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Direct observations of the oceans acquired on oceanographic research ships 
operated across the international community support fundamental research 
into the many disciplines of ocean science and provide essential information 
for monitoring the health of the oceans. A comprehensive knowledge base is 
needed to support theresponsible stewardship of the oceans with easy access 
to all data acquired globally. In the United States, the multidisciplinary 
shipboard sensor data routinely acquired each year on the fleet of coastal 
regional and global ranging vessels supporting academic marine research are 
managed by theRolling Deck to Repository (R2R,rvdata.us) program. With over 
a decade of operations, the R2R program has developed a robust routinized 
system to transform diverse data contributions from different marine data 
providers into a standardized and comprehensive collection of global­ 
ranging observations of marine atmosphere, ocean, seafloor and subseafloor 
properties that is openly available to the international research community. In 
this article we describe the elements and framework of the R2R program and 
the services provided. To manage all expeditions conducted annually, a fleet­ 
wide approach has been developed using data distributions submitted from 
marine operators with a data management workflow designed to maximize 
automation of data curation. Other design goals are to improve the 
completeness and consistency of the data and metadata archived, to support 
data citability, provenance tracking and interoperable data access aligned with 
FAIR (findable, accessible, interoperable, reusable) recommendations, and to 
facilitate delivery of data from the fleet for global data syntheses. 
Findings from a collection-level review of changes in data acquisition 
practices and quality 
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over the past decade are presented. Lessons learned from R2R operations are 
also discussed including the benefits of designing data curation around the 
routine practices of data providers, approaches for ensuring preservation of a 
more complete data collection with a high level of FAIRness, and the 
opportunities for homogenization of datasets from the fleet so that they can 
support the broadest re-use of data across a diverse user community. 
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1 Introduction 

The globaloceans cover more than 70% of Earth's surface, 
and impact life on earth in numerous ways.They play an 
importantrole in regulating climate, hostdevastating tectonic 
geohazards, and provide essential food and naturalresources. 

Manyofthe mostpressingchallengesfacinghumanity inthe21st 
century will require new scientific investigations and 
observations within the oceans and the need for ocean 
observations is rapidly expanding. Central to our ocean 
observing and marine research capabilityare oceanographic 
research vessels which enable the collection of physical 
samples and in situ measurements of environmental 
parameters.Increasingly,research vessels are outfitted as 
multi-purpose platformsthatacquire a diversity ofdata types 
routinely while atsea,regardless ofthe specific science mission 
of each cruise. The data acquired withthese multi-purpose 
research vessels are of high scientific value for building global 
syntheses of properties spanning sea surface to subseafloor, 
climatologies,and historical time series of atmospheric and 
oceanic properties.They are used for ground truthing of 
satellite observations, as fundamentaldata constraints for 
global ocean models,and as core background data sets for a 
widerangeofscientificinvestigations.Thesedataarealsoofhigh 
value for more applied studies such as fisheries and coastal 
management and for informing marine policy to protectthese 
resources.Fit-for-purpose marine data management systems 
that provide free and open data access for current and future 
users are essential components oftheinfrastructuresupporting 
marine research and ocean monitoring(UNFSCO,2017;Speich 
et al.,2019). 

Oceanographic research conducted by the academic 
community in the United States(US)issupported by a fleetof 
research vessels with funding from the US National Science 
Foundation (NSF), Office of Naval Research and other federal 
agencies and privatesources(NationalResearch Council,2009; 
National Research Council,2015;UNOLS,2019).Thisresearch 

 
vessel fleet facilitates coastal to deep ocean "blue water" 
oceanography as well as polar studies in the Arctic Ocean and 
around Antarctica.Historically,the archiving of data from US 
academic research expeditions wastheprimary responsibilityof 
chief scientists and science parties per NSF data policies with 
expectation ofsubmission to thenationaldatacentersrunbythe 
National Oceanographic and Atmospheric Agency (NOAA). 
However,fulfilling this mandate was ad hoc and sparse, and 
thepreservation ofthese unique andhighvalueresearch datasets 
was highly limited. 

The Rolling Deck to Repository (R2R) program was 
launched in 2009 to provide consistent and comprehensive 
data management services for the ship-board environmental 
sensor data from academic research expeditions in the US, 
initially focused on the research vesselsoperated through the 
University National Oceanographic Laboratory System 
(UNOLS)system and US Coast Guard Healy(Figure 1,www. 
rvdata.us).The program was developed as a multi-institution 
collaboration between groups with expertise in marine science 
data management at Lamont-DohertyEarth Observatory of 
Columbia University, Scripps Institution of Oceanography at 
the University of California San Diego, Woods Hole 
Oceanographic Institute and the Center for Ocean- 
Atmospheric Prediction Studies at the Florida State University. 
The NSF Oceanographic Instrumentation and Technical 
Services Program and the Office of Naval Research have 
provided ongoing funding support since inception. The 
services of the R2R program have been developed in close 
partnership with marine facility operators, funding agencies, 
the National Environmental Data Centers(NCEI)operated by 
NOAA, and the US marine science community through 
guidance from the UNOLS and the R2R Science Advisory 
Committee.1n this articlewe describe the components of the 
R2R program, the services provided, and the technical 
framework supporting the system.Insights on changes in 
acquisition practices from a review of quality assessment and 
processing results ofexampledata types(multi-beam sonar and 
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navigation) for the past decade are discussed. Lessons learned 
from R2R operations working close to data acquisition to 
support data reusability are presented. While the R2R system 
manages data curation for the US academic research fleet, the 
multi-parameter data collection served is openly and freely 
accessible to the broader international marine community, 
supporting scientific research around the globe. 

