ISSN : 0974 - 7451 Volume 9 Issue 11

Onotconmental Science
A Dudian ﬁammé

—=  Qurrent Research Peaper

ESAIJ, 9(11), 2014 [376-389)]

Confirming the lack of acceleration in the pacific sea levels

Albert Parker
BundooraVIC, (AUSTRALIA)
E-mail : albertparker @y7mail.com

ABSTRACT KEYWORDS
There are few tide gauiges on the shores of the Pacific Ocean that have the Sealevel rise;
quality and length demonstrating the non-accel erating naturally oscillating Sealevel acceleration;
pattern of sea levels. A simple but reliable analysis of these tide gauges Land motion;

Multi-decadal oscillations;
Linear regression;
Non-linear regression.

based on linear regressions shows that the average relative rate of rise is
below 1 mm/year without any detectabl e accel erating component. Theland
motion analysis based on the satellite GPS suggests this rate is mostly the
result of subsidy, and therefore the average absolute rate of rise is very
likely closeto O mm/year. The much larger rates of risesthat were computed
in other studies are the result of selectively focusing on the short time
windows magnifying the effect of the multi decadal oscillations and/or of
the use of incompl ete scattered data arbitrarily extended from the past and
reconstructed to the present with procedures that are everything but
transparent. The sea level behaviour within the Pacific appears to be
substantially free of any acceleration and is driven mostly by the natural,
periodic causes, similarly to the rest of the world Oceans.
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INTRODUCTION ternsdiffer from onelocation to another. Tidesvary on
timescal esranging from hoursto yearsdueto numer-
ousinfluences. Somelocations show two highand two

low tides each day, some other |ocations only show

Thesealevd soscillatewithimportant multi-decadd
periodicitiesand thisrequiresaproper procedureand

good quaity and length of datato infer thelong term
sealeve rate of riseand the presence or the absence of
accelerating patterns.

Theoscillatory motion of theoceanwith short time
scalesisvery well known in the many text books of
physical oceanography asfor exampleTaley, Pickard,
Emery, Swiftl, Thetidal risesandfal of thesealevels
caused by the gravitationa forces exerted by theMoon
and the Sun and therotation of the Earth arethelargest
source of short-term sea-level fluctuations. Tidal pat-

one high and onelow tide each day, some other loca
tionsexperiencetwo uneventidesaday or sometimes
onehighand onelow each day. Timingsand amplitude
of thetidal oscillationsarea so variablefrom oneloca
tion to the other. In addition to tides and waves, sea
levelsare a so subject to forces such aswind and baro-
metric pressureinfluencing theshort timescaemoations.

Some other phenomenaareresponsible of longer
term fluctuations of climate parametersincluding sea
level 92449, For the specific of the Pacific, the Pacific
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Decadd Oscillation (PDO), the El Nifio—Southern Os-
cillation (ENSO), theinter-decadal Pacific oscillation
(IPOor D), thequasi-decadal oscillation (QDO) are
al wdl-known periodic oscillations.

ThePDO s patterns of change detected aswarm
or cooling the surface of waters of the Pacific Ocean,
to 20°N, shifting phases at least on an inter-decadal
timescale, usually between 20to 30 yearsd*¥. ThePDO
ispossibly initiated by areddening of ENSO that is
combined with stochastic atmospheric forcing?®. The
IPO or ID display asimilar sea-surface temperature
and sea-level pressure patterns, over acycleof 15-30
years, however these affects are both north and south
Pacific. Thisisquitedifferent from the QDO with peri-
odsof 8-to-12 years and having maximum sea-surface
temperature anomaies, spanning the equator, thusre-
sembling the ENSO. The ENSO isaglobal activity
that coupl esthe ocean-atmosphere phenomenon. The
Pacific Ocean signatures, El Nifio and La Nifa are im-
portant temperaturefluctuati onsof the surfacewaters
from thetropical Eastern Pacific Ocean. Thisatmo-
pheric Sgnature, the Southern Oscillation index (SOI)
reflectsthemonthly or the seasonal fluctuations of the
air pressure difference acrossthe Pacific.

