing 
within eddies.



OCEAN MESOSCALE & SUBMESOSCALE



Riverine water at surface 
Barrier layerEddies transport agents 

Trapping of heat & momentum

Surface anomalies
Atmosphere/cloud feedback

Mesoscale anomalies

Persistence: subsurface processes
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OCEAN INTERIOR
NEAR-INERTIAL WAVES (NIW)

• Generation and decay of NIW and currents 
(including the spatial scales of wind variability)

• Vertical vorticity and NIW propagation in eddy 
vicinity

• Full rotation of eddy – 14 days

• 1 (or 2) ships: Estimate vertical/relative vorticity, 
divergence, and strain statistics – background, 
eddies, fronts

Körtzinger & Baschek: MOSES Eddy Study II  10 

CTD/RO stations to determine diapycnal fluxes of oxygen, nutrients, trace gases and other 
chemical and biological parameters. 

Glider observations: To survey sub-mesoscale features and the dye tracer dispersion, Slocum 
gliders capable of autonomously measuring temperature, salinity, depth, oxygen, chlorophyll, 
turbidity, rhodamine, and uranine will be employed. The gliders will each have additional 
sensors mounted on the gliders top. One glider will be equipped with a nitrate sensor (SUNA 
– submersible ultraviolet nitrate analyzer, Satlantic) while the second glider will be equipped 
with a microstructure probe (MicroRider, Rockland Scientific) featuring two shear sensors and 
two fast temperature sensors. 

Dye tracer experiment: We will use two types of dye tracers, rhodamine WT and uranine 
(water-soluble disodium salt form of fluorescein), to determine the integral effect of vertical and 
lateral mixing (incl. straining). The observing strategy follows closely the LatMix experiment 
(Shcherbina et al. 2015). The dye will be released at three focus areas in the eddy: in the core 
(70-100 m), at the rim frontal zone (80-130 m), and at the near-inertial wave shear maximum 
underneath the eddy core (300-400 m, Fig. 3). These areas will be determined from SLA data 
and a ship survey acquiring ADCP data (see Fig. 2). Each deployment, designed to last 5-6 
days, will consist of 100 kg dye tracer dissolved in seawater to the target density resulting in 
about 700 L of dye solution. The dye will be deployed on an isopycnal surface by pumping 
from a reservoir on deck through a hose that is coupled to the CTD cable with cable ties. A 
neutrally buoyant package comprising a Seabird-9 CTD and a diffuser ensure that the target 
density is met as the package will be kept within less than 1 m of the target density surface by 
manually controlling the CTD winch in response to the density deviation measured by the CTD. 
The system is towed with about 1 knot for approximately 1 h for rhodamine WT and 15 min for 
the fluorescein releases.  

Fig. 3. ADCP-based meridional 
velocity shear section through 
an anticyclonic mode-water 
eddy in the proposed working 
area (Karstensen et al. 2017). 
The three areas (1, 2, 3) are 
proposed dye tracer release 
areas with expected enhanced 
(1, 3) or damped (2) vertical 
mixing. Yellow dots indicate the 
boundary of the eddy core area 

 

By deploying the dye in a streak a larger target for the initially sampling is given, with the idea 
that after 5 days, the exact shape of the initial condition is not crucial as reported from the 
LatMix experiment (Sundermeyer, personal comm.). A Lagrangian float is deployed together 
with the dye release for a zero order dispersion tracking. 

GEOMAR/Biogeochemistry (WG Arne Körtzinger) 

Discrete water sampling: On all CTD-O2 stations, water samples from the upper 1200 m will 
be analyzed for nutrient content (NO3

-, NO2
-, PO4

3-, SiO(OH)3
-), marine CO2 system 

parameters (DIC, TA) as well as dissolved gases (pCO2, O2) all of which employ proven wet-
chemistry methods. Salinity and oxygen analysis will be used to calibrate the CTD sensors. 
The CTD-O2 transects across the eddy will be extended well beyond the frontal zone to allow 
eddy waters to be contrasted with the background situation outside the eddy. 

Surface-tethered drifter: A surface-tethered Lagrangian drifter with biogeochemical sensor 
package (T, S, O2, pCO2, total gas tension, chlorophyll/turbidity) will be deployed for 
autonomous survey of sub-surface water properties in the upper core of the eddy (vicinity of 
dye tracer release experiment). The drifter features a surface spar with Iridium/GPS package 
and flashlight and a sub-surface holey-sock drogue.  
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SCIENTIFIC GOALS

1. Life-cycle of clouds 
(a concerted effort with Ship 1+, BCO, aircrafts)

2. Evolution of the lower atmospheric, considering the ocean 
underneath 

3. Understanding of atmosphere and ocean on the oceanic 
mesoscale

Atmospheric Boundary Layer

Air/Sea Interface

Upper Ocean at mesoscale  



WORKING AREA 
&
PLAN

•

Transit working area one:
- Ships steam in parallel (Intercalibration of 
instruments, vertical vorticity-ocean) – 1 day