 

2 Components of the R2R data 
curation system 

 
The data services provided by R2Rsupport the management 

and curation of the shipboard sensor data and ensure the raw, 
as-acquired data are documented and preserved at their 

full resolution. Data services include cruise and 
dataset documentation to support reuse and proper 
attribution to data originators,aswellasdata 
publication,distribution, andsupport forlong-term 
preservation. We collaborate with ship operators to obtain the 
final underway data distribution from all cruises along with 
basic cruise level information (e.g. who, where, when).The 
cruise distribution is "broken out"(classified into 
individual datasets according to instrument system and file 
format) and documented with file format and size information 
using scripted tools based on detailed information about the 
directory location of the recorded filesets from each sensor 
within the cruise data distribution, and the file naming 
protocols used (the Vessel Profile). The device types broken 
out arefrom instruments operated aboard most ships including 
singlebeam echo sounder (SBES), conductivity temperature 
depth (CTD), meteorological (MET), thermosalinograph 
(TSG), acoustic doppler current profiler (ADCP), expendable 
bathythermograph(XBT)and Global Positioning System(GPS) 
sensors,aswellasmorespecialized instrumentationoperated on 
asubset ofthefleet including multibeam echosounder(MBES), 
gravimeter,magnetometer,pCO2,and otherflow-through water 
sensors. Information on shipboard time servers and the time 
source for each device are also collected. Permission to release 
the data isrequested from the ChiefScientist ofeach cruise per 

NSF data policies for data that are Jess than 2 years since 
acquisition. Upon release, data are made publicly available 
under the Creative Commons Public Domain Mark 1.0 
(Creative Commons, 2022).Individual device datasets are 
"bagged and tagged"(bundled with standard metadata for the 
deviceand thedatafilemanifest)and,fortheprimarydatatypes, 
submitted to NOAA's NCEI which provides for long-term 
archiving of marine environmental data following OAIS 
protocols(CCSDS and Consultative Committee for Space Data 
Systems,2012).Post-cruisesemi-automated quality assessment 
(QA)and data products are provided for select high value data 
types, including a final navigation product. R2R also provides 
some support for at-sea operations to enhance data 
documentation and reusability. Services include the R2R 
Eventlog application which builds upon and extends the 
eventlog application described in Ritt(2019) and provides for 
standardized capture ofat-seasampling and acquisition events 
(Maffeietal.,2012).Theother primary at-seaservice provided is 
near real-time quality control (QC) of MET and TSG data 
through partnership with the Shipboard Automated 
Meteorological and Oceanographic System Initiative(SAMOS, 
Smith et al,2018).These QC services allow for timely feedback 
to operators oninstrument healthfrequently resulting in repairs 
tosensors priortocollection ofan entirecruise worth ofsuspect 
observations,andprovide nearreal-timeMET andTSG data ina 
standard format to support satellite and model validation(e.g., 
Bourassa et al,2003;Li et al,2013)and creation ofglobal data 
syntheses(e.g., Freeman et al.,2017). 

The complete set of broken out extracted datasets, cruise 
information, event logs(ifacquired), and QC/QA products are 
findable and accessible through the R2R Cruise Catalog. Direct 
links to the NCEI archives are given for datasets once they are 
available in their system, with R2R hosting for the data types 
NOAA does not routinely archive. All broken out datasets as 
well as cruise metadata records are published and citable with 
DataCite DOis (DataCite,2022) which provide persistent 
unique identifiers. Internationally agreed upon controlled 
vocabularies are used for cruise metadata elements (e.g. 
International Council for the Exploration of the Sea(ICES)for 
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vessels,see Supplementary Material) and device types are 
mapped to the SeaVoX Device Catalog, hosted by the British 
Oceanographic Data Center and implemented in the 
SeaDataNet system (SeaDataNet,2022;Schaap and Lowry, 
2010).In addition to access through the R2R Cruise Catalog, 
R2R data resources are available via application programming 
interfaces (APis) to support interoperability with other data 
centersand enableotherstodesign theirown toolsfor machine- 
to-machine access to data (www.rvdata.us/about/technical- 
details/services).Data sets can also be discovered through 
Google dataset searches and earth sciences-specific discovery 
portals such asthe EarthCube GeoCODES portal,facilitated by 
web-accessible metadata and schema.org protocols(Guha, 
2011).Further technical details on the R2R infrastructure, 
including software components, the data model, metadata 
standards (ISO and DataCite) and controlled vocabularies 
used are included in theSupplementary Materials. 

 
 

2.1 Importance of the cruise context 
 

Unlike manyfield programs onland,marineexpeditions are 
inherently multidisciplinary in nature with the shipboard 
sensors providing measurements of many aspects of the 
marine environment irrespective of the science goals of the 
cruise. Preserving the cruise conteict under which these data 
are acquired is important for future reuse ofthe diverse multi- 
parameter co-locateddatasets which are typically archived in 
different data repositories and/or collections.On many cruises, 
scientists bring their own instrumentation on board, or 
instrumentation operatedby other groups is deployed,and in 
the US these data are managed primarily by other disciplinary- 
focused data facilities ( e.g., Marine Geoscience Data System, 
Biological and Chemical Oceanography Data Management 
Office, CLIVAR and Carbon Hydrographic Data Office, and 
NCEI).The cruise context provides the integrating framework, 
and is key for tracking provenance and enabling appropriate 
acknowledgementto data originators as datasetsare processed 
and incorporated into global syntheses and other higher-level 
productsby dedicated data assembly centers(DACs)or as part 
of targeted science projects. The cruise contextalso allows for 
better tracking oftheoriginalfunding award information which 
is increasingly included in scientific publications. It allows for 
field data to belinked toscientific publications which document 
knowledge derived from thedataand inform appropriate re-use. 

The R2R Cruise Catalog is designed to provide a central 
resource for access to data and information about each cruise. 
This information includes cruise summary metadata, an 
inventoryof the submitted underway data distribution,all 
broken out datasets, linksto qualityassessment results and 

data products, and to cruise reports if contributed by science 
parties (Figure 2).The concept of cruise DOis as persistent 
identifiersfor cruise eventswas developed by R2R(Arko et al., 

2016)to contribute to the goal ofpreserving the cruise context 
and is included as part of the standard documentation for all 
datasets.Cruise DOis resolve to R2R'sCruise Catalog page for 
that cruise. Cruise DOI'shave also been deployed to support 
reciprocal linking with the other disciplinary-focused data 
facilities that manage ship-based data, enabling discovery of 
this broader suite offield data acquired in support ofacademic 
research via the R2R Cruise Catalog. 

 

2.2 Scope of the R2R cruise 
catalog collection 

 
Thecatalog iscurrently comprehensive forexpeditions from 

2009 to the present(Figure3)for the federally-funded suite of 
academic research vessels within R2R's scope. Cruise data from 
expeditions ofthe RIV Falkor and Nautilus, both operated for 
academic research by non-profitprivate organizations(Schmidt 
Ocean Institute and Ocean ExplorationTrust)arealso managed 
through R2R. Basic information for academic research 
expeditions from these ships prior to 2009 including from 
retired vessels,have also been provided by some operators and 
are included. For most ofthese olderexpeditions, only cruise 
summary metadata and cruise navigation are included. In some 
cases, datasets from these legacy cruises are inventoried and 
served. However, the cruise catalog has not been funded to be 
comprehensive forallacademicresearch cruisesfrom theseships 
prior to 2009. 

