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ABSTRACT

We revisit available tide gauge data along the coasts of Australia, and we
are able to demonstrate that the rate may vary between 0.1 and 1.5 mm/
year, and that there is an absence of acceleration over the last decades.
With adatabase of 16 stations covering only thelast 17 years, the National
Tidal Centre claimsthat sealevel isrising at arate of 5.4 mm/year. We here
analyse partly longer-term records from the same 16 sites as those used by
theAustralian Basdline Seal evel Monitoring Project (ABSLMP) and partly
70 other dites; i.e. a database of 86 stations covering a much longer time
period. This database gives a mean trend in the order of 1.5 mm/year.
Therefore, we challenge both the rate of sea level rise presented by the
National Tidal Centre in Australia and the general claim of acceleration
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over the last decades.

INTRODUCTION

Intheir report published in 2007, the Intergovern-
menta Pand on Climate Change¥ concluded that sea
level (SL) islikely to rise between 18 and 59 cm or
38.5+20.5 cm by year 2100. Though this is a signifi-
cant lowering from previous estimates by IPCC, viz.
62.5+47.5 cmin 1990, 53.5+40.5 cmin 1995, 48.5
+39.5 cmin 2001 and 38.5 cm +£20.5 cm in 2007, it
has still been widdly cited asamajor threat to human
habitation onlow-lying coastsand idands.

TheAustralian Federal Government’s Climate
Commission®® recently claimed that globa warming
could cause global sealevel to riseeven up to more
than 1 metre by 2100. Furthermore, they stated that
the primary cause of globa warming amost surdy was
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dueto anthropogenic activity. Intheir sealevel pre-
diction, the commission® asoincluded predictionsby
Rahmstorf® and proposed reconstructions of global
mean sealevel by Church and White*dl, They con-
clude the sea level has changed by about 3.25 cm
over the period 1970-1990 and by about 5.4 mm/
year over the period 1990-2010, indicating a signifi-
cantly acceleratingintherate of sealeve riseover the
last two decades.

Inthispaper, wewill try todemonstratethat neither
themean rates given nor the proposed sealevel accel-
eration can be substantiated by observationa facts. We
asowant to stressthat aproper evaluation of available
dataon present sealevel changeisvita astheoutcome
formsthe basisfor anumber of important socio-eco-
nomic decisons.
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THE USE OF TIDE GAUGE RECORDS

Tidegaugesarefar fromideal tomonitor sealevel
changes. They may beaffected by regiond uplift aswell
asby subsidence, and, not |east, by site-specificinsta-
bility!?3%], Very often, however, tidegaugesareour only
means of assessing the sealevel changesof an area.
S0, for example, do availabletide gaugesat Tuvalu,
Kiribati and theMarshd IdandintheWest Pecific pro-
videsealevel recordsthat lack any rising trend92529,

Morphologica and stratigraphica datamay often
providemore conclusiveadditional informationonthe
actua sealevel stability. Thisis, for example, thecase
withthe Madivesd?28, Bangladesh'® and Goain In-
dia?31, Old watermarks may give useful long-term
benches; e.g. thebench on Ideof the Dead, Tasmania
from 184115 and the sealevel measure at Saint-Paull
Island from 18741%7,

A tide gauge record must be analysed with care
and Kill. Linear trendsareusudly quitemideading, and
ignoreactua dynamics. A tide gaugerecord includes
cyclicvariations, occasiona spikesandsgnas, andin-
dividua decadd fragments. The18.6tidd cycleisfunda-
mental®® and should alwaysbe considered. Thereisa
very good documentation of thiscyclefrom Surinam
and French Guiana®®, exhibiting cyclic upsand downs
around astable zero level®!, The 60-year cycle, evi-
dentin solar forcing and anumber of marinerecords®,
likeinthe Pacific Decadal Oscillation (PDO), isan-
other cycle that has to be considered’. The ENSO
signa setsup quite drastic upsand downsin many Pa
cifictida records. They should beconsidered as spikes,
and removed from longer-term trend ana yses®!.