A good data base of tide gauge recordsis main-
tained by the Permanent Service on SealL evel*3,

Thelongest periodicity detected inthetide gauge
recordislimited by thelength of therecord. Statistical
anaysis of tide gauges spanning morethan 100 years
has recently shown the presence of a quasi-60 year
oscillationinthesealevelsasinthesurfacear tem-
perature. Themulti-decada oscillationsup to aquasi-
60 years periodicity on sealevels and other climate
parametersarediscussed in Chambers, Merifield and
Nerem!®; Jevrejava, Moore, Grinsted and
Woodworth,[*¥; Parker?634; Parker, Saad Saleem and
Lawson®l; Mazzardlla, Giuliacci and Scafetta*®;
Scafettd**d; Mazzardlaand Scafettd?®. If the sealev-
elsoscillatewith aquasi-60 years periodicity, clearly
records shorter than 60-70 years should not be con-
Sderedtoinfer any trend intherateof riseof sealevels.

Thetidegauges measurethewater level over time
ignoring variationscaused by waveswith periods shorter
than minutes. Thesedataare then compared to theref-
erence(or datum) level. Thedatumisunfortunately not
fixed, but subject to vertical motion because of subsidy

377

—== Qurrent Research Papsr

or isostasy dueto global (astheglobd isostatic adjust-
ment GIA) or local phenomena. Thetidegaugerecords
are supposed to be adjusted for vertical land motionto
givetheabsolutesealevel (ASL).

Thenaturally oscillatory behaviour of therelative
sealeve (RSL) measured by thetidegauges of enough
quality and lengthin areasof relatively good land stabil-
ity, i.e.land motion not certainly negligiblebut constant,
isaready enough to concludethat therate of riseof sea
levelsisnot increasing because of globd warming, and
thereforethelocally inferred rate of riseisthe best pa-
rameter for coastal and ocean management (Boretti and
Watson'@; Boretti, 2012C57; Morner(t7-22; Parker(2834;
Parker, Saad Saleem and Lawson).

Whilethelocd relative sealevelsareacceleration
freeif thetide gauge hasenough quality and length, the
reconstructions of global absolute mean sea level
(GMSL) are continuoudly accel erating®. Asdemon-
strated by Parker, 2014a,b, thisGM SL result ispro-
duced by ““cherry picking” in space and time window
the tide gauge record in a scattered data base where
theinformationfor thepast arelimited to few geographi-
cd areasof mostly isostasy (dl thesouthern Hemisphere
has 2 (two) tide gauges with good records recording
since morethan 100 years) and the more recent infor-
mationisfromareasof mostly subsidy and suffering for
the short recordlength (thePacific hasfor examplemany
short term records of about 20 yearsstarted during a
valley of thepeak and valley oscillationsand land sub-
sdy).

Thetidegaugerecordsareadjusted for verticd glo-
bal glacial isostatic adjustment (GIA) usingmodelsas
for example those of Douglas, Kearney and
Leatherman’®. GIA mode sonly providethe broadest
scaeresolution of vertical land motion and do not have
resolutionto provideinformation at locd scdes™. Lo-
ca processes associ ated with tectonics, vol canism, sedi-
ment compaction, and subsurface mineral and water
extraction aregenerally not accounted for inthe GIA
models. Emerging methodsfor locd vertical movements
are based on the datafrom high accuracy GPSreceiv-
erspreferably co-located with tide gauges. However,
the GPS data(asexampletheonefrom SONEL, 2013)
areavery recent tool still being refined to track the
vertica land motion of aGPSdomewith il Sgnificant
inaccuracies, with thetide gauges often located far from

ey Snoivonmental Science

Hn Tndéan g%wumé



378

Current Ressarch Poper

the GPS dome and without any levelling to the GPS
datum. Therefore, whilethe measureof therdativesea
level velocity isrdatively straightforward, the determi-
nation of theabsolutesealevd veocity iscertainly more
troublesome, and correctionsfor barometric pressure
and vertical land motion are often thereason of more
uncertainty rather than better accuracy inestimating sea
leve trends.

