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CONCLUSIONS AND RECOMMENDATIONS

1. BACKGROUND

The international workshop on Sea-level Measurements in Hostile Conditions was held from
13 to 15 March 2018 at the N.N. Zubov State Oceanographic Institute (SOI) of Roshydromet,
Moscow, Russian Federation. The workshop was co-chaired by Dr Alexander Postnov (SOI)
and Dr Laurent Testut (Laboratoire d'Etudes en Géophysique et Oceanographie Spatiales,
LEGOS, France). The workshop was co-sponsored by the SOI and the Intergovernmental
Oceanographic Commission (10C) of UNESCO.

Sea level observations are needed for a number of scientific and practical applications. Such
observations often need to be carried out in what can be characterized as harsh or hostile
environmental conditions. A significant part of the seas on the planet are covered with ice on
either a permanent or seasonal basis. Many of them, in addition, often experience storms, high
waves and/or high tides. Biological/environmental/logistic factors as well as increasing
requirements and expectations for performance can add to the challenges of operating a sea
level measurement station in these conditions.

The topic of sea level measurements in hostile conditions was first addressed by the Global
Sea Level Observing System (GLOSS) in 1988 at an I0C sponsored workshop in Bidston (UK)
and a subsequent one in 1990 in Leningrad (former USSR). The topic has not been addressed
since and the Group of Experts of GLOSS recommended at their 15th Session (8-9 July 2017,
New York, USA) to revisit the issues and to convene a new workshop which would review inter
alia new measurement systems, instrument-protecting technologies (e.g. robust mountings),
data transmission methods and Global Navigation Satellite System (GNSS) at tide gauges,
and summarize the experiences gained.

Experts from 10 countries (Australia, Canada, Finland, France, Germany, Norway, Russian
Federation, Sweden, United Kingdom, and USA) attended the workshop and made a total of
19 oral presentations and 4 posters. As required, the presentations and discussions at the
workshop focused on problems of sea level measurements in regions exposed to several
different kinds of adverse environmental impact. Such regions primarily include the coastal
zones of the polar regions, as well as the seas covered with ice during winter. The workshop
addressed the impacts of extreme events, such as major storms and high wave conditions.
The workshop also discussed new measurement systems and instrument protection
technologies, together with methods for sustainable transmission of observational data.

All presentations are available from:
http://www.ioc-unesco.org/hostile-conditions-sea-level-workshop

2. GENERAL FINDINGS

o The workshop noted the achievements since the Workshops (1988, 1990) in lower
power requirements, global communication, operational methodology, which
demonstrates encouraging progress in many aspects of this area of work.

o The workshop noted the decline in the observing network in the Arctic and notably
along the Russian Coast and stated the need for a plan for the reorganization and re-
equipment of a network of sea level observations in the Arctic.

o The workshop had extensive discussion on advantages and disadvantages of the
available sea level measurement technologies. While conventional float gauges in
heated stilling wells are used by some groups in ice areas (e.g. Canada and Antarctic
Peninsula), they will in general likely be more difficult to install and operate in these


http://global-climate-change.ru/index.php/en/roshydromet
http://www.legos.obs-mip.fr/
http://www.unesco.org/new/en/natural-sciences/ioc-oceans/
http://www.gloss-sealevel.org/
http://www.ioc-unesco.org/hostile-conditions-sea-level-workshop
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areas than alternative methods (i.e. pressure gauges). Several participants reported
on the use of radar-based sea level sensors in polar regions, although it is recognized
that additional research and/or technological solutions are required in ice impacted
seas.

o The workshop reiterated in line with the GLOSS Implementation Plan (2012): (i) that
even under adverse conditions automatic sea level gauges should provide sea level
accuracy within 1 cm and with continuity and consistency of observation series; and (ii)
prior to introduction of a new gauge type at an observation site, parallel measurements
from existing and new equipment should be carried out for a minimum of one year to
ensure consistency.

o The workshop stressed the need to make maximum use of station equipment for
multiple applications.

o The workshop further stressed that there is not a single approach or design (i.e.
sensors, power, communications, etc.) that works at all locations and addresses all
hostile conditions. One must select the appropriate technologies when designing a
station taking into account the advantages and disadvantages of each technology.

o The workshop acknowledged that the cost of establishing a station should be based on
well-defined user requirements (including the cost of losing data in a crisis situation),
and a balance between the initial investment and the long term maintenance costs. The
accumulated costs over the lifetime of a sea level station are mainly due to steel
mountings, infrastructure and maintenance. If steel mountings and infrastructure are
robust and designed for long life, this investment can be amortised over a long time
period. It is recognized that the cost of replacing an inexpensive station multiple times
may be less in the long run than trying to design a station for extreme conditions. (Again
this assumes the operating institution and users can “afford” data loses even in a critical
situation).

o The workshop encouraged data archeology and data rescue worldwide and especially
concerning observations taken in regions with hostile environments.

o The workshop acknowledged that local engagement could be beneficial in facilitating
minor repairs, preventing vandalism, weekly checking of operation and data flow.

o The workshop acknowledged that national regulatory standards and laws may demand
mandatory testing of gauges in the laboratory prior to installation.

o The workshop recommended that quality assurance/quality control for sea level data
should be standardized. The workshop noted that several agencies have developed
automated procedures for quality checking/flagging real time data. The workshop noted
that a draft (GLOSS) manual addressing this topic has been developed and
recommended it be finalized (with the inclusion of a chapter on quality checking real
time sea level observations) prior to the next GLOSS Group of Experts meeting.

The workshop made a number of recommendations pertaining to both general issues and also
research and development issues.

3. RECOMMENDATIONS — GENERAL

o Define requirements and work closely with the users — identify users’ needs, conduct
customer surveys, monitor, validate and implement user feedback.
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A sea level station should have multiple sensors and use different technologies are
encouraged.

Inexpensive sensors can provide high frequency observations in coastal areas for
monitoring tsunamis, meteo-tsunamis, seiches, etc.

Design redundancy in tide gauges is recommended in remote areas, including
redundant power supplies (e.g. battery, mains, solar, wind), together with redundancy
in tele-communications.

Real time two-way communication for operational uses and fault identification and
station maintenance/upgrade can be highly useful.

Datum control for benchmark and sensor stability is needed for mean sea level studies
(e.g. for multiple/optimal use of gauges used for tsunami monitoring to justify equipment
investment).

Tide gauges must be calibrated in accordance with their operational standards taking
into account manufacturers’ recommendations (and, for example, including
determination of the zero point offsets of radar gauges).

Tide gauges should be connected to benchmarks and co-located with GNSS as
required by the GLOSS standards.

The choice of automatic tide gauge (as far as possible) in polar regions depends on
local conditions. In some cases, normal installation and maintenance procedures can
be followed. In other situations, various kinds of pressure gauges with ancillary datum
control methods may be used (e.g. use of temporary gauges in summer and/or GNSS
methods such as GNSS buoys).

General guidance on aspects of site selection, and tide gauge operations should follow
advice in the IOC manuals.

As far as possible, tide gauge siting and design should be made to avoid potential
damage due to harbor construction, and areas subject to impact from ship operations.

Where gauges are required to monitor tsunamis and large storm surges, there is
advantage in having the sensor as high as possible above sea level.

RECOMMENDATIONS -
RESEARCH AND DEVELOPMENT ISSUES

The workshop identified a number of areas where further research and/or technical
development is needed:

Effects of waves on sea level measurements must be researched in greater detall
(e.g. either mechanical or temporal filtering).

Further integration of GNSS and tide gauges technology should be
explored/welcomed.

Further exploration is required of “tides under the ice” technology for remote areas i.e.
where there is no or limited physical infrastructure.
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If conditions are too difficult for conventional observing methods, novel and new
techniques (e.g. GNSS reflectometry) should be investigated.
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CEMUHAP NO USMEPEHWUIO YPOBHA MOPA
B HEBJIAIOMNPUATHbLIX YCIIOBUSAX
OKPYXARKLEHW CPE[ObI
"ocynapcTBEHHbIM OkeaHorpadhn4ecknin MUHCTUTYT,

Mockea, Poccuiickasa ®egepaums, 13-15 mapta 2018 r.

BblBOAbl W PEKOMEHOALUNA

1. NCTOPUA BOMNPOCA

B nepuoag 13-15 mapta 2018 r. B MockBe, B [0CygapCTBEHHOM oOkeaHorpadguyeckomMm
nHctutyte mMm. H.H. 3yboBa PocrmgpomeTta npoxoaumn MeXayHapoOHbIi CeMuHap Mo
M3MEpPEHUSIM YPOBHA MoOps B HebnaronpuaTHbIX YCNOBUSX —OKpyXarwowen cpegbl.
Conpegcepartensmm cemuHapa 6oinm a-p Anekcarngp NoctHoB (FTOWVH) u g-p JlopaHn TecTio
(JTaBopaTopusi reomanyecknx 1 OKeaHonormyeckux uccnegosaHun, dpadums). CemmnHap
durHaHcmpoBanca coBMecTHO TOMH un  MexnpaBntenbCTBEHHOW OKeaHorpaduyeckomn
komuccuen FOHECKO.

HabniogeHns 3a ypoBHEM MoOpsSi HeoOXoAMMbl AN psiga HayyYHbIX M MPAKTUYECKUX
npumeHeHun. Takve HabnaeHUst 4acTo NPUXOAUTCS NPOBOAUTL B HebrnaronpusTHbIX
YCNOBMSIX OKpyKatoLleln cpefbl. 3HaunTeNnbHas 4acTb MOpPen Ha nnaHeTe MOoKpbiTa NbAOM
nMBo NOCTOSAHHO, NGO B OTAENbHbIE CE30HbI roaa. Ha MHOrMX U3 HUX, KpoMe TOro, 4acTto
HabnoaaTCs LTOPMOBbIE BOMHbI U/UMNK BbICOKME NpUnuBbl. [ononHuTenbHbIE NPoGnembl B
TaKMX YCroBMaX co3patoT Bronoruyeckme/akonormyeckme/norncTmyeckne akTopbl, a Takke
pacTylme TpeboBaHNS K KaYeCTBY U3MEPEHWN.

K Teme m3mepeHusi ypoBHS MOpsS B HEOMNaronpusiTHbIX YCroBusX BnepBble obpatunuch B
pamkax [nobanbHoM cuctembl HabnwogeHun 3a ypoBHeM Mopsi (TTIOCC) B 1988 r. Ha
opraHmsoBaHHoM MOK cemuHape B buactoHe (BenukobpuTtaHus) n nocnegoBaBLUEM 3@ HAM
B 1990 r. cemuHape B JleHuHrpage (CCCP). C Tex nop k 3ToM Teme He Bo3Bpallanucb u
Mpynna akcnepTtoB IOCC Ha cBoeit 15-it ceccum (8-9 wmona 2017r., Heto-Wopk, CLUA)
pekoMeHAoBana BHOBb pacCMOTpPeTb 3TOT BOMPOC M coBpaTb HOBLIN CEMUHApP, KOTOPbIN,
cpean npoyero, paccmotpern 6bl HOBblE CUCTEMbI U3MEPEHUIA, TEXHOMNOMMM 3aLLMTbl CPEACTB
n3mepeHus (Hanpumep, NyTeM WX HaOEXHOW YCTaHOBKM), MeToAbl nepedayn LaHHbIX W
ycTaHOBKy GNSS Ha nameputensax ypoBHs Mops 1 0606LLMTb HAKONMEHHbIN B 3TOM obnactu
OnbIT.

B pabote cemunHapa npuHanm ydactue akcnepTbl n3 10 ctpaH (AscTpanud, BenukobputaHus,
lepmanus, KaHaga, Hopeerus, Poccuiickaa ®epepaums, CLUA, duHnsHana, OpaHumsa n
LLiseuuns), koTopble npeactaBunn B obLLen CNoXHOCTU 19 yCTHbIX COOBLLEHNI N 4 NOCTEPOB.
Kak n tpeboBanocb, B npe3eHTaunax n obCcyxaeHusx, Ha ceMnHape OCHOBHOE BHMMaHue
OblNo  ygeneHo npobnemaMm W3MEPEHUI YPOBHS MOPS B pernoHax, MOABEPXKEHHbIX
HebnaronpuaTHOMY BO3AEWCTBUIO OKpyXawwen cpedbl. K Takum panoHam, B NepBylO
oyepenb, OTHOCATCA MpUOpEXHble 30HbI NONApPHbIX Obnacten, a Takke MOps, NOKPbITble
neaomMm B xonogHoe BpeMs roga. CemuHap paccMoTpen nocrneacTBUS 3SKCTpeMaribHbIX
ABMNEHWUN, TaKUX KaK CUMbHble LUTOPMA W MHTEHCUBHOE BOSIHEHME. YYaCTHUKM CeMuUHapa
obcyaunu Takke HOBble CUCTEMbI M3MEPEHNST N TEXHONOMMN 3aLLMTbl CPEACTB U3MEPEHNS, a
TaKKke MeToabl HAOEeXHOW Nepegayn gaHHbIX HabnogeHun.

Bce npeseHTauun npeacraeneHsl Ha cante http://www.ioc-unesco.org/hostile-conditions-sea-
level-workshop.


http://www.ioc-unesco.org/hostile-conditions-sea-level-workshop
http://www.ioc-unesco.org/hostile-conditions-sea-level-workshop
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2.