An educational tidal record comesfrom Mumbai/
Bombay!?31 and show a sequence composed of 4
parts; a 32 year stability 1878-1910, a 48 year rise
1910-1958, a 4 year fall 1958-1962 and a 50 year
stability from 1962 up to today. Thefour periodsmust,
of course, be treated separately, and a mean trend
throughthemisdirectly mideading®!.

In recent yearsit hasbecome popular toignorethe
dynamicsof atidegaugerecord and only look for trends
by fitting linear or polynomial linestotherecord. This
specificaly appliesin the searching for regiona or glo-
bal trends. In those cases, anew basic factor becomes
the sel ection of records considered®, often after per-
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sond dasdsficationinuplifting, subsdingand stablesta-
tions. The Permanent Service of Mean SeaLevel*?
has a database of more than 2000 stations. The Na-
tional Oceanic and Atmospheric Administration®¥in
Colorado has adatabase of 159 selected tide gauges.
Therates of those 159 recordsgiveaspectrumwitha
snusoidd distribution from uplifted to subs ded sations
and with atrangtiona sequence of 68 stationsof semi-
stable conditionsranging between +0.0 and +2.0 mm/
yeart?’31: i .e. well bel ow the estimate of IPCC™ but
closeto the value of INQUA2%1, Qut of thishighly
variable spectrum, Dougl as*® selected 25 recordsand
arived a amean sealeve riseof 1.8 mm/year, Church
et al.[*Y selected 6 recordsand arrived at avaue of 1.4
mm/year, and Holgate®! selected 9 records and ar-
rived at 1.45 mm/year. Thisway of personal selection
isvery subjective. The stations selected arefew and
the method of fitting linear regression lines has been
addressed above. Despitefairly smilar results themeth-
odologica meansof assessing global sealevel changes
must be strongly questioned®’. Today, theNOAA da-
tabaseisincreased to 204 stationswith amean val ue of
0.75 mm/year sealeve risg®Y,

Therearemany different valuesproposed ranging
fromthevery high values of 5.4 mm/year? and 3.25
mm/year™, viavaluesaround 1.5 mm/yegr(®1116:204046]
t0+0.0 to max 0.7 mm/year of Morner'?”3Y. |n many
casestheauthorsdo not live up therequirement of mini-
mum of 50 years of recording™*”.

Asto the acceleration proposed for the last de-
cades, the evaluationsdiffer significantly fromvery
strongly increased rates*? to an absence of accelera-
tl 0n[6,27,39] .

Theleast we can say isthat thesituationisfar from
conclusiveand straightforward.

M ethod

Wefit linear and 2™ order polynomial linestothe
sealevel datarecorded along the coastsof Austraiain
order to assessthe accel erating trendsand to compare
with thereconstruction of Churchand Whitd'2, If Y is
themeansealevel (MSL) and X istheyear, thenclearly
thesealevel riseisSLR=dY/dX and thesealevel ac-
cderationisSLA=d?Y/dX2. Thelinear fitting givesthe
average SLR over the observation period. The2™ or-
der polynomid fitting givestheaverage SLA over the
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observation period. Findly, wecompareour Austraian
recordswith global sealevel records.

Theanalyses are made under the assumption that
the dataproposed by the Permanent Servicefor Mean
Seal eve®, theAustraian Government Bureau of Me-
teorology Tide Predictions, Metadataand Monthly Sea
Level Statistics¥, theAustralian Baseline SeaLevel
Monitoring Project’? and theCU SealLevel Research
Group of University of Coloradd™ aredl reliablemea-
surements. We are aware of thefact that thisassump-
tionisquestionable, and weknow that thereareerrors
in the databases and that the satellite data have high
potential computationa-correctiond errort?2, Still, this
seemsto be an appropriate way of tacklingthemain
guestions, viz. the average sealevel changesaround
Australiaand the presence or absence of arecent ac-
celeraion.

