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ABSTRACT

There is an open debate about the present sealevel velocity and acceleration in Europe. Despite some uncertainty
due the quality and length of the records, on average the European tide gauges show sea levels with very small
velocity and negligible acceleration at the present time The average sealevel risefor Europeis-0.432 mm/y with a
95% confidenceinterval of 0.391 mm/y (76 tide gauges of average record length 101.0 years, average compl eteness
91.9%). Without considering the stations in Sweden, Finland and Norway, the average sealevel riseis 1.35 mm/y
with a95% confidenceinterval of 0.36 mm/y (46 stations of average record length 101.6 years and completeness of
91.34%). Because of this present lack of acceleration about the low velocities of the tide gauge results, the lower
bound of future sea level rise scenarios should be lowered to the simple continuation of the trend measured so far.
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INTRODUCTION

Sealevelsaround theworld are certainly rising,
however thedebateif they are presently accelerating
or not isstill open. Reconstructionsof theglobal mean
sealevel (GM SL) based on tide gauge and proxy sea
level records show that the sealevelswererisingwitha
lower rateinthe past centuriesand arerising much faster
sincerecently, with thediscussion focused on the pre-
cisetiming thesealevelsstarted torisequickly and if
the accel erating behaviour isstill present or evenin-
creased right now.

Jevrejevaet al.l® present areconstruction of the
GMSL since 1700 ca culated from tide gauge records.
Theauthorscompute average sealeve accderationup
to the present of about 0.01 mm/y2. The acceleration
appearsto have started at the end of the 18" century.
Their GM SL rose by 6 cm during the 19" century and
19 cminthe 20" century. The authors concludethat if
the conditionsthat established theacce eration continue,

then sealeve will rise 34 cm over the 21% century. The
authorsrecogni sed that superimposed onthelong-term
accel eration are quasi-periodic fluctuationswith ape-
riod of about 60 years.

Gehrels and Woodworth!™ also discuss accel era-
tionsandinflexionsin recent sea-level recordsasthey
are known from tide gauge datasets. They comment
that such recordsare generally too short to shed light
on the question when modern rapid rates of sea-level
rise commenced, and proposeto al so consider proxy
searlevd records. Inther review theauthors compare
recent proxy and instrumental sea-level recordsfrom
theNorthAtlantic, Austrdliaand New Zed and withthe
long-term (linear) rate of relative sea-level changethat
prevailed inthe centuriesand millenniabeforethe 19"
century. For seven coastal sitesthe authorsdetermine
thestart of recent rapid sea-leve riseby identifying the
timewhen sea-levd risefirst departed from thelong-
term background rate. The authorsfind that withina40
year period, centred on 1925, sea-leve riseinall sites
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started to exceed the l ate Hol ocene background rate
consgtently withlocal tide-gaugerecordsand asowith
globa and regional tide-gauge compilations. The au-
thors concludethat proxy and instrumental sea-level
datasetsrecord asimilar 20" century inflexion.

Theserecongtructionsare certainly correct, but cer-
tainly aso not accurate enough to assessnot the actual
value of the present accel eration, but also thesimple
presence or absence of any present acceleration. The
guestion point isthe presence or the absence of an ac-
celeration of sealevelsover the last few decades as
predicted by the IPCC modelsas aresult of the pre-
dicted globa warming.

Thefirst problemisthevariable demography of the
population consderedinthe stati gtics, with the number
of tide gauge records serving the evaluation of the
GMSL changing over thetime, andtheir digtributionto
cover theworld oceans. No tide gauge currently oper-
ated isrecording sincethe 1700s. At thebest, thetide
gaugesof PSML (2013) arerecording with an gpproach
closetotoday’s technology since the early 1800s. The
tide gauges covering the 1800s are very scattered. All
the Pacific Ocean hasfor exampleonly very few tide
gauges (lessthan 10) extending morethan 100 years
with continuous operation, and 1 singletide gaugere-
cording since 150 years (San Francisco). The Pacific
Oceanisthelargest division of theWorld Ocean and
covers about 46% of the Earth’s water surface and
about one-third of itstota surfaceareamaking it larger
thandl of the Earth’s land area combined. If about one
half of theworld oceansarenot covered at al before
the 1850s and are covered by 1 singletide gauge until
theend of the 1800s, with aproper coveragestill pres-
ently missed, thereforethemarginsof uncertainty inany
GMSL reconstruction are huge becausethemissed in-
formation cannot bereplaced with recongtructionswith-
out introducing large uncertainties. In the present and
recent past thereareanumber of tide gaugesrecording
inageographica areamuch larger than the number of
tide gaugesrecording inthe past. Furthermore, thein-
formation that may beinferred from thetidegaugeaso
dependsonthequality and length of therecord asdis-
cussed | ater.

