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1 Cruise summary

1.1 Summary

The R/ SONNE cruises0Q2683 covered two research projettMICRO-FATE and MORE2:

- MICRO -FATE (Characterization of the fate and effects of miglastic particles between hotspots and
remote regions in the Pacific Oceamgs to characterizédistribution, fae and potential effects of plastic
debris in the Nortern Pacifi¢ with a fawus ongradients between hotspots and more remote megio
During SO2683, probeswvere collected for extended analyses over the next yearsahiging strategy
covered plastic fom the sea surface and from selealegths in the water column, down to the seabed
The data from vertical profiling will teghe hypothesis that a large part of the plastic emitted to the
marine environment sinks to the seabed where it is stored fordetermined time. The main study area
coveredthesc al | ed AGreat P a atialsa three Gaxkyround) lecati®adtdr dving, b
the US EEZ, in the centrBhcific (i.e. north of Midway) antbwards AsiagouthernJapanese EEZ).

- MORE-2 (Measuring Ocean Referendegart 2) collected taosphericreference data along the way.
The focus was on atmosphedatafor aerosol, tracgases to calibrate satellite retrievals, to evaluate
model simulations and to constrain with observational assmtsasimulated processes in modeling. In
addition 21 ARGO floatsvere deployed to maintain the monitoring capabilities of the upper ocean state
and underway hydracoustic data were preparfnt the Seabed 2030 projest the Nippon Foundation

and GEBCQfor more accurate oceans maps).

1.2 Zusammenfassung

Die SONNEAusfahrtSO2683 bediente zwdrahrtvorschlageMICRO-FATE und MORE2.

- MICRO -FATE (Charakterisierung des Verbleibs und der Effekte von Mikroplastikpartikeln zwischen
Hotspots und abdegenerRegionen im Pazifik) hattdie Charakterisierung der Verteilung, des Verbleibs
und mdglicher Effekte von Plastikmull im Nordpazifdaum Ziel instesondereentlang Gradienten
zwischen Hotspots und weniger belastetezhi®en. Wahrend der SO288Forschungahrt wurden
Proben fur weiterfihrende Untersuchungen in den kommejateerngesammelt. Die Probenahme betraf
dabeiTreibgut an der Wasseroberflache, Wassewatschiglenen Tiefen und Ozeanboderoben. Ziel
dieserUntersuchungen ist es vor allem dienalhme zu bestatigedass ein Grof3teil des in die Meere
emittierten Plastikmuills zum Ozeangrund absinkt, wo er auf unbestimmte Zeit verbleibt. Das
Schwerpunktgebi et war dabei der sogenandd e Ag
Hintergrundgebietedirekt na&h dem Verlassen der amerikanischen EEZ, im zentRdeifik (nordlich

von Midway) und im westlichen Pazif(kn stidlichen Teil dergpanische EEZ).

- MORE-2 (Messungen von ozeanischen Referenzdaten Teil 2) sammelte atmosphéarische Eichdaten. D
Ziel waren Daten zu Eigenschaften von Aerosolen, Spurengasen und Wolken, um mit digesen
Interpretationen der Satellitendaten zu verbessern, MBaelhnungen besser zu beurteilen und durch
Zuordnungen verschiedener Eigenschaften simulierte ProzesgesdarankenAusserdem wurden 21

ARGO floatsausgelegt, um di&berwachungMoglichkeiten des oberen Ozeans aufrechtzuerhaiben
hydroakustische Daten fur das Projekt Seabed 2030 der Nippon Foundation und GEBCO gesammelt, um
verbesserte Karten der Mesbedenmorphologie zu erstellen.
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3 Research pogram

3.1 Description ofthe work area

The RV SONNE 268 cuisewasa transit cruise from Vancouvé€anadalo Singapore wittabout 8

full days for station timeThe station time was used to survey Narthern Paific for ocean litter and
micro-plastic at the sea surface, in the water column and at the sddliedvork was complemented by
continuous i u n d e robsaryations (e.g.of atmospheric and oceans floor properties) and the
deployment of 21 ARGO floats algrihe way.

3.2 Aims of the quise

The SO 2683 cruise covered goals of ondifferent prgects MICRO-FATE and MORE2.

The MICRO-FATE projectinvestigated theoccurrencefate and possible effects of plastic in the so
called "Great Pacific Garbage Paitcand along gradients to less polluted areas. The transit from
Vancouver to Singapore wan @leal route to investigate thigpic. In total, about 8 days of station time
were available on this transit. Due to the great depth (mostly-6000 m) and thextensive sampling
program, 8 complete profile stations could be covefedording to models, the centef the garbage
patch was expected to be in the region between 30 and 35°N and 135 and 145°W, but due to the
prevailing sea surface currents in the tNdPacific Ocean, increased concentrations of plastic material
could alsobe expetedwestvard of the garbage patch n&&0°N. Thus, an important reference station
wassampled at 39°N and 135°& the beginning of theoyage with a presumablgw plasticload. This

was followed by threestations in the expected centdrthe garbage patch (at 33°N 144°t,30°N
141°W andat 30°N 152°W) and three more sampling locatiaith likely lower plasticconcentrationst
29°N 162°W,at29°N 175°W (with a permit naghe Midway Atoll) andat 29°N 171°E. The final profile
wassampledat 22N 127°E, with gpermit in the Japanese EEZ.

The MORE-2 project collectedatmospheric properties of aerasotlouds and tracgases, because
reference data coverage over oceanspersei especially over the PacifiThe data will serve as (1)
calibration data for satellite remosensing retrievals and (25 evaluation data for (global) modeling
and dataassociations should assist in constraining simulations of atmosphericsggst® addition, 21
ARGO floas were deployed to maintain the monitoring capabilibethe upper oceali.e., temperature,
salinity) andunderway hydroacoustic data were prepared for the Seabed 2030 project.

3.3Agenda of the cuise

MICRO-FATE activities focused on similar probing activities at 8 statiao®ss the Pacific, with ocean
depths always exceeding 5060 The depthprobing involved (1) vertical profiling with the dmard
CTD with water filteringto collect particledarger than 0.45 um,QLum and 35 um sizeia attached
McLanein situ pumps (2) multi-hourimagesurveys with the otvoard OFOS camera and @&mpling
of 20 sedimentoreswith a MUC. The neasurface probing involvethe sampling oparticlesin (1) a
Neuston catamaramvith a 335 pm mesh size neR?) a cascade filtration unit to collect particles of
different sizeslérger than0.45 pm, 10 pm, 50 pm, 100 pm, 200 pm and 500 pm).a(Bparine snow
catcher, 4) a plankton net(5) a scoopand occasionbf (6) a coarsdi S O N NhEtapecifically built by
the crewfor sampling oflarge items. Continuous sampling involved €hyichment of dissolved organic
pollutants in a solighhase extraction unit, (2} visual observatichasedocean litter surveyand (3) a
plastic aging expement with exposure of plastic itemt® seawatewith or without exposure tsolar
irradiation
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MORE-2 activitiesincluded the deployment &f1 ARGO floats the analysis of bathymetric daéad
continuous sampling of atmospheric dataagtiveand pasive emote sensing techniques.

During the SO268 research cruisén total 31 stations were assigned and their locations are indicated in
the official station magFigure 3.). Most of the assigned stations mark only a slowdtogvn of the
vessel for the deplanent of an ARGO float. Thiarge profile stations are listed in Table 3.1 and are
highlighted in Figure 3.2

Sonne 268-3 Station Map

OW0%k  126° 196°E 144 152°F  160°E  168°E ATEPE  176°W 16EOW  160°W 152°W 1AW  136°W
Figure 3.1 Official station maypof the R/V SONNEresearch cruise X88-3.

Table 3.1 Profil e stationson SO2683.

date time (UTC) lat N lon E z (m)

6/2/2019 | 03:4020:38 | 39.4734 | 224.0450 | 5129 CTD, OFQOS, MUC

6/6/2019 | 10:3607:37 | 30.0412 | 218.2360 | 5069 CTD, OFOS, MUC

#
3
5 6/4/2019 | 15:4011:50 33.9194 | 215.2169 | 5260 CTD, OFQOS, MUC
6
7

6/9/2019 | 00:3022:41 | 30.0858 | 208.0724 | 5238 CTD, OROS, MUC

6/11/2019 | 17:4217:08 | 29.9896 | 196.3954 | 5670 CTD, OFQOS, MUC

17 | 6/14/2019 | 22:5019:39 | 29.8324 | 187.5002 | 5298 CTD, OFQOS, MUC

21 | 6/17/2019 | 20:3816:25 29.8317 | 171.4991 | 5240 CTD, OFQOS, MUC

30 | 6/26/2019 | 15:3812:01 | 22.7466 | 127.7269 | 5360 CTD, OFOS, MUC

OO|INO|U|AWIN|F-
[
o

31 | 6/28/2019 | 01:5707:29 | 21.9526 | 124.4131 | 5152 CTD

Figure 3.2 R/V SONNE 2®-3 track chardisplayng the location of the ®rofile stationg(green) andhe
deployment locations of the 21 ARGIDats (yellow,Scripps Oceanic InstitutealJolla, CA.