Thetemperatures of theworld oceanshave been
finally measured since 2004 in theArgo project (Argo,
2013). A float of 3600 buoys samplestheworld ocean
with target a 3° x 3° array from 0 to 2000 m depth
measuring temperaturesand other parametersassain-
ity 60 Sto 60 N. Whiletheland temperature may be
biased by anthropogenic factors not related to the
changed composition of the atmosphere (for example
urban heat idands), the ocean temperaturesareavery
direct measurement of the heat uptake (if any) aswell
asof thethermal expansion contributionto sealevel
rise. Theisothermsaverage 0— 2000 m depth, as well
asthetimeseries of theworld ocean averagetempera
tures 2004 to 2013, show asurprisingly stability, with
no detectabledifference after 10 yearsof recording™!.
Thetimeseries show no gradient, with linear fittings
returning valuewell below the accuracy of the mea-
surementsof oneover onethousand K per year. Over
the same decade, above 60 N and below 60 S, the
additiona informationisthat the seaiceextent hasbeen
expanding rather than contracting, with thegrowthin
Antartcticamore than compensating thereductionin
theArctic??. Without aclear mass contribution (while
water shift ismoredifficult to be measured, but the sup-
posed mdlting of ice capsin the North and South poles
computed by the models has not been confirmed by
the experiments) or asgnificant thermo Steric effect (the
world oceans haven’t been warmed as computed in
themodels), there may befurther accelerationinthe
GM SL computation as Church and White® only be-
cause of the“cherry picking” and the everything but
transparent computing procedure.

Thelack of positiveaccd erationin sealevel siscon-
sistent with many other anaysesindicating an absence
of any signsof acceleration (e.g. Boretti and Watson'?;
Boretti, 2012(37; Holgate™Y; Houston and Dean*?;
Morner*”-23; Parkerl?®32: Parker, Saad Saleem and
Lawsont; Unnikrishnan and Shankart®; Watson*™;
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Wenzel and Schroter!®™; Wunsch, Ponte and
Heimbach®Y).

THENOTACCELERATINGPACIFICTIDE
GAUGES

Thenon-accd erating tide gaugesof thePacifichave
been aready analysed many times, as for example
Parker, Saad Saleem and Lawson™ and Parkert®4.
Parker, Saad Saleem and Lawson* discuss the op-
portunity to analyse monthly average sealevel records
with linear, parabolic and linear plussinusoidd fittings,
aswell asapplying athorough time series of the sea
level ratesof rise, computed by linear fittingswith dif-
ferent timewindows, andinferring theacce erationfrom
theselatter variations. Thetwo ultra-centenary Austra-
liantide gaugesin Sydney (Pacific) and Fremantle(In-
dian Ocean) both exhibit no-accel erating naturaly os-
dllaingtrendswithimportant multi-decadd periodicities
Theauthorsalso discussthe sealeve datafor selected
long term Pacific tide gauges and present amonthly
averagesealevel and linear trend for the other Pacific
tide gauges covering morethan 70 yearswhich have
good quality datato conjecturethelack of any postive
acceleration.

Parker® discusses the natural oscillations and
trendsin dl theultra-centenary long term tide gauges of
the Pacific showing the 12 month moving averages of
sealevels, the periodogram of themonthly departures
vs. thelinear trend with the computed sealevel rise
ratesof 20, 30, and 60 yearsor all thedataof sealevel
acceleration to detect similarly oscillating trends, are
freeof any acceleration.

The present contribution further expandsthislater
analysisto completely cover the Pacificareaincluding
tide gauges of reduced length and better covering the
oscillating pattern.

Thetidegaugerecordsfor the Pacificlocationsare
of interest are obtained from the Permanent Servicefor
Mean SealLeve ™. The sdlected tide gauges ana ysed
included the entire Pacific which had more than 100
yearsof recorded data: Sydney NSW isthe composite
record of two tide gauges, SYDNEY, FORT
DENISON of time span of data: 1886 — 1993 and
completeness (%): 100 and SYDNEY, FORT
DENISON 2 of time span of data: 1914 —2010 and
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completeness (%): 98. Thetwo recordsof Sydney are
overlapping for amost 80 yearswith only very minor
differences and they can be used to produce alonger
record of good quality; Honolulu HI (HONOLULU)
hastime span of data: 1905—2011 and completeness
(%): 100; San Diego CA (SAN DIEGO QUARAN-
TINE STATION) hastime span of data: 1906— 2011
and completeness (%): 98; San Francisco CA (SAN
FRANCISCO) has time span of data: 1854 — 2011
and completeness (%): 100. Thisisby far thebest tide
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gauge of theareaspanning without gapsmorethan 150
years; Seattle WA (SEATTLE) hastime span of data:
1899-2011 and completeness (%): 100; Victoria BC
(VICTORIA) hastimespan of data: 1909—2011 and
completeness (%): 99; Auckland NZ (AUCKLAND
I1) hastime span of data: 1903 —2000 and complete-
ness(%): 96. Thistidegaugeis(unfortunately) not up-
dated since the year 2000; Vancouver BC
(VANCOUVER) has aquality issue, because many
yearsof dataaremissed. Thetidegauge hastime span
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Figurel: Relative SLR, relative SLA and GPSresultsfor the Pacifictide gaugeswith morethan 100 year sof recor ding
(data from PSM SL, 2013; pictures from SONEL 2013). No GPS data is available for Prince Rupert and Vancouver
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Figurel: Continues— Relative SLR, relative SLA and GPS results for the Pacific tide gauges with more than 100 years of
recording (datafrom PSM SL, 2013; picturesfrom SONEL 2013). No GPSdataisavailablefor PrinceRupert and Vancouver