The second problem is the naturally oscillating
behaviour of theoceansexhibiting different periodicties,
from hoursto daysto monthsto yearsto decades, with
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the quasi-60 yearsperiodicity introducing sgnificant re-
guirementsin terms of length and compl etenessof a
tide gaugerecordsto permit the evaluation of arate of
riseof sealevelsprior to theevaluation of theaccelera-
tion. Thequasi-60 year oscillation of the climate pa-
rametersis not anovelty'?, but thisfeatureis often
disregarded inthe most part of theliterature. Cham-
bers, Merrifield and Nerem® clearly state the pres-
enceof aquasi-60 yearsoscillationin sealevels. Ac-
cordingtotheauthorstheaveraging of tidegaugesover
regionsshowsthat the phase and amplitudeof thefluc-
tuationsaresmilar intheNorthAtlantic, western North
Pacific, and Indian Oceans, whilethesignal isshifted
by 10 yearsin thewestern South Pacific and the only
sampl ed region with no apparent 60-year fluctuationis
the Central/Eastern North Pacific. Asshown by Parker,
2013a,b,c, the presence of a quasi-60 year multi-
decadal oscillation requiresrecordsof length exceed-
ing the 60-70 years of continuousrecording to permit
the assessment of along term velocity inthetidegauge
timesearies. Without thisminimum requirement sstisfied,
the apparent vel ocity may be order of magnitudeslarger
thanthelegitimatelongtermvalue, asclearly shownin
theanaysisof thelong term tidegaugeswith different
timewindowsby Parker, 2013a,b,c.

Thethird problemistheestimation of theaccelera
tionfromthisvelocity. Theve ocity obtained by linear
fitting of morethan 60-70 years of dataisnot constant
but continuesto oscillate even after morethan 100 years,
and rather than apresent value of the accel eration com-
puted asthetime derivative of thisvelocity, it make
senseto compute an average over thelast few decades
to assess the presence or the absence of apresent ac-
celeration. If thisacce eration oscillatesabout zerofrom
smal postiveto small negativeva ues, and onaverage
this parameter isvery closeto zero, small positive or
smadll negative over thelast 2 decades, thenthereisno
possibleclaimof accel eration over thelast 2 decades™®
20]

Thefourth problem isestimating theerror inthe
vel ocity and accel eration computed through the statis-
tical andysisof timeseries. If yisthemonthly average
meanalevd (MSL) andx isthetime, by linear y=a"’x
+cfitting of the recorded monthly averaged mean sea
levelsx,, y, thestatistical analysisprovidesstandard er-
ror values, the regression sum of squaresand there-
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Sdua sumof squaresall indicating how closetolinear
istherecorded timeseries. Thedatistical anaysisdoes
not tell ushow accurate arethe measurements collected
inevery locationand moregeneraly how rdliableisthe
estimation of therate of riseasthefirst order coefficient
inview of missed valuesand record length, and finaly
how precise alimited compilation of scattered tide
gauges of variouslength and quality may berepresen-
tative of theworld’s oceans behaviour. The coefficient
of determination of every individud linear fittingtdlsus
absol utely nothing about the accuracy of the GM SL
computation.

Themgor mistake presently madein andysing sea
leve recordsisbeing sdlectiveinfilteringinand out the
information. An exampleisthe computation of thesea
level riseby using only the datarecorded over thelast
17-18 yearsinonly 16 stations of the 86 availablefor
Audtraliaand comparing these sealevel velocitieswith
other velocitiesobtained somewheree sewith different
timewindowsin previoustimesto assessthe accel erat-
ing behaviourl*2, Becauseof therelevance of themullti
decadd oscillations, without at |east 60-70 yearsof data
thereisno opportunity to compute aproper velocity.