TheAustralian tidegaugerecords

Thesealevel changesaongtheAustralian coast-
line have been measured at many locationsstartingin
thelate 1800s. Intheearly 1990s, theAudtrdian Basdline
Seal evel Monitoring Project? wasdesignedin order
to monitor the sealevel changesaround Australiaand
toidentify decadal trendswith respect to theenhanced
greenhouseeffect. A sequence of SEAFRAME® sta-
tions(SEA-Level FineResol utionAcoustic Measuring
Equipment) wasingtalled on 16 South Pacificidandsto
measure the sealevel and to record meteorol ogical
parameters(both at Sationsprevioudy covered by stan-
dard tide gauge equipment and stations previoudy not
covered by tide gauges). Thevertical stability of the
gaugesissurveyed by State organi zationsusing GPS.

Besidesthel6 SEAFRAME stations managed by
theABSLMP, thereare 70 additional stationsincluded
intheNationa Tidal Centre (NTC) databasg¥ making
atotd of 86 gations. Previoudy, theNationd TideCentre
analyzed d| tide gauge datafrom stations having more
than 25 yearsof recording. Thissurvey ended in year
2003, and was replaced by the ABSLMP? data set
containing the measurements restricted to the 16
ABSLMP stations. Nowadays, NTC neglectsall the
dataprevioudy measured at these stationsaswell asat
other sites, many of which exceed 25, and sometimes
50, yearsof recording.

The ABSLMP?2 and AFGCCE! statement of
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sharply risng sealevelswith an average sealeve riseof
5.4 mm/year for the period 1990-2010 is, of course,
based on far too short period of recording. The short
SEAFRAME dataare strongly affected by therecov-
ery fromthe ENSO sealevel low in 1998, which was
significant at many stations. Besides, thishigh rate of
sealevd riseisstrongly contradicted by other available
records.

In 2009, therewere 39 sitesontheAustrdian main-
land (Figure 1), whererel ative sealevel shad been mea:
sured for at least 25 yearsand with the averagelength
being 42 yeard*. Wehave computed themean sealevel
riseof al theindividual stationsby alinear fitto the
observationd data. Theaveragetrend of al the39 sta
tionsis0.9+1.9 mm/year.

Thegeographica pattern of relative sealeve trends
aroundtheAudrdian coadtlineisfairly uniform (Figure
1). Partsof theAustrdian coastlinearestrongly affected
by the ENSO events. The longest sealevel records
show quasi bi-decadal sear-level oscillations.
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Figure 1: Distribution of tide gauge station in Australia.
L ocation and aver ager ates of the 39 tidegauge stationsin
mainland Australiahaving aperiod of recording of at least
25 years. Themean rateof all 39 stationsis0.9 mm/year.

Next, weconsider dl thedataavailableontheNTC
database; i.e. the 16 ABSLM Pstationsand 70 other,
non-ABSLMP, stations, making atotd of 86 tidegauge
gations. Linear and polynomid fittingsweregpplied to
thedatarecordedin all the 86 locations. Separatefit-
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tings are applied to the datarecorded over the years
1990-2000 and 2000-2010 as well as to the full data
set 1990-2010; not to derive a sea level trend but to
understand quality and biasing issuesof theABSLMP
records. Theonly conclusion that can be drawvn from
thisanayssisthat despitefluctuations, thereisno evi-
denceany significant changesin therate of sea-level
change. Nofitting producesasealeve risein excessof
1.5 mm/year. Theaverage sealevel rise over the pe-
riod 1990-2010 is a negligible 0.1 mm/year for the 70
non-ABSLMS stations. Balancing the higher average
sealevel riseduring the sameperiodintheABSLMP
stations, thisgivesagenera average of 1.5 mm/year
for all the 86 stations. Therefore, theofficial statement
of theNTC (AFGCC) that Australiaisexperiencing
strong sealevel acceleration with apresent sealevel
rise of 5.4 mm/year cannot be validated by observa-
tiond facts; the 39 mainland sationsof Figure1 giving
0.9 mm/year, the 70 non-ABSLMS stations giving 0.1
mm/year, and all the 86 stationsgiving 1.5 mm/year
(seefurther below).