of data: 1910—2011 but completeness (%): 82; Tofino
BC (TOFINO) dsohasaquality issue, because of the
many years missed. Thetide gauge hastime span of
data: 1909 —2011 but completeness (%): 76; Prince
Rupert BC (PRINCE RUPERT) hastime span of data:
1909-2011 but completeness (%): 81.

Records 1-6 are free of quality issues and their
anaysismay producereliableresults. Tidegauge7is
not updated sincemorethan adecade. Tide gauges 8-
10 have missed data but however more than 70-80

yearsof continuous recording up to the present point.
If themonthly averaged mean sealevelsdatafor
every location aregivenasatimeseriesx, y, fori=1N,
wherex isthetime andy the mean sealevel over the
timeinterval, thetraditional approachto computethe
rateof riseof sealevelsat acertaintimex, istofitall
thedatax,, y, fori=1,k with alineand to computethe
SLR, astheslopeof theline. By thegraphsof SLR,
we may then appreciate theimportance of the multi-
decadal oscillationsof therate of rise. Providing that
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Figurel: Continues— Relative SLR, relative SLA and GPS results for the Pacific tide gauges with more than 100 years of
recording (datafrom PSM SL, 2013; picturesfrom SONEL 2013). No GPSdataisavailablefor PrinceRupert and Vancouver

morethan 60-70 years of continuously recorded data,
without any quality issues, areavailableinagivenloca
tion, the SLR_usually returnsareasonable estimation
of thevelocity of sealevel at any timex, andthe (con-
ventional) accel eration of sealevel SLA,_may then be
computed asthetime derivative of thisvelocity. This
conventional velocity and acceleration might clearly
oscillate, andthar timehigtory, rather thanasinglevaue,
isof interest.

In acasewith non-accel erating tide gaugerecords

asthenormsofar, if X isthe present time, SLR  re-
turnsthepresent sealeve rateof rise, and thegraphsof
SLR and SLA, arehelpful to confirmthelack of any
accelerdion. Inacase of accd erating tide gauigerecords
as sometimesreconstructed, but so far, hasnever been
measured, thisapproach confirm the presence of ac-
celerationintheformof aconsistently increasing SLR,
and aconsistently positiveSLA, rather than the oscil-
lating va ues over thelonger term trend to the zero™.
Figurel presentstherelative SLR, thenearby GPS
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Figurel: Continues— Relative SLR, relative SLA and GPS results for the Pacific tide gauges with more than 100 years of
recording (datafrom PSM SL, 2013; picturesfrom SONEL 2013). No GPSdataisavailablefor PrinceRupert and Vancouver

TABLE 1: RelativeSL R averaged over different timewindows(computational procedurein Parker 2013f; datafrom PSM SL
2013, results from Parker 2013f), land velocity in nearby GNSS Stations (data from SONEL 2013) and relative SLA
averaged over different timewindows(computational procedurein Parker 2013f; datafrom PSM SL 2013; resultsfrom