OCHOBHBbIE PE3YJIbTATbI

Y4YyacTHUKM ceMMHapa OTMETUINM AOCTUXKEHMS, NONYYEHHbIE CO BPEMEHU NPOBeAEeHMUS
cemuHapoB (1988, 1990), B 4acTM yMeHbLUeHMS MOTpebHoCcTM 06opyaoBaHUS B
9NEKTPOIHEPTNN, TEXHOMNOMMIA rnobanbHON TeNEeKOMMYHUKaLM1M, METOA0B onepaTuB-
HOro MCNONb30BaHMS AAHHbIX, KOTOPbIE AEMOHCTPUPYIOT OOHaAEXNBAOLWNIA NPOrpecc
BO MHOIMX acnekTax 3Tou A4eATeNbHOCTH.

Y4yacTHUKM ceMmnHapa OTMETUIN COKpaLleHne HabrogaTenbHom ceTn B APKTUKE U, B
ocobeHHoCTU, BOONb Nobepexbst Poccumn n koHcTatMpoBanyM HeobXoAMMOCTb paspa-
0OTKM NNaHa peopraHn3auumn 1 NepeocHaLleHns ceT HabngeHUN 3a ypOBHEM MOpPS
B ApKTUKE.

Bo Bpemsa cemuHapa COCTOANOCb WMHTEHCUBHOE OOCyXXAeHVWEe MpenMyLLecTs WU
HeaOCTaTKOB MMEIOLLMXCH TEXHOSNOMMIN N3MEPEHMS YPOBHSA MOPS. XOTS B HEKOTOPbIX
permoHax co nNbAoM (Hanpumep, B KaHage v AHTapKTUKE) CNOMb3YyTCS NOMMaBKOBbIE
N3MEPUTENM YPOBHSA B OTannMBaeMbIX Konoguax, ux, no-eBMaumomy, B OOMnbLUMHCTBE
cnyvaeB byneT TpygHee ycTaHaBnvBaTb W 3KCMiyaTUpoBaTb B 3TUX panioHax, Yem
anbTepHaTMBHbIE (T.€. rMOpocCTaTUYeckme) gaTyumki. HeckonbKo y4acTHUKOB CO06-
WM o6 MCnonb30BaHMN UMW B MOSSIPHBIX PaoHaxX pagvonoKauMOHHBIX OATYMKOB,
XOTS cnefyeT npu3dHatb, YTO ANS MOABEPXKEHHbIX BO3OEWCTBUIO NbAa MOpPEW
Heobxoanmo npoBeaeHMe AO0MONHUTENbHbLIX UCCreaoBaHUA U/unn BbipaboTka HOBbIX
TEXHONOrMYECKUX PELLEHUN.

B cootBeTcTBMM C NMnaHom peanusauum MIOCC (2012 r.) cemuHap nogTBepaun, YTo:
(i) paxxe B HebnaronpuATHbIX YCNOBUSAX aBTOMATUYECKME AaT4YMKM YPOBHS MOpPS
AOMKHbI obecnevnBaTb TOYHOCTb WM3MEpPEHMS He Xxyxe 1 cM npu obecneveHun
HENpPepbIBHOCTU M OAHOPOAHOCTM psOoB HabrogeHun u (i) B uenax obecnedeHns
OLHOPOOHOCTW PSAOB 4O BBOAA B SKCMIyaTaLMi0 B KOHKPETHOM MecTe uameputenemn
YPOBHS HOBOrO TMna HeobXxoauMMO BbIMOMHUTL UX NpeaBapuUTeNnbHOe TeCTUPOBaHME C
npoBeAeHNeM napansenbHbiX U3MEPEHUI C MOMOLLIbIO UMEKLLMXCSA U HOBbIX CPeACTB
N3MEPEHNS B TEYEHNE KaK MMHMMYM OAHOrO roga.

YyacTHUKM cemmnHapa nogvepkHynM Heob6xoanMOCTb MCMONb3oBaHMsS 06opyaoBaHUS
YPOBHEMEPHbIX CTaHLMI ANSi PELUeHNS1 MaKCUMarbHO LUMPOKOTro Kpyra 3aaau.

bbino panee noOAYEpPKHYTO, YTO HE CyLWEecTBYeT eAMHOro noaxona/TexHU4Yeckoro
pelleHns (B YacTu AaT4MKOB, SMEKTPOMUTaHUA, nepedayn AaHHbIX U T.M.), KOTOPbIv
ObIn1 6b1 MPUMEHNM BO BCEX TOYKAX M NPOTUBOAENCTBOBAT BO3AENCTBUIO BCEX BULAOB
HebnaronpuaTHbIX YCrnoBuK. [Mpy MPOEKTUPOBAHUMN KaXKAOW CTaHUMM HeobXxoammo
BblOMpaTh MOAXOASLME TEXHONOMMU C YY4ETOM MONOXUTENbHbIX M OTpUUATENbHbIX
CBOWCTB Ka)X[0W U3 HUX.

BbINo NpM3HaHO, YTO OLUEHKa CTOMMOCTM YCTAHOBKM CTaHUMW AOSMKHA OCHOBbLIBATLCS
Ha 4YeTKO onpeaeneHHbIx TpeboBaHWSAX nonb3oBaTenen (BKMYAA BO3MOXHbIE
3aTpatbl Npy noTepe AdaHHbIX B KPWU3WUCHOW cuTyauum) n Ha 6GanaHce wmexay
nepBoHaYarnbHbIMU MHBECTULMAMM U SOMATOCPOYHBIMU SKCMyaTaLMOHHBIMU PacXo-
Aamn. OCHOBHOWM BKNaj B CyMMapHyto (3a BeCb Nepuof 3aKcrnyaTtauum) CTOMMOCTb
YPOBHEMEPHOW CTAHLUN BHOCUT CTOMMOCTb CTarnbHbIX KOHCTPYKLWA, HPPaCTPYKTYpbI
n obcnyxueaHnda. Ecnn cTanbHble KOHCTPYKUMM U MHAPACTPyKTypa Marno
NnogBepXXeHbl CTAPEHUIO U paccynTaHbl Ha ANUTENbHYHK 3KCnyaTtaumo, MHBECTULMUN
aMopTU3NPYIOTCA B TeveHue ANUTENbHOro nepvoga BpemMeHwu. [lpusHaHo, 4To
MHOrokpaTHad 3amMeHa HeJoporon CTaHuuum MOXeT oOkKas3aTbCa [fJelleBne B
OONITOCPOYHOM  MEepCrnekTMBe, YemM MOomMbiTka CrpOeKkTUpoBaTb CTaHUMIO  ANS
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aKcTpemarbHbIX ycroBuit. (OnaTb-Taku, 3TO npegronaraeT, YTO0 MOXHO OOMYyCTUTb
NOTEPI0 AaHHbIX AaXe B KPUTUYECKON CUTyaLmK).

YyacTHUMKM cemuHapa npu3Banu cnocobcTBoBaTb paboTam MO apxeonorum u
CNaceHuto AaHHbIX HabnoaeHun BO BCEM MUpe M, B OCODEHHOCTU, B palioHax C
HeGnaronpUsSITHLIMU YCIOBUSIMI OKpY>KatoLLEV cpeapbl.

Y4YyacTHUKM ceMuHapa npu3Hanu, YTo B3aMMOAEWCTBME C MECTHbIMU BRacTAMU WU
opraHu3auMsMm MoxeT ObITb MONEe3HO ANs YNpoweHus npoBeaeHus HeGonbLIoro
PEMOHTa, NpeaoTBpalleHNs BaHaanuama, Ona eXeHedernbHON NpoBepkn paboThbl
06opyaoBaHNs 1 NOTOKa AaHHbIX.

YyacTHUKM ceMUHapa nNpusHarnu, YTo B COOTBETCTBUM C TpeBOBaHUSIMU HALMOHAMNbHbIX
HOPMAaTUBHbIX JOKYMEHTOB U 3aKOHOAATENbCTBA [0 YCTaHOBKM U3MEpPUTENEN YPOBHS
MOpsSi MOXeT noTpeGoBaTbCs WX NpeaABapuTenbHasi NpoBepka B nabopaTopHbIX
yCroBUSIX.

Y4acTHMKM CEMUHaApa pekoMeHaoBanm, YTobbl Npoueaypbl No 06ecnevyeHnto N KOHTPOo-
N0 KavyecTBa AaHHbIX OblNM CTaH4apTU30BaHbl. BbiNo OTMEYEHO, YTO B HEKOTOPbLIX
areHTcTBax ObinyM paspaboTaHbl aBTOMATU3MPOBaAHHbLIE MNpPOLEeAypbl KOHTPOMS W
MapKMPOBKM Ka4yecTBa [aHHbIX B pearibHOM pexume BpeMeHW. YYacTHUKN ceMUHapa
oTMeTUNu, 4To Obin paspaboTaH npoekT pykooacTtea (MTOCC), oTHocALerocs Kk aToun
npobneme, n pekomeHgoBanu, 4Tobbl ero noarotoBka Obina 3aBeplueHa (C
BKITHOYEHMEM B HErO MaBbl O KOHTPOSe KayecTBa AaHHbIX HabnaeHus 3a ypoBHEM
MOpPS B pEXXMME pearnbHOro BpeMeHn) 4o cneayloLwero coBellaHms pynnbl 3kcnepToB
MMOCC.

Y4YyacTHUKM ceMyHapa caenanv psia pekoMmeHaaunn, OTHOCSLMUXCSA Kak K npobnemam obLiero
xapaktepa, Tak 1 k npoeegeHuto HNOKP.

3.

PEKOMEHAOALIUU OBLLEIO XAPAKTEPA

Heobxoammo BbISBNATL TpebOBaHMA NonNb3oBaTenen n HeNocpeacTBeHHO paboTaTh C
HUMW — ONpeaensiTb UX NOTPEBHOCTU, NPOBOAUTL OMPOCHI, MOHUTOPUWHT, OCYLLECTBNATD
OLIEHKY M BHeOpEeHME NpeasoxKeHnin nosib3oBaTenen.

Heobxoaumo MMeTb Ha YPOBHEMEPHbIX CTaHUMSX HECKONbKO AAaTYMKOB U Croco6-
CTBOBaTb UCMOMNb30BAHMIO PA3NUYHbIX TEXHOMNOTUA.

Bblcoko4acTOTHbIE HAGNOAEHUS B NPUGPEXHbBIX paioHax B LIENsiX MOHUTOPUHIa LiyHa-
MW, METEO-LIyHaMu, CeliLLiert MoryT oGecrneunBaTbesl C MOMOLLbH HEAOPOrUX aTYMKOB.

B oTpaneHHbIx panoHax pekoMeHAyeTcsl MpedycMaTpvBaTh Hanuyne pes3epBHOro
060pynoBaHMsA: pe3epBHbIX UCTOYHUKOB MUTAHWUS, UCMOMb30BaHWe PasnnYHbIX BUOOB
aHeprun (Hanpumep, akKyMyrnsiTOpoB, 3EKTPOCETU, CONIHEYHOW 3Hepruu, BeTpa)
BMeCTe C pe3epBHbIMI CpeacTBaMu CBSI3N.

Becbma nonesHo Hanuuve OBYCTOPOHHEN CBSA3M AN ONepaTMBHOMO UCMOSNb30BaHWs,
BbISIBIIEHMSI HEUCMpPaBHOCTEN W OBCMAY>XMBAHUSA CTaHUMM WU OBHOBNEHUA ee Mpo-
rpaMmMHoOro obecnedeHus.

[na obecneyeHnss BO3MOXHOCTU ONpeaeneHnss cpeaHero ypoBHS Mopsi (Hanpumep,
ANS MHOrouerneBoro/onTMmarnbHOro UCNonb30BaHUS YPOBHEMEPOB, MNpedHa3Ha4yeH-
HbIX ONs MOHUTOPWHIA LlyHaMu B LeNsiX onpaeaaHusl MHBECTMUMIA B 06opyaoBaHue)
HeobX04MM KOHTPOIb YPOBHSI HYNSi OTHOCUTENBHO penepa U cTabunbHOCTM 4aTYMKOB.
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4.

Nameputenn ypoBHS MOpSi OOMKHbI OblTb OTKaNMOGpOBaHbl B COOTBETCTBUM C
3KCMyaTauMoHHbIMM TpeboBaHUSIMU C y4eTOM pekoMeHZaLuuin npoussoguTenen (1
BKItOYas, Hanpumep, onpeaerieHne cMeLLeHns Hyns pagapa).

M3mepuTtenu ypoBHsi MOpsi OOMKHbI ObITb MPMBSA3aHbl K penepam u COBMELLEHbI C
GNSS B cooTBeTcTBMU cO cTaHaapTamu [TIOCC.

BbiGop Tvna aBTOMaTM4eCKOro N3mMepuTens ypoBHS MOpPS (HACKOSNbKO 3TO BO3MOXHO)
B MONSAPHbIX PErnoHax 3aBUCUT OT MECTHbIX YCIMOBUA. B HEKOTOPLIX cryyasx MoryT
NPUMEHATLCA 00bIYHbIE NpOLEeaypbl YCTAHOBKM M obCcnyxmnBaHua obopyanoBaHus. B
APYrnX cuTyauusax MOryT WUCNONb30BaTbCs pasfnuyHble BUAbl MMMOPOCTaATUYECKUX
AaTYMKOB C MCMOSb30BaHWEM BCMOMOraTesibHbIX METOAOB KOHTPOMSA Hyns nocta
(Hanpumep, MCnonb3oBaHWE U3MEPUTENEN YPOBHS, YCTAHOBIIEHHbIX BPEMEHHO, Ha
netHumn nepwuog, n/mnu metogos GNSS, Takux kak 6yeB GNSS).

