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ABSTRACT

The authors of?? are only the last of along seried?+?9 to apply parabolic fitting with different time windows to the
time series of relative sealevels from tide gauges to assess the presence of positive or negative accelerations. This
method is wrong because this approach produces positive or negative accelerations even dealing with simple
sinusoidal oscillationsabout alinear trend where the accelerationisclearly zero, asit isthe case of purely oscillating
tide gauges signals. This contribution proposes clear and strong concerns about the validity of any claim made on
the basis of parabolic fittings and propose a better analysis methods clearing the trends of the multi-decadal

variability. © 2014 Trade Sciencelnc. - INDIA

PARABOLICFITTINGSAND NATURAL
OSCILLATIONS

Theauthors?® consider themeasured relative sea
levelsfor 10 tide gauges of the Permanent Serviceon
Mean Seal Levels (PSMSL) data base™!, namely
Sydney, Fremantle, Trieste, Den Helder, Newlyn, Brest,
New York, Key West, San Diego and Honolulu, plusa
‘coastal mean sea level”’ (CMSL)) obtained by sim-
ply averaging the 10 tide gauge records, and the ‘so-
phisticated reconstruction’ of the ‘global mean sea
level’ (GMSL) from Church and White!?. Thegapsin
theindividual tidegaugerecordsarenot filled and ev-
ery tidegaugehasadifferent sarting point. TheCM SL
isobtained by stacking of theindividua tidegaugesand
therefore has apopul ation demography changing with
time. Thetime seriesarefitted with 2™ order polyno-
mials, and the average acceleration over the record
length iscomputed astwicethe second order coeffi-
cient. All the time series are updated up to 2009. In

additiontotheaccel erationsover their respectiverecord
lengths, the accel erationsfor the 12 records arealso
computed for fivetime periods, 1880-2009 with only
3timeseriesconsidered, 1900-2009 with 4 time se-
riesconsidered, andfinally 1915-2009, 1930-2009,
1960-2009 with all the 12 time series. The accelera-
tionsover therecordlengths (their TABLEL) are posi-
tivefor 4 of the 10 tide gauges, and negative for the
remaining 6. TheCM SL and the GM S have both pos--
tiveacce erationsover therecord lengths. The accel-
eration over the5 timewindowsaremixed for the 10
tide gauges, 4 negative and 6 positive over the short
timewindow 1960-2009, 5 negativeand 5 positiveover
thetimewindow 1930-2009, 4 negativeand 6 positive
over the short timewindow 1915-2009. The CMSL
has acceleration negative 19152009 and positive
1930-2009 and 1960-2009. The GMSL always has
positive accel erationswith maximum value over the