Parker 2013f)
Land Relative SLR [mm/y] Relative SLA [mm/y?]
PSM SL GNSS Velocity 10y 20y 30y 10y 20y 30y
[mm/y] average  average  average  average  average  average
Sydney, -0.89 +/- i i
NV SYDN g 0.905 0.912 0.918 0.004 0.004 0.003
Q;Ck' and,  AycK -0.02i5+ - 1205 1.354 1.425 -0.007 -0.012 -0.007
Elono' ulu e '0'03?5 - 1am 1.489 1518 -0.002 -0.002 -0.007
San -1.65 +/-
Diogo, cA PLO3 oa 2,082 2133 2125 -0.008 -0.003 0.003
San 112 +-
Francisco, PBL1 : 1.618 1.611 1.584 -0.001 0.004 0.006
on oLl 0.25
Sesttle, -1.34 +/-
WA SEAT 003 2,026 2,037 2,035 -0.006 0.001 0.002
Tofino, 4.10 +/-
BG UCLU 01a -1.633 -1.582 -1.555 -0.012 -0.004 -0.001
Vggcou"er NA NA 0.296 0.281 0.255 0.002 0.009 0.009
\é'cm”aB ALBH '0'03‘;; - 0643 0.705 0.727 -0.007 -0.003 0.001
Prince
Rupert, NA NA 1.058 1.058 1.04 0.004 0.007 0.007
BC

data(toundergandif thetidegaugeissubject toisostasy  motion contributesto thetidegaugeresult. However, itis
or subsidy) andthe SLA for thedifferent tidegauges.  not suggested to smply reducethesealevel rateof rise
The GPSdatamay only help understandingif theland by the subsidy vel ocity of the nearby GPS station, being
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TABLE 2: Latest SLR of Pacifictide gaugeswith morethan 60 year sof recording (computational procedurein NOAA
2013Db, c; resultsfrom NOAA 2013b,c)

Trend +95%Conf.

ID Station Name First Year Last Year Year Range (mmly)  Int. (mmly)
545-001 Ko Taphao Noi, Thailand 1940 2010 71 0.9 0.96
600-021 Ko Lak, Thaland 1940 2010 71 0.08 0.27
609-001 Macau, China 1925 1985 61 0.25 05
611-010 Quarry Bay & North Point, China 1929 2011 83 1.36 0.54
641-021 Kushiro, Japan 1947 2011 65 9.39 0.3
642-061 Mera, Japan 1931 2011 81 3.78 0.2
642-091 Aburatsubo, Japan 1930 2011 82 3.63 0.21
645-011 Hosojima, Japan 1930 2011 82 -0.43 0.29
647-023 Hamadall & Tonoura, Japan 1894 2011 118 0.48 0.24
647-071 Wajima, Japan 1930 2011 82 -0.2 0.23
660-021 Legaspi, Albay, Philippines 1947 2009 63 5.38 0.72
680-135 Newcastlelll & V, Australia 1925 2010 86 1.04 0.69
680-140 Sydney, Fort Denison 1 & 2, Australia 1886 2010 125 0.65 0.1
690-002 Auckland Il, New Zealand 1903 2000 98 1.29 0.2
690-011 Wellington Harbour, New Zealand 1944 2011 68 245 0.29
690-022 Luyttelton |1, New Zealand 1924 2000 77 2.36 0.29
690-041 Bluff/Southland Harbour, New Zealand 1917 2011 95 157 0.24
822-001 Prince Rupert, Canada 1909 2011 103 112 0.24
822-071 Vancouver, Canada 1910 2011 102 0.37 0.23
822-101 Victoria, Canada 1909 2011 103 0.63 0.21
822-116 Tofino, Canada 1909 2010 102 -1.7 0.3
840-011 Balboa, Panama 1908 2003 96 1.49 0.25
850-012 Antofagasta 2, Chile 1945 2010 66 -0.8 0.43

Honolulu, HI 1905 2006 102 15 0.25
Kahului, HI 1947 2006 60 2.32 0.53
Hilo, HI 1927 2006 80 3.27 0.35
Midway Atoll 1947 2006 60 0.7 0.54
Kwajaein, Marshall Islands 1946 2006 61 1.43 0.81
San Diego, CA 1906 2006 101 2.06 0.2
Los Angeles, CA 1923 2006 84 0.83 0.27
Santa Monica, CA 1933 2006 74 1.46 0.4
Port San Luis, CA 1945 2006 62 0.79 0.48
San Francisco, CA 1897 2006 110 201 0.21
Alameda, CA 1939 2006 68 0.82 0.51
Crescent City, CA 1933 2006 74 -0.65 0.36
Astoria, OR 1925 2006 82 -0.31 0.4
Neah Bay, WA 1934 2006 73 -1.63 0.36
Sesattle, WA 1898 2006 109 2.06 0.17
Friday Harbor, WA 1934 2006 73 1.13 0.33
Ketchikan, AK 1919 2006 88 -0.19 0.27
Sitka, AK 1924 2006 83 -2.05 0.32