It has been shown in recent papers*®?? that the
long term tide gauges cons stently show periodic oscil -
lations about an amost perfectly linear trend sincethe
beginning of the 1900s and it has been suggested that
what has been claimed as present sealevel accelera-
tion and presently higher than beforerates of riseof sea
levelsisonly theresult of the selectivefocusingonthe
latest valley to peak movement of the quasi-60 years
multi decadal oscillation. The present manuscript ad-
dressestherate of change and the accel eration of sea
level in Europe from an analysis of long tide gauge
records. The pointsraised in the paper aretheimpor-
tanceof havinglong and high qudity tidegaugerecords
for sealevel change estimation, and theinfluencethat
multi-decada oscillationshave on resulting trends, not
exactly new pointsbut very important onesin the con-
text of sealevel research.

THE MULTI-DECADAL OSCILLATING
LONG TERM TIDE GAUGES

Theproblem of sealeve trendsisthat quality and
length of the record and method of analysis play an
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important rolein providing reliableestimates 29, The
length of therecord isamajor issue. Thequality of the
record is also important. Discontinuous operation,
changesin theinstrumentation, adjustmentsawaysre-
ducetherdiahility of therecord. Thelack of significant
global coverage until thevery recent past and the need
to consider recordslong enough to cover at least the
most important multi decadd oscillationsarethemgor
factor producing uncertaintiesin the assessment of sea
level risesand accelerations at present*&20,

Sincemullti decadd osaillationsaregenerdly present
indl theworldwidelocationsand aregenerdly and spe-
cificdlyfor Europeof longer timescde 60— 70 years'>*®
2027 it isnecessary to consider time serieswith at least
100 yearsof continuously recorded datato determine
thelength and quaity requirementsof tidegaugeresults
and define the procedure to compute the present ve-
locity and accel eration of sealevelsfrom these data

Figure 1 presentsthe measured monthly sealev-
eld?Y, thelinear trend with al the dataconsidered, the
periodogram of the oscillations about thelinear trend,
thesealevd rises(SLR) computed at any time by con-
sidering 20, 30, 40, 50 and 60 year timewindowsand
al thedata, the present SLR computed with timewin-
dowsfrom adecadeto thefull record length, and fi-
nally the acceleration for Maasd uis, Netherlandsand
Bergen, Norway.

Bergen, Norway (Station ID: 58, Latitude: 60.4,
Longitude: 5.3) hasatime span of data: 19152011
and Compl eteness (%): 95. The dataset for Bergen has
been revised. According to the Norwegian websitethe
dataset begins01/01/1915. However PSMSL (2012)
hold datafor 1883-1889 this does not appear on the
Norwegian website. Thecompositerecord considered
hereisobtained by filling the substantia gapsinterpo-
lating the datafrom the neighbouring years. No shiftis
operated inthe datafor 1883-1889. Theseissues af-
fect therdiability of thisrecord.

Maassluis, Netherlands (Station ID: 9, Latitude:
51.916667, Longitude: 4.25) hasatime span of data:
1848—2011 and Completeness (%): 100. This is pos-
sibly one of the best quality tide gauges, withnoissue
affectingtherdiability of therecord. Thisresult that rep-
resentstherelativevariation of sealevel vs. theland
(what isof interest for coastal planning) for the specific
locations. Thistrendisvery well reproducedindl the
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other long term tide gauiges spanning morethan acen-
tury available worldwide, from Seattleto San Fran-
cisco, from San Diego to Batimore, from Honoluluto
Sydney, from Galveston to FernandinaBeach, from
Portland to Philadel phia®®2?, Therate of rise of sea
level may differ considerably in between locationsbe-
cause of subsidence, isostasy and other phenomena,
but theregular natura oscillationsabout thelinear trend
whichismuchthe samefor thelast 100 yearsimmedi-
ately suggest that thereisno present accel eration of sea
level rise.

To compute areasonable sealevel velocity and
assessthe presence or absence of apositive accelera-
tion, particular attention hasto be paid to the multi
decadal oscillation of about 60-70 yearsthat may pro-
ducewrong estimationswhen not enough dataareavail-
able. Fortunatdy, for Bergen and Maasd uisenough data
isavailableto properly computethe sealevel velocity
digtributionsintimeand to show theosaillatory behaviour
of the parameter especially when computed with short
timewindows.