Thelong tide gaugerecord of Sydney! shows neg-
ligible sealevel acceleration for the 1890-2010 pe-
riod, and anegativetrend (i.e., sealevel fdl) for thelast
20 years.

Thetidegaugerecord from Fremantle (15 km SW
of Perth) providesavery informativerecord (Figure
2). It showsfluctuating over a113 year timespan. This
indicatesthat one cannot obtain meaningful trend val-
uesfrom shorter segmentslikethalast 10to 20 years.
Weprovidetwo different dternativeanadyses, viz. (1) a
long-term mean trend analysis (Figure 2a) and (2) a
dynamicanaysis(Figure2b).

Thefirst step wasto apply amean trend over the
whole 113 yearstimeseries(Figure2a). Themean trend
is1.5mm/year;i.e. avauewdl bd ow the SEAFRAME
(2011) database. The 1913-1993 changes may also
belooked upon asan 80-year cycle, justifyingamean
trend analysisof therelative sealevel rise. The shift
from 1993 to 1998 issomewhat unclear asit coincides
withthemagjor changeininstrument operation (above)
andincludesthebig ENSO event in 1998.

A moredynamic approach isto fit mean ratesto
segmentsof thetotal record (Figure2b). Thisgives5
segments; astability 1897-1913, arisingtrend 1913-
1956 (by 2.5 mml/year), aslightly downward trend
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1956-1993, arapid rise 1993-1998, and virtualy sta-
bility 1998-2011. Therise from 1913 to 1956 was
the order of 2.5 mm/year. Because therewas agen-
eral global eustatic riseduring this period of about 1.1
mm/yeart?2731 the Fremantletide gaugeislikely to
include alocal subsidencefactor intheorder of 1.4
mm/year (purpel line). Considering this subsidence,
thereisnot much sealevel riseleft; virtually stable
conditionsover thelast 60 yearsand full stability over
thelast 14 yearsimplying no traces of any present-
day acceleration.

According to our analyses, Fremantle data set
showsarelativesealeve riseof 1.5 mm/year (Figure
2a), which corresponds to amean absol ute sealevel
rise of 0 mm/year over tha last 14 years (Figure 2b).
Thisisin agreement with anumber of high-priority ob-
servationd factsfrom otherssites scattered over most
of thelndian Oceanl?"31,

Confiningtherateanadysistothelast 10-20 years,
astheAustralian governmental officeshave doneg?4,
would have given meaninglessratesintheorder of 6.0-
6.5 mm/year (Figure 2a) in line with the 20-years
SEAFRAME mean record of 5.4 mm/year (op.cit.).
Such values cannot be used for longer-term predic-
tiong®3U, What they unfortunately do, however, isto
feed unfounded fear and misuse of economica andin-
tellectud resources?’.

Comparison with worldwidetidegaugerecor ds

Therearedifferent ways of making comparisons.
Thebest way is, of course, to prefer quality to quantity.
Quadity impliescareful anaysesof therecord, thesta
bility of theinstrument and thelong-term site stability.
Quantity impliestheutilization of alargenumber of Stes
without eva uation of affecting oceanographicand crustd
variables, and relying only on amean value. We are
aware of the fact that the search for averageratesin
large databases may providevauesthat might be mean-
inglessand even mideading. Inthiscase, however, we
investigate two well-known databases of global tide
gauge; PSMSLFZ and NOAAR,

The PSM SLE2 database includes records from
2059 stesscattered dl over theglobe. Thereisastrong
biasto northern hemisphererecords. Still, thelargenum-
ber of worldwidesitesmight providean acceptablevaue
of themean sealevd rise. Wefit 2" order polynomial
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tothe PSMSL datafor 1890-2010, and linear and 2™
order polynomial tothedatafor 1990-2010. The cures
arrived at arevery close and suggest agloba mean sea