B uenom, npu BbliGope MecTa yCTaHOBKM U3MepUTENEN YPOBHS MOPS U UX IKCMya-
Tauum HeobXoAMMO CreaoBaTb pPeKoMeHAauMsM, COAepXKallMMCS B PyKOBOACTBaXx
MOK.

Mo BO3MOXHOCTM criegyeT BblIOMpaTb MecTa pPachoSiIOKEeHUSt U KOHCTPYKLMIO
nsmepuTenen ypoBHs Mopsi Takum obpasoM, YTobbl NpesoTBpaTUTL BO3MOXKHOCTb MX
NoBpeXAeHUst NpU NPOBeAEHUN B raBaHuW CTpoUTENbHbIX paboT, a Takke m3beratb
MECT, NoABEPXKEHHbIX BO3AENCTBUIO CY0XOACTBA.

B cnyyasix, korga gaTynku npegHasHaveHbl AN MOHUTOPUHra LyHamn U KPYMHbIX
LUTOPMOBbIX HaroHoOB, LienecoobpasHo ycTaHaBNMBaTb UX MaKCMMarbHO BbICOKO Haf
YPOBHEM MOpS.

PEKOMEHAOALUWU NO NPOBEAEHUIO HUOKP

YyacTHMKM ceMuHapa onpegenvnun psia obnacren, B KOTOpbIX HeobxoouMmo danbHenee
npoBegeHne ncecnegoBaHum U/unu TeXHNYeCkux paspaboTok:

bonee nogpobHO [OMKHO ObITb UCCNELOBaHO BMWAHWE BOSHEHWUS HA U3MEpPEeHUs
YPOBHS MOpsi (Hanpumep, C NOMOLLIbIO MEXaHUYECKON NI BPEMEHHOM hUnbTpaumnn).

Heobxoanmo M3yy4nTb BO3MOXHOCTb W MPUBETCTBOBATb AarlbHENLIYD WHTErpauuio
TexHonornn GNSS n nsmepeHus ypoBHsa Mopsi.

TpebyoTca OanbHelwmne uccrenoBaHUss B 0bBnacT TEeXHONMOornv onpeaeneHus
konebGaHuii ypoBHS MOpS NOAO NbAOM ANsi OTAANEHHbIX PanoHOB, T.e. TaMm, rae
OTCYTCTBYET UMK NN0X0 passuTa duandeckas MHppacTpykTypa.

Ecnu ycnoeusi cnuwkom CrnoxHbl A1 NPUMEHeHUs1 00blYHbIX METOA0B, HEOOGXOANMO
N3y4YnTb BO3MOXHOCTb NMPUMMEHEHWUsI HOBbIX METOAOB (Hanpumep, pedriekToMmeTpum
GNSS).

CCbIJIKK

Workshop on sea-level measurements in hostile conditions, Bidston, UK, 28-31 March
1988. Summary report and submitted papers. IOC Workshop Report No. 54. (English

only)

Workshop on Sea-Level Measurements in Antarctica, Leningrad, USSR, 28-31 May
1990. 10C Workshop Report No. 69 and Supplement. (English only)


http://unesdoc.unesco.org/images/0008/000816/081610eo.pdf
http://www.unesco.org/ulis/cgi-bin/ulis.pl?mt2=100&mt2_p=%3C&mode=e&sc1=1&sc2=1&by=3&look=basic_default&req=2&lin=1&futf8=1&gp=1&no=92983%2C87922
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The Global Sea-Level Observing System (GLOSS): implementation plan, 2012. 10C
Technical series No. 100. (English only)

Manual on Sea Level Measurement and Interpretation. IOC Manuals and Guides No.
14 (PykogoOcmeo rno u3MepeHUro ypPO8HS MOPS U UHMeprpemayuu pesybmamos.
Cnipagoy4Huku u pykosodcmea MOK Ne 14):

O

O

Volume I Basic procedures (English/French/Spanish/Russian/Portuguese)
Volume Il: Emerging technologies (English only)

Volume IlI: Reappraisals and recommendations as of the year 2000 (English
only)

Volume IV: An Update to 2006 (English/Arabic)

Volume V: Radar gauges (English/French/Spanish)


http://unesdoc.unesco.org/images/0021/002178/217832e.pdf
http://unesdoc.unesco.org/images/0021/002178/217832e.pdf
http://unesdoc.unesco.org/images/0006/000650/065061rb.pdf
http://www.unesco.org/ulis/cgi-bin/ulis.pl?catno=65061&set=005AD0B022_0_366&gp=1&lin=1&ll=1
http://www.unesco.org/ulis/cgi-bin/ulis.pl?catno=149528&set=005AD0B06D_1_119&gp=1&lin=1&ll=1
http://www.unesco.org/ulis/cgi-bin/ulis.pl?catno=125129&set=005AD0B0F7_2_226&gp=1&lin=1&ll=1
http://www.unesco.org/ulis/cgi-bin/ulis.pl?catno=147773&set=005AD0B0F7_2_226&gp=1&lin=1&ll=1
http://www.unesco.org/ulis/cgi-bin/ulis.pl?catno=246981&set=005AD0B0F7_2_226&gp=1&lin=1&ll=1
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PROGRAMME

Tuesday, 13 March 2018

10:00 — 10:30
10:30 - 11:00
11:00-11:30
11:30 - 12:00
12:00-12:30
12:30 - 13:00
13:00 — 13:30
13:30 — 15:00
15:00 — 15:30
15:30 — 16:00
16:00 - 16:30
16:30 - 17:00
17:00-17:30
17:30 - 18:00

Opening of workshop. Introduction of participants
Welcome from:
— Yury Sychev, Director of the State Oceanographic Institute
— Valery Martyschenko, Representative of Roshydromet
— Alexander Postnov, Vice Chair of IOC
— Thorkild Aarup, 10C, Technical Secretary GLOSS

Working arrangements and logistics
Vladimir M. Gruzinov (Organizing Committee)

Election of Chairperson and adoption of workshop agenda
Thorkild Aarup (IOC Secretariat)

Coffee break

The need for reliable tide gauges with datum control
Philip Woodworth (United Kingdom)

Measuring sea level oscillations in the Arctic Seas of the Russian Federation
Igor Ashik (Russia)

Practice of sea level oscillations measurements in the inshore zone
Peter Kovalev, D. Kovalev

Lunch

The French tide gauges network in Southern Ocean and Antarctica:
Conclusions and recommendations after 25 years of experience
Laurent Testut, P. Téchiné, M. Calzas, A. Guillot, C. Guillerm,

C. Brachet, C. Drezen, L. Fichen and T. Donal (France)

Russia’s Participation in GLOSS
Oleg Nikitin (Russia)

Measuring sea level data under various conditions
Anna v. Gyldenfeldt (Germany)

Coffee break

Collection, accumulation and quality control of GLOSS sea level data
intended for submission to the International sea level data centers
Alexander Vorontsov (Russia)

Challenges of obtaining timely, accurate and reliable water level
observations across the United States diverse coastal environments
Richard Edwing, Chung—Chu Teng, Robert Heitsenrether (USA)

Wednesday, 14 March 2018

10:00 - 10:30

10:30 - 11:00

Stilling well measurements in coast of Finland
Katri Leinonen, Pertti Jamsén (Finland)

Challenges related to sea-level measurements at Jan Mayen
Egil Sglvberg and Aksel Voldsund (Norway)
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11:00 - 11:30
11:30 - 12:00
12:00 - 12:30
12:30 - 13:00
13:00 - 13:30
13:30 — 15:00
15:00 - 15:30
15:30 — 16:00
16:00 — 16:30
16:30-17:00
17:00 -17:30
17:30 - 18:00

Sea level variability on the Russian coast of the inland seas:
measurements and analysis
Evgenii Kulikov, Igor Medvedev (Russia)

Coffee break

Sea level trends in the Commonwealth Bay over the last century
from historical data

Laurent Testut, B. Legrésy, C. Watson, R. Coleman, H. Brolsma,
R. Handsworth (France)

Mounting and operating automatic sea level measuring systems
in hostile environment conditions
Alexey Paley, Leonid Ostroumov, Michail Ostroumov (Russia)

Experience from the Pacific Sea Level Monitoring Project (PSLMP)
Jeff Aquilina (Australia)

Lunch

The UK South Atlantic tide gauge network: remote sea level
measurement technology developments
Peter Foden, Philip Woodworth (United Kingdom)

Coffee break

Canadian water level gauging strategies for harsh environmental
conditions: cold, ice, large tide range and heavy sea state
Philip MacAulay et al. (Canada, via Skype)

Difficulties for tide gauge in the tropics
Jerard Jardin (Hawaii, USA, presented by Thorkild Aarup)

Upgrade of the Swedish sea level network
Thomas Hammarklint, Christian Kark (Sweden)

Australian Antarctic tide gauges
B. K. Galton—Fenzi,, B. Legresy, C. Watson, M. King, J. French
and D. Libaros (Australia, presented by Laurent Testut)

Thursday, 15 March 2018

10:00 - 10:30
10:30 - 11:00
11:30-12:00
12:00 — 13:30
13:30 — 13:45

Poster presentations: questions and discussion
Workshop recommendations
Coffee break

Workshop recommendations (continued)

Closure of the workshop
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Poster Presentations
M. Calzas (CNRS, France)

0O.B. Hansen and P. Knudsen
(Denmark)

M. Kulikov, I. Medvedev, E. Kulikov,
A. Kondrin (Russia)

D. Metters (Australia)

Development of devices for measuring sea level in
hostile environment: tide sensor for coastal and
deep sea area, tools for referencing tide sensor and
to measure sea geoid: GNSS Buoy (for static and
towed use)

Tide Gauge Operations in Greenland —
Technological Aspects

Seasonal variability of tides and storm surges in
the Arctic seas of Russia

Storm—tide gauge operations: Experiences from
Queensland
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Russian Federation
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The need for reliable tide gauges with datum control

Philip Woodworth
National Oceanography Centre, Liverpool, UK

Many types of tide gauge are operated around the world. Some of them are conventional float and
stilling well devices, while others employ more modern acoustic, pressure or radar technology. They are
used for many different practical purposes (notably harbour operations or flood warning) as well as for
science.

The most challenging aspect of a tide gauge is to with datum control. The various editions of the 10C
manual on sea level measurements and interpretation demonstrate how sea levels recorded by a gauge
can be expressed relative to a reference level marked on the device (sometimes called a Contact Point)
and thereby via local levelling relative to the height of benchmarks on the nearby land. As a result, one
obtains data sets of Relative Sea Level (RSL) change (i.e. relative to the land) which can be used as
time series of Mean Sea Level (MSL) in many areas of science (geology, oceanography etc.) and most
obviously in studies of sea level rise due to climate change.

One problem we are faced with as a community is that operators are often reluctant to put in the required
work in order to calibrate the heights recorded by the gauge and to perform the necessary local levelling
S0 as to relate the sea levels to land benchmarks. One reason is because their main interests are in
topics such as tsunami detection or storm surge monitoring, for which datum control is not essential. It
is, however, a waste of a potentially valuable resource for MSL studies. As examples, one can point to
the many records available from the IOC Sea Level Station Monitoring Facility (SLSMF, http://www.ioc-
sealevelmonitoring.org/) which are admirably available in real-time but have no datum control
whatsoever.

A second problem relates to the need for MSL records from high latitudes for inclusion in studies of
climate change (e.g. those of the Intergovernmental Panel on Climate Change). The presence of ice
may preclude the use of some types of tide gauge (e.g. radar) and so pressure gauges are to be
preferred. However, pressure gauges are known to have instrumental drift and so it may not be possible
to provide the same sort of year-round datum control as for gauges elsewhere. In these cases, it may
be adequate to employ temporary gauges (e.g. radar or even tide pole) in summer months alongside
the pressure gauges in order to relate the measurements to land benchmarks. Where it is impossible to
install normal benchmarks, then it might be feasible to consider datum control in summer months using
GNSS.

A final set of problems to be mentioned are to with waves. Most obviously, waves can inflict major
damage on equipment installed at the coast (e.g. at Southern Ocean islands), with implications for the
use of gauges that are least vulnerable. Waves are known to introduce a negative bias into
measurements by some tide gauges (e.g. float gauges or bubbler pressure systems). However, the
effect can usually be limited by good design (see the IOC manuals). Experience with radar gauges has
shown that waves can have a much larger effect on the measurements (both negatively and positively
depending on the equipment), leading to the need for high-rate sampling (I0C, 2016). Waves can also
result in wave setup that can contribute to the recorded sea level measurements; this aspect is common
to all types of gauge and can usually be reduced by suitable positioning of the equipment.

These aspects will be discussed in this talk, with the aim of encouraging long-term measurements of
MSL on all coastlines and at all latitudes.
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Measurements of the sea level in the Arctic seas of Russia
and its long-term variability

I.M. Ashik
Arctic and Antarctic Research Institute,
St. Petersburg, Russia

Sea level, being an integral indicator of hydrometeorological processes over a wide space-time range,
allows one to assess the direction and intensity of changes in the state of natural conditions of different
scale: from synoptic to climatic. Large-scale long-term changes in the position of mean sea level have
a significant impact on economic activity in the coastal regions of the seas, on their coasts and in
estuaries of rivers. Especially close attention to the problem of modern changes in the position of the
middle level of the Arctic seas was manifested in the late XX - early XXI century. In these years, there
was a widespread significant increase in the level in Arctic seas, leading to a sharp intensification of the
processes of destruction of the coast and the retreat of the coastline. An assessment of the long-term
variability of the position of the average level of the Arctic seas, the identification of the main factors
affecting this variability, and the determination of the degree of their influence is an important complex
scientific problem of direct applied importance.