Thesealeve risecomputed with 20, 30, 40, 50 or
even 60 years of datalargely oscillates. The present
values have been previously computed in time. For
Bergen, the 30 years SL R hasapositive peak in 2002
and aprevious peak 63 yearsbeforein 1939.

For Maasdluis, the 30 years SLR has a positive
peak in 1989 and aprevious peak 71 yearsbeforein
1917. Themany spikes suggest therelevance of other
oscillations having different periodicities shorter and
longer. Thesealeve risecomputed with dl theyearsof
dataa so ostillates. A reasonablevalueisobtained only
after 60-70 years of recording in both Bergen and
Maasduis. After thisdelay, thisvel ocity isstable.

Theacceleration may be computed asthefirst de-
rivative with respect to time of the velocity. The 12
monthsmoving averageclearly show oscillating vaues
very closeto zero to concludethat thereis no detect-
able component of acceleration for both Bergen and
Maassluis. The average acceleration over thelast 6
decadesis3-10°mm/y?in Maasduisand 1-10* mm/
y2in Bergen. Considering the measurement accuracy
and the accuracy of the computational procedurefor
the vel ocity and the accel eration, these numbersare
well below theaccuracy of theevaluation.

Asrecently proposed by PSM SL? the data col -
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lected beforethe 1900 are neglected in the analysis of
the Maassluis and Bergen datarepeated in Figure 2.
Theconclusonsaresmilar tothosethat can beinferred
inFigure 1. Thereisno sign of asignificant positive
accd eration over thelast two decades, beibng themod-
ule of the accel eration well bel ow any reasonable ac-
curecy limit.

THE EUROPEANAVERAGE 60+ TIDE
GAUGE BEHAVIOUR

A proper analysisof thelonger tide gauges of the
world with quality issues properly addressed indicates
thelack of positive acceleration, see Figures1 and 2
and Boretti, 2012; Boretti and Watson, 2012; Parker,
2013a,b,c; Morner, 2010a,b,c; Morner, 2011a,b;
Houston and Dean, 2011; Watson, 2011; Woppelmann
etd.., 2009; Henry et d., 2012; Hannah and Bell, 2012,
Donner, 2012. Therate of rise of sealevelsmay then
be computed a ong the coastline by using even shorter
tidegaugerecords spaning however morethan 60 years
by the simplelinear fitting of all the data. These sea
level risesmay change as soon as new dataare made
availablebut thisisnot asign of positive or negative
accelerations, just the presence of the oscillations. If
therecord lengthisshorter than 60 years, the changes
may belarger.

A compilation of sealevel risesfor 76 European
locations is shown in NOAAM and reproduced in
TABLE 1. The table shows that the sealevel is not
even increasing on averagein the proposed 76 differ-
ent stationsof Europe (theaverage SLR is-0.432 mm/
y with a95% confidenceinterva of 0.391 mm/y, aver-
agerecord length 101.0 years, average completeness
91.9%). Theregular oscillation about thelinear trendis
aready evidentinthe graphsof monthly averaged M SL
vs. time proposed in NOAA (2013), but in case the
analysisof Figures1 and 2 may provide even further
confidenceonthelack of any present acceleration.

Without considering the stationsin Sweden, Fin-
land and Norway, the remaining 46 stations have an
averagerecord length of 101.6 years, compl eteness of
91.34%, SLR of 1.35 mm/y and 95% confidencein-
terva of 0.36 mmly.

The sealevel rises where more than 60 years of
dataareavailable arethe most reasonabl e parameters
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to be used to infer the lower bound of the 2020sto isrelevant for coastal management isthelocal rise of
2080ssealevel riseneeded in coastal planning. What  thesealevel svs. theland providing the absence of any

TABLE 1: SLR of European tidegaugesrecording sincemorethan 70 years.