Nils-Axel Mérner and Albert Parker
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rate of 1.5 mm/year. The similarity between therates
for the period 1890-2010 and 1990-2010 seems to
providefirmindication of an abbsence of any recent ac-

level riseof about 30 mmover thelast 20years;i.e.a ceerationinsealeve rise.
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Figure2: Sealevel record from Fremantle (SW of Perth) with two different analyses. Above: M ean sealevel changesat
Fremantlefrom 1897to 2011 (AGBM, 2011) with along-term avar agerate of sealevel riseof 1.5 mm/year (red line) and
arbitrary mean linesfor thelast 10 and 20 year s(black lines) in the or der of 6.0-6.5 mm/yearn (not good for longer-term
rate estimates). Below: A moredynamic approach fitting amean rateto segments(yellow line) of thetotal record (PSM SL,
2011). Thisgives5 segments; astabletrend to 1913, arising by 2.5 mm/year about 1913 to 1956, a vaguely falling trend
1956t01993, arapid rise 1993t0 1998, and virtually stability thereafter. Therisefrom 1913to 1956 wastheorder of 2.5
mm/year. Becausetherewasaglobal eustaticriseduringthisperiod, which seemsto have been about 1.1 mm/year (M érner,
2004, 2011c, 2013), the Fremantle tide gaugeislikely toinclude alocal subsidence factor in the order of 1.4 mm/year
(purpél ling). Considering thissubsidence, thereisnot much sealevel riseleft; virtually stable conditionsover thelast 60
years and full stability over the last 14 years (i.e. no traces of any present-day acceleration). The rise 1993-1998 is
somewhat strange, but may have somethingto dowith thechangein instrumental operation and thebig ENSO event in 1998.
The1913-1993 changes may also be looked upon as an 80-year cycle.

NOAAF hasaglobal network of 159 tidegauges.
Themean of thoserecordsisasealevd riseof 0.5mm/
year according to Burton®. Thedistribution of rates
givesanicesnusoida curverangingfrom uplifted sites

to subsided siteswith anintermediate platform of 68
Sitesrepresenting quas -stable conditionswitharange
inrate of 1.0+1.0 mmyear*. Today, the number of
NOAA stations hasincreased to 204 with amean of
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0.75 mm/yeart3y,
Comparison with satellitealtimetry records

Since 1993, the Topex and Jason satellites have
provided measurementsof sealevel changesviaradar
atimeters. Whilst tide gauges arelimited to the shore,
satellitea timetry providesmeasure of theentireoceans
covered by the satellited'¥. This means that we get
records both of the vertical changesand the horizontal
redistribution of water masses. There seemsto be seri-
ousproblemsin calibration, however, asgiven by the
changes in mean trendg?*203; viz. +0 mm/year for
1993-2000, +2.3 mm/year for 1993-2003 and 3.1
mm/year for 1993-2010. In the present paper we use
therecord of 2011. Themeanrate1993-2011 is given
as3.1+0.4 mm/year. We note that the rate decreased
to about 2.0 mm/year for the period 2006-2010, and
inthelast two years hasbecome zero. Indeed, thereis
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no sign of arecent accel eration.
DI SCUSSION

InFigure 3, we comparethedifferent datasetsand
confront theAustralian governmentd officesclamof a
present mean risein sealeve of 5.4 mm/year obtained
fromthe 16 SEAFARE stations (1) with the our anay-
sesof the 39 mainland stations of 0.9 +1.9 mm/year
(24), the 70 non-ABSLMP stations of 0.1 mm/year
(2b) and all the 86 stations of 1.5 mm/year (2c), the
mean of all 2059 PSM SL*? stationsof 1.5 mm/year
(3a) and the mean of NOAA’s*3 159 stations of 0.5
mm/year (3b), thecurveof Church and White? with
an extremeacce eration 2007-2010 (4), and the satel-
liteatimetry record™ of 3.1+0.4 mm/year mean rate
of sealevel risewith adecelerating trend over thelast
sxyears(5).