then accuracy of the GPS measurement still poor and  being thereative motion of thetidegaugevs. the GPS
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gtation unknown. However, for themost part of thelong
term tide gauges of the Pacific except than those in
Canada, thenearby SONEL GPS signasshow subsidy.
Therefore, what ismeasured by thetidegauge, therela-
tivemotion sea-to-land, hasvery likely to bereduced to
account for theland motionif theinterestisfocused on
theabsolutesealevd rateof rise. Inthelimit of thedata
available, wemay assumefor now that thesealevel ac-
cderdtionisunaffected by theland motion.

TABLE 1 presentstherelative SLR averaged over
different timewindows (computational procedurein
Parker 2013f; datafrom PSMSL 2013, resultsfrom
Parker 2013f), land vel ocity in nearby GNSS Stations
(datafrom SONEL 2013) and relative SLA averaged
over different timewindows (computationa procedure
in Parker 2013f; datafrom PSM SL 2013; resultsfrom
Parker 2013f).

TheSLRisthelongtermvelocity. TheSLAismore
aparameter helpful to assessthelack of any accelera-
tion and consequently, legitimizesthe SLR estimate
rather than showing thetrue acceleration. Inall cases
the SLA isoscillating about thezerovalueand averag-
ing over thelast 10, 20 and 30 years produce values
very closeto zero. Inal the cases, the SLR approach
reasonablelongterm estimations after 60to 70 years.
Beforethistime, the SLR assumesvaues compl etely
unredlisticthat may beeither larger or smaller thanthe
justifiablelong term values. The SLR generally ap-
proachesthefinal long-term value after 60-70 years,
asin Sydney and Honolulu, however, sometimesit re-
quiresmorethan the 60-70 years, asin San Francisco,
wheretheSLR isremarkably still changing significantly
after 150 years. With moredatain therecord, themore
complex isthesealeve behaviour.

Theaverage (relative) riserate of sealevel inthe
stationsof TABLE 1is0.99 mm/year. Note herethat
thecomputed accd erationsarenegligibleat dl gations,
with small positiveand negativeva ues, alternating de-
pending on thewindow adopted. Theaverage accel -
eration at these sealevel stationsfromthistableisa
mere—0.001 mm/year? that we prefer to state asneg-
ligible. Theland motion analysis based on the satellite
GPS suggeststhisrateismostly theresult of subsidy,
and thereforethe average absoluterate of riseisvery
likely closeto O mm/year.

TABLE1 islimited to only 10locationswithmore
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than 100 yearsof recording that are mostly distributed
along the North American coast of the Pacific. Relax-
ing the requirement on the minimum number of yearsof
recorded data, amore densely popul ated table can be
generated. However, shorter records produce inaccu-
raciesinthe SLR that i sthen subject to positiveor nega
tive SLA depending on when therecord starts.

TABLE 2 presentstheriserate of sealevelscom-
puted with linear fitting for thestationswithinthe Pacific
included intheNOAA databasg?! with morethan 60
yearsof data. Outlierswith SLR valuesabove 10 mm/
year or below -10 mm/yearsareremoved. Theaver-
age SLRinthiscompilationis1.24 mm/year. These
SLR may changefrom an updateto the other because
of themulti-decada oscillations.

TABLE 3: SLRresultsshort term pacificidand tidegauges
(datafromPSM SL, 2013)

Tide gauge First Last Year Trend
Year Year Range (mmly)
Rarotonga A&B 1977 2011 35 151
Chuuk 1947 1995 49 0.6
Enewetok 1951 1972 21  0.5318
Fanning B 1973 1988 14  1.4815
Funafuti A& B 1977 2011 35 3.74
Guam APRA 1948 2013 65 1.786
HoniaraB&II 1974 2011 38 2.8
Kanton Is. A&B 1949 2007 59 0.58
Kapingamarangi 1978 2008 31 2.53
Kwajalein 1946 2006 61 1.43
Lombrun 1995 2013 18  8.1806
MajuroB & C 1968 2011 44 3.6
Malakal B 1969 2009 41 1.73
Nauru AB 1974 2013 39 1.01
NoumeaNumbo & Chaleix 1970 2011 42 -1.85
Nuku'alofaB 1993 2013 20  8.9537
Pago Pago 1948 2006 59 2.07
Papeete-B 1975 2009 35 251
Penrhyn 1977 2010 34 24
Pohnpei B & C 1974 2011 38 3.87
Rabaul 1966 1997 32 -2.59
Rikitea 1969 2003 35 1.72
Saipan 1979 2012 33 23777
Suva A 1972 2011 40 6.3
Tarawa ABC 1974 2002 28 25304
Xmas|S1&Il 1956 2012 56 0.474
Yap 1969 2012 43 25318
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indicated asnot robust by SONEL and not presented