Practice of sea level oscillations measurements in the inshore zone

Peter D. Kovalev?, Dmitry P. Kovalev?!
! Institute of Marine Geology and Geophysics Far Eastern Branch Russian Academy of Science,
Yuzhno-Sakhalinsk, Russia

The possibility of developing the continental shelf, including the hostile Arctic, largely depends on the
wave regime of a specific sea area. Examples of developments include exploratory drilling and
production of hydrocarbons on the shelf, construction of underwater pipelines with shore access and
coastal engineering facilities, and near shore fishing. There are several types of waves that can pose a
serious threat to coastal infrastructure and engineering facilities in the coastal zone, so a preliminary
study of the wave regime in the area is necessary.

In this study autonomous bottom recorders for measuring sea-level fluctuations have been considered.
Devices were designed and manufactured in Russia and include models ARV14, ARV-T, ARV-A and a
cable system. Their main characteristics, advantages and disadvantages are given and comparison with
foreign analogues is made. The problems of sea level discretization and recalculation of fluctuations of
pressure into surface waves are considered.

The main types of waves that determine safety in the coastal zone are considered and examples of
recording such waves are given. Storm surges pose a threat as a rise in sea level of even just half a
meter is considered dangerous. Against the background of storm surges, the impact of wind waves and
swell significantly increases.

Seiches also play an important role in the dynamics of bays and coves, and have a significant impact
on the working conditions of ports located on the coast and other industrial facilities. For most bays, the
resonance periods of seiches are close to the characteristic periods of tsunami waves, and as a result
a tsunami manifests itself in these bays primarily as a sharp increase in the wave's amplitude.

In the coastal zone and on the shelf, infragravity waves can be generated, which are the result of the
nonlinear interaction of wind waves and swell and are responsible for the destruction of the shores.
Infragravity waves promote the generation of harbor oscillations - strong reciprocating movements of
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water in open bays, which can lead to collisions of vessels with piers and other ships, breaking of
moorings and the disturbance of loading and unloading operations.

Upgrade of the Swedish sea level network

Thomas Hammarklint, Christian Kark
Swedish Maritime Administration, Gothenburg
Sweden

The Swedish seas are heavily subjected to severe conditions, especially during the winter time when
ice, temperature shifts, waves and storm surges creates a tough environment. Robust and sustainable
installation of equipment to accurate measure and follow the sea level variations around the Swedish
coastline is a major challenge. The sea level has been recorded in Stockholm since 1774. In the
beginning, the observations were made from visual observations at some marks at the Sluice in
Stockholm.

Traditionally, since the late 18th century, the Swedish sea level measurements have been conducted at
mareographs, with the use of wires and stilling well techniques. The wells are well protected from the
outside. Recently, additional measurements have been established where the conditions are slightly
different and no wells are available. Several agencies and local authorities have established their own
stations for their own needs. We now collect sea level measurements from both Swedish Meteorological
and Hydrological Institute (SMHI) and Swedish Maritime Administration (SMA) in one common and
harmonized Swedish Sea Level Network (SHIP) using the same technique.

The stations will be equipped with radar and pressure sensors. As long as possible, the existing
infrastructure for example the wells at mareographs, will be used. At some places heated pipes will be
used to avoid problems with waves, ice and condensation. The sampling period is 1 minute and the
targeted accuracy of the measurements is 1 cm. The users will be able to access real time data within
1 minute. All sea level data will be referred to the Swedish land survey datum (RH2000) or the Baltic
Sea Chart Datum (BSCD2000), which is the same reference level used in the new Swedish charts. The
datum is the Swedish realization of the European Vertical Reference System (EVRS), which is
connected to the Normaal Amsterdams Peil (NAP), nowadays used by several Baltic countries.

The upgrade of the station network is partly financed by the European Union in the project FAMOS Odin
and is ongoing since beginning of 2017 and is targeted to be finalized before the end of 2018.

Russia’s participation in GLOSS

Oleg Nikitin
State Oceanographic Institute, Moscow, Russia

The Russian state marine tide gauge network is described as well as the tide gauge devices being used
in the network. Information on the current state of the Russian part of the international Global Sea Level
Observing System (GLOSS) is given.

Measuring sea level data under various conditions

Annav. Gyldenfeldt,
Maritime and Hydrographic Agency (BSH), Hamburg, Germany

The German coasts witness a broad variability in weather conditions, from moderate to harsh conditions
such as storms, high waves or ice formation that can affect the sea level measurements. Other man-
made influences, including shipping itself, can pose problems to high quality sea level measurements
as well. The German coastal waters are monitored by a dense network of tide gauges, some of which
have been installed over a century ago. A number of off-shore stations provide data on sea level and
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sea state. Strategies on how to maintain the quality of measurements and what difficulties are
encountered in the interpretation of the signals will be presented.

Germany looks back to a long tradition in polar research. Through the years sea level measurements
were conducted in the northern and southern hemispheres. Some aspects on the experiences made
are highlighted.

Collection, accumulation and quality control of GLOSS sea level data intended
for submission to the International Sea Level Data Centers

Alexander Vorontsov
All-Russia Research Institute for Hydrometeorlogical Information
— World Data Center (RIHMI-WDC), Obninsk, Russia

The Global Sea Level Observing System (GLOSS) was established to provide information on changes
in sea level for scientific and practical purposes. Russia takes part in this project. The basis for the
GLOSS in Russia is the marine hydrometeorological network of the Federal Service for
Hydrometeorology and Environmental Monitoring (Roshydromet).

Currently, data from stations Murmansk (No. 274), Barentsburg (No. 231), the Bay Nagaevo (No. 92),
Petropavlovsk-Kamchatsky (No. 93), Tuapse (No. 98), Kaliningrad (No. 97) are provided to the
Permanent Service for Mean Sea Level (PSMSL). At the same time, the GLOSS implementation Plans
include some more Russian stations. However, a number of stations, including some of those previously
reported to the PSMSL, are no longer operational.

Preparation of sea level data for providing to PSMSL follows a standard procedure.

The quality of observations of existing Russian GLOSS-stations satisfies the international requirements
for accuracy (error of sea level measurements is no more than 1-2 cm and the error in time not more
than 1 min).

The sea level measurements are sent to RIHMI-WDC where data control and processing are made.
Data are checked against the local sea level variability intervals (range between historic maximum and
minimum). Averaging of data is carried out according to the following scheme. First, hourly data is daily
averaged. Then, based on the daily average series, average values for each 10-day periods are
calculated. Finally, the average monthly values are derived from 10-day average data.

The average monthly values of sea level from the Russian GLOSS stations are sent to the PSMSL once
a year.

Challenges of obtaining timely, accurate and reliable water
level observations across the United States diverse coastal environments

Richard Edwing, Chung-Chu Teng, Robert Heitsenrether
National Oceanic and Atmospheric Administration, USA

The United States National Oceanic and Atmospheric Administration (NOAA) National Ocean Service
(NOS) Center for Operational Oceanographic Products and Services (CO-OPS) is responsible for
maintenance and continued development of the National Water Level Observation Network (NWLON).
NWLON consists of over 200 long-term stations that maintain the vertical reference frame (tide and
water level datums) for communicating water level elevations throughout all U.S. coastal regions,
including Atlantic, Pacific, and Arctic Ocean coasts, Gulf of Mexico, the Great Lakes, and Pacific and
Caribbean island territories. Long term, high quality data series spanning over a century in length have
been established at many locations. The NWLON also provides real-time water level observations
critical for supporting safe and efficient maritime commerce, storm surge and tsunami warnings, and
many other uses.
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One major challenge of maintaining the NWLON is ensuring the provision of timely, accurate and reliable
water level data needed to support a broad spectrum of societal needs given the dynamic nature of the
coastal ocean and Great Lakes waters, along with the great diversity of environmental conditions
encountered along U.S. and its island territories coastlines. Meeting this challenge requires utilizing the
best water level measurement technology suited for an environment along with sound engineering
design of the underlying support platform to ensure long-term survivability. CO-OPS’ biggest
measurement system challenges involve stations located in following hostile environment types: open
ocean coasts with high wave energy; regions impacted by passage of tropical cyclones and large storm
surges; small, and/or remote islands and regions (such as Arctic) with limited infrastructure; Great Lakes
and Alaska where harsh winter conditions and significant ice coverage are experienced for a significant
period every year. Lesser challenges are presented by biofouling, corrosion, vandalism and other
factors, which can also vary significantly by location.

Perhaps the two most significant environmental challenges are ensuring water level data observations
at locations that experience high wave energy and extreme weather events, and in environments subject
to extreme winter and ice conditions. To address the first, a station hardening effort has been underway
across southeast to mid-Atlantic NWLON sites where direct passage of tropical cyclones is certain to
occur over a station’s desired lifespan. Design specifications based on modelled Category 4 hurricane
wind (59-69 m/s), wave action, and storm surge conditions are being applied to update existing stations
and to establish new stations. Along the Gulf of Mexico, several recently hurricane damaged stations
have been replaced with single-pile, offshore structures. The design basis is a 4 foot diameter single
pile driven 60-80 feet into the seafloor with a protected instrumentation platform at least 7.5 m (25 ft.)
above mean sea level. The single-pile structure presents a minimal profile to a storm coming from any
direction and provides elevation above the highest expected Category 4 storm surge. At many other
Gulf and Atlantic sites where installation of a single pile structure offshore is not feasible, several other
types of shore-side, elevated platforms have been designed and installed, following the same
Category 4 specifications. Employing radar water level sensors at many of the new elevated stations
has avoided multiple challenges associated with elongated well infrastructure that would be required by
other sensor types. An additional challenge common to open ocean sites is accurately resolving the true
air-sea interface during extreme wave events. CO-OPS continues long term field studies with multiple,
collocated sensor technologies at both Pacific and Atlantic open ocean sites. Results are used to assess
potential wave induced measurement error of each sensor type and to determine optimal methods for
resolving accurate, long-term water level records at open ocean coasts.

The second major challenge of extreme winter and ice conditions is most common to U.S. water level
sites throughout the Great Lakes region and the state of Alaska. In the Great Lakes, CO-OPS’ traditional
system design, a large, enclosed concrete well on land coupled with a subsurface intake pipe extending
into the lake, remains the station design of choice for surviving harsh winter conditions and extensive
ice coverage. Along Alaska’s south and southwest coasts, a mix of different CO-OPS station designs
have been employed, along with strategic use of existing coastal infrastructure. At several Alaska sites
where seasonal surface ice is certain to occur, use of a dual bubbler pressure sensor system for water
level observations has proven successful. Where existing infrastructure permits, a strategic run of the
bubbler air line from an indoor sensor to a subsurface orifice pair has resulted in long-term survivability
of components below the ice. Dual pressure readings from the orifice pair at a known vertical separation
mitigates measurement error induced by a vertical density gradients in the water column.

CO-OPS latest water level measurement system development work includes efforts to expand
observations along Alaska’s remote western and northern coasts where large observing system gaps
remain. Recent trends of increased Arctic sea ice loss have led to waterways along Alaska’s northern
coasts becoming more accessible during summer seasons. As a result, a significant increase in maritime
transport throughout the region is anticipated, along with a corresponding need for navigational support
services. One patrticular system design under development and test, which is called the Hermit system,
consists of two main system components: 1) a long term ocean sensor platform that resides on sea
floor, to be deployed in the summer and left year round measuring under the ice, and 2) a small surface
buoy that provides real-time telemetry from the bottom platform, to be deployed short term, during ice
free conditions only, when real-time information will be of most interest. In addition to new water level
measurement systems, CO-OPS has been pursing options for extended use of GNSS systems to be
used as the primary source for water level vertical referencing at prospective Alaskan station sites where
establishing a traditional benchmark network is not feasible due to extensive tundra with permafrost.
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The presentation will provide an overview of CO-OPS existing long-term water level stations located in
extremely challenging environment types along with CO-OPS’ latest measurement system research and
development efforts to address the future network expansion plans.

Wednesday, 14 March 2018
Stilling well measurements in coast of Finland

Katri Leinonen, Pertti JAmsén
Finnish Meteorological Institute, Helsinki, Finland

Sea level is measured at fourteen tide gauge stations, so-called mareographs, on Finland’s coast, and
operated by the Finnish Meteorological Institute (FMI). Most of the mareographs have been in operation
already for several decades. Sea level is measured related to a fixed reference level at each
mareograph. The possible movement of a mareograph related to its reference level is checked by annual
levelling to a nearby benchmark.

All fourteen stations have a similar setup with a float in a stilling well. The stilling well is connected to
sea by a connecting pipe. The purpose of the pipe is to attenuate the effect of waves. The stilling well is
located in a small building which is heat controlled to avoid problems caused by weather and extreme
temperatures.

Challenges related to sea-level observations at Jan Mayen

Egil Sglvberg and Aksel Voldsund
Norwegian Mapping Authority, Hydrographic Service

The Norwegian Mapping Authority has been carrying out sea-level measurements at a small volcanic
island named Jan Mayen for many years. This island is situated in the Arctic Ocean about 560 km
Northeast of Iceland and 460 km East of Greenland.