0 - 0, -

Station Name \F('(;:rt I;::r \ngr Cgom- TNrIeSrl;d 9;{%) Station Name 5';: I\;::r \ngr Ccfom- 'I"\ci_d 9;%)

ge plete Cl ge plete Cl

Barentsburg, Norway 1948 2010 63 93 -2.25 0.42 Gedser, Denmark 1898 2011 114 99 105 018
Tiksi, Russia 1949 2009 61 100 156 0.72 Kobenhavn, Denmark 1889 2011 123 98 067 021
Vardo, Norway 1947 2011 65 65 -0.32 051 Hornbaek, Denmark 1898 2011 114 98 037 022
Andenes, Norway 1938 2011 74 61 -0.93 05 Korsor, Denmark 1897 2011 115 98 081 0.18
Narvik, Norway 1928 2011 84 88 -2.06 0.48 Slipshavn, Denmark 1896 2011 116 96 101 016
Heimsjo, Norway 1928 2011 84 96 -146 0.31 Fredericia, Denmark 1889 2011 123 99 109 011
Maloy, Norway 1943 2011 69 96 059 04 Aarhus, Denmark 1888 2011 124 96 063 0.11
Bergen, Norway 1883 2011 129 76 -052 0.2 ;r:ie”ks'"a"”' Den-  1g04 2011 118 9 014 015
Stavanger, Norway 1919 2011 93 91 042 0.22 Hirtshals, Denmark 1892 2011 120 96 -0.17 021
Tregde, Norway 1927 2011 85 96 0.26 0.2 Esbjerg, Denmark 1889 2011 123 98 123 026
0Oslo, Norway 1885 2011 127 77 -317 03 ﬁ:ﬁgwm 268 qg43 2008 166 100 253 016
Smogen, Sweden 1911 2011 101 100 -1.85 0.26 Zeebrugge, Belgium 1942 2010 69 72 235 0.39

Goteborg - Ringon, Klippan

& Torshamnen, Sweden 1887 2011 125 99 -119 0.36 Oostende, Belgium 1937 2010 74 93 178 025

Klagshamn, Sweden 1929 2011 83 99 0.64 04 Nieuwpoort, Belgium 1943 2010 68 67 253 044
Kungholmsfort, Sweden 1887 2011 125 100 002 025 Aberdeenl & Il,UK 1862 2011 150 95 0.72 0.09
ondsortNoma& Landsort,  1g87 2011 125 100 284 03 NomhShidds UK 1895 2011 117 93 191 014
Stockholm, Sweden 1889 2011 123 100 -3.81 0.32 Newlyn, UK 1915 2011 97 99 176 017
Ratan, Sweden 1892 2011 120 100 -7.75 0.39 Dublin, Ireland 1938 2001 64 99 0.07 042
Furuogrund, Sweden 1916 2011 96 100 -8.1 057 Dunkerque, France 1942 2011 70 60 171 04
Kemi, Finland 1920 2010 91 96 -6.99 0.63 Brest, France 1807 2011 205 89 1.05 0.08
Oulu/Uleaborg, Finland 1889 2010 122 95 -6.38 041 LaCorunal, Spain 1943 2010 68 98 153 043
Raahe/Brahestad, Finland 1922 2010 89 92 -6.85 0.66 Cascais, Portugal 1882 1993 112 93 127 015
Pietarsaari/Jakobstad, Finland 1914 2010 97 98 -7.29 0.57 Lagos, Portugal 1908 1999 92 78 15 024
VaasalV asa, Finland 1883 2010 128 92 -7.33 0.34 Algeciras, Spain 1943 2002 60 81 0.43 0.3
Kaskinen/Kasko, Finland 1926 2010 85 97 -6.5 0.68 Maaga, Spain 1944 2010 67 82 065 05
Mantyluoto, Finland 1910 2010 101 98 -591 05 Marseille, France 1885 2011 127 97 125 014
Turku/Abo, Finland 1922 2010 89 98 -3.67 0.61 Genova, Italy 1884 1997 114 78 12 014
Foglo/Degerby, Finland 1923 2010 88 94 -3.75 0.59 Trieste, Italy 1905 2011 107 94 1.27 0.2
Hanko/Hango, Finland 1887 2010 124 88 -2.67 0.37 Bakar, Croatia 1930 2009 80 86 097 0.36
Helsinki, Finland 1879 2010 132 100 -2.33 0.34 Bourgas, Bulgaria 1929 1996 68 86 191 09
Hamina, Finland 1928 2010 83 98 -1.03 0.79 Varna Bulgaria 1929 1996 68 95 122 085
Daugavgriva, Latvia 1872 1938 67 93 0.16 0.99 Constantza, Romania 1933 1997 65 95 137 097
Liepaja, Latvia 1865 1936 72 88 0.88 0.72 Sevastopol, Ukraine 1910 1994 85 97 126 0.78
Kaliningrad, Russia 1926 1986 61 86 184 0.89 Tuapse Russia 1917 2010 94 99 244 058
Klaipeda, Lithuania 1898 2011 114 92 148 04 Poti, Georgia 1874 2009 136 94 6.59 0.29
Swinoujscie, Poland 1811 1999 189 96 08 012 Ceuta Span 1944 2009 66 96 052 0.29
Wamnemunde2, Germany 1855 2010 156 100 125 012 t;"‘;r;a Delgada, Por- 1976 2007 30 69 258 101
Santa Cruz de Tene-
Wismar 2, Germany 1848 2010 163 100 141 0.1 rifel & Tenerife, 1927 2009 83 88 162 031
Spain
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Figurel: Measured M SL (datafrom PSM SL, 2013), linear trend with all thedata consider ed, periodogram of theoscillations
about thelinear trend, SL R computed at any timeby considering 20, 30, 40, 50 and 60 year timewindowsand all thedata,
present SL R computed with timewindowsfrom adecadetothefull record length, and finally theacceleration for M aasduis,