Much larger sealevel rises may be computed by
sdectively focusng on short timewindowsthat magnify
theeffect of themulti-decadd oscillations. Figure2 and
TABLE 3 presentssomeresultsfor theshort termtide
gaugesof the Pacificislands. Figure2includesSLR
and GPS data.

For thespecific of Mg uro, Marshdl Idands, aprior
tide gaugewasproviding resultswith dmaost adecade of
successful overlgpping datawiththelatest tidegaugeand
alonger compositerecord may beproduced. MAJURO

C hasatime span of data: 19932011 and complete-
ness(%o): 97. MAJURO B hasatime span of data: 1968
—2001 and completeness (%): 90. The missed data was
obtained by interpol ating the nei ghbouring months or
years. Theactua long term sealevel riseof Mgurois
certainly closer tothe 3.3 mm/year of thelonger com-
positerecord thanthe 5.7 mm/year of the shorter record.
From the nearby GNSS station of MAJU, that iscon-
sidered not robust by SONEL, thistide gauge may be
subject tosgnificant subsdy.
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None of thetide gauges of TABLE 3 or Figure2
satisfy theminimum requirement to assessthe sealeve
trend. However, if not cherry-picked these short term
tide gaugesshow fluctuating rates correlated to theland
motion that just need more datato approach even bet-
ter theland motion.

SUMMARY AND CONCLUSIONS

The paper hasprovided thelatest locd trendsfrom
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thetide gaugesof the Pacific with morethan 100 years
of recording, with more than 60 years of recording,
and finally with short record lengths that prevent a
proper assessment of thetrend in the Pacificidands.
By considering the high quality, long datarecords
exceeding 100 years, the Pacific sealevelsare oscill at-
ing without any accel erating behaviour. Inthe selected
locations, the average relative rate of rise of the sea
level isabout 1 mm/year. Considering the presence of
subsidy, the absoluterate of riseismuch lessthan that

GUAM - Wdekly solutions
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Figure2: Continues- Relative SLR and GPSresultsfor the short Pacific | sland tide gauges (datafrom PSM SL, 2013;
picturesfrom SONEL 2013). No GPSdataisavailablefor Yap, Enewetok, Fanningand Christmas|s. GPSsignal of Nauru
and Nuku’alofa indicated as not robust by SONEL and not presented
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and very closeto O mm/year.

Themulti-decada periodicitiesrecorded inthe Pa-
cifictide gaugesimply that the search for meaningful
long-term trends must, at least, cover aperiod of no
lessthan, 60-70 years. None of the 10 long-term tide
gaugerecordsanalyses show any increasein sealevel
rise over thelast two decades. Different conclusions
may beinferred by wrongly considering short records,
with however much larger or much smaller ratesthan
legitimate of risethat may be computed without acare-
ful cherry picking of the short record.

Theland motion and therecord length haveasig-
nificant influence onthe sealevel ratesof riseinthe
Pacific Islands. Theland motionisdifficult to bein-
cluded because of the accuracy and the spaceand time
coverageof the GPS. However, thehighratesof riseof
sealevelsin some of the Pacific ISlands are often ex-
plained by subsidy and the start of the short recordina

valley of thepeak and valey oscillations.

Thelack of positive accelerationiscong stent with
thelack of any warming of theworld oceanssincethe
times accurate measurements have been startedinthe
ARGO project, andtheincreasing seaiceextent of the
North and South poles as measured by the satellite.
Without significant massand thermo steric components,
thereis no reason why the global or the Pacific sea
levelscould have acce erated this century and theandy-
ssof dl thetide gauge and satellite GPS dataprovides
sameconclusion.
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