1950 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Year

Figure3: Comparison among different sealevel data sets; (1) the Official Australian claim (AFGCC, 2011; ABSLMP,
2011), (2a) theAustralian 39 station record, (2b) theAustralian 70 station record, (2¢) theAustralian 86 station record, (3a)
the 2059 station PSM SL (2011) aver age, (3b) the 159 station NOAA (2011) aver age, (4) thereconstruction of sealevel
changesby Church and White (2011), and (5) the Topex/Jason satellitealtimetry record (CU, 2011). All thedata ar e shifted
for azeroM SL in January 1990. Thedifferencesarefar toolargenot toincludeseriouserrorsin someof therecords. The
official Australian trend (1) liesfar aboveall theother curves, indicating a strong exagger ation. TheAustralian (2a-c) as
well asglobal (3a-b) curvesvary between 0.1 and 1.5 mm/year. The satellitealtimetry recor ds(5) include “calibrations”
previoudy questioned (M érner, 2004, 2011¢, 2013). The record (4) of Church and White (2011) liesbetween the satellite
altimetry curve(5) and all thegraphsrepresenting global (3a-b) and Australian (2a-c) tide gaugerecor ds. Theacceleration
in curve4isstrongly contradicted by all theother records. Thesameabsenceof acceler ation isfound in many other records
(further discussed inthetext) indicating that the concept of acceler ation ought to berevised.
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From thiscomparison it seemsobviousto usthat
theAustralian governmenta vaueof 5.4 mm/year must
be significantly exaggerated. The Australian data
analysed by us providearangefrom 0.1 to 1.5 mm/
year. The same over-estimation seemsto apply for in-
dividual steswhen comparingour vauesfrom Darwin
(their 8.6 versusour 2.2 mm/year) and from Stony Point
(their 2.6 versusour —2.1 mm/year).

Our records from the 39 (0.9 mm/year), 70 (0.1
mm/year) and al 86 stations (1.5 mm/year) areinrea
sonableagreement withtheaverageratesof global tide
gauge networks, viz. PSMSL (1.5 mm/year) and
NOAA (0.5 mm/year). Thismay betaken to suggest
that the mean sealevel riseaccording to globa aswell
asAustraian tidegaugedataisto befound withinthe
sector ranging from 0.1 to 1.5 mm/year (yellow wedge
inFigure3), whichiswell below therecord of Church
and White'd and satdllite dtimetry!™, and strongly be-
low theofficid Australian valug?3.

The satellite record! and the sealevel curve of
Churchand White*? differ considerably. Besides, they
both (4, 5) lay well abovetheaverageglobd tidegauge
vaues®3,

All the data presented by us contradict an accel-
erationissealevel riseover thelast years or decade.
Accderaionisonly seenintherecord (4) proposed by
Churchand White*2. The satellitegraph (5) evengives
adecrease after 2005. Besides, an absence of accel-
eration is reported by several authors for sites scat-
tered all over the globg1921.24:39.4041]

CONCLUSIONS

Trend linesarenot the correct way of decodingthe
true dynamicsof sea-level changes. It may beused for
comparative purposes, however. Inview of the data
presented, we believethat wearejustified to draw the
followingcondusions.

(1) Theofficid Austrdianclam3 of apresent sealeve
riseintheorder of 5.4 mm/year issignificantly ex-
aggerated (Figure 3).

(2) Themeansealeve risefromAustrdiantidegauges
aswdll asglobd tidegauge networksisto befound
within the sector of ratesrangingfrom0.1t0 1.5
mm/year (yellow wedgein Figure 3).

(3) Theclaim of arecent accelerationintherateof sea
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level rise?312 cannot be validated by tide gauge

records, eitherinAustraliaor globaly (Figure 3).

Rather, it seems strongly contradi cted!1921.243%-41

Thepractica implication of our conclusionsit that
there, infact, isno reason either to fear or to prepare
for any disastrous sealeve flooding inthe near future.
Thisdoes, of course, not mean that we should ignore
the problem; just that we should study it carefully and
with open eyes. The decisivefacts must befoundin
natureitsdf; ideasand computer model sare smply not
good enough.
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