Netherlandsand Ber gen, Norway
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Figure2: Measured M SL (datafrom PSM SL, 2013), linear trend with all thedata consider ed, periodogram of theoscillations
about thelinear trend, SL R computed at any timeby considering 20, 30, 40, 50 and 60 year timewindowsand all thedata,
present SL R computed with timewindowsfrom adecadetothefull record length, and finally theacceleration for M aasduis,
Netherlandsand Bergen, Norway. Only thedata since 1900 ar econsider ed.

accelerating trend locally and globally. The sealevel
rises computed with lessthan 60 years of datashould
be used only with extreme caution. Similarly, acom-
ment on the quality of data should be added to every
station because possible biasing a so reducesthereli-

ability of theestimation.

Thedecrease of sealevel of Norway, Finland and
Sweden isdueto the post-glacial rebound or glacial
isodtatic adjustment. Thisistheriseof land massesthat
were depressed by the huge weight of ice sheetsduring
thelast glacid period through aprocessknown asisos-

tasy and it affects Scotland, the Scandinavian Penin-

ey Snoivonmental Science
Au Tudian Yournal



52 Assessment of present sea level velocity and acceleration in Europe

Current Research Pope e

sula, Finland, Kar€elia, the Kola Peninsula, northern
Denmark, Siberia, Canada, the Great Lakesof Canada
and the United States, the coastal region of Maine, parts
of Patagoniaand Antarctica

CONCLUSIONS

The sealevelsare oscillating with important multi
decadal periodicities, and morethan 60 years of data
of good quality are needed to assessthe longer term
sealevd rise. Without enough length, or if thequality of
the dataiscompromised, thereisno opportunity to prop-
erly evaluate the present vel ocity and accel eration.

It has been shown that thelong and medium term
tide gaugesof good quality haveoscillating sealevels
without any s gnificant pogitive acce eration component.
Becausethereisno sign of apositive acceleration lo-
caly or globally, it istherefore reasonable to assume
that locally thesealevel will continuerising with the
current dopeinthenext few years.

Theaveragesealeve risefor Europeis-0.432 mm/
y with a95% confidenceinterval of 0.391 mm/y (76
tide gauges of averagerecord length 101.0 years, av-
erage completeness 91.9%).

Without considering the stationsin Sweden, Fin-
land and Norway, the remaining 46 stations have an
averagerecord length of 101.6 years, compl eteness of
91.34%, SLR of 1.35 mm/y and 95% confidencein-
terva of 0.36 mm/y.

Theupdate of Table 1 may provideanindication of
the presence or absence of any accelerationinthefu-
ture. If all the SLR increases of asignificant quantity,
then thereisacceleration. If some SLR increaseand
some others decrease, and on average the changeis
negligiblesmall positiveor smadl negative, thenthereis
no acceleration.

Because of thispresent lack of accel eration about
thelow velocitiesof thetide gaugeresults, thelower
bound of futuresealeve risescenariosshould below-
ered to the simple continuation of thetrend measured
sofar.
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