- Cloud evolution/life-cycle experiment (Concerted 
activity with Ship 1+ and aircraft surveys)  - 7 days
- Mesoscale eddy experiment (South, North Brazil 
Current Rings) – 22 days
Transit to Bridgetown – 2 days



(SUB-)MESOSCALE SURVEYS

• Sampling a mesoscale eddy
(order 100-200km/10h at 10kn)

• Sampling submesoscale:
l=0.1–10km in the horizontal, h = 0.01–1 km in 
the vertical, hours-days in time

• Ship continuous:
ADCP currents, underway hydrography and 

pCO2?, underway CTD (upper200-500m)

• Ship discrete:
CTD/rosette – multiple sensors, 
Microstructure

• Underwater glider:
1-2kn; upper 1000m max, Microstructure,
SUNA Nitrate



MARIA S MERIAN 
(PROPOSAL VIEW)

� User:
Germany: GEOMAR Kiel, MPI-Meteorology Hamburg, MPI-
Microbiology (Bremen), MPI-Dynamics/Self-organization 
(Göttingen), University of Cologne;  University of Hamburg
International: ENS, LMD, LOCEAN

� Period: 18. January 2020 - 20. February 2020 
(Bridgetown - Bridgetown) 

� Chief Scientist: Johannes Karstensen, jkarstensen@geomar.de

� Funding (transportation only):
� University Cologne – 1 x 20” container (radar), 2 boxes (Microwave)

MPI-DS – 2 x 20” container (cloud kite), 3 boxes
MPI-MM – 1 x 20” container
University Hamburg/MPI-M: 2 boxes
GEOMAR – 2 x 20” container

� 19 flights: for German participants (return)

mailto:jkarstensen@geomar.de


• Small-scale and high-
frequency variability at the
air-sea interface

• Ship-Tethered Aerostat 
Remote Sensing System 
(STARSS) tracking
biodegradable bamboo
dinner plates

• “STARSS-like set-up” making 
use of cloud kites?

IDEA:
NEAR SURFACE FLOW OBSERVATIONS 

STARSS images

(Carlson et al. 2018; Frontiers)



SHIP INSTALLED EQUIPMENT (SEE MANUAL)

� ADCP 38, 75kHz

� Thermosalinograph

� Winch CTD (up to 5000m) 

� Hydrophone

� Internet )

� Autom. Weatherstation & 
Radiosonde

� Surface waves observations 
(expertise??)



GENERAL

• Diplomatic clearance (6-8 month before cruise) – all observations must 
be declared

• Dangerous goods (6 month)

• Safety  issues (drones, cloud kites, ...)



TIMELINE SHIP 
COORDINATION 
GROUP



TIMELINE SHIP 
COORDINATION 
GROUP

• cc



TIMELINE SHIP 
COORDINATION 
GROUP

• cc



DATA POLICY
• The ship application include a data policy that need to be followed by the participants:

• The Kiel Data Management Team (KDMT) maintains the Ocean Science Information System (OSIS) as a central

information and research data sharing utility for marine research projects at GEOMAR and Kiel University. It is
publicly accessible and can be utilized by all cruise participants, including national and international 

collaborators. OSIS merges information on expeditions, experiments and numerical models with peer review
publications and available research data. The view of all information in OSIS is open to the public while access

to actual data in ongoing research projects may be restricted for definable periods of time (moratorium). 
Alternatively the submission status of data files including the responsible investigator as contact person is

visible to the public and may foster collaborations with interested researchers. 

• Members of the KDMT are active PANGAEA data curators and can assist researchers during preparation of their
sample archival and data publication procedures in a World Data Center (e.g. PANGAEA) which will then

warrant long-term archival and access to the research data. This data publication process will be based on 
available files in OSIS and is therefore transparent to all reviewers and other researchers. Cooperation with a 

world data center and the union for application of International Geo Sample Numbers (IGSN) will make data
and samples globally trackable and increase their scientific value and usability. Links to data publishers or

principle investigators provide contact information for external scientists. 

• The chief scientist and all principal investigators involved in this cruise's research will comply with the time 

schedule below regulating the availability of all information and all research data and where applicable also of
physical samples resulting from this cruise. Following the cruise the KDMT will support and assist researchers in 
their data management activities. 

• Availability of metadata in OSIS (https://portal.geomar.de/osis ): 2 weeks after completion of the cruise and

related experiments Availability of data in OSIS ( https://portal.geomar.de/osis ): 6 months after completion of

the cruise and related experiments. Availability of data in a WDC/PANGAEA (http://www.pangaea.de or as
compilation at http://www.pangaea.de/search?q=campaign:CRUISENAME): 3 years after completion of the

cruise and related experiments. 