The volumeofdata managed through R2R currently totals 
over 168 TB from 4904 cruises from 2009 through 2020 
(Figure 3).While there is a trend of decreasing total number 
of cruises in more recent operating years reflecting the 
retirement of severalships, the number of filesets and total 
volume of data broken out from cruise distributions for each 
cruise year is increasing as the number ofdevices deployed on 
research ships has grown. Figure 4 shows the totalnumber of 
datasets extracted, documented and archived from submitted 
cruise distributions for the di1ferent underway device types in 
use across the fleet. For the2009-2020period,~37,000 datasets 
corresponding to ~16 million files have been broken out, 
documented and preserved, with open and public access 
available to theinternational marine research community. 

 

3 Programmatic quality 
assessment for enhanced data 
documentation 

 
A significant focus of the R2R program has been the 

development of programmatic Quality Assessment (QA) 
procedures for datasets from the most routinely acquired high 
value devices ( https://dev.rvdata.us/about/quality-assessment). 
Data quality issues such as missing data, missing 
documentation, outliers due to noise, and duplicate values 
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FIGURE 2 

Example of R2R Cruise Catalog page (for R/V Neil Armstrong cruise AR16: https://www.rvdata.us/search/cruise/AR16) showing the cruise track 
in map view. cruise summary metadata (science party names, institutions and roles,cruise dates, ports and funding awards). an inventory of the 
submitted underway data distribution, the Listof datasets broken out by device type along with Links to download these data. Links arealso 
provided to quality assessment results, R2R data products, and to the external repositories that host other marine data for this cruise. 

 
 
complicate data analysis and can be manpower intensive to 

identifyand correct Further, as data volwnes generated by 

marine sensors grow with improvements in resolution and 

higher sampling rates, and as more sensors are added to those 

routinely acquired, there willbe increased need for 

programmatic access to QA information to help scientists 

manage the''big data"deluge and identify optimal datasets for 

their needs (e.g. Baraniuk,2011;Cai and Zhu,2015). 
R2RQA isdesigned todocumentthecharacteristicsofadataset 

as originally delivered from vessels, and is conducted for GPS, 

MBES, SBES, gravity, magnetics, CTD, and XBT data.The 

automated QA is intended to identify incomplete or suspicious 

data( e.g.datafrom wrongcruise,corrupteddatavalues,datagaps) 

and provides documentation ofdataset characteristicsrelevantfor 

informinglaterscientificuse.QA proceduresincludeasuiteofbasic 

testsrelevantfor all data types(e.g.that minimum appropriate 

metadata exists, that the expected data files exist, that file 

checkswns match cruise manifest checksums, that files are 

readable and of the correct docwnented format).1n addition to 

thesefileset-leveltests,theprogrammatic QA alsoincludes device- 

specific testsforwhich individual datafiles are opened and read to 

confirm data values are valid and with.in expected temporal and 

spatial bounds, as well as statistical tests to assess whether the 

instrwnent appears to be functioning properly(Figure5).Test 

results are visualized in a QA dashboard(https://www.rvdata.us/ 

qa_info)and also served ina QualityAssessment certificate thatis 

publicly accessibleasadownloadableschematizedXML(Extensible 

Markup Language)file.Thesummary certificate provides thefull 
list offiles assessed, the test results, and in many cases summary 

plots. Visualsummaries make useofcolor-codedindicators(red; 

critical test failed; yellow; some suspicious data; green; no 

suspicious data;grey; unassessable)and an overall rating for the 
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entire dataset is derived from theratings for the individual tests. 
Standardized documentation describing the QA tests and 
algorithms is provided along withthe QA report(Figure 5, 
https://service.rvdataus/docs/qa_docs/). 

Common problemsidentified during the basicstandardQA 
testsare gaps in the data, data not matching the cruise dates, 
inconsistentfile formatsand naming conventions, and corrupt 
data,often atthebeginningorendofthefile.QA results areused 
to helpidentify missingdatasetsforcontacting operators,tohelp 
ensure complete and correct data packages are submitted to 
NCEIforlong-term archiving(e.g.no emptyfiles,all data from 
correct cruise), and to identify what datasets are suitable for 
furtherprocessing forthose data typesfor which a data product 
is generated by R2R(e.g.datasets arecomplete;data are within 
cruise bounds; data files are readable).QA is also used to verify 
cruise metadata( e.g.submittedstaratnd end datesand portscan 
be incorrect), and to notify operators for issues that can help 
improve acquisition (e.g. inconsistent directory structures; 
down-sampled navigation). 

3.1 Example: Multibeam echo sounder 
quality assessment and insights on 
acquisition from a decadal review 

 
The most complex device for which programmatic QA has 

beendeveloped ismultibeam echo-sounderswhich aredeployedon 
over half ofthe research fleet ships currently served by R2R and 
represent one ofthe largest volume datasets. MultiBeam Quality 
Assessment (MBQA) includes tests for the presence of 
measurements relevant for most accurate determination of 
physical parameters (e.g.has sonar draft measurement, has 
surface sound velocity, existence/number of sound velocities 
profiles),tests for the validity ofdata values in each file(e.g. data 
within valid ship and sensor limits), data completeness(%  beams 
with bathymetry/side-scan/backscatter measurements) and 
calculation ofstatistical metrics that can be used to assesssystem 
performance(i.e. beam/pixelvariance for evaluating across-track 
beam noise,across trackslopefor informing rollbiasevaluation). 
The MBQA code makes use ofthe open-sourcesoftware package 
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Global Distribution of Cruises Curated by R2R 2009-2020 

 

Summary of number of cruises each year andtotal data1.0lume received for all cruise distributions. (A) Number of cruisesorganized bycruise type: 
science. transit (to/from thesurvey site). and other. "Other"includes operator runshakedONn, inspection. servicing andtraining expeditions. and 
institutional education and otJ:reachcruises). The low cruise numbers for 2020 reflect theimpacts of the Covid-19 pandemic withmany expeditions 
cancelled or postponed. (B) Global distribution of crt.ise tracks for expeditions with fullnavigation infonnation registered in theR2R cruisecatalog. 
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FIGURE 4 