8 SONNE Berichte, Cruise 268-3, Vancauveri Singapore, 30.05. 5.07.19

4 Narrative of the cruise

The S0O268 cruise covered thMICRO-FATE and theMORE-2 projects. Under the MICRGATE
project distributions of oceanic litter across the Pacific were surveyed with a fotis fol rangefrom
large pieces (sircas barrels) down to miametersizes. Central activities were eight stations wiitee
locations near therojected core of the NortRacific GarbagePatch At eachstation, the sampling
programlasted almosione day due to the great deptiThe plasticlitter sampledcovered material
collectedat the surface(with nets and filters of various mesh gizde vertical distributionfrom different
depths ¢now catcher, plankton nét situ pumps)and material from the seabed (sedim@mt/C), visual
surveys(OFOYS). Thesesamples were complemented tgarcontinuous observationd @oating litter,
plastic aging experiments, water filtering anitial characterization of the biofilgrowing on the surface
of plastic debrisUnder the MORE2 project atmosphar referencedatafor satellite remote sensing and
modeling data were sampleshdeway, and recorded ocean floor data were analygedthermore, for
deployments of the 21 US ARGO floats the speed of the vessel was temporarily reduced.

The voyage began iWancouver, Canada on May ,3R012 The ship left itsnorth-side quayin the
morning at 5 an. (3 hours earlier than scheduled to avoid delays by a potential strike by the harbor staff).
The pilot stayed until Victod, BC and the shiphenheaded in SWidkctionassoonasthe open Pacific

was reachedtowards the garbagearh area (385°N 140-145°W). Once the ocean depths exceeded
5000 m (similar to depths in theagbage patch area) near 3N5L35°W on June ltheAbackgr oundo
profile station #1lwas sécted toestablisha largely litter-free oceanreference.Further proceeding
towards thegarbage patch arethe frequencyof floating litter and plastic increaseds observed in the

litter survey Profile station #2 was picked near thirthern rim of he garbage patch region at°B4
145.5W on June 4Profile station #3 at 3N 141.5W on June 6 was #be Southern rim of the garbage
patch regionlIn efforts to capture the longitudinal distribution of floating debris #ogage continued

then ina westvard directionnear 30N, with profile station#4 at152°W on June 8 angrofile station #5

at 162W on June 11 (after passing a cloht with considerable rain near 15%).

Although he floating litter frequency hadeaeased since theoregarbage pattregion, therewere still

occasional patches witkery high litter levels probably related to théominating mesoscale currents in

the Pacific near 3WN. A particular effort was made to catch a large plastic barrel, which wasisiot

filled with seavate but also contained many small fishes, with one of them already too big to escape
through the openirgythe fishwas rescued by opening the barrel with a.saeveralARGO floatswere

deployed beforthePapahUnaumokuUkea Ma (PMNM) zddeinttie dlortawesteMo n u me n
Hawaiian Archipelagavas entered. iefile station #6at 175W on Jur 15 (as the data dune 1l4was

skipped in anticipatiomf the datelinecrossing) supportethe collection of lage litter piecegluring the
scheduledoutine testing othefast rescudoat Still, at this stomear the Midway Island$ was easy to
collectfloating plastic litterwith the scoomext to the ship from thewer deck.

The dateline was crossed in thight to June 17 and from now amarinebirdshad started to competer
the kest positions on the front mashd pollute the area belowifter the AMNM region the remaining
ARGO floats were releasexvery two degresin longitudewith the profile stop #7on line 17 neat72E

in betweenWhen halting for technical reasons for a couple of hnaes 168E, two passing bigger ships
lured someof the birds away By June 21 all ARGO floatisad beerdedoyed just in time for a Swedish
style midsummemight celebration. The EEZ of Japanwas entered on June ,28ow with warmer
temperatures, higher humidity, deepnvection occasional precipitation arhrdly anyblue skiesAfter
passing a frontal zone with heavy precipitation on June 25, thertdise station #8 was eached on June
26 near 23\ 127°E. Another CTDonly stationon June 28 near 2R 124°E ended the station work. The
rest of the way was &elative rough) transit through a windouth China Seaand Singapore was
reached late on July 4
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5 Preliminary r esults

5.1 Hydroacoustics(T. Dufek, C Schniotalla)

Three different hydroacoustic echo sounders were operated during -SOR661 Vancouver to
Singapore: The muHbeam echo sounder Kongsberg EM122, thelmttom profiler Teledyne Atlas
Parasoud P70, and the scientific echo sounder Kongsberg Simrad EK60. The EM122 and the EK60 were
continuously recording data from leaving the Canadian EEKlay 31%, 2019 (16:00 UTC) untilune

28", 2019 (8:00 UTC) before entering the EBZthe Philippines. The data acquisition continued within

the Hawaiian and Japanese EEZ. The P70 was not constantly acquiring data and was maintly@witche
before and after stations.

5.1.1Multi-beam echsounder Kongberg EM122

Technical descriptionThe multitbeam echo sowler Kongsberg EM122 was recording bathymetric,
backscatter, and water column data during SER268 operates with an acoustic frequency of about 12
kHz, has a beam opening of 0.5° x 1°, and a fan opening angle of up to 150°. During3Smhadan
openingangle was set to 13(40° in dependency of the backscattering characteristics of the seabed
resulting in a swath width of about 22 km if0@0 m water depth. Per ping the EM122 gains up to 432
soundings (in high density mode) which can be increased288ual swath mode when two signals are
emitted into the water column simultaneously with a difference in tilting angle (Kongsberg Maritime AS,
2011). During SO268 the high density and dual swath mode were used continuously.

Data acquisition and proessingThe data acquisition was done by using the Kongsberg SIS (Seafloor
Information System) software. The bathymetry and backscatter data was stored in Kongsberg raw file
format (*.all) of 60 min duration. The water column data was stored in wcd fileatoiDuring SO268

nine CTDs (conductivity, temperature, depth) measurements were taken. Eight of them were imported
into SIS for improving the quality of the depth measurement. The last CTD was taken just before
switching off the hydroacoustic systemsiamas therefore not used. Before the first CTD was taken, the
opensource software ASound Speed Manager o devel ope
was used to generate a synthetic sound velocit)
Ocem At as 20090 ( WOADO 9 -iles fwere imporke® Ath .QPST Qireera d..I7.2.
Erroneous depth measurements were deleted by using the swath and slice editor. Afterwards, the
soundings were exported in ASCII and GSF format. The ASCII data was theriathpm QPS DMagic

7.8.6 and gridded with the 3x3 weighted moving average gridding methods and a cell size of 60 m. Data
gaps were interpolated in QPS Fledermaus 7.8.6 and the models were saved as SD files and exported as
GeoTIFF. Additionally, theopesaur ce sof t war e t ool iGeneric Mappi
in grd format with a resolution of 100 m. For backscatter processing thieslvere imported into QPS
FMGeocoder Toolbox 7.8.10 and mosaics with a raster cell size of 30 m were egr{eigtt default
processing settings) and exported as GeoTIFF.

Preliminary resultsThe EM122 bathymetric data will be contributing into the SEABED 2030 initiative,
which aims for 100 percent compl et i onjoireed pragectmap ¢
of The Nippon Foundation and the General Bathymetric Chart of the Oceans (GEBCO) Guiding
Committee. GEBCO operates under the auspices of the International Hydrographic Organization (IHO)
and the Intergovernmental Oceanographic Commissio)(lof UNESCO. To achieve the goal of a
complete mapping of the ocean floor an efficient data collection and the establishment of a cooperative
framework across various sectors for accessing existing data is carried out. Completed maps will be
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published oline for everyone to access and also will be made available for online resources.
(https://seabed2030.gebco.hetWithin 664 h of EM122 data acquisition a total distance of
approximately 6,350 nm was coverettlaan area of about 258,805 km2 was mapped, which corresponds
to about 0.072 % of additional bathymetry recorded of an approximate total surface area of 360,570,000
km2 covered by oceans and s€Bse measured water depths rathfiem 7,990 m at extensidinom the
Marianna Trench at 26.717°N 143.340°E to 500 m in the Hawaiian EEZ at 29.802°N 179.051°E. The
following figures show some examples of mapped underwater features depicted with the global data set
of GEBCO2019 in the background (Sandwell et al.,20€igure 5.1.11 shows the extensions of the
Columbia River on the ocean floor with a river bed depth of 50 m to 100 m and so far unmapped
seamounts with a height of around 1,000 m. The figure also shows the differences of quality within the
GEBCO02019 gd as the lower resolution satellite data can be clearly distinguished from already
implemented high resolution echo sounder data (visible in the bottom left corner).

Figure 5.11.1 EM122 data frondunel, 2019 showing the extension of the ColumbiaeRivelow the
water surface and seamounts at 43.32434.827°W

Figure 5.11.2 shows an unnamed seamount chain with the height of up to 1,500 m. Furthermore, it shows
the GEBCO2019 data set of the same area in the top of the figure, where some ofritaénsican be
roughly seen but without any detailsgure 5.11.3 shows a part of an unmapped ridge with a height of
about 800 m.


https://seabed2030.gebco.net/
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Figure 5.11.2 EM122 unnamed seamount chain mappedwne7, 2019 at 30.123°N144.039°W

Figure 5.11.3 EM122 data cdécted onJunel9, 2019 at 29.791°N 167.126°E

5.1.2Sub-bottom profiler Teledyne Atlas Parasound P70

Technical descriptionThe Teledyne Atlas Parasound P70 is a parametridbstibm profiler. The
parametric effect utilizes two higher acoustic signal8-33 kHz), which are emitted vertically
downwards into the water and are interacting to create a new parametric signal, with a frélgaency
equals the difference of the two acoustic waves§kbiz). This way the smaller beam opening angle of
the higherfrequencies is preserved in the parametric signal (4.5° x 5°) and therefore a higher horizontal
resolution is obtained than when utilizing the lower frequency directly. On the other hand the signal
achieves high bottom penetratigmax. >200 m) dependingn local bottom and environmental
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conditions (Atlas Hydrographic, 2010). During SOZb&e desired PHF (Primary High Frequency) was
set t018.8 kHz and the desired SLF (Secondary Low Frequency) was set to 4 kHz.