The water level measurements were originally carried out in a well with no direct connection to the open
ocean. There is about 10 meters of rock between the well and the ocean. As the volcanic rock at Jan
Mayen is porous, the water level inside the well is to some extent depending of the water level of the
open ocean. The problem is that this relationship, regarding phase and range, could not be fully
determined. The mean sea level seems most likely not to be the same inside the well as in the open
ocean outside.

This is why the Norwegian Mapping Authority in 2011 decided to try to measure the real water level in
the open ocean directly.

With challenges related to the lack of quays or other appropriate locations for such an installation,
together with very rough weather conditions, it was decided to make the new installation in direct
connection to the well.

The first attempt was to drill from inside the well through the wall and into the open ocean. The plan was
to install a pressure gauge in a tube. Drilling in volcanic rock gave us some unexpected challenges, and
this plan had to be discarded.

In the second attempt, a pipe with pressure gauges inside was fixed along the rocks outside the well,
while all the electronics was placed inside the well. This seemed to operate well, but after about a year
it was observed that the pipe was bended. A couple of months later, the lower part of the pipe
disappeared.
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Sea level variability in the inland Russian seas: measurements and analysis

E.A. Kulikov?! and I.P. Medvedev??
L PP Shirshov Institute of Oceanology RAS, Moscow, Russia
2Fedorov Institute of Applied Geophysics, Moscow, Russia

In this research, the spatial and temporal coverage of tide gauge networks in the Baltic, Black and
Caspian Seas are considered. An overview has been provided of long records of monthly mean sea
level data that can be used to analyze long period changes of the mean sea level. The Russian coast
of the Baltic Sea has a detailed spatial network of hourly sea level observations, whereas for the Black
and Caspian Seas the spatial coverage of tide gauges with hourly sea level data is inadequate.

The hourly series of observations in these seas, due to the small tidal amplitudes, has revealed
interesting dynamic effects that are not characteristic of marginal seas. For example, the radiational
tides are quite strong in all three seas. The long series of mean monthly sea level allowed us to
accurately estimate the amplitude of the pole tide in the Baltic Sea and, in particular, at the head of the
Gulf of Finland.

Secular sea level change estimation at Cap Denison (Antarctica)
from historical tide gauge records

L. Testut, B. Legrésy, C. Watson, H. Brosima,
R. Coleman, M. Calzas, A. Guillot
France

The Australasian Antarctic Expedition (AAE) led by Sir Douglas Mawson explored part of the East
Antarctic coast between 1911 and 1914. The AAE spent the winter of 1912 and 1913 in a station built
in Commonwealth Bay, Cape Denison (67°S, 142.66 °E). During this period a mechanical float tide
gauge was deployed on fast ice and observed 98 days of sea level in 1912. The sea level was tied to a
benchmark on the rock, which is still present and located near Mawson's original huts. As part of a
collaboration between French and Australian teams, two bottom pressure gauges have been installed
in Boat Harbour (a few tens of metres from the historical gauge location) during the French expedition
in January 2008. The analysis of the present and past sea level allows to estimate the relative sea level
change in this part of the Antarctic continent. We will present the historical and modern tide gauge
system and the analysis performed on the data to estimate the sea level changes and its associated
error budget.

Installation and operational use of automatic instruments
for sea level measurements at hard climatic conditions

A.A. Paley, L.V. Ostroumov, M.V. Ostroumov
State Oceanographic Institute, Roshydromet, Russia

A special approach is necessary in order to support operation of automatic instruments in harsh climatic
conditions. The approach includes specific infrastructure, long-term geodetic servicing as well as regular
datum control. Scientists and methodologists from Russian oceanographic institutes have made
comparative analyses of sea level data collected with the use of automatic and traditional (mechanical
mareographs, submerged gauges and poles) instruments in various climatic zones. Results of this
analysis show that automatic facilities do not provide necessary accuracy of measurements in harsh
climatic conditions. Besides, the Roshydromet sea level observing system of stations and posts would
not be able to provide necessary stability of operation of automatic instruments and, thus, would not
provide continuous and homogeneous sea level measurements. The main reasons for such
disturbances in normal operation of automatic facilities are ice formation, as well as silt and seagrass
cover of pressure sensors. As a result, it is concluded that the most useful automatic instruments for
sea level measurements in harsh climatic conditions are those equipped with floats and laser sensors.
Such type of automatic instruments requires stilling wells, whose construction and maintenance involves
additional costs. However, in case of harsh climatic conditions, such expenditures look justified. For
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automatic instruments with laser sensors, some improvement is proposed by preventing vapour
formation within the laser beam. Besides infrastructure of sea level observation system, it is also
important to run parallel measurements in order to assess reliability of automatic systems. To ensure
consistent operation of automatic systems periodic sets of parallel observations and analysis of collected
information should be carried out.

The UK South Atlantic tide gauge network — remote sea level measurement
technology developments

Peter R. Foden, Jeff P. Pugh, Angela Hibbert and Philip L. Woodworth
National Oceanography Centre, Liverpool, UK

The South Atlantic Tide Gauge Network (SATGN) has been operated by the National Oceanography
Centre (NOC) for over 30 years as a UK contribution to programmes such as the World Ocean
Circulation Experiment (WOCE) and Global Sea Level Observing System (GLOSS). The network
comprises coastal tide gauges at seven islands in the South Atlantic (Ascension, Saint Helena, Tristan
da Cunha, Falkland Islands and South Georgia). It also includes tide gauges at Gibraltar and on the
Antarctic Peninsula (Vernadsky and Rothera). The tide gauges were complemented for many years
(1988-2016) by bottom pressure recorders (BPRS) either side of the Drake Passage in order to monitor
changes in transport of the Antarctic Circumpolar Current (ACC). Details of the programme may be
found in Spencer et al. (1993) and Woodworth and Hibbert (2015), while the ACC monitoring was
reviewed by Meredith et al. (2011). Data from the network may be obtained via http://www.ntslf.org and
are submitted to real-time and delayed-mode databanks associated with the GLOSS programme.

The remote character of many of the islands in the South Atlantic meant that tide gauge technology had
to be developed that was accurate and robust and capable of operating autonomously for extended
periods without maintenance. As a result, the programme saw the development of the ‘B gauge’ (a type
of pressure tide gauge) which was arguably the most accurate type of gauge available (Woodworth et
al., 1996). Aspects of the B gauge were also incorporated into the design of bubbler pressure gauges
in the UK network. However, B gauges were expensive to make and operate and they have since been
replaced by radar tide gauges at most locations. Some early experiences with radar gauges in the South
Atlantic can be found in the chapter by Jeff Pugh and others in IOC (2016).

Remote operations also required the development of different kinds of telemetry for tide gauge data.
Over the years we have experimented with many kinds of commercial methods: dial-up and broadband
fixed line, GSM, Orbcomm, BGAN, Iridium etc., together with the systems provided by meteorological
agencies (Meteosat, GOES etc.). Some of our experiences were combined with those of other groups
for input to the telemetry chapter of the recent IOC Manual-5 (IOC, 2016).

Many of our experiences with tide gauges and telemetry have been of use to IOC. For example, aspects
of our work at Vernadsky (then called Faraday) contributed to the discussion at an earlier workshop of
sea level measurements in hostile regions (Koltermann et al., 1988). They have also been of use to IOC
in programmes such as GLOSS, ODINAFRICA etc. Consequently, this talk will mention as many as
possible aspects of the history of the development of the South Atlantic network, its tide gauges
(including radar sensing technology capable of operating in harsh and extreme environments) and
experiences with different kinds of telemetry.

References

IOC. 2016. Manual on Sea-level Measurements and Interpretation, Volume V: Radar Gauges. Paris,
Intergovernmental Oceanographic Commission of UNESCO. 104pp. (IOC Manuals and Guides No.14,
vol. V; JCOMM Technical Report No. 89).

Available from http://unesdoc.unesco.org/images/0024/002469/246981E.pdf which includes a
Supplement: Practical Experiences.

Koltermann, K.P., Pugh, D.T. and Woodworth, P.L. 1988. Workshop on sea-level measurements in
hostile conditions, Bidston, UK, 28-31 March 1988. Summary report and submitted papers.
Intergovernmental Oceanographic Commission, Workshop Report No.54, 81pp.



http://www.ntslf.org/
http://unesdoc.unesco.org/images/0024/002469/246981E.pdf
http://www.unesco.org/ulis/cgi-bin/ulis.pl?catno=81610&set=005AE09D6D_0_169&gp=1&lin=1&ll=1

IOC Workshop Reports, 281
Annex IV — page 9

Meredith, M.P. et al. 2011. Sustained monitoring of the Southern Ocean at Drake Passage: past
achievements and future priorities. Reviews of Geophysics, 49, RG4005
(doi: 10.1029/2010RG000348)

Spencer, R., Foden, P.R., McGarry, C., Harrison, A.J., Vassie, J.M., Baker, T.F., Smithson, M.J.,
Harangozo, S.A. and Woodworth, P.L. 1993. The ACCLAIM programme in the South Atlantic and
Southern Oceans. International Hydrographic Review, 70, 7-21.

Woodworth, P.L., Vassie, J.M., Spencer, R. and Smith, D.E. 1996. Precise datum control for pressure
tide gauges. Marine Geodesy, 19(1), 1-20.

Woodworth, P.L. and Hibbert, A. 2015. Sea-level monitoring in the British Overseas Territories. Journal
of Operational Oceanography, 8, 123-132 (doi: 10.1080/1755876X.2015.1087188)

Canadian water level gauging strategies for harsh environmental
conditions: cold, ice, large tide range and heavy sea state sea level measurements
in Canada

Phillip MacAulay, CHS Atlantic; Andre Godin, CHS Quebec; Terese Herron,
CHS Central and Arctic; Denny Sinnott, CHS Pacific (Canada, via Skype)

Canada deploys and maintains water level gauges that must survive a wide range of conditions: oceanic
salt water and stratified estuarine tidal environments; temperate inland lakes and waterways; arctic and
sub-arctic cold and ice; two regions with the world’s highest tides, Bay of Fundy and Ungava Bay; and
exposed North Pacific heavy sea states. In Canada these gauges are designed, built, installed,
maintained and run by the Tidal Sections of the Canadian Hydrographic Service (CHS). Their data are
used to support hydrographic and navigational systems, sea-level rise studies and both national and
international storm surge and tsunami warning systems.

To meet Canadian environmental challenges and to supply the best possible data the CHS continually
reviews new technologies; encourages internal experimentation and innovation covering gauge
infrastructure and water level sensors; and when needed develops or adapts new data acquisition
systems, data analysis methods and quality control tools and applications

In this presentation we will overview the range of Canadian gauging solutions presently employed to
address the range of environmental conditions experienced in Canadian waters, we will discuss their
advantages and challenges, and we will focus on specific CHS ‘in-house’ developed potentially
innovative solutions and their associated equipment.

Finally, we will review a new ongoing CHS initiative, Dynamic Hydrographic Products (DHP), part of
Canada’s new interdepartmental Ocean Protection Plan (OPP). This initiative includes re-development
of Canadian water level and current observation systems:

. Standardization and renewal of Canadian gauging systems: electronics, sensors and
communications to provide consistent, redundant data streams; upgrades to regionally consistent
physical infrastructure based on environmental realities,

. Development of a new National water level and current Oracle database structure to: house all
Canadian water level and current observations, predictions, forecasts (ocean model and Kalman
filter); all water level station meta data; and to provide both standardized real-time automated and
manual follow-up data QC,

. New data access tools and automated applications to package and provide data to clients in
existing formats and in new S104 and S111 International Hydrographic Organization (IHO) file
formats for use with shipboard dynamic E-navigation systems, and

o The development and operationalization of high resolution ocean model solutions with
corresponding S104 and S111 data to client applications for a number of high risk Canadian Ports.


https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2010RG000348
https://journals.lib.unb.ca/index.php/ihr/article/view/23238
https://www.tandfonline.com/doi/abs/10.1080/01490419609388068
https://www.tandfonline.com/doi/full/10.1080/1755876X.2015.1087188

I0C Workshop Reports, 281
Annex IV — page 10

Tide gauges in the tropics: hazards and challenges

Jerard Jardin
Hawaii, USA

The UH Sea Level Center primarily maintains tide gauges in the tropics, but these usually benign
environments are not without challenges and hazardous conditions. For example, lightning strikes have
affected or damaged the electronics of the data logger/transmitter, and hurricanes have damaged or
destroyed tide gauges. In the case of the latter, we have found that it is not the wind or waves that did
the damage, but more likely it is debris that is carried and thrown into the tide gauge structure. The
frequency of such events has been few and far between, but they need to be considered in the station
design decisions. In the tropics, routine hazards to the instruments related to marine life and corrosion,
as well as the unique aspects of managing very remote equipment are the biggest concern. These
routine hazards become compounded when dealing with many different governments and cultures to
keep the stations running.

Given these challenges, site selection and design are the most critical aspects for having a long lasting
tide gauge. Tide gauges should have several layers of redundancy built in so that if there is ever
damage, it is more likely that they will have at least one channel of data that remains active. Another
priority is designing a station to have a low profile and be very simple in design to minimize exposure to
the elements. All of the components that make up the tide gauge should be selected individually for
reliability and flexibility. The system should be designed to be relatively modular so that local support
can easily be trained and/or sent instructions to replace individual parts when needed. Transmissions
should include redundant data so that in the case of sporadically missed transmissions the chance of
receiving an uninterrupted data set is higher. The multiple levels of redundancy allow for less frequent
station visits and give more time to resolve specific problems. With these design aspects, it is possible
to keep the overall cost of the tide gauge network low and the data records continuous.