Typeof device datasets within theR2R cruise datacollection. (A) Total number of filesetsbrokenout from cruise distributions. documented and 
made accessible.identified by device type for 2009-2020. Note that not alldevices areinstalled on allvessels. Allshipsoperate a GPS (GNSS and/ 
or INS sensor)anda number of shipsoperate more than one of these sensors (Note that number of GNSS/INS datasets istruncated for display 
purposes and totals ~8000).Most shipsoperate with AOCP. singlebeam echosounders. CTD, TSGandgyrocompass sensors. (Bl Histogram 
showing percent of archived cruise distributions in theR2R collection with device datasets classified broadly according to oceanographic science 
purpose. Devices included in eachclass areas follows: Geophysics (gravimeter, magnetometer, MBES, SBES,surface sound velocity profiler 
(SSV));Physical Oceanography (ADCP, CTD,expendable probes (XBT, XCTD, XSV, XCP etc).Flowmeter, Hydrographic Doppler Sonar, water 
temperature probe. TSG,waveradar); Biological and ChemicalOceanography (fluorometer, nitrate,oxygen,pCO2, pH, Splitbeam (fishfinder 
sonar), transmissometer);Meteorology (anemometer, barometer, hygrometer, LiDAR. Metstation, ptu, radiometer, raingauge, aerosol sensor, air 
temperature probe); Navigation (GNSS, gyrocompass, INS,speedlog, USBL); DAS and Other (Data Acquisition System files,timeserver, winch). 
Histogram shows that Physical Oceanography sensor data is registered from thelargest number of expeditions archived (90% of archived 
expeditions) over the2009-2020 period, with geophysical and MET sensor data for 59/59% of archived expeditions andBiologicalandChemical 
Oceanographic sensor data archived for 36% of expeditions.Note that most Geophysical and Bio-ChemO sensorsare not installed on the 
smaller coastal class vessels.Raw navigation filesets were submitted andarchived for 80% of expeditions over the decade withnavigation 
information oftenin multiplexed files from data acquisition systems (DAS) during earlier cruises. 

 
 

MB-System (Caressand Chayes,2008)and is now in version 2.0 

releasewith atotalof19tests.Advantages ofusing MB-System for 

MBQA include the abilityto read in current and historical MBES 

formatsfrom alltheprimary sensors deployed onresearch vessels, 

and to run programmaticQA inascripted mode. 

The fleet-widescope ofthe R2R data collection provides the 

opportunity to conduct an historical review of instrument 

operations as documented with the programmatic QA, to 

examine how test results have varied across vessels and through 

time.Changes in standard operating procedures and device 

maintenance and in the reliabilityand ageofdevices deployed,as 

wellas in cruise-specific conditions including weather can all 

impact QA resultsand how they change through time. Figure 6 

compares MBQA summary ratings for cruises from 2009-2013 

with theperiod 2014-2020(corresponding to533/770expeditions 

respectively).MBESdata acquiredbefore2014wereevaluatedwith 

MBQA VI.0,while V2.0 was run for the later cruises.These two 

versions of the MBQA include some differences in tests and 

algorithms and hence not all test results can be directly 

compared. However, some general patterns emerge with 

suspiciousdataflagged for ahigher number oftests overallin the 

oldersuite ofdata and marked improvements seen in the newer 

data in several areas.Prior to 2014,30% offilesets are without 

surface sound velocity compared with only4% post 2014.37%of 

filesetsprior to2014indicatesuspicious navigation compared with 

only2 cruisessince2014.Alsoalargepercentage(38%)oftheolder 

datasets have fewer than expected number of side-scan records 

indicating incompleterecording ofthissonardatatype.Acrossboth 

timeperiodsasignificantnumberoffilesets(25%)haveacross-track 

beam noisethatexceeds testthresholds,indicative ofsomewhat to 

highlynoisy outerbeams.Forasimilarpercent ofexpeditions(33% 

and 27% for early and later time periods,respectively) the mean 

across-track slope falls within the suspicious range that 
could indicate roll biasissues. 

Thecomparison ofMBQAtestresultsoverthese2 timeperiods 

indicate significantimprovements in the overall completeness of 

metadataanddata,andindataqualityrecorded acrossthefleetThe 

MBQA results also indicate olderdatasets may require additional 

processing to improve the navigation merged withthedataset and 

toaccommodate timing issues,andthereis morelimitedrecording 

ofside-scansonar values.Acrossallyears,the MBQA resultspoint 

totheconsistent issueofnoisyouterbeamswhich isprimarily due 

tothecommonpracticeofsettingmultibeam sonarstoacquirewith 

a maximum swath angle.Operatingthesesystemswithamaximum 

I'"'"------ 

80 
 

IC " 



Carbotte et al. 10.3389/fmars.2022.10127
56 

Frontiers in Marine Science frontiersin.org 08 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Example of R2R Quality Assessment (QA) results accessible via the QA Dashboard (http://get.rvdata.us/qa_inc/). QA results are shown for XBT 
data from RIV Marcus Langsethcruise MGL1002 (https://www.rvdata.us/search/cruise/MQ_1Q02). (Al QA for eachdevice is run for allftles from 
one cruise and displayed in the QA Dashboard withred/yellow/green ratings summarizing results for each test. Visualsummaries make use of 
color-coded indicators assigned relative to thresholds set for each QA test (red= critical test failed/; yellow =some suspicious data; green =no 
suspicious data; grey =unassessed) and anoverallrating for theentiredataset is derived from theratings for the individual tests. (Bl Listof data 
plots and documents pertaining to QA results for device. (Cl Example plotsof XBT data showing data points flagged by the QA process. (Dl R2R 
Quality Assessment Certiftcate for each cruise includes documentation of version of the QA Processing coderun.other reference documents as 
appropriate for the device/cruise. summary QA results for all tests. as well as description and results of individual QA tests along with thresholds 
for lamp ratings. The summary certiftcate provides the full list of ftles that were assessed. and in many cases summary plots. 
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swath angle usually results in acquisition of poor quality outer 

beams that mustbe edited out in post-processing(Figure7).This 

problem would bebestmanaged bychanging standard operational 

practices so that the swath width is narrowed during data 

acquisition. Modern generation sonars are best run with the 

swath narrowed to 60°for highest quality fullsuite ofdata or up 
to 75° when collecting bathymetry only.High across track slope, 

whichispossiblyindicativeofrollbias,isalsofound inasignificant 

percentage of expeditions across all years.Caution is needed 

however, in evaluating this test result as high across-track slope 

canreflect thetruelocalmorphologyinthesmveyarea(i.e. smveys 

conducted alongthecontinentalslopes)andhumanjudgementand 

manualreview isneeded todetermineifthistestresultindicates an 

error thatrequires further processing. 