Data acquisitionThe P70 data was mainlgagorded a few hours before anften stations as with the

multi-corer (MUC) and Ocean Floor Observation System (OFOS) ground truthing data was collected at
stations. SLF and PHF were recorded in ASD, PS3, andYSE@nat and the pinging mode was set to
guastequidistant. As the hydroacoustic systems were not triggered externally, interference could be
observed and resulted in wrong depth measurements of the EM122 in the nadir part of the swath which
was forwarded to the P70. The amount of such erroneopth deeasurements depends on the
characteristics of the area of investigatitm.areas of low number of wrong depth measurements the
depth source for P70 was set to fAothero (EM122)
the depth sourcewass t o Amanual 6. The echogram window heig
the seabed depth variations manually.

Preliminary resultsDuring SO2683 different acoustic seabed types were recorded by the P70 within
about 246.5 hours of data acquisitiéigure 5.12.1 shows P70 SLF data frodunel3, 2019 (2:052:45
UTC) at 29.908° N 164.913° W (after station SO2680).

2km

Figure 5.12.1 Echogram of he subottom rofiler P70 SLRIUNnel3, 2019 / 2:052:45 UTC) west of
station SO268/10.

The waterseabed interface is clearly visible and a diffuse subsurface reflection can be seen. This is a
typical echogram for the areas where manganese nodules were found on the seabed. Riguateob/4.

P70 SLF data frordune23, 2019 (3:164:00 UTC) at 28.278N 146.390°E before entering the Japanese
EEZ. This echogram shows nicely stratified sediment layers to a depth of up to 50 m. Two of the CTD
profiles (SO2683/6, SO2683/21) were also entered into P70. Before station SE268&n average

sound velocity ofL,500 m/s was used.
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Figure 5.12.2 Echogram of the subottom profiler P70 SLFJiine23, 2019 / 3:104:00 UTC) béore
entering the EEZ of Japan.

5.1.3Scientific echcsounder Simrad EK60

Technical descriptionThe scientific echo sounder Simrad EK60nfré&tongsberg Maritime AS operates

with four frequencies (18 kHz, 38 kHz, 120 kHz, 200 kHz) simultaneously and records the backscattered
signals from the water column for each frequency. The use of different frequencies allows a more detailed
look into different depths and the identification of species as they have different acoustic frequency

responses (Kongsberg Maritime AS, 2018). Additionally, the range of utilized frequencies combines the

advantages and disadvantages of the range of frequencies: The fhigjuencies have a smaller range

but a higher resolution than lower frequencies.

Data acquisition and processinghe EK60 was running continuously from leaving the Canadian EEZ
until entering the EEZ from the Philippines. All four frequencies wererdad in raw format to a depth
of about 3,000 m. The data was processed with QPS FMMidwater 7.8.7. After importing the raw files,
they were converted to gwc format for each frequency and day individually. Water column images of
volume scattering were creat for the depth of 1,000 m for the low frequencies and 200 m for the high
frequencies. Different color table settings were used for the different data sets:

18 kHz:-80dB /-45dB

38 kHz:-75dB /-45dB

120 kHz:-75dB /-45dB

200 kHz:-70 dB /-45 dB

Preliminary resultsWithin the water column images the movement of zooplankton in correspondence to
the sunrise and sunset can be clearly seen. Also objects within the water column like schools of fishes or
up- and downgoing instruments such as the CTD dusitagions can be observed in the data. Figure
5.13.1shows 7 hours of 18 kHz data collectedJome6, 2019 during station SO2686. The downward
movement of the zooplankton after sunrise can be seen, as well as the downcast and upcast of the CTD.
Figure5.13.2shows 18 kHz data frodune20, 2019 where schosbf fishes can be seen.
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Figure 5.13.1 EK60 (18 kHz) data showing CTD downcast and upcast (left and right side) and the
movement of zooplankton alune6, 2019 during station SO2686.
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Figure 5.13.2EK60 (18 kHz) data showing some sclsuafl fishes (red circles) within the water column
onJune20, 2019
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Hydroacoustic data were autotically recorded during the SO 2&8cruise outside national EEZ regions
and over regions of UBMNM and Japan, where permits were givEime Parasound instrument explored
the sediment structure amg¢hesoundemapped a ca20 km wide path of ocean floaglevations. The
hydroacoustic data were harmonifeda contribution tadhe SEABED 2030 ocean survey initiative.

5.2 Oceanic measurements

The oceanic data involved continuous sampling of surface waters, vertical profiling during station times
and the dployment of ARGO floats for continued upper ocean monitoring capabilities.


https://epic.awi.de/id/eprint/26733/7/ATLAS_PARASOUND_2015-02.pdf
https://www.simrad.com/
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5.2.1 Surface (S.Kinng

Oceanic surface water properties were continuously recorded withard instruments during the cruise.
In a summary plot of Figure 521 for the entireSO2683 cruise, properties and temporal chaniges
seasalt content, sesurface temperatuf&ST)and chlorophl density are presented.
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Figure 5.21.1 Temporal changes férourly averages cfalinity, SST and chlorophyll asfunction of
longitudeacrossthe Pacific mainly near 38l from off the US coadb the South China Sea

Salinity The seasalt content in surface waters increased from 32/1000 at the beginning of the cruise to
35/1000 and then slowly declined to 34/1000 near the South Chinel@aéy average fluctuations were
on the order of 0.5/1000.

SSTThe water temperatuiacreased steadily with the voyage from°L3to about 30C near the South
China Sea. Somef the temperaturécreass can be attributed to lower latitudes. Howeubere was
also asignificant latitudinalgradient with increasing temperatures towards Western Pacific While
the SO 268 cruise stayed near 30 temperatures increasém about21 °C at215°E to about28 °C
at145°E.

Chlorophyll The nutrient conent in water is represented diylorophyll With the upwelling water off the
US coastthe level of nutrients wasery high Proceeding away from that region iM&stward direction
the nutrient content sharply declined and often reached values cloge teeygend the dateline. Still in
the western Pacific there was a lot of local variability, even though overall values stayed low.

5.2.2Depth profiling (A.Welsch, M.Bergmann,G.\4{thler)

Oceanic state properties down to ocel@pths of more than,0 m were sampleavith the on-board
CTD. A CTD measure<onductivity, Temperature and Density and on theboard systenwe also
includeda fluorometer and sensors for turbidag well adPAR radiationTo the CTD/Rosett€24 bottles
with a volume ofl10 liters eachpermitted water samples at selected ocean dépths collectedimages
of the onboard CTD areigen in Figurs5.2.21 and 5.2.2.2.
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water

Figure 5.2.22 Preérations and deploymenttbé CTD on board of RV SONNIPictures: Roman
Kroke 2019, UFZ

CTD profiles were sampleat ninelocationsacross the northern PacifiaSalreadyshownin Figure 3.2.

Time, location and oceattepthof all nine CTD profilesare listedn Table 5.22.1. Depth profile dataf

temperaturesalinity, okygen and density are presented in Figure22and fortenperature, salinity,
fluorescence and turbidityn Figure5.22.4. Sinceeach set for nin@rofiles are similarthe profiles of

Junell, 2019(in thePMNM zong are enlargeth those figuregandbriefly examined.
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Table 5.22.1 Profiling times with CTD, OFOS and MUC at pr@istations

date CTD (UTC) OFOS (UTC) MUC (UTC) lat°N | lon°E | z(m)

6/2 03:401 10:14 | 10:157 13:00 16:541 20:39 39.5 | 224.0 | 5129

6/6 10:361 17:29 | 17:381 00:40 | 04:111 07:37 30.0 | 218.2 | 5069

#
3
5 6/4 15:401 22:28 | 22:341 05:31 | 08:061 11:50 33.9 | 215.2 | 5260
6
7

6/9 00:301 08:11 | 08:5471 16:09 | 18:561 22:40 30.1 | 208.1 | 5238

6/11 | 17:42i 01:32 | 04:051 11:20 13:031 17:08 30.0 | 196.4 | 5670

17 | 6/14 | 22:501 05:28 | 07:27i 13:17 | 15:417 19:39 29.8 | 187.5 | 5298

21 | 6/17 | 20:3871 03:16 | 06:17i 12:22 | 12:23i 16:25 29.8 | 171.5 | 5240

30 | 6/26 | 15:381 21:28 | 21:38i 04:45 | 08:0671 12:01 22.7 | 127.7 | 5360

O O N[O| O W N|F
=
o

31 | 6/28 | 01:57i 07:28 - - 220 | 124.4 | 5152

TemperatureThe surface temperature decreased sharply with depth to ali@uat1,000m depth with
aneven colder temperature of about 3Gfrom about 00m down to tle ocean bottom (3800m).

Salinity The salinity showsa minimum of 34.0/1006t a depth of about 639. This minimum is absolute
for the larger surface salinity of tleentral ad Western Pacific but only local if the salinity is lower as in
the EasternPacific. From 3000m to the ocean floor (3600m) the salinityis stable aabout 34.7/1000.

Oxygen The oxygen content at the surface decreases frorkabiern to theNestern Pacific. At each
profile station the oxygen content quickly decreased taranmam at 1000 m depth and again increases
towards the ocean floor, still well below the content atstiface. Tie oxygen mimum in theWestern
Pacific is less developed and only near B0 depth.

FluorescenceThe fluorescenceepresentdiological matterand has a maximum just below the surface
and a minimum near 200 m depth. Values towards the ocean bottom are small although slightly elevated
between 700 and 1,500 m.

Turbidity The small particle content is largest in near surface waters ang math constant from about
200 m down to the ocean bottom.
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Figure 5.22.3 CTD profiles down to at least@O0m depth at the nine proéistations of SO 268 in
temporal order (by row from left to right). Profiles are presented for textye (red), salinity (orange),
density(green) and oxygen (bluelhe profile of Jue 11, 2019is enlarged for better viewing.
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Figure 5.22.4 CTD profiles down to at least@O0m depth at the nine profiling stations of the SO-368
in temporal order (by row from left to righ®rofiles are presented for temperature (red), salinity
(orange)fluorescencégreen)representing biological matter and turbidibjue) representingmall

particle contentThe profile of Jum 11, 2019is enlargd for better viewing.

On the first eighprafiling stationsaalsoOFOS ad MUC were used to inform amcean floor properties.
The onboardunderwater camera system (OFOS) investigated the ocean floor for several hours at each
station to search for mariride, rocks and debris and the $kanberg (20 sample) multicorer (MUC)
probed sedimentsor subsequent studies on ocean floor depositbrplastic debris and pollutant
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concentrationsThe instruments are presented igufe 5.225 and some images tie camera and a
sediment probe sampéee presented in Figure 24.

Figure 5.225MUC sediment sampler (front) and OFOS camera (bck)on the deck (left), the
deployment of OFOS (center) and the MUC return iasuallybrownish sediment probes @ht).
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Flgure5 2260FOS camera |mages at the ocean floor at more tbadmof a dmazed (top

drawer (topcenter) a 6évol cano6 (top right) )ahednarmaegeca 40c m
nodulesfrequency was highest the Eadern Pacific(bottom,center) The rest of &edimentore
(bottom,right - oneof 20 simutaneouscores takenwith theMUC) illustratesthe color of theocean
sediments. Theesedimentseemed to bmore claylike in theEastern and central Pacific as quamed to
more sandy in th&Vestern PacificMelanie Bergmann (AWI).

5.2.3ARGO floats (A. WelschS. Kinne, JGilson)

Technical descriptionAn ARGO float isa diving robotthat regularly takesprofiles of temperature,
density and pressure of the uppeéd@® m of the ocean. A floatisually drifs with the ocean current at a
depth of 1000 m. About every fifth day a floas activated andlescend to 2000 m, then sampls a
profile up to the surface, theimediatelysend the recordedlata via satellitéo the data center before it
descenddack to 1000 m. Currently, there are about,000 floats of the international ARGO network
operating inall oceans worldwide. However, the (battery) lifetime of these flodisiited to only3 to 5

years. Thus, to niatain ocean monitoring capabilityew floats need to be addeontinuously preferaby
in regions where the density of frdéfting ARGO floats is low.
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Deployment21 ARGO floats of the Scripps Institute for Oceanography at La vielldohn Gilson were
shipped toVanwmuver for deplognent duringthe SO268-3 cruise. Their deployment locations are

summarized in Table 521 andselectedmages of the deployment are shown in Figure35L2.

Table5.23.1 Deployment locations dhe ARGO floats

date time (UTC) latitude°N longitude’E longitude®W
1| sIn8772 6/1/2019 21:30:40 40.5015 225.0004 -134.9996
2 s/n 8773 6/3/2019 07:46:16 37.8009 222.0000 -138.0000
3 | s/n8774 6/3/2019 23:32:19 35.2073 219.0092 -140.9908
4 | s/n8775 6/5/2019 11:54:08 33.9197 2152188 -144.7812
5 | s/n8776 6/10/2019 22:37:25 30.2004 202.0045 -157.9955
6 | s/n8777 6/11/2019 14:29:01 30.2168 198.0012 -161.9989
7 s/n 8778 6/13/2019 10:53:10 29.8331 192.9996 -167.0004
8 | s/n8779 6/13/2019 16:39:27 29.8317 191.4996 -168.5005
9 | s/n&80 6/13/2019 23:25:35 29.8334 190.0007 -169.9993
10| s/n 8781 6/14/2019 05:31:38 29.8331 188.5006 -171.4994
11| s/n 8782 6/14/2019 09:27:33 29.8324 187.5002 -172.4998
12| s/n 8783 6/16/2019 20:57:42 29.8334 177.4991
13| s/n 8784 6/17/2019 04:46:18 29.83% 175.5005
14| s/n 8785 6/17/2019 12:38:55 29.8336 173.5089
15| s/n 8786 6/18/2019 16:33:27 29.8333 171.5284
16 | s/n 8787 6/19/2019 00:50:00 29.8333 169.5056
17| s/n 8788 6/19/2019 08:58:58 29.7996 167.5008
18| s/n 8789 6/19/2019 17:28:38 29.5997 1654997
19| s/n8790 6/20/2019 06:45:52 29.3997 163.4974
20| s/n8791 6/20/2019 14:49:18 29.2001 161.5029
21| s/n 8792 6/20/2019 23:04:42 29.0018 159.5009

—_——— : !
= R — = =
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Figure 5.23.1 Scripps type ARGO float deployments in the Pacific during th26B@3 research cruise

The newly at Scripps developédats are relatively small and lighteight as showrin Figure 5.23.2.
The floats areshipped incarbn boxes, with a small hole on thele for activation access. For protection,
the floas areintended to bdaunched in theipackingcartors. At deployment the carton is lowered with
holding straps into the water. The stragEenvia a water contact released are recovered whikhe
carton drifts away. @ton andquickly dissolvingtape aroundhe carton release the float after about 10
minutesfollowing deployment At one deploymenstation however,the water contact release of the
holding strapglid not work At thetime the contact releaseasreplaced onboardhe carton had already
beensoakedso much thathe float slipped outor a rare view at the float itself. Thuis that particular
casethe floatwas deployedh the oldfashionedvay. At a last check all 21 floats were operating.
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Figure 5.23.2 Scrippsbuilt new ARGO floawith its cartondedoymentdesign

5.3 Atmospheric measurements

Atmospheric properties were sampled with standartbaard meteorological sensors and extra remote
sensing instruments to address properties of aayasate gases, greenhouse gases and clouds. Th
simultaneous aspect of these measurements also allowed investigations of associations among different
atmospheric properties for process understanding.

5.3.1Surface (S.Kinng
Selected atmospherim stuand remote sensing daitahinstouments are s hi p
introduced first. Hourly averages of temperatures, relative humidity, wind and radiagorthe atire

cruisewereexamined vidime seriesandin the context of daily cycles.

Temperature data are summarized in Figure 8.3.
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Figure 5.31.1 Hourly averages of atemperature and wategmperature from Vancouver, Canada to
Singapore aafunction oftime andongitude (left) and a function of local tinower oceangright).

Hourly averages ofimand water temperatus@ear 30°N (in latitude)steadily increased frormbout20

°C in the eastern Pacific (14W or 220°E) to about28 °C in the Western Pacific (140E). The
temperatures at lower latitudes towards the end of the cruise did not changeamyundre, while
temperaturest higher latitudes at thbeginningof the cruise were lower and dispéain Vancouver

with its continental environmergtrong daily variations. Over oceans air temperatures were usually lower
than watertemperaturesand especiallyso during precipitatia eventsvia evaporative coolingDaily
variations in air temperatuigourly averagesover oceansvere usually small(and intermittent smaller
variationswereoftenassociated with precipitatipn

Relative humidity data and data associated with watgroraare summarized in Figure 3.2

water —rethum ) relative humidity (%)

——s3 conc (g/m3)

—cloud_free

longitude local time (hr)

Figure 5.31.2 Hourly averages of relative humidity and water vapor concentration at the surface and
cloudfree fraction from Vancouver, Canada to Singapore as functibmefandongitude (left) andhe
relativehumidity at the surface a functiarfi local time (right).

Hourly averages of the relative humidity wersually between 70 and 80 but overall varied between
60 and 100%. Rapid changes were rare amdre mainly associated with aimass changes, as withe
passing of a frontal system at 282 on June 62019 Secondaryariations were often correlatedth
cloud cover

Wind speeddata are summarized in Figure 3.3.
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Figure 5.31.3 Hourly averages of absolute and relativiadvspeed from Vancouve€anadao
Singapore aafunction oftime andiongitude (left) andbsolute wind speed afunction oflocal time
over oceangright).

The wind was relatively calm with hourly averagevarying betwen 2 and 10m/s. Ocassionallythe
winds were very cah for almost mirrodike ocean surface Intermittaeit large windspeeds were
assoaciated with passing weatbgstemsas briefy at 129E on June 262019ard near 112E for the
entireday of July 12019 Also indicated In Figure 5.3.3 are relative wipkeds (adding the speed of the
vessel). Hereby maxima exceeded at timesn#8, pointing to times of more severe ship rolling
movements.

Radiation data for solar and infrared downward fluxes are summarized in Figuie45.3.

radiation (w/m2) —SwW radiation (w/m2)
1200 -

_2009 306 9 1215 18 20 A
local time (i)

Figure 5.31.4 Hourly awerages of downward solanéinfrared broadband fluxéom outside the
CanadiarEEZ until entering the EEdf the Philippinessa function oftime andongitude (left) and
local timeover oceangright).

Houry averages of downward solduxes show theexpecteddaily cycles with noonmaxima exceeding
1000W/m2 at cloudree conditions (once B0wasreached)Reductionshy clowd cover wergoersistent

and strongluring the storm on July 1, with solar insolation hourly averages not even reaching 200W/m2
Downward infrared broadband fluxes increased low altitude cloud cover and with surface temperature.

5.3.2 Wlumn data aero®l (S. Kinne T. Machnitzki, J. Menkégn

Direct attenuation measurements of the direct ghnhlare highly accurate, unlikieterpreations of
satellite sensor dataith assumption to composition anddiground Thus,NASA6s AERONET

gr c
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distributes on an opportunity basis calibrated handheld (MICROTORS)rstometer instrumenter

the sampling of atmospheric aerosol colupmopeties and water vapor contentol& attenuation is
sampled simultaneously at five different solar spectral intervals, to dlewcollection ofnot only
information on aerosol amount, but also on aerosol pagize (to distinguish between contributions b
pollution, seasalt or mineral dust) and on atmospheric water vapor content. Hereby, the water vapor
content (results will be presentkderunder tracegases)s determined by compagrsolar attenuation in

the spectral regiomot affected by tracgases to solar attenuatioaffected by (known strength) water
vapor absorption. The MICROTOPS is paired with a GPS unit, so that with the position information (in
combination with the time) théalways) larger incoming reference solar irradiance at the tophef
atmosphere is definedfor each of the five solar spectral simbervals. Still, note thatcolumn data for
aerosol and water vapoould only be sampledavith a (handheld) suphotometemwhen views of the sun
were not obstructed by cloudastrumentand sampling methoare shownn Figure 5.32.1

Figure 5.32.1 The MICROTOPS suphotometer with the GPeft) and handheld measureme(right).

All aerosol and water vapor data wérer ansf erred at the end of each
Netwak (MAN) database and the data can sealmost immediately as referente satellite remote
sensing andmodeling bttps://aeronet.gsfc.nasa.gov/new_web/maritime_aeroswloriehtml). With
regular and often longer overcast conditigeee cloud cover data belowh)e aerosol measurements
(already limited to daytimewere rather sporadicdcor the data presentatiohelow sampes were
combined intahourly bins, often based on ly a single successful sampldime series and daily cyde

are presented in Figure 22 for column data ofaerosol amount (AOD at 550m), aerosol size
(Angstrom parameter akOD fine-mode fraction) and aerosol potential to modify water clouds (Akros
Index). The AOD stands for Aerosol Optical Deptivhereoptical depth is the negative exponential
attenuation coefficient normalized with respect to a nadir vidve Angstrom parameter requires AOD
data at two different solar wavelengths (here at 408 0nm) to address via the negative slope in
In(AOD) / In(wavelength) space the aerosol particles size. A smaller (<0.5) Angstrom parameter
indicates a dominance of supaicrometer sizes, while a larger Angstrom parameter (>1.2) indsoate
micrometer size presencé more useful size information is the fractional AOD attribution to-sub
micrometer aerosol sizes, the fim@de fraction, because modeling usually distinguishes aerosol into
supef and submicrometer sizenodes. Finally, the Aerosol Ied, as the product of AOD and Angstrom,

is a good proxy for aerosolumber and a large aerosol number (Al >0.5) is a requiremepbfential
aerosokffects on clouds.
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Figure 5.32.2 Aerosol column properties for AOD at 58, for Angstronparameter, for finenode
AOD fraction and for the Aerosol IndexAOD*Ang). Presented are tinseries of sampldsr the entire
cruise(left) and dependencies to local tinmeJune- thus away fom urban pollution (right

The MICROTOPS samples shedwvery high aerosol loads near the (arrival alegharture) ports but very
low aerosol loads over oceans. Over oceans (expect for larger values in the South China Sea) the AOD
values (at 550m) stayed between 0.02 and 0.10 with the highest frequency betweear@(0.04.
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These low aerosol concentrations were associatedweidik winds andarger aerosol sizesere rare as

fine-mode AOD fractions then stayed usually above 0.8 and Angstrom parameters abdhe a€xosol
potential to affect the microphysicatgperties of lowaltitude clouds was very smatjuite is contrast to
muchhigher Al values closer to Vancouver and especially closer to Singapore.

In an applicationsunphotometer datwere samplediuring ocean cruises over the last three years and
repated to the MAN databases (as data from this cruise) were comparettietwed AODdata by
MODIS, MISR and VIIRSsatellite sensorsMODIS and MISR sensors apply highly mature retrievals
and have the longest ongoing AOD retrievals with global coveragemohe recently launched VIIRS
sensor is tagged to succeed MODIS in future years and applies now a recently improved AOD retrieval.
Only matches in space and time are considered. The match requirements consideg 3k@/Ion)
regions around each MAN refmce data and consider (if available) the nearest valid satellite AOD
retrieval value within simesparof plusiminusone day

TestedMODIS data(20152018)were providedby Ed Hyer(NRL, Monterey) who had posprocessed
MODIS v6.1 datafor assimilatiors in NRL's Navy Aerosol Analysis and Prediction System (NAAPS)
The analysis is based on 1225 matches over 4 years-2208) and absolute AOD deviations to MAN
reference are presented in Figure 23.
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Figure 5.32.3 Deviations of MODIS AOD retrievaltoMAN datamatches, with overestimates
displayed in green and underestimates displayed in red.

The MODIS offset to the MAN on average is positive but negatihatvery highAOD values. Overall
MODIS has a slight positive bias. Against the overatidency valuesare too low over the central
Atlantic, as if Saharan dust cases are removed.

TestedMISR data(20152018) were providethy Mike Garay(NASA JPL, Pasadenayho coadinated
the recent rgrocessing for the neMISRv23 product which is now mah improved over oceani
contrast to the MODISMISR retrievals extendurther poleward, where AOD retrievals are usually
more difficult. The analysis is based on 1002 matches over 4 years-2BAB) andabsolute AOD
deviations to MAN reference aregzentedn Figure 5.32.4.
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Figure 5.32.4 Deviationsof MISR AOD retrievak toMAN datamatches, with overestimates displayed
in green and underestimates displayed in red.

The MISR offset to the MAN on average is slightly negative and more negatite high AOD values.
Similar to MODIS, there are AOD underestimates in the dust outflow regions off Africa and there are a
few larger deviations, which need special attention.

TestedVIIRS data (2018) were provided by Hongqging Liu (NOAA, College Parkinfitheir newest
operational retrieval. The analysis is based on 327 matches over 12048) @ndabsolute AOD
deviations to MAN reference are presented in Figur@ &.3.
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Figure 5.32.5Deviationsof VIIRS AOD retrievak toMAN datamatches, with overstimates displayed
in green and underestimates displayed in red.

TheVIIRS offset to the MAN on average is negative.

5.33 Column datatrace gaseqT. Ruhtz S.Dérner, Q Tuinder, SKinne)

Atmospherictracegaseswere deived by measuring the solanergy (either the direct irradiance oeth
scattered radiation) in traggas absorbing spectral regions. During the SE®@8uise four different
instruments provided data on tragases.The MICROTOPS suphotometer (of NASA) provided
estimates for waterapor, the MAXDOAS instruments (of KNMI and MRC) provided information on
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SO, and NQ (tracegases associated with pollution) and the Pan@srgf FUBerlin) had the potential
capability to mimic both, aunphotometer and a MAXOOAS.

MICROTOPS The sun-photometer determines the atmospheric water content from the difference in the
solar attenuation ia spectral region with and without water vapor absorp@ambining attenuations at
870and 940nm (where water vapor absorbs), the atmospheair vapr conten increased fron20 mm

over theEastern Pacific to about 48m over theWestern Pacific and larger d&y-day variations were
associated with aimass changes (i.e. the June 10 frontal passag&)own in Figure 531

water vapor (g/cm2) oWV water vapor (g/cm)

; oW
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Figure 5.33.1Watervapor column properties as tiraeries of suphotometer samples ovidre entire
cruise (left frame) and dependenciesdcal time during Juneaway fran urban pollution (right frame).

MAX -DOAS i KNMI The MAX-DOAS spectrometenf KNMI was onboard the RVSONNESsince the
cruise SO 262 from January019 (Fiji). The measurements are intenttedalidate TROPOMI satellite
NO, and Q retrievals at oceanic background conditions. The MAAAS instrument wasnounted on
the railing on the olesvation deck as ilistrated in Figure 5.3.2

920

30
15 (1]
8

Figure 5.33.2 MAX-DOAS of KNMI on the RVSONNE(left), a sketch of the MAXDOAS (blue box)
and the chimneyygllow redrimmedsquare) position with line of sight measurement perpendicular to the
shipd direction(right) and the elevation angles for the atipberic probing of scattered dight (center)

150

The azimuth angle of the KMNMAX-DOAS sampling was perpendicular tbhe shi@ sheading
direcion. At this fixed azimuth angle the MAROAS instrument sequentially scannat elevation
angles of 8 15, 30°, 90°, 150°, 165°, 172furing a measurement cycldgeation angles larger than 90
refer tothe backward directignOne measuremenycle tookabout 12 minutes to complete.

ResultsThe processing of théata is limted as no KNMI staff member participated in SO268nd only
remote accesto the instrument fdiunctioningchecls were possible. Some preliminary data, however,
for June 8 and June 18019are already offered and shown in Figure 3.
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Figure 5.3.3.3Sample datdor NO, (left), O; (center) and water vapor (right) with the KNMIAX -
DOAS instruments at different elevations during Jun2089(top row) and during June 18019
(bottom row).

After the instrument has beebrought back home;o-locaions with TROPOMI overpasses will be
identified and data will be compared. There are ptarsibmit a paper about the comparisénoesn this
(and previous) trips to peerreviewed journal in 2019.

MAX -DOAS - MPI -C The Tube Multi AXes Differential OpticaRbsorption Spectrometer (Tube MAX

DOAS) measures spectra of scattered sun light between 303 nm and 465 nm for a series of elevation
angles. These measurements are used to derive atmospheric profiles of aerosol extinction and trace gas
concentrations. Thmain focus of the cruises starting with SOZ6until the end of SO268 cruise from

Suva, Fiji to Manzanillo, Mexico, Vancwer, Canada until Singappwas to retrieve the following

specis from the measured spectiditrogen dioxide (NG and suléir dioxde (SQ) from (mostly)
anthropogenic soues like diesel fuel combustiofiormaldehyde (HCHO) from anthrogenic and
biogenic sources, water vapgH,O) and the oxygen dimer (§) with information on the aerosol
extinction These species help to charaaerihe chemical compaosition of the atmosphere, the location

and strength of emission sources and provide important input for global modeling and comparisons to
satellite data. In addition, measured spectra contain information on less abundant spebiesniike
monoxide (BrO), iodine oxide (I0) and glyoxal (CHOCHO) for which tropospheric abundances
especially in marine regions are not well known.

Since the data of the M MAX-DOAS were not analyzed at the time of this report (as no-MBtaff
was paticipating on he SO2683 cruise)Figure 5.33.4 showsexamples of retrieved profiles for aerosol
and water vapor from a previous (SOZfT7cruise are presented for two clefnee days (Felary3 and

4, 2019.
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Figure 5.3.3.4 Aerosol extinction prales and aerosol optical depths at 360 nm (upper panel) as well as
water vapor concentration profiles and vertical column densities as retrieved from Tub®UAX
spectra of scattered sunlight for two selected (lagb 3 and Feb 4juring the SO262 cruise. The dates
refer to local time, while the time axis is displayed in UTC.

The profiles were retrieved via estimates of the light pass through the atmosphere Wigirth&rofile
Algorithm (MAPA) at cloudfree conditions as illustrated for Felary4, 2019in Figure 5.33.5.

Ceilometer Backscatter Signal for 04.02.2019

Night (low noise) i Day (high noise)
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Figure 5.33.5Example for 24 hours of ceilometer measurements: Strong backscatter signals indicate
clouds, e.g. only between 15:00 and 16h0fh Febuary4, 2019 The strong gradient at aboukrh
altitude indicates the toff the planetary boundary layer.

The determined layer height with enhaneedosol extinction remained almost constdraround 1.km.
During theafternoon (lam., UTC) the layer height drops to about 500 m while the total AOD decreases.
The water vapocolumn density remains constant while its layer height increases fraimtd3.0 km

As the next steps the results of the Tube MAX DOAS measurements will be compared to the MAX
DOAS instrument set up by KNMI and the PANDORA instrument set up by FlinBie order to
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identify and solve possible issues with either of thiseeinstruments Again, all three hyperspectral
instruments with MAXDOAS elevation sampling capabilities are shown in FigureS&.3.

.ge"./é [ . o 2
Figure 5.33.6 MPI-C (left), KNMI (cente} and FUBerlin (right) solar hypespectral instruments with
MAX -DOAS scanning capabilities for the retrieval of atma@sjhtracegases (and aerosol)

Pandora 2SThis hypespectral instrument combines MABOAS measurements at different elevations
(abovethe horizon) with sunphotometer samples of the direct solar attenuBtimimg SO2683 the
Pandora 239vas installed on a tripod on top of the observation deck as illustrated in Fig@.&.5.3.

Figure 5.33.7 Sensor heads on th Pand@saon top of th observation deck during the cruise (left) and
the datadisplay unit and instrument control box inside the observation deck (right)

With this instrumentower atmospheric profiles of trace gases such ag ¢) H,O and SQ via the
MAX -DOAS technique cabe determined. In addition, direct attenuation data in glsatometemode
can determine column properties of aerosol and gass. Andin a CIMEL mimicking modein theory,
even aerosdizedistribution andaerosolabsorptioncould be determineavith AERONET typeinversion
methods. In a NASAand ESAinitiated effort to provide tracgas reference datar satellite retrievals of
tracegases, almost 100 instruments have been distributed worldwide at continental and islamdisites
the umbrella bthe Pandonia Network.

The Pandora2S unit operated on the ship is an atterfgstan operatin as amobile unit(e.g, for ship
based measuremepteinfortunaely the direct sumrientation- even with available data for the ship (roll
and pitch) movemes - failed due to software issuehus,only tracegas data from the MAYDOAS
sampling at different zenith angles @f, 6C°, 75°, 8C°, 82, 85, 86°, 87°, 88, 8%) could be reported.
Data from two relatively clouftee days (June 8 and June 2819 are presented in Figure 3338.
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Figure 5.33.8 Sample measurements with Pand@&on June 8 and on June 2619.
5.3.4Column data geenhouse gase@R. KleinschekM. Knapp

Background The Total Carbon Column ObservatigmoundNetwork (TCCON)is intended to monitor
concentrations of atmospheric greenhouse gases and provide reference data for satellite remote sensing.
TCCON sites ar¢and-based but afew islandsbasedsites (none in the Pacific) cannot offer ovecean
conditions.The BRUKER EM27SUN Fourier Transform Spectrometer measures direct solar absorption
spectra in the shortwave infrared spectral range. From those spectra, a retrieval algorithm calculates the
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total column concentrations of the trace gaseg, @@, and CQin the atmospher CQ and CH, are
major greenhouse gases d@@ represents pollution. larder to perform direct sunlight measurements, a
suntracker is used tbave the sensdollow the sun. The tracker compensatasthe movement of the
ship sufficently under typichconditions {.e., the trackekeeps the spectrometer senfioed on the solar
diskwith a precision of about a tenth of the apparent sun diameter

MeasurementsAn improvedinstrumentsetup was used for the shileployment of the spectrometer
Several electric compartments weradded to automatize the measurement process. Furthermore, an
enclosure box was built to protect all pafte., the optics)from the environment. The box has
dimensions of approximately 0.5 x 0.5 X I and weighs 80 kg. It csumes 400 W via a regular 230 V

line. This allows easy transportation and setup on field campaigns. In order to provide sufficient
calibration data, the spectrometer has been deployetgiside with the TCCON station in Karlsruhe,
Germany, before therwise. This allows to trace its results to the World Meteorological Organization
(WMO) standardThe setup was outside during the whole cruise on the upgempossible level of the

ship as illustrated in Figure 581

Figure 5.34.1 The instrument saip on the observation deck of the RV SONNE

After four weeks, the instrumershowed little to no damage from rain, wind, or corrosion from sea salt
Despitevery humid tropical air and heat inside the box, it was always possible to take measurements.
These are not affected by the shielding, especially by the wedge window in the enclosure of the sun
tracker. Therefore, we were able to collect more 6&000spectra on 20 days.

ResultsAll sampledspectra need to undergo several qudiiters before pasingthe retrieval algorithm.
Most frequent causes for failure were opticatlp thick cloud within thalirectlight pathof the sunor

substantial deviatiain the tracking of the solar disk. Applying data filters for these qarsdisninary
results otthree consecutive sunny days at the end of June&@l®esented in Figure 332
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Figure 5.34.2 Atmospheric column data for GGCH, and CO on tree sunny days over the Pacific

Note, that the data presented in Figurel®are notfully postprocessed. The pogtrocessing includes a

filter for false measurements due to spectroscopic shortcomings, the removal of a spurious solar zenith
angle (SZA) dependency and the scaling of the retrieved mixing ratios on WMO standard. From these
steps, only théatter two have been appliedttee data shown in Figure 5432 While the SZAcorrection

should be based on the whole dsg¢d hee it was applied on a daily baskurthermore, only preliminary
TCCON data wee available at the time of this repasb he scaling factors on WMO standard are likely

to cause smalkthangs. Neverthelessthe data give a first glimpse inboixing ratios and detection limits

for the measuredreenhouse gapecies.

Future work The final data set of the SO268/3 cruise wilfittered and processed. Another siojgside
deployment at the TCCON station in Karlsruhe is plannedatimlate our calibration factors to assure
instrument stability during the cruise.Then the samples are feadymparison to satellite and model

data A longterm goal is the unattended deployment of the EM27/SUN onrresmarch vessels to
produce an extensive validation data set in the notoriously thin covered areas above water for satellites
like OCO2/3, TROPOMI, and GOSATZ). Upcoming steps are g¢himprovement of the tracking
accuracy, especially for low SZA, and an independent start of measurements as soon as the skg condition

allow.

5.35 Clouds

Clouds were observed with a ceilometer, nadir viewing laser, and with a camera system with andsib

a thermal imager. In the context of cloud base as a function of altitude, the accuracy of the ceilometer and
the spatial context of the thermal images complement each &b#r.instruments are illustrated in
Figure 5.3.1
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Figure 5.35.1 Ceilometer (left) and the camera system with a visible-Bpg and a thermal sensor
(right).

CeilometerThe Lufft CHM-8k ceilometer repeatedly sendser beamat a nonvisible wavelengthq05

nm) upward in the nadir directioandwaits for backscatteredgmal returns. Tie timethat had passed
provides information on atmospheric particle density and size. As the laser is quickly attenuated in
optically denser media (optical depths >2) water clouds are usually indicated by a strong return signal,
which repesent the cloud base altiridnd no further signal above that altituéféggure 5.33.5 already
showed eilometerdatafor an entire dayAs sunlight provides an additional source of radiance at 905
nm, daytime measurements are typically more noian thighttime measurements. Alsdgth increasing
altitude the uncertainty of the backscatter signal increases

Daily time seriesof ceilometembackscatter profile up to In in altitudeduring the SO268 cruisefrom

May 31 to June 3@019are illustrated irFigure 5.35.2 Hereby being on the other side of the globe with
respect to Greevich, UK nighttimes with less solar scatter noise at higher altitudes are in the center of
each UTC dayCloud base altitudeshow that most @ys had significant cloud coveFhis limited the
opportunities to collect reference data for aerosol and ases. Clouds in thBastern and central
Pacific (until June20, 2019 were mainly at lower attitudes (belowkgh). Towards théVestern part of

the Northern Pacific convectivdauds increased, also indicatiegdcloudbaseghat are detecteat higher
altitudes.
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Figure 5.35.2 Ceilometer data from May 31 to June 2019 Daily time-seriesare presented in UTC
time.

Cloud camera The analysis of clouds witthe canera system focuses dnermal imagedata because
information on cloud presence, cloud structure and cloud altitude are quasi continuously (every 10 s)
offered duringday and nightCompared to the surface temperature the sensed blackbody temperature is
lower as a function of altitude and coldest cloudfree conditions. First the total cloud cover is
determined by counting the pixels in all images that are warmer than thefrdeugky temperature. This

sky temperature is defined by the%b pdf value dall (300 x 200) pixels of all (8640) images during a

day. If this 5 % pdf value is relatively warm (in the case of overcast conditions lasting all day) then the
clearsky threshold temperature of a previous day is prescribed. The next step is to sgigrase
altitude.Since the difference between sky and surface temperature is usualligdarat high latitudes

(in the absence of radiosonde soundings) a simple temperature decrease with respect to the hourly average
surface temperature is assumetd5K ~ 500m, -9 K ~ 1km, -13K ~ 1.5km, -17K ~ 2km, -24K ~ 3

km and-40 K ~ 6 km. This lapseate (temperature decrease with altitude) assumption is complicated in
warmer climates, when water vapor continuum absorption (proportional to the sftla@enater vapor
concentration) in effect reduces the prescribed lapse rate attributed to each altitude. In an approximation a
lapserate reduction factor is applied based on the reduced difference between surface temperature and
sky temperature (Factor[Fsui Tsq] / 60). Then based on the temperature assigned altitudes of 0.5, 1.0,
1.5, 2.0, 3.0, 6.0 and 2n cloud cover and cloudomogeneity (based on cloud boundary lengths) are
determinedThermal camerdased hourly averages for cloud cover agfion of altitude for the Pacific
crossing near 3€N (between 28 and 3N) is presented iffigure 5.35.3.
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Figure 5.35.3 Cloud base covdnourly averageas function ofongtiude/time andltitude based on
hourly averages of #rmal cameramagesfor the crossing of the Pacific near 30 during June 2019.

With warmer surface temperatures from Hastern Pacific to thé/estern Pacific the frequency of higher
altitude clouds and convection increased. During the Pacific crossing there were extgiatedwéh
significant periods of large cloud cover, which restricted the sampling of aerosol angesaseThus for
comparison time and values of the retrieved AOD vatuepresented in Figure 534
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Figure 5.35.4 Successful AOD retrievals (dm-free views at the sun) as functionlohgtiude/time
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The comparison between cloud cover and successful AOD data indicates that there are times, when
(admittedlyT only when including estimates for very high altitude clouds) when a%Qfloud cover
contradicts successful aerosol sampling. This indicates that assigned cloud temperature in theseloud
altitude assignment are probablyaaold. This is also confirmed by binning the (trusted) ceilometer
altitudes on a hourly basis in a similar plot igie 5.35.5.
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Figure 5.35.5Cloud base covenourly averageas function ofongtiude/time andltitude based on
hourly averagesf nadir viewing ceilometer for the crossing of the Pacific neaiN3@uring June 2019

Having these reference altitudéstribution data availablejow lapse rate assumptions can be revisited
(and reduced), such that with reprocessing a better fit to the ceilometer statistics is achieved so that the
thermal cloud camera altitude distribution becemere quatitative. Ano#r thermal camera elemteare
investigations of the cloud inhageneity, which is compared at different altitudes in Figur&s%.3.
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Figure 5.35.6 Comparison of inhomogeneity strength at different cloud altitudés {, 1.5, 2, &m).
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Daily cycleswith respect to low altitudeloud cover andotal cloud cover based on the cloud camera
analysis igpresentd in Figure 5.%.7. In that figure the missing low cloud cover fractions for total cloud
cover during local noon seem strange and should be ezl/isfter reprocessing.
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Figure 5.35.7 Comparison of daily cycles for low altitude (left) and total (right) cloud cove
5.3.6Associatiors (S.Kinne)
In this section relationships between different atmospheric properties are examined. Herebtyoassocia
of hourly averages are compared. Selected gghey& variables are examined their relationship to
(1) surface windspeed, (2) wateminusair temperature differences at the surfa(® seasurface

temperature and (4) aerosol properties.

Wind-speed dependenciégrosol aml cloud propertieso windspee are examined in Figure 563L
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Figure 5.36.1 Hourly average associations of AOD (upper left), AOD fimede fraction (upper right),
cloud cover near km (lower left) and total cloud cev (lower right) as function of surface wisgeed
over theNorthern Pacific in June019
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Strongemwind speedare expected to raise AOD valuesd lowerfine-mode AOD fractios, as with sea
spray relatively largeseasalt particles are relsad into tle atmosphereExpected rkationshipsare
reproducegdalthough the scatter is significant. Quitéevant are the low AOD boundast a particular
surface windspeed and the winspeed when the finmode AOD fractionstart to deviatesignificantly
from 1.0 (~ at 8 m/s)Wind-to-cloud cover associations demonstrate tbat cloud overcast conditions
are only supported up to 12 m/s and foathe highest wingpeeds the totaloud cover isisuallyhigh.

Surface temperature difference dependenci&ssocigions ofhourly averages betweatoud coverand
air-minuswater tenperatures over thidorthern Pacifiare exarmed in Figure 5.%.2 With precipitation
overcast conditions and evaporativg dooling (thus more negative,;#Taer differences) are exgeted.
However, such a dependency is weak for low and total cloud cover.
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Figure 5.36.2Hourly average associationsabdud coverto waer-air temperature difference.

Sea surface temperature dependenchessociations ohourly averages ofater vapornd cloud cover
asafunction ofthe sea surface tempature (SST) are examined in Figure &.3.
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Figure 5.36.3Hourly average associations of water vapor and cloud cover as function of the SST
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The water vapor concentration increases with theasertemperature weakly exponentidllgimilar to

the saturation curve. Interestingly, the ratio between column water vapor and water vapor concentration at
the surface is much larger at higher SST. Cloud cover dependencies on SST suggesetharam

surface temperatuseéhe low cloud altitudecoverages relativelow, while total cloud cover is relatively

highT something to expect from unstable and convective atmospheres.

Aerosol dependenciesssociations ofhourly averages otloud propertiesa aerosol propeds are
examined in Figure 3.6.4and associations among aerosol properties in Figur@3.5.

cloud cover cloud cover
0.8 0.8
° °
06 06
04 04 o
. LI
0.2 - 0.2 -
° . e ® o Qe o
0 —M‘ 0 M
0 0.1 0.2 03 0.4 05 0 01 02 03 04 05 06 07 08 09 1
AOD (550nm) FMF

Figure 5.36.4Hourly average associationslofv cloud cover as function of AOD and AOD fimeode
fraction ower the northern Pacific in 482019

Usually high AOD valusare assocaited with low cloud cover (elow potential for wet deposition).
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Figure 5.36.5Hourly average associationgfine-modeAOD fraction or Angstronparameteto AOD
over the northern Pacific in Ju219

AOD data over ocean assated larger AOD with larger particles (e.g. lower fmede fractions and
lower Angstrom parameterdjhe large AOD valugwith low particles are assated with pollution close
to the departure and arrival ports and are not &ar ocean regions.