The 25 years of the French tide gauge network in the Southern Ocean

L. Testut, P. Téchiné, M. Calzas, C. Brachet, A. Guillot, C. Guillerm,
C. Drezen, T. Donal, E. Poirier and P. Bonnefond
France

ROSAME is a French tide gauges network located in South Indian Ocean Islands (Kerguelen, Crozet
and Saint-Paul) and in Dumont d’Urville in Antarctica. This network was gradually built from the early
1990 in the frame of the IOC/UNESCO GLOSS program. This network is composed of four coastal
stations and moorings located offshore for satellite altimetry calibration. This presentation will
summarize 25 years of experience of maintaining the network in operational condition.

Australian Antarctic tide gauges

B. K. Galton-Fenzi'' 2, B. Legresy®?, C. Watson*, M. King?, J. French® 2 and D. Libaros®
Australia (to be presented by Laurent Testut)

1 Australian Antarctic Division, Hobart Australia
2 Antarctic Climate and Ecosystem Cooperative Research Centre, Hobart Australia
3 CSIRO Climate Science Centre, Hobart Australia
4 University of Tasmania, Hobart Australia
5 Institute of Marine and Antarctic Science, Hobart Australia

The modern Australian Antarctic tide gauges have been operating since the 1990s. They are situated
on Macquarie Island at 56°S and on the Antarctic coastline at the stations of Casey, Davis and Mawson.
We will describe the setup of these tide gauges, developed to cope with the harsh Antarctic environment.
Different situations require a different technical set up. Macquarie Island has a well in the shape of a
pipe drilled through rock, which avoids destruction by waves and storms, but brings the challenge of
knowing the density of the sea water in the pipe as it may differ from the surrounding open waters.
Casey has a pier-mounted double pressure gauge at two fixed different depths to interpret changes in
density of the water column. Davis and Mawson have bottom moorings, metres from the coast. The tide
gauges being all based on bottom pressure measurements, it is necessary to calibrate them for drift in
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time and pressure sensor. The latter is done using GPS buoys measurement sessions, ideally both
before and after each replacement of the sensors. Ideally, an Antarctic tide gauge with present
technology would use a bottom pressure instrument placed in a sheltered place close to the shore where
icebergs would not reach and sea ice would not form down to the bottom, a cable trench and tube would
be constructed to pass the sea ice tide crack so that the instruments be connected to shore power and
communication. It would also come with temperature and salinity measurements and atmospheric
pressure and be connected to a permanent geodetic site.

The extra cost of the setup would usually largely be compensated by the diminished need for underwater
work. Regular GPS buoy calibration usually remains a necessity to ensure a viable sea level record.

Thursday, 15 March 2018
Experience from the Pacific Sea Level Monitoring Project

Jeff Aquilina
Bureau of Meteorology, Australia

The Pacific Sea Level Monitoring Project (PSLMP) continues the work of the South Pacific Sea Level
and Climate Monitoring Project under a wider Climate and Oceans Support Program in the Pacific
initiative begun in 2012. The Project was originally developed as an Australian response to concerns
raised by the member countries of the South Pacific Forum over the potential impacts of global warming
on climate and sea levels in the Pacific with the principal objective of ‘the provision of an accurate long
term record of sea level in the South Pacific for partner countries and the international scientific
community which enables them to respond to and manage related impacts’.

The project’'s sea level monitoring network consists of 14 sea level stations providing wide coverage
across the Pacific Islands Forum region. These stations operated by the Bureau of Meteorology in
conjunction with partner agencies in Australia and the region not only measure sea level, but also
observe a number of “ancillary” variables - air and water temperatures, wind speed, wind direction and
atmospheric pressure. An associated geodetic measurement program, implemented by Geosciences
Australia, supports levelling surveys to first order, to determine shifts in the vertical of the sea level
sensors due to local land movement, as well as continuous Global Positioning System stations to
determine the vertical movement of the land with respect to the International Terrestrial Reference
Frame.

After the Indonesian Tsunami in 2004, the Australian Government invested in a Tsunami Warning
Network covering Australia and the South Pacific region. As a result of these measures and due to the
age of the existing network approaching nearly twenty years, the tide gauges in the Pacific were
upgraded in 2010 with better (redundant) real-time satellite communications, new data-loggers and
additional Vega radar sea level sensors added to the suite of sensors. In addition, a further 4 early
warning tsunami tide gauges in other locations were established with radars as primary sensors.

The network is located in cyclone prone areas, very active deep water trenches, and in areas of strong
storms with heavy rain. Coupled to this, there are stations with active vertical land motions due to
tectonic activity. There is also the potential risk of vandalism or damage to the equipment by boats.
Couple those hazards with the natural salt water environment and you have a recipe that is challenging
to equipment and its ongoing capabilities.

Concurrently with the maintenance of instrumentation, there is a program to repair and improve the
infrastructure of each tide gauge and to investigate new surveyable mounting designs for the Vega radar
sea level sensor.

Further improvement to the design includes a GNSS antenna virtually on the tide gauge. This has
provided a more accurate, real time data set of sea level heights, with respect to the mounting of the
equipment attached to the wharf. It is also building onto the existing established inland GNSS antenna
network through precise surveying connections.
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As domestic and commercial activity on some wharves became more demanding, it was recognized
that the location of choice needed to be re-evaluated to minimise damage to the equipment. This means
some sites have been targeted for relocation nearby.

The aim is to continue the Pacific Sea Level Monitoring for at least another 20 years, so the team is
continuing to develop a more reliable network, with better sensors, improved wiring connections,
communication and power autonomy, and minimum infrastructure maintenance.

Poster presentations

Development of devices for measuring sea level in hostile environment:
tide sensor for coastal and deep sea area, tools for referencing tide sensor
and to measure sea geoid: GNSS Buoy (for static and towed use)

M. Calzas
CNRS INSU, Plouzané, France

The observations of the sea level are performed with different types of material:

. Coastal tide stations (Crozet, Kerguelen and Saint Paul & Dumont D'Urville in Antarctica):
These are radars, or tide recorders equipped with pressure, temperature and conductivity
sensors immersed along docks or rocks. They are supplied continuously thanks to a land
station. The data are transmitted in real time by satellite (Argos). A reference level for the
absolute measurement of the water height is determined by a leveling process with respect to
a known geodesic point, or with respect to the position relative to the sea surface given by a
GPS buoy.

. Autonomous mooring of the tide recorders (to decouple the signal from offshore coastal
effects) nearby Kerguelen. These are pressure temperature and conductivity sensors managed
by a controller board with an internal clock. They have their own power supply and local data
storage. The tide recorders are immersed during one year, then retrieved using acoustic
releases and buoyancy. They can also monitor waves (typical 3 samples of 20 minutes at 1Hz
per day).

. The GPS buoy

The buoy consists of a geodetic GNSS with an antenna on a surface float coupled to a GPS
base station located on land above a geodetic point. It allows to define an absolute level of the
sea level:

o Acquisition of high-frequency data (1-10 Hz)
o Sub-centimeter accuracy in post-processing (associated with a base station)
o Ability to deploy in the open ocean in PPP mode

o Measurement of the position of the free sea surface to calibrate altimetric satellites
(JASON, ENVISAT, SENTINEL3A,3B, SARAL/ALTIKA)

o Weight 20 Kg, 2 m diameter

o A floating drogue is tied up at the 3 ends and the center of the buoy to improve stability.
. The towed GPS buoy: CalNaGeo

This system consists of a geodetic GNSS antenna put on a soft shell (to avoid artefacts due to
rigid structures) to follow the sea surface. The antenna is gimbaled and towed (up to 10 knots)
by a ship. This is used for in-situ CAL/VAL calibration of altimetric height (SSH for ocean
surfaces), to measure the slope of the geoid and for waves monitoring (up to 50 Hz).
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These developments are funded by CNES (Centre National d’Etudes Spatiales) project FOAM
(From Ocean to inland waters Altimetry Monitoring).

—

Tide sensor Static GNSS buoy Towed GNSS buoy

Tide gauge operations in Greenland:
technological aspects

Ole Bjerregaard Hansen and Per Knudsen
DTU Space, Denmark

The Technical University of Denmark (DTU Space) is responsible for operating the tide gauges in
Greenland, beginning in 2005 (Thule, Qagortoq). The Greenland network of tide gauge stations consist
of 4 stations located at Nuuk, Thule, Qaqgortog and Scoresbysund. As for other stations in the Arctic
region the main challenges are related to sea ice, inaccessibility, and poor connectivity. Lack of local
support and sufficient budget adds to the challenges of operating the stations continuously. Currently,
the stations are equipped with pressure gauges and have continuous GNSS stations collocated. All
stations are sampling at 5 minute intervals, and data are transferred in ‘real time’ to our central server
and subsequently forwarded to I0C. A description of the installations will be presented, along with
examples of successes and failures. Data are available at:  http://www.ioc-
sealevelmonitoring.org/map.php.

Seasonal variability of tides and storm surges in the Arctic Seas of Russia

M.E. Kulikov 12, |.P. Medvedev 123, E.A. Kulikov 1 and A.T. Kondrin 2
1 PP Shirshov Institute of Oceanology RAS, Moscow, Russian Federation
2 Lomonosov Moscow State University, Russian Federation.
3 Fedorov Institute of Applied Geophysics, Moscow, Russian Federation

Tides contribute significantly to general patterns of hydrography and circulation in the World Ocean
through their effect on mixing. The semidiurnal tide M2 is generated in the Arctic Ocean by the Kelvin
wave propagating from the North Atlantic. The marginal seas of the Siberian continental shelf have a
chain of left-rotating amphidromies emerging due to the interference of incident and reflected Poincaré
waves and the prevalence of the eastward propagating wave over the westward. The sea-ice cover and
river runoff lead to seasonal changes of tidal features in coastal zone of the Russian Arctic Seas.

The long-term hourly data from 6 tide gauges were used to examine seasonal variability of tides and
storm surges in the seas of the Russian Arctic. Three tide gauges with time coverage from 2004 to 2015
were used in the White Sea. The longest hourly sea level record (1981-2005) were that for Tiksi tide
gauge (Laptev Sea). Harmonic analysis of tides for individual monthly series with consecutive vector
averaging over the entire observational period was applied to estimate mean amplitudes and phases of
six major tidal constituents: diurnal O1 and K1, semidiurnal N2, M2 and S2, and shallow M4.

The amplitude of the semidiurnal tide in summer-autumn period is greater than in the winter-spring
period for tide gauges located in the White and the East Siberian Seas. Thus, at the Vrangel tide gauge
(the East Siberian Sea), the mean spring tidal range in summer-autumn is 82 cm, and in summer-
autumn — 43 cm. The anomalous character of seasonal variability of the tides with maximum amplitudes
in winter-spring period with a developed sea-ice cover is characteristic for Tiksi Bay (Laptev Sea).
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Probably, similar anomalies are caused by deformation of a semidiurnal tidal amphidromy near the Tiksi
Bay.

Spectral analysis of summer and winter sea level records showed the predominance of variance of
residual sea level variability in the winter period over the summer in the White Sea. This is most
pronounced in the synoptic frequency band, which is due to the dynamic atmospheric activity in the cold
period. In Tiksi Bay, on the contrary, in the synoptic and high-frequency band of the sea level variability,
the summer spectrum substantially prevails over the winter one, which is caused by the influence of the
ice cover. Storm surges in the White Sea are also more pronounced in the winter, while for the seas of
the Siberian Arctic seas they are more frequent in the summer.

Storm-tide gauge operations: experiences from Queensland

D. Metters
Coastal Impacts Unit, Department of Science, Information Technology and Innovation,
Queensland, Australia

Severe tropical cyclones impact on the Queensland coast in an irregular and random manner. An array
of sea level measuring stations operated by the Coastal Impacts Unit (CIU) of the Queensland
Government monitors sea level during the passage of tropical cyclones. The supporting infrastructure
at each site is designed to protect the sensor and instrumentation from the extreme wind, waves and
sea level conditions. The structure of each storm-tide gauge is engineered to withstand the most severe
category 5 tropical cyclone. In order to reduce the risk to data integrity, the sensors and electronics are
installed one metre above the 1/10,000 year return interval level. Wind driven waves are generally not
considered in the design of each structure. Experiences from Queensland have found that all structural
failures are due to failure of the infrastructure that the storm-tide gauge is built on and that the storm-
tide gauge itself has survived the extreme wind forces. Each site has two operational sensors (1) guided
wire microwave sensor within a stilling well and (2) an open to air microwave sensor. The sensor within
the stilling well is the primary sensor as the stilling well offers protection from extreme wind forces and
from airborne particles. The CIU has used 400 mm diameter steel stilling wells until recently when
150 mm ABS tubes were fitted to new sites. The combination of a guided wire microwave within the
smaller stilling well tube was found to be problematic with random false echoes returned from objects
and the water level/waves outside of the tube. A new model sensor from Vega (Vega 64) with a narrower
beam/footprint and no guiding wire has proven very successful in early in-situ trials. The secondary open
to air sensor offers some redundancy should the primary sensor fail but the sensor itself can be
adversely influenced by extreme winds which carry a high level of water, foam and bubbles. The effect
of water, foam and bubbles on measured water level is reduced by using a low frequency Vega Puls66
K-band microwave sensor.