The improvement in data quality and completeness since 

2009 documented by the MBQA islikely due to upgrades and 

greater consistency in the multibeam sonar systems installed 

across thefleet aswellaschangesin operatorstandard practices. 

For the2009-2014 period 8 different systems were in operation 

(6 Kongsberg and 2 Seabeam models) whereas from 2015 

forward a number of systems were replaced or upgraded with 

a total of5 Kongsberg models now in operation across thefleet. 
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FIGURE 6 
Multibeam Quality Assessment resultsfor different timeperiods. Description of the different quality assessment testsperformed are documented 
in R2R Technical Report Quality Assessment Description Multibeam (https://service.rvdata.us/docs/qa_docs/Multibeam/R2R_Multibeam_ 
QualityAssessmenLDescription.pdf (A) Results of MBQA version 1.0 evaluation for allmultibeam echo sounder data setsacquired from 2009- 
2013.(Bl Results of MBQA version 2.0 evaluation for allmultibeam echo sounder data sets acquired from2014-2020. See text for discussion. 

 
 
Improvements in operating practices can be attributed to 
dissemination of information at community forums including 
RVTEC and direct feedback from R2R when significant 
problems were found, as wellas the contributions of the 
Multibeam Advisory Committee(https://mac.unols.org)which 
was initiatedin 2011 and which helps support proper MBES 
system calibration and acquisition bestpractices. 

 
4 R2R data products 

 
While itisbestpractice to archive and preserve sensor data 

in itsraw,as-acquiredform,derived data products support the 
widestusefor science. For example,itisthe derived parameters 
reflective of physical state rather than instrument parameters 
(e.g.gravity anomaly value compared with raw instrument 
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FIGURE7 

Summary plotof MBQA results to evaluate quality of beam data. Results illustrate noisy outer beams which is primarily dueto thecommon 
practice of setting multibeam sonars to acquire with a maximum swath angle. Red lineshows number of pings per beam for the entire cruise 
dataset. Green lineshows theaverage depth value for each beam for the fullcruise. Black line shows thevariance in depth values averaged for 
each beam over the full cruise. Notehow thebeamsat the outer edges of theswath arenotdetected for most pings (redline)and typically are 
invalid when they are detected. Recommended best practice is to narrow theping width to collected better quality, higher resolution data. 
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counts,seafloor depthrather than two-way traveltime)that are 
of most interest for non-specialistscience users. To support 
these needs for reduced data, R2R provides data products for a 
number ofdatatypesaspartoftheroutine datacuration process. 
These products areserved in thestandard documented GeoCSV 
asciiformat(GeoCSV,2015)enabling scientists to usedatafrom 
differentships without needing tohandle the multipleformats of 
raw data used across the fleet.Derived data products are 
provided for navigation, gravity and magnetics datasets, 
singlebeam, CTD and XBT as well as for near real time MET 
and TSG data via SAMOS.Standardized documentation is 
provided describing data reduction steps and algorithms, 
similar to that developed for the QA documentation (https:// 
service.rvdata.us/docs/product/). 

 
 
4.1 Example: Navigation and insights on 
acquisition from a decadal review 

 
R2R assesses quality and produces standard navigation data 

productsderived from the GPSpositioning data foreach cruise. 
GPS data are of unique value as they provide positioning 
information for most other sensors and are merged with 
device data streams on board or after the cruise, based on 
timestamp information.In the R2R data curation workflow, 
the cruise GPSdataare also used in the quality control ofother 
data types, to confirm that the data provided are from the 
appropriate cruise,asdata are occasionally mislabeled or saved 
into the wrong cruise directory prior tosubmission. 

Thequality assessment testsperformed for GPSdata include 
date range checks compared with start/end date ofthe cruise, 
tests for dataset completeness,gaps in data, out of sequence 
records, bad GPS quality flags, and unreasonable speeds and 
accelerations (Figure 8).The most common quality issues 
encountered are long data gaps and high temporal 
incompleteness within a dataset (percent of missing data), 
which can include both long gaps and "spotty" data with 
multiple shorter gaps.The number of datasets with high 
percentages of records with unreasonable speeds and 
accelerations has reduced slightly over time (Figure 8A 
compared with Figure 8B) which we attribute to more 
operatorsrecording their GPS data at higher sampling rates. 

When the R2R program began in 2009, stand-alone raw 
navigation filesets were not always recorded and a number of 
operators provided navigation information within multiplexed 
files where they were merged with other sensor parameters and 
at reduced temporal resolution.Other challenges included data 
recorded at inconsistent frequency, and heterogeneous 
undocumented formats: 15 data formats were in use across 22 
vessels during thefirst 2 yearsofthe program.To help promote 
greater standardization across the fleet, R2R developed best 
practice recommendations for acquisition (Rolling Deck to 
Repository, 2018) and worked with vessel operators to 
facilitate adoption. Over time, acquisition practices have 
increasingly adopted these recommendations{Figure 9).The 
proportion of cruises with raw navigation files submitted in 
cruise distributions has increased; the number of diverse files 
formats has decreased, replaced by an increased uptake of 
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FIGURE 8 

Navigation data Quality Assessment results for different timeperiods. Description of the different quality assessment tests performed are 
documented in R2R Technical Report Quality Assessment Description Navigation (https://service.rvdata.us/docs/qa_docs/Navigation/R2R_ 
Navigation_QualityAssessmenLDescription.pdf) (A) Distribution of quality assessment ratings for navigation data from expeditions from2009- 
2013 by individual quality assessment tests. (B) Distribution of quality assessment ratings for navigation data from expeditions from 2014-2020 
by individual quality assessment tests. 
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Percentage of cruises. binned by cruise date. with navigation data meeting R2R's recommended best practices. Only cruises with successful 
quaLity assessments areincluded. 

 
 
standard National Marine Electronics Association (NMEA) 
formats (NMEA,2022);and the amount of data prese1Ved at 
lHz or higher has increased.These improvements reduce 
manualeffort needed for processing and, more importantly, 
provide more useful data. 

 
5 The R2R partnership with the 
science user community, ship- 
operators, and the NCEI archive 

 
R2R data services are designed to provide the conduit for 

marine data to flow from the ship operators who manage data 
acquisition to the NCEIarchives which provide for long-term 
archiving and prese1Vation ofmarineenvironmentaldata in the 
US. Close collaborations with science users,the marine 
operators and NCEI has been an integral part of the design 
and growth oftheR2R data managementsystem sinceinception. 
Direct engagement with the US marine research community, 
which provides the science motivation driving all data 
acquisition using the academic research fleet, has contributed 
to the development of the program since inception including 
through an Advisory Committee which has provided guidance 
on future directions, user testing ofbeta releases ofnew tools, 
and feedback on data center policies.Domain experts have 
contributed to the design of QA tests and identification of 
appropriate thresholdsand all data processing procedures have 
been developed with dedicated science experts to guide the 
processing work flow and review products. 

The ship operators and technicians who submit cruise data 
from their field seasons on a regular basisare another primary 
partnerin R2R.Theship-boardtechnicalteam istheconduit for 
information regarding instrumentation, deployment, 
documentation, and event tracking that is fundamental for 
understanding and describing the data distribution.In 

addition, numerous real-world problemsencountered while at 
sea lead to unavoidable heterogeneity in the data that are 
acquired.Closecommunication and active engagement ofship 
operators has been essential to ensure the most complete and 
accurate representation of data acquired during a cruise 
is archived 

Working closely with the marine operators has also 
supported development of more standardized and improved 
data documentation.R2R hasestablishedworking arrangements 
with theship operators and technicians, primarily at the annual 
meetings of the UNOLS Research Vessel Technical 
Enhancement Committee and also through a designated R2R 
liaison who meet with vessel technicians at leastannually, and 
visit the vessels in-person as opportunities arise.This close 
contact has resulted in the development of recommended best 
practices for cruise data directory structure,vessel coordinate 
systems, and templates for cruise-levelmetadata.A particular 
challenge is maintaining an accurate record of all sensors 
operating on each cruise with their essential minimal metadata 
(devicetype,make,model)for example assensors fail mid-way 
during acruise and arereplaced.A recentinitiative to tacklethis 
challenge, is working with developers of next-generation data 
acquisition systems to capture accurate device information 
routinely (automatically rather than manually) and ensure it 
travels downstream with data packages. 

More recentefforts are focused on developmentof expert 
recommendations for acquisition ofspecific device types. Best 
practices for shipboard installation ofC-Startransmissometers 
resulted from an R2R working group composed of ship 
technicians, scientists and data managers(Smithet al., 2020). 
These expert recommendations have been published and made 
available through the Intergovernmental Oceanographic 
Commission, Ocean Best PracticesSystem (OBPS;Pearlman 
et al., 2021;https://repository.oceanbestpractices.org/handle/ 
11329/1275).Development of additional technician-focused 
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best practice documents are underway, including for CTD, 
EK80,and generalflow-throughseawater systems. 

The otherkey partner in the development of R2R is the 
NOAA's NCEI.Close interaction with NCEI staff has 
contributed to the quality and standardization of submitted 
data packages and has supported the development of custom 
tools to ensure archive completeness. Regularly scheduled 
communication has ensured technical issues are quickly 
resolved and shared development needs are planned, which in 
turn has improved the efficiency of accession ofdata packages 
intothe NCEIsystem.Another outcomeofthisclosepartnership 
has been shared developmentof metadata standards for cruise 
and device specific metadata (https://www.ngdc.noaa.gov/iho/ 
SubmittingMarineGeophysicalData.pdf),whichhave historically 
been lacking, thereby helping to address gaps in standards for 
marine metadata. 

 
 

6 Discussion 

6.1 Lessons learned from the R2R fleet­ 
wide approach working upstream in the 
data lifecycle 

 
R2Rservices arefocused onsupporting thepreservation and 

re-usabilityofthesuite of multi-parameterdata acquired on US 
academic research cruises each year with data management 
activities designed to provide a complete and accurately 
documented data collection; to deliver data packages that are 
aligned with FAIR principles;and to develop "synthesis-ready" 
data streams and processed data to support the development of 
thematic data syntheses and products. In the following 
section we discuss lessons learned from working as a 
fleet-wide aggregating data management system and 
worl<ing upstream in the data life-cycle,close to 
acquisition.These insights are informing potential areas 
offuture development for the R2R program and may be useful 
considerations for other research communities supported 
by a distributed network of data providers with diverse 
practices and resources. 

 
6.1.1 Designing data management systems 
around the routine practices of data providers 
supports workflow automation and helps 
address the challenges of heterogeneous 
acquisition practices across the diversity of 
providers 

The suite of global,regional, and coastal class vessels 
supporting academic marine research in the US is operated by 
different universities, the US Coast Guard, and non-profit 
organizations, each with their own practices and ways of 
handling and organizing data,and each operating a specific set 
of shipboard sensors.While there are commonalities in the 
primary sensorsoperated,individual vessels havemore orfewer 

sensors depending on vessel class and typical science mission 
supported.Furthermore,thesuiteofsensorsinstalledonanyone 
ship changes through time as devices are added or removed. 
Given the imperative for high levelsof automation in order to 
provide a cost-effectivedata management system,the R2R data 
curation pipeline was designed specifically to accommodate 
heterogeneity between operators and for change through time. 
The consistent practice across operators is the bundling ofall 
data into a final cruise data distribution, which is how data 
historicallyhavebeendelivered to thescienceparty attheendof 
thecruise.However,itistheindividual datasets derivedfrom the 
shipboard sensors,rather than thecruise distribution, thatareof 
most utility for re-use and hence the primary target for long- 
term datapreservation.Ratherthan requiring operators tobreak 
thecruise distribution apart to submit individualdatasets, R2R 
manages the cruise distribution as the primary submission 
package. R2R breaks out data filesets from the submitted 
distribution using information about the distribution directory 
structure for each ship and its filenaming protocols.This 
approach relies on an inventory of the device types onboard, 
which R2R verifies with operators annually.Data filesets 
extracted as part of the R2R curation workflow are then 
documented, packaged for long-term archiving and published 
This approach allows for routine solutions to minimally impact 
data providers, but does require R2R to develop and maintain 
individual breakout code customized for each vessel.To foster 
greater standardization, R2R developed and promoted a 
recommended file directory structure.While adoption was not 
required,theavailability ofasuggestedformathas,overtime,led 
to increased adoption and standardization by operators, and 
consequently less custom coding by R2R and improved 
efficiencies.Building the data management pipeline around the 
practicesofthedata provider community ensures thattheirtime 
and expertise can be optimally devoted to acquisition and 
voluntary adoption of standards has enabled us to maximize 
automation ofcuration tasks for the community. 