5.4 Plastic pollution

An extensive sampling programme was carried out at the profile stations to characterize the distribution
and fate of plastic material at the sea surface, but also to investigate biofilm formation on the plasti
surface and formation of aggregates as possible mechanisms leading to sinking of the particles in the
water column down to the seabed. According to a current hypothesis, only a small proportion of the
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plastic emitted into the marine environment remaloating at the surface, while up to 99 % sink to
deeper layers or the ocean floor, and we will assess this hypothesis with the field material collected on
S02683. The largescale equipment used for this purpose included:

A Neuston Catamaran (CAT) to coltguastic particles >335 um at the sea surface

A McLanein situ pumps (McL) to sample particles >35 pm, >10 um and >0.45 um at up to four depths

throughout the water column

Cascade filtration (CAS) for sampling of particles of different sizes close todisigace

Multiple Corer (MUC) to collect up to 20 sediment cores with 10 cm diameter

Largevolume solidphase extraction (SPE) unit to sample organic pollutants from water (at the sea

surface and at the deployment depths of the McL)

A CTD Rosette for recomdg different profiles such as temperature from the surface to the sea floor and
to sample 24 x 10 L water at various depths

A Marine Snow Catcher (MSC) for collection of aggregates down to 400 m depth and plankton nets
(NET) to sample plastic and other ntékat the sea surface and down to 130 m depth

A ASONNE netid that was built by the SONNE crew s
for sampling of large plastic debris

A Ocean Floor Observation System (OFOS) for photographs of the seabed

A Mesocems to investigate plastic weathering with/out UV irradiation

I v P

At each of the eight profile statioifsee above)the entire range of samples was collected, while certain
types of sampling were also carried out "underway" while steaming: SPE and CASthn€A&. The

following sections describe the relevant research questions or hypotheses, the number and characteristics
of the sample material collected and the analyses that have already begun, while the majority of the
investigations will be carried ostibsequently in the home laboratories of the participating institutes.

The MICROFATE project is coordinated by the Helmholtz Centre for Environmental Reseldfeh in

Leipzig, with partners from the Leibniz Institute for Baltic Sea Reseal@W in Wamemiinde, the
Fraunhofer Institute for Ceramic Technologies and Systems (IKTS) in Dresden and Stockholm University
(SU), Sweden. Also involved are scientists from the Alfred Wegener Institute Helmholtz Centre for Polar
and Marine Research (AWI), Bremerhayand from Senckenberg am Meer Research Insiiggack)
Wilhelmshaven, as well as an interdisciplinary artist, amongst others for photo documentation of the
ongoing research work and for the creation of a blog about this expedition: blogs.helmholnde/o

With some of the collected material, extensive work to characterize the biofilm growing on the plastic
surface was carried out. Furthermore, visual observations of the sea surfacalledsdotsam surveys
weredone with contributions of mosf the scientists, which allowed a large part of the cruise track to be
monitored. In the following sections, the scientific work, the obtained material and a preview of the first
results are presented, grouped according to the large equipment used.

5.4.1.Neuston Catamaran (CAT)(C. Rummel, M. Banu Tekman, M. Bergmann, A. Jahnke)

BackgroundWe used CAT at each profile station to determine the concentration of microplastic (<5 mm)
in the superficial water in the North Pacific Ocean. It allowed the samplfirtbe neuston, i.e., the
fraction of floating organisms directly underneath the water surface. The neuston contains plastic
fragments which are collected using a net with a mesh size of 335 um.

Sampling Once deployed, the CAT trawls alongside the shimtoid contamination by shipourne
particles for 45 minutes at about 4 knots, with the net attached close to the sea surface. Hereby it collects
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the organisms and particles from the top layer of water. In order to allow for extrapol&tibasamount

of microplastic present in the surface layer, a flowmeter was used to determine the flow rate. As soon as
the CAT was lifted to the deck, we exchanged the net and deployed the CAT a second time to maximize
the amount of material collected for the differantlyses. At statio80268/3_7, we deployed the CAT

four times to generate replicates for plastic and biofilm analysis. In addition to the profile stations, we
deployed the CAT twice underway (stations S0O268/3_ 28 and S0268/3_29) to increase the spatial
resolution of the obtained data set. Additional material for pollutant determination was collected using a
scoop, and at one station using a bgat below)All deployments are listed in Table 5.4.1.1., and the
device and selected samples are displayedguré& 5.4.11.

Table 5.4.1.1 Details of CAT deployments during SO268/3
station no. timestamp latitude longitude remarks / info on sea state
S0268/3_ 24 02.06.2019 13:20| 39°28,592' | 135°57,323'W calm sea, no wind, no waves
S0268/3_25 02.06.2019 14:04| 39° 29,520 135° 57,407' W
S0268/3_56 05.06.2019 05:37| 33°53,894' | 144°47,435'W calm sea, no wind, no waves
S0268/3_57 05.06.2019 06:32| 33° 53,983 144° 45,659' W
S0268/3_6b 07.06.2019 00:49| 30°02,509' | 141°43,955'W 1.5 m wave, wind 3 m/s
SOX8/3_66 07.06.2019 01:47| 30° 03,213 141° 41,307' W
S0268/3_71 08.06.2019 22:30| 30°10,126' | 152°01,767'W | 1.5 m waves, wind-8 m/s. CAT

S0268/3_ 72 | 08.06.2019 23:22| 30°07,744' | 151°58,950' W drifting close to the ship
S0268/3_77 | 09.06.2019 16:14| 30°05,133' | 151°55,646'W | 1.5 m waves, wind-8 m/s. CAT
S0268/3 78 | 09.06.2019 17:11| 30° 03,549' | 151°54,292' W drifting close to the ship
S0268/3_1€ | 12.06.2019 01:44| 29°59,690' | 162° 36,275'W 1 m wave, windy

S0268/3_168 | 12.06.2019 02:36| 30° 03234 162° 35,646' W
S0268/3_173 | 15.06.2019 05:37| 29°33,280' | 175° 58,084' W totally flat sea, no wind, no

S0268/3_174 | 15.06.2019 06:25| 29°30,953' | 175°56,054' W | Wwaves, a lot of macroplastic, ne
opening around-2 cm above
water line
S0268/3 234 | 18.06.2019 04:24| 29°50,117' | 171°30,153'E | 2 m waves, windy, rough sea, 1
m/s wind speed, trawl against

waves
S0268/3 235 | 18.06.2019 05:18| 29°51,719' 171° 32,858' E as above, trawl with the waves
S0268/3 28l | 22.06.2019 04:33| 28°01,119' 152° 04,671E calm, almost no waves,

S0268/3 28 | 22.06.2019 05:22| 28°01,271' | 152° 01,259'E construction works on deck
S0268/3_291 | 24.06.2019 05:30| 25°42,052' | 140° 56,497'E 0.5 m waves, windy (7 m/s)
S0268/3 22 | 24.06.2019 06:22| 25°41,366' | 140°52,410'E
S0268/3_38B | 27.06.2019 04:57| 22° 42,372 127° 43,589'E | sampling was one day after 2 n

S0268/3_ 304 | 27.06.2019 05:55| 22°38,890' | 127°43,060' E | waves and 7 bf (26/06/19), at 0.
m waves, windy

Ongoing work and planned analyselhe analyses done/plarthevith the CAT material were diverse,

and in many cases, the work on board only comprised the conservation of the sample for futime work
the laboratoriesof the participating individual instituse Some of the plastic samples went to a group of
researchrs for biofilm analysis to carry out functional and structural analyses of the superficial
community(see chapter 5.4.10Another group received an undisturbed CAT sample which was frozen
for the detection, characterization and quantification of theiplparticles. Finally, some larger particles

were dried and stored frozen for future determination of the concentrations of environmental pollutants
sorbed to the plastic material (see chapter 5.4.5). The sampling cups with the valuable material were
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distributed directly amongst scientists, and different analyses are scheduled to maximize the analyses
done successively with each single particle.

S|

© Philipp Kléckner 2019 | UFZ

Figure 54.1.1 Nighttime deployment of the CAT and sampling with trawling next to the SONNE. An
exampé of a sample collected from the North Pacific Garbage Patch (lower right)

5.4.2. McLanein situ pumps (McL) (M. Banu Tekman, A. Jahnke)

BackgroundThe McL were used to determine the particle distribution between the ocean surface and the
seabed. Withhe help of McL, we sampled particles >35 um, >10 um and >0.45 um at up to four depths

in the water column to obtain comparable data to published data generated during past campaigns. At the
final stations (S0O268/3_30 and S0268/3_31), we continuously samgpticates of the entire profile

from the surface to the deep sea, in order to explore a new sampling design that allows for integration of
the entire water column.

Sampling The McL were mounted on the 11 mm CTD cable as part of the CTD deploymentavéiee

usually mounted and programmed in a way that they started sampling at their designated depths: bottom
(about 70 m above the sea floor), 2500 m, 300 m, chlorophyll maximum (between 50 and 140 m, info
from CTD sensor). At these depths, they were albwo sample particles for @20 min. During the

final two stations, another sampling strategy was followed: The pumps were mounted directly above the
CTD and pumped continuously to characterize the profile from the sea surface to about 5000 m depth,
while lowering down theequipment at a speed of 0.5 mlte samples collected are listed in Table
5.4.2.1., and impressions of the sampling are demonstrated in Figure 5.4.2.1.