Severe tropical cyclones impact on the Queensland coast in a destructive and random manner with wind
speeds up to 300 km/h. An array of sea level measuring stations operated by the Coastal Impacts Unit
(CIV) of the Queensland Government monitors sea level during the passage of tropical cyclones.
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Global Sea Level Observing System (I0OC)

Global Navigation Satellite System (GNSS)

Intergovernmental Oceanographic Commission (UNESCO)
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of Marine Scientific Research
Capabilities in the Western Indian
Ocean Region; Brussels, Belgium,
12-13 October 1992,

Workshop on Atlantic Ocean
Climate Variability; .
Moscow, Russian Federation, 13-
17 July 1992

10C Workshop on Coastal
Oceanography in Relation to
Integrated Coastal Zone
Management; Kona, Hawaii, 1-5
June 1992.
International Workshop on the
Black Sea; Varna, Bulgaria, 30
September —
4 October 1991
Taller de traba#o sobre efectos
biolégicos del fendmeno «EI Nifio»
en ecosistemas costeros del
Pacifico Sudeste;
Santa Cruz, Galapagos, Ecuador,
5-14 de octubre de 1989.
IOC-CEC-ICSU-ICES Regional
Workshop for Member States of
Eastern and Northern Europe
%GO_DAR Project);
bninsk, Russia,
17-20 May 1993.
I0C-ICSEM Workshop on Ocean
Sciences in Non-Living Resources;
Perpignan, France,
15-20 October 1990.
10C Seminar on Integrated Coastal
Management;
New Orleans, U.S.A.,
17-18 July 1993. o
Hydroblack’91 CTD Intercalibration
orkshop; Woods Hole, U.S.A.,
1-10 December 1991.
Réunion de travail IOCEA-OSNLR
sur le Projet « Budgets ~
sédimentaires le long de la cote
occidentale d'Afrique » Abidjan,
cote d'lvoire, 26-28 juin 1991.
I0C-UNEP Workshop on Impacts
of Sea-Level Rise due to Global
Warming. Dhaka, Bangladesh,
16-19 November 1992,
BMTC-IOC-POLARMAR e
International Workshop on Training
Requirements in the Field of
Eutrophication in Semi-enclosed
Seas and Harmful Algal Blooms,
Bremerhaven, Germany,
29 September-3 October 1992.
SAREC-IOC Workshop on Donor
Collaboration in the Development
of Marine Scientific Research
Capabilities in the Western Indian
Ocean Region; Brussels, Belgium,
23-25 November 1993. ,
I0C-UNEP-WMO-SAREC Planning
Workshop on
an Integrated Approach
to Coastal Erosion, Sea Level
Chan_ges and their Impacts;
Zanzibar, United Republic of
Tanzania, 17-21 JanuaE/ 1994.
I0C-UNEP-WMO-SAREC
Planning Workshop on an
Integrated Approach to Coastal
Erosion, Sea Level
Changes and their Impacts;
Submitted Papers .
1. Coastal Erosion; Zanzibar,
United Republic of Tanzania 17-21
January 1994.
I0C-UNEP-WMO-SAREC
Planning Workshop on an
Integrated Approach to Coastal
Erosion, Sea Level Changes and
their Impacts;
Submitted Papers |
2. Sea Level; Zanzibar,
United Republlc of Tanzania
17-21 January 1994.
10C Workshop on Small Island
Oceanogt;apréy in Relation to
Sustainable Economic
Development and Coastal Area
Management of Small Island
Development States; Fort-de-
France, Martinique,
8-10 November, 1993.
CoMSBlack "92A Physical .
and Chemical Intercalibration
Workshop; Erdemli, Turkey,
15-29 Januar’g,lg%. .
I0C-SAREC Field Study Exercise
on Nutrients in Tropical Marine
Waters; Mombasa, Kenya,
5-15 April 1994. .
I0C-SOA-NOAA Regional
Workshop for Member States of
the Western Pacific - GODAR-II
Global Oceano%raphlc Data
rcheology and Rescue Project);
Tianjin, ina,
8-11 March 1994. )
10C Regional Science Planning
Workshop on Harmful Algal
Blooms; Montevideo, Uruguay,
15-17 June 1994.

First IOC Workshop on Coastal
Ocean Advanced Science and
Technology Study (COASTS);

Languages
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Lléé;e, Belgium, 5-9 May 1994.
10C Workshop on GIS Applications
in the Coastal Zone Management
of Small Island Developing States;
Barbados, 20-22 April 1994.
Workshop on Integrated Coastal
Management; Dartmouth, Canada,
19-20 September 1994.
BORDOMER 95: Conference on
Coastal Change; Bordeaux,
France, 6-10 February 1995.
Conference on Coastal Change:
Proceedings;

Bordeaux, France,

6-10 February 199
IOC/WESTPAC Workshop

on the P_aleografhlc Map; Bali,
Indonesia, 20-21 October 1994.
I0C-ICSU-NIO-NOAA Regional
Workshop for Member States of
the Indian Ocean - GODAR-III;
Dona Paula, Goa, India,

6-9 December 1994.
UNESCO-IHP-IOC-IAEA
Workshop on Sea-Level Rise and
the Multidisciplinary Studies of
Environmental Processes in the
Caspian Sea Region;

Paris, France,

9-12 May 1995.
UNESCO-IHP-IOC-IAEA
Workshop on Sea-Level Rise and
the Multidisciplinary Studies of
Environmental Processes in the
Caspian Sea Region; Submitted
Pa grs; Paris, France, 9-12 May

First IOC-UNEP CEPPOL
Symposium; San José,
Costa Rica, 14-15 April 1993.
10C-ICSU-CEC regional Workshop
for Member States of the
Mediterranean - GODAR-IV
Global Oceano%aphlc Data
rcheology and Rescue Project)
Foundation for International
Studies, Unlversng/ of Malta,
Valletta, Malta, 25-28 April 1995.
Chapman Conference on the
Circulation of the Intra-Americas
Sea; La Parguera, Puerto Rico,
22-26 January 1995.
I0C-IAEA-UNEP Group of Experts
on Standards and Reference

Materials éGESREM) Workshop;
'1"53%‘" U.S.A., 7-8 December

10C Regional Workshop on Marine
Debris and Waste Management in
the Gulf of Guinea; Lagos, Nigeria,
14-16 December 1994.
International Workshop on
Integrated Coastal Zone .
Management (ICZM) Karachi,
Pakistan;

10-14 October 1994.
I0C/GLOSS-IAPSO Workshop on
Sea Level Val‘l_abl|lt€/ and Southern
Ocean Dynamics; Bordeaux,
France, 31 January 1995
IOC/WESTPAC International
Scientific Symposium on
Sustainability of Marine
Environment: Review of the
WESTPAC Programme, with .
Particular Reference to ICAM, Bali,
Indonesia,

22-26 November 1994,

Joint IOC-CIDA-Sida (SAREC)
Workshop on the Benefits of
Improved Relationships between
International Development
Agencies, the IOC and other
Multilateral Inter-governmental
Organizations in the Delivery of
Ocean, Marine Affairs and
Fisheries Programmes;

Sidney B.C., Canada,
26-28"September 1995.
I0C-UNEP-NOAA-Sea Grant
Fourth Caribbean Marine Debris
Workshop; La Romana, Santo
Domingo, 21-24 August 1995.

10C Workshop on Ocean Colour
Data Requirements and Utilization;
Si/dneﬁ .C., Canada,

21-22 September 1995.
International Training Workshop on
Integrated Coastal Management;
'{Ssr)nSpa, Florida, U.S.A., I5-17 July

Atelier régional IOC-CERESCOR
sur la gestion intégrée des zones
littorales (ICAM), Conakry, Guinée,
18-22 décembre 1995
10C-EU-BSH-NOAA-(WDC-A)
International Workshop on
Oceanographic Biological and
Chemical Data Management,
Tg&burg, Germany, 20-23 May

Second I0C Regional Science
Planning Workshop on Harmful
Algal Blooms in South America;
Mar del Plata, Argentina,

30 October—1 November 1995.
GLOBEC-IOC-SAHFOS-MBA |
Workshop on the Analysis of Time
Series with Particular Reference to
the Continuous Plankton Recorder
%gsr)\éey; Plymouth, U.K.,4-7 May

Atelier sous-régional de la COI sur
les ressources marines vivantes du
Golfe de Guinée ; Cotonou, Bénin,
1-4 juillet 1996.

Languages
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I0OC-UNEP-PERSGA-ACOPS-
IUCN Workshop on Oceanographic
Input to Integrated Coastal Zone
Management in the Red Sea and
Gulf of Aden. Jeddah, Saudi
Arabia, 8 October 1995.
10C Regional Workshop for
Member States of the Caribbean
and South America GODAR-V
Global Oceanog?_\[aphlc Data
rcheology and Rescue PrO{?ct);
Cartagena de Indias, Colombia,
8-11 October 1996. .
Atelier IOC-Banque Mondiale-
Sida/SAREC-ONE sur la Gestion
In;e%ee des Zones Cotiéres ; Nosy
Bé, Madagascar,
14-18 octobre 1996.
Gas and Fluids in Marine
Sediments, Amsterdam, the
Netherlands; 27-29 January 1997.
Atelier régional de la COI sur
I'océanographie cotiére et la .
estion de la zone cotiere ;Moroni,
FI des Comores, 16-19 décembre

1996.
GOOS Coastal Module Planning
Workshop; Miami, USA, 24-28
February 1997

Third IOC-FANSA Workshop;

Punta-Arenas, Chile, 28-30 g'uly

1997 B
Joint IOC-CIESM Training
Workshop on Sea-level
Observations and Analysis for the
Countries of the Mediterranean and
Black Seas; Birkenhead, U.K., 16-
27 June 1997.
IOC/WESTPAC-CCOP Workshop
on Paleogeographic Mapping
Holocene Optlmum&; Shanghai,
hina, 27-29 May 1997.
Regional Workshop on Integrated
Coastal Zone Management;
Chabahar, Iran; February 1996.
10C Regional Workshop for .
Member States of Western Africa
xGO_HAQIS—VI); Accra, Ghana, 22-25
pri

7.
GOOS Planning Workshop for
Living Marine Resources

€s,

Dartmouth, USA; 1-5 March 1996.
Gestion de Sistemas
Oceanogréficos del Pacifico
Oriental; Concepcion, Chile, 9-16
de abril de 1996. .
Sistemas Oceanograficos del
Atlantico Sudoccidental, Taller,
TEMA;Furg, Rio Grande, Brasil, 3-
11 de noviembre de 1997 )
10C Workshop on GOOS Capacity
Building for the Mediterranean
Region; Valletta, Malta, 26-29
November 1997.
IOC/WESTPAC Workshop on Co-
_?ﬂe_ratlve Study in the Gulf of

ailand: A Science Plan;
?gaggkok, Thailand, 25-28 February

Pelagic Biogeography ICoPB II.
Proceedings of the 2nd .
International Conference. Final
Report of SCOR/IOC Workin
Group 93; Noordwijkerhout, The
Netherlands, 9-14 July 1995.

Geosphere-blosRﬂhere coupling:
Carbonate Mud Mounds and Cold
Water Reefs; Gent, Belgium, 7-11
Februar]\; 1998.

10C-SOPAC Workshop Report on
Pacific Regional Global Ocean
Observing Systems; Suva, Fiji, 13-
17 Februarg 1998.

I0C-Black Sea Regional
Committee Workshop: ‘Black Sea
Fluxes’ Istanbul, Turkey, 10-12
June 1997.

Taller Internacional sobre
Formacion de Capacidades para el
Manejo de las Costas y los Oéanos
en le Gran Caribe, La Habana, —
Cuba, 7—10 de Julio de 1998 /
International Workshop on
Management Capacity-Building for
Coasts and Oceans in the Wider
Caribbean, Havana, Cuba, 7-10

Julg 1998 , o
I0C-SOA International Training
Workshop on the Intregration of
Marine Sciences into the Process
of Integrated Coastal Management,
Dalian, China, 19-24 May 1397.
IOC/WESTPAC International
Scientific Symposium — Role of
Ocean Sciences for Sustainable
Development Okinawa, Japan, 2-7
February 1998.

Workshops on Marine Debris &
Waste Management in the Gulf of
Guinea, 1995-97.