 
6.1.2 Working upstream in the data lifecycle 
close to data acquisition allows for 
preservation of a more complete and 
homogenized data collection 

As its core mission R2R aims to ensure that complete, 
accurately documented data distributions are collected and 
preserved for all expeditions conducted annually with the US 
academic research fleet Ensuring completeness ischallenging as 
data from all devices installed on each ship are not always 
acquired (e.g.due to sensor malfunction, interference with 
other science mission devices),and data that are acquired may 
be missing from the cruise distribution due to changes in data 
recording software/hardware,or other technical problemswhile 
underway.The R2R data pipeline operates with a high level of 
automated workflows which has allowed for the efficient 
management of the large data volumes acquired each year. 
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While these workflows include checks on data and 
documentation completeness, close interaction with the 
marine operators has been essentialto resolve the inevitable 
missing or erroneous data and documentation issues that occur. 
The fleet-wideapproachhas alsoprovided the opportunity 

for homogenization of the documentation accompanying all 
data packages delivered for archiving which ensures a more 
standardized and readily re-usable collection is preserved. The 
standard metadata is machine-readableand aligned with FAIR 
principles(below)tosupportdatare-usebutthestandardization 
hasalso allowedfor more efficient flow into the NCEIarchives. 
The delivery of standard submission packages from R2R has 
replaced the formerly heterogeneous and incomplete flow of 
data from distributed marine operatorsand science parties, 
allowing for NCEI to more efficiently handle the increased 
data volume submitted to them.Providing a single submission 
pathway to the NCEI archives has also improved efficiencies 
around issues of duplicate data, and provides another check 
pointfor identifying erroneous data or metadata. 

 
6.1.3 Working between data providers and the 
archives allows for efficient provision of a high 
level of data FAIRness 

The growing need to supportre-usabilityof research data 
and in particular enhance the ability of machines to 
automatically find and use datais a key motivation behind the 
developmentof the FAIR "findable,accessible,interoperable, 
and reusable"dataprinciple(sWilkinson etal.,2016;Wilkinson 
et al., 2017).The FAIRprinciplesprovide guidelines for how 
digital data should be identified, annotated and delivered and 
have seen increasing adoption across the marine data 
community (e.g.Tanhua et al, 2019;Lara-Lopez et al, 2019; 
Martin Miquez et al., 2019).Central recommendations to 
support FAIR data include the need for persistent unique 
identifiers for data objects,standardized machine parsable 
metadata, controlled vocabularies,dearactionablelicenses for 
data use,and machine-to-machinedataaccess 

R2R services are designed to align with these FAIR 
recommendationsfor dataannotation and delivery.Publication 
of each data fileset with DataCite DOis provides unique 
persistent identifiers which are included in the metadata 
accompanyingall data packagessubmitted to NCEI,along with 
cruiseDOisto uniquelyidentify the originating dataacquisition 
event.Internationally agreed upon controlled vocabulariesfor 
cruise metadataelementsand device type are used in machine 
parsable metadatawhich is provided in DataCite format The 
quality assessment R2R conducts on the core underway data 
types provides enhanced metadata documenting dataset 
completeness and validity and is also provided in a 
documented machine-readableformat Thatall data submitted 
from R2R to the archives are licensed under the Creative 
Commons CC0 license, which iswithoutany restriction, makes 
thedataavailableforthebroadestpossiblere-use.Dataaccessis 

via multiple access points using standard communication 
protocolsto retrieve datasets and their associated metadata 
through their persistent identifier.Access points include the 
R2R cruise catalog search portal which returns datasets within 
the broaderacquisition context ofthecruise,NCEIdata portals 
whichoffer differentaccesspointsorganized by device/data types 
and integrated within broaderscope globaldisciplinary data 
collections, APis for machine-to-machine access, and 
reciprocallinking to enabledata findabilityand access through 
other related disciplinary data repositories. All dataset pages 
include scherna.org markup which allows for indexing of the 
fullcollection and dataset search via google searches and other 
catalogs, such as the International Ocean Commission Ocean's 
Ocean InfoHubProject(www.oceaninfohub.org). 

Workingfleet-widehasenabled R2R to efficiently provide this 
uniform and high level ofFAIRness. Data packages are delivered 
with the same minimum standardized metadata, controlled 
vocabularies,unique identifiers for datasets and cruises, along 
with the most unrestricted licensefor use.Thecompleteness and 
accuracy ofthe minimal metadata provided benefits directly from 

the dosecollaboration with dataproviders andworking fleet-wide 
has enabled the development of higher-levelenhanced metadata 
documenting quality for the core data types in a cost- 
efficient manner. 

 
6.1.4 Providing homogenized data collections 
and quality-controlled synthesis-ready data 
products benefits data re-use 

The widest user base for marine data is supported by the 
thematic data synthesis productsgenerated byglobal-scopedata 
assemblyefforts like the World Ocean Database(Levituset al., 
2013) or the EarthMagnetic Anomaly Grid (EMAG) data 
synthesis(Maus et al., 2009)as well as more regionally-based 
initiatives like the European Marine Observations and Data 
Network (EMODnet) (Martin Miquez et al., 2019) and 
Australia's Integrated Marine Observing Systems(!MOS) 
{Lara-Lopezet al.,2019).Global-scalesynthesis efforts exist for 
many ofthe diverse data types acquired routinely with research 
vessels(Table1)and thedemand for andscope ofdata products 
to support ocean observation and basicmarine science needs is 
rapidly growing.To build these products, DACs typically 
integrate heterogeneous datasets into a standard format 
suitable for the target user community (e.g., convert to 
common units, map parameters/terms to controlled 
vocabularies),conduct scientific data quality control, and 
augment the observations with additional metadata. R2R's 
work to provide homogenized documentation and 
completeness of the US research fleet data collection has 
directly improved the quantity and global range of 
observationsflowing to these syntheses. 

In addition, for select parameters, R2R is conducting data 
conversion and processing to provide moresynthesis-readydata 
products.Theselection ofparameters for thishigher-level(X,/ 
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TABLE 1 Summary of globalsyntheses databases that incorporate cruisedatasets curated by the R2R program. 
 

R2R Managed 
Dataset 

 
Global Synthesis/Database Website/Reference 

 
 

 

ADCP 

CTD andXBT 

Magnetics 

Multibeam 

 
Multibeam(via 
GMRT) 

NOAA Global Ocean Currents Database 

NOAA World Ocean Database 

Earth Magnetic Anomaly Grid 

NSF Global Multi-ResolutionTopography(GMRT)Synthesis 

GEBCO Grid 

https://www.nodc.noaa.w,v/gocd/ 

https://www.nodc.noaa.w,v/OCS/WOD/pr_wodhtml;Levitus et al.(2013) 

https://ngdc.noaa_gov/geomag/emag2.html 

https://www.gmrtorg/ 
Ryan et al.(2009). 

https://seabed2030.org/ 
Weatheralletal.(2015);Mayeretal.(2018) 

Multibeam Multibeam Bathymetry Database(and Multibeam Bathymetry https://noaa.maps.arcgis.com/home/webmap/viewer.html?layers 
Mosaic) eIIebaebI9544bb18c2afe440I063062 

Multibeam,Singlebeam IHO Data Center for Digil.al Bathymetry at NCEI https://www.ngdc.noaa_gov/iho/ 

Real-time MET and 

TSG 

Subbottom Data 
 

TSG 

International Comprehensive Ocean-AtmosphereData Set 
(ICOADS) 

Total Sediment Thicknessofthe World's Oceans and 
MarginalSeas(GlobSed) 
NOAA Global ThermosalinographDatabase 

Freeman etal (2017);https://icoads.noaa_gov/ 
 

Straume elal.(2019);https://www.ngdc.noaa.gov/mggtsedthick/ 

https://www.nodc.noaa.w,v/tsg/ 

 
 
data reduction workhasbeenbasedonthecapacity and needsof 
existing national and international DACs. For example, 
processing is not conducted for multibeam sonar data, but we 
supportexisting efforts for this data type including the Global 
Multi-Resolution Topography synthesis GMRT; Ryan et al., 
2009) and Seabed2030 (Mayer et al., 2018) by providing 
quality assessment information to inform data selection for 
processing. For other data types, for example data acquired 
with MET and TSG sensors, QC'd data products in a standard 
format mapped to ship navigation data are generatedin near 
real-timevia the SAM OS component ofR2R thatfeed directly 

intooperational globaldata syntheses(e.g., Freeman et al, 2017; 
Smith et al., 2019).Conducting this higher-level QC/data 
processing close to data collection provides an opportunity to 
impact data acquisition,for example by helping to identify 
malfunctioning instruments, and hence improve the quality 
and quantity ofdata collected Further,for data types acquired 
with a wide heterogeneityin devices used,standardization and 
data QC is easier to conductnear acquisition time with close 
interaction withmarine data providerstoensurethatdeviceand 
calibration information are accurately captured. 

 
 

6.2 Recommendations 
 

From the decade of operational management of routine 
environmental data acquired on expeditions of the academic 
research vesselsintheUS weofferthesesummaryrecommendations: 

 
• Ensuring the preservation ofall dataacquired atsea and 

the accuracy of data documentation requires data 
management in dose partnership with data providers 

 
and aligned with their ship-board data acquisition 
processes. 

• Standardized cruise data directory structures, accurate 
inventories and documentation of all devices used on 
eachcruise,and cruise metadata templates areneeded to 
support efficient post cruise data management. 

• Adoption of cruise DOis, which provide a unique 
identifier for the acquisition framework with standard 
metadata, and inclusion of these DOis as part of the 
metadata foralldata packages,allowsforpreservation of 
the cruise context within which data were acquired and 
benefits marine data re-usability. 

• Working closelywith both operators and science advisors 
has enabled the development of recommended data 
practices that balance value to scientists with 
tractability for the operator, and have improved the 
standardization and quality ofdata over time. 

 
 
 

6.3 Looking forward 
 

Inthecoming operational period,R2R'sworkwillinclude new 
services to further advance data interoperability and to support 
futurecloud-baseddataaccess.Theseserviceswillsupport notonly 
the data product development work ofthe global thematic DACs 
that make use of research fleet data butwill also provide new 
opportunities for the growing ecosystem of open science 
community tools currently being developed in data-science 
focused languages like R and Python, and with Jupyter 
notebooks. Work on best practices for additional device types 
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and for event logging of operational activities will be ongoing in 
collaborationwithoperatorsandthesciencecommunity.Similarly, 
further work on developing controlledvocabularies andstandards 
in partnershipwithinternationaglroupsisplanned.Therehasbeen 
tremendous progress in recent years in marine data sharing 
initiatives globally and developing new opportunities for aligning 
withandintegrating with thebroad marinecommunity will bean 
increasing focus. 

 
 

7 Concluding comments 
 

Oceanographicdata collected by research ships across the 
internationalcommunity representthe primary source ofin situ 
observations oftheoceansspanning remotelocationsin thedeep 
oceantothenearshorecoastalzonesandsupportingadiversityof 
chemical,physical,biologicaland geoscience research objectives. 
Many oftheobservations routinelyacquiredareofhighvaluefor 
monitoring ocean state and contribute tostudiesofoceanhealth. 
There is increasing recognition, reaching the highestlevelsof 
global and nationalpolicy,ofthevitalimportance ofthe oceans 
forsustaining lifeon earthand asan engine ofeconomic activity 
andgrowth(e.g.Joint OceanCommission,2013;UNESCO,2017; 

Ryabinin et al, 2019).A comprehensive evidence baseisneeded 
tosupporttheresponsiblestewardshipoftheoceansandthereisa 
need for easy access to all data acquired across the global 
community to collectively build this knowledge base.Robust 
API driven data access and standard format data and 
documentation are essential to supportthese needs and will be 
foundational for the deployment of emerging big data 
technologies.R2R data services are supporting the aggregation 
of multi-disciplinary/multi-parameter observations from 
academic research expeditions conducted in the US each year 
intoaFAIR-aligned,comprehensive,citableandopenlyaccessible 
collection with harmonized documentation, contributing an 
important resource for current and future marine research 
around theglobe. 
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