Primera Sesion del Grupo de
Trabajo COI sobre Algas Nocivas
en el Caribe y Regiones
Adyacentes ﬁﬂoc ARIBE-
ANCA)/First Meeting of the IOC
Working Group on Harmful Algae
in the Caribbean and Adjacen
Region (IOCARIBE-ANCA), 29
June — 1 July 1998, Havana,
Cuba. T

Taller Pluridisciplinario TEMA
sobre Redes del Gran Caribe en
Gestion Integrada de Areas
Costeras Cartagena de Indias,
Colombia, 7-12 de septiembre de

Languages No.
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(electronic
copy only)
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Title

1998.
Workshop on Data for Sustainable
Im%grated Coastal Management
SICOM) Maputo, Mozambique,
8-22 July 1998
IOC/WESTPAC-Sida (SAREC)
Workshop on Atmospheric Inputs
of Pollutants to the Marine
Environment Qingdao, China, 24-
26 June 1998
I0C-Sida-Flanders-SFRI Workshop
on Ocean Data Management in the
IOCINCWIO Region (ODINEA
gro ect) Capetown, South Africa,
0 November-11 December 1998.
Science of the Mediterranean Sea
and its applications UNESCO,
Paris 29-31 July 1997
10C-LUC-KMFRI Workshop on
RECOSCIX-WIO in the Year 2000
and Be_?/ond, Mombasa, Kenya, 12-
16 April 1999 .
’98 10C-KMI International
Workshop on Integrated Coastal
Management (ICM), Seoul,
Republic of Korea 16-18 April 1998
The IOCARIBE Users and the
Global Ocean Observing System
(GOOS) Cagau?/ Building ™
Workshop, San José, Costa Rica,
22-24 April 1999
Oceanic Fronts and Related
Phenomena (Konstantin Fedorov
Memorial Symposium) —
Proceedings, Pushkin, Russian
Federation, 18-22 May 1998
Under preparation
Under preparation
Workshop report on the Transports
and Linkages of the Intra-americas
Sea (IAS), Cozumel, Mexico, 1-5
November 1997
Under preparation )
I0C-Sida-Flanders-MCM Third
Workshop on Ocean Data
Management in the IOCINCWIO
Region (ODINEA Project), Cape
Town, South Africa, 29 November
— 11 December 1999
An African Conference on
Sustainable Integrated .
Management; Proceedings of the
Workshops. An Integrated
Approach, (PACSICOM), Maputo,
ozambique, 18 —25 July 1998
I0C-SOA International Workshop
on Coastal Megacities: Challenges
of Growing Urbanization of the
World's Coastal Areas; Hangzhou,
%ggcmna, 27 —30 September

10C-Flanders First ODINAFRICA-II
Planning Workshop, Dakar,
Senegal, 2-4 May 2000

Geological Processes on European
Continental Margins; International
Conference and Eight Post-cruise
Meeting of the Tralnlng—Throug -
Research Programme, Granada,
%836”’ 31 January — 3 February

International Conference on the
International Oceanographic Data
& Information Exchange in the
Western Pacific (IODE-WESTPAC)
1999, ICIWP '99, Langkawu
Malaysia, 1-4 November 1999
IOCARIBE-GODAR-|

g&r)téigenas, Colombia, February

Ocean Circulation Science derived
from the Atlantic, Indian and Arctic
Sea Level Networks,
Toulouse, France, 10-11 May 1999
grUnder preparation) ]
he Benefits of the Implementation
of the GOOS in the Mediterranean
Region, Rabat, Morocco, 1-3
November 1999

I0C-SOPAC Regional Workshop
on Coastal Global Ocean
Observing System (GOOS) for the
Pacific Reg2|on, Apia, Samoa, 16-
17 August 2000
Geolo%lcal Processes on Deep-
water European Margins, Moscow-
Mozhenka, 28 Jan.-2 Feb. 2001
MedGLOSS Workshop and
Coordination Meeting for the Pilot
Monitoring Network System of
Systematic Sea Level
easurements in the
Mediterranean and Black Seas,
Haifa, Israel, 15-17 May 2000
(Under preparation)

(Under preparation)
(Under preparation)

Abstracts of Presentations at
Workshogs during the 7™ session
of the IOC Group of Experts on the
Global Sea Level Observing
System (GLOSS), Honolulu, USA,
23-27 April 2001

(Under preparation)

%Jnder preparation)

e0s _here/Blosphere[H)édrosphere
Coupling Process, Fluid Escape
Structures and Tectonics at
Continental Margins and Ocean
Ridges, International Conference &
Tenth Post-cruise Meeting of the
Training-through-Researc

Languages No.
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Programme, Aveiro, Ponugal,
30 January-2 February 2002
Under preparation
Under preparation
Under preparation
Under preparation)
Geological and Biological
Processes at deep-sea European
Margins and Oceanic Basins,
Bologna, ltaly, 2—6 February 2003
Proceedings of ‘The Ocean Colour
Data’ Symposium, Brussels,
Belgium, 25-27 November 2002
Workshop for the Formulation of a
Draft Project on Integrated Coastal
Management ﬂCM) in Latin
America and the Caribbean éLAC),
Cartagena, Colombia, 23-2
October 2003 .
Taller de Formulacion de un
Anteproyecto de Manejo Costero
Integrado (MCIEen América Latina
el Caribe (ALC), Cartagena,
olombia, 23-25 de Octubre de
2003 .
First ODINCARSA Plannin
Workshop for Caribbean Islands,
Christchurch, Barbados, 15-18
December 2003
North Atlantic and Labrador Sea
Margin Architecture and
Sedimentary Processes —
International Conference and
Twelfth Post-cruise Meeting of the
Training-through-research
Programme, Copenhagen,
Denmark, 29-31 January 2004
Regional Workshop on Coral Reefs
Monitoring and Management in the
ROPME Sea Area, Iran I.R., 14-17
December 2003 )
Workshop on New Technical
Developments in Sea and Land
Level bservm%Systems, Paris,
France, 14-16 October 2003
I0C/ROPME Planning Meeting for
the Ocean Data and [nformation
Network for the Central Indian
Ocean Region
Workshop on Indicators of Stress
in the Marine Benthos,
Torregrande-Oristano, Italy, 8-9
October 2004 o .
International Coordination Meeting
for the Development of a Tsunami
Warning and Mitigation System for
the Indian Ocean within a Global
Framework, Paris, France, 3-8
March 2005 )
Geosphere—Bloslla_here Coupling
Processes: The TTR
Interdisciplinary Approach Towards
Studies of the European and North
African Margins; International
Conference and Post-cruise
Meeting of the Training-Through-
Research Programme, Morocco, 2-
5 February 2005 o
Second International Coordination
Meeting for the Development of a
Tsunami Warning and Mitigation
System for the Indian Ocean .
Grand Baie, Mauritius, 14-16 April

2005

International Conference for the
Establishment of a Tsunami and
Coastal Hazards Warning System
for the Caribbean and Adjacent
Regions, Mexico, 1-3 June 2005
Lagoons and Coastal Wetlands in
the Global Change Context:
Impacts and Management Issues
— Proceedings of the International
Conference, Venice, 26—28 April
2004 (ICAM Dossier N° 3)
Geolo%lcal processes on deep-
water European margins -
International Conference and 15th
Anniversary Post-cruise Meeting of
the Training-Through-Research
Programme, Moscow/Zvenigorod,
Russian Federation, 29 January—4
Febran/ 2 , )
Proceedings of ‘Ocean Biodiversity
Informatics': an international
conference on marine biodiversity
data management Hamburg,
Germany, 29 November—1
December 2004
10C-Flanders Planning Workshop
for the formulation of a regional
Pilot Project on Integrated Coastal
Area Management in Latin
America, Cartagena de Indias,
Colombia, 16—18 January 2007
Geo-marine Research along
European Continental Margins,
International Conference and Post-
cruise Meeting of the Training-
through-research Programme,
Bremen, Germany, 29 January—1
February 2007

IODE/ICAM Workshop on the
development of the Caribbean
marine atlas (CMA), United Nations
House, Bridgetown, Barbados, 8—
10 October 2007

IODE/JCOMM Forum on
Oceanographic Data Management
and Exchange Standards, Ostend,
Belgum, 21-25 January 2008
SCOR/IODE Workshop on Data
Publishing, Ostend, Belgium, 17—
18 June 2008
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JCOMM Technical Workshop on
Wave Measurements from Buoys,
New York, USA, 2—3 October 2008
(I0C-WMO pubilcatlon)
Collaboration between 10C and
OBIS towards the Long-term
Management Archival and
Accessibility of Ocean
Biogeographic Data, Ostend,
Belgium, 24-26 November 2008
Ocean Carbon Observations from
Ships of Oﬁportunl_ty and Repeat
Hydrographic Sections (IOCCP
Reports, 3 Paris, France, 13-15
January 2003

Ocean Surface pCO> Data
Integration and Database
Development (IOCCP Reports, 2),
'2I'38L<1uba, Japan, 14-17 January

International Ocean Carbon
Stakeholders' Meeting, Paris,
France, 6—7 December 2004
International Repeat Hydrocqraé)hy
and Carbon Workshop (IOCC
Reports, 4), Shonan Vil a%e,
Japan, 14-16 November 2005
Initial Atlantic Ocean Carbon
Synthesis Meeting (IOCCP
Reports, 5), Laugavatn, Iceland,
28-30 June 2006 =
Surface Ocean Variability and
Vulnerability Workshop (I0OCCP
Reports, 7), Paris, France, 11-14
April 2007 )
Surface Ocean CO2 Atlas Project
SOCATR 2nd Technical Meeting
eport (IOCCP Reports, 9), Paris,
France, 16—17 June 2008 "
Changing Times: An International
Ocean Biogeochemical Time-
Series Workshop (IOCCP Reports,
11), La Jolla, California, USA, 5-7
November 2008
Second Joint GOSUD/SAMOS
Workshop, Seattle, Washington,
USA, 10-12 June 2008 .
International Conference on Marine
Data management and Information
Si/stems (IMDIS), Athens, Greece,
31 March-2 April 2008
Geo-marine Research on the
Mediterranean and European-
Atlantic Margins. International
Conference and TTR-17 Post-
cruise Meeting of the Training-
through-research Programme,
gorggada, Spain, 2-5 February

Surface Ocean CO: Atlas Project
Pacific Regional Workshop,
Tsukuba, Japan, 18-20 March,
2009 (IOCCP Report Number 12)
Surface Ocean CO: Atlas Project
Atlantic and Southern Oceans
Regional Meetlng,(Norwmh, UK,

25-26 June, 2009 (IOCCP Report
Number 13
Advisory Workshop on enhancing

forecasfing cagabl ities for North;
Indian Ocean Storm Surges, Indian
Institute of Technolog){( T?), New
Delhi, India, 14-17 July 2009

2009 International Nutrients Scale
System (INSS) Workshop Report,
Paris, France, 10-12 February

Reunion subregional de
planificacion de ODINCARSA (Red
de Datos e Informacion )
Oceanograficos para las Regiones
del Caribe y America del Sur)/
ODINCARSA (Ocean Data and
Information Network for the
Caribbean and South America
region) Latin America sub-regional
Planning Meeting, Universidad
Auténoma de Baja California
UABC), Ensenada SMexu:o), 7-10
ecember 2009. 2010
OBIS (Ocean Biogeographic
Information System) Strategy and
Work plan Meeting, IOC Project
Office for IODE, Oostende,
Belgium, 18—-20 November 2009
ODINAFRICA-IV Project Steering
Committee, First Session, Ostend,
ggll%lum, 20-22 January 2010.

First IODE Workshop on Quality
Control of Chemical )
OceanogBrthm Data Collections,
Ostend, Belgium, 8-11 February
2010. 2010 .
Surface Ocean CO: Atlas Project
Equatorial Pacific, North Pacific,
and Indian Ocean Regional
Workshop, Tokyo, Japan, 8-11
February 2010.2010 (IOCCP
Report Number 18 )
SCOR/IODE/MBLWHOI Library
Workshop on Data Publication,
Paris, France, 2 April 2010

First ODINAFRICA Coastal and
Marine Atlases Planning Meeting,
g)os(t)%nd, Belgium, 12—-14 October

Eleventh International Workshop
on Wave Hindcasting and
Forecasting and Second Coastal
Hazard Si/mposmm, Halifax,
Canada, 18—-23 October 2009
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2010 Meeting of the Joint IODE-
JCOMM Steering Group on
the Global Temperature-Salinity
Profile Programme
Ostend, Belgium, 5-7 May 2010
Southern and Indian Surface
Ocean CO; Atlas (SOCAT)
Workshop, CSIRO Marine”
Laboratories, Hobart, Tasmania
16-18 June 2010
The Caribbean Marine Atlas (CMA)
Review and Planning Workshop
and Saint Lucia National Coastal
Atlas Stakeholder Event, Bay
Gardens Inn, Rodnea/ Bay, Saint
Lucia, 2—-6 August 2010 .
First Session of the IODE Steering
Group for the IODE
OceanDataPortal (SG-ODP-I),
20-22 September 2010, Ostend,
Belgium .
Ad hoc meeting of the IODE
Steering Group for OBIS, Ostend,
Belgium 18-19 November 2010
Implementing Adaptation to
Climate Change in Western and
Eastern Africa, Nairobi, Kenya, 3-5
November 2010
2nd Advisory Workshopon
enhancing forecasting ca{)abllmes
for North Tndian Ocean Storm
Surges, 11-15 February 2011, New
Delhi, India . .
Ocean Biogeographic Information
System (O IS&g Infrastructure
eeting, INCOIS, H{derabad,
India, 2—-4 March 2011.
Best Practice on Tsunami and
Coastal Hazards Community
Preparedness and Readiness in
Central America and the
Caribbean, 11-13 August 2008,
Panama City, Panama
Integrated Coastal Area
Management QICAM) Training
Workshop for the English Speaking
Caribbean States, 16—18 March
2011, Bridgetown, Barbados
Cancelled .
SCOR/IODE/MBLWHOI Library
Workshop on Data Publication, 4"
Session, British Oceanogra hic
Data Centre, Liverpool, United
Kingdom, 3-4 November 2011
Cancelled
NEAMTIC/ICAM Workshop on
Coastal Manag{ement Approaches
for Sea-Level Related Hazards,
2Pg£|]s_, UNESCO, 5-7 December

Technical Workshop on the IODE
OceanDataPortal, IOC Project
Office for IODE, Ostend, Belgium,
27-29 February 2012
Inter-sessional working group for
updating the 10C Strategic Plan for
Oceanographic Data an
Information E_xchangze 2012-2015),
Ostend, Belgium, 1- arch 2012
Operational Oceanography of I0C
gor Group Il Member States), 20—
2 March 2012 Paris, UNESCO
&Adwsory Workshop)

dvisory Workshop on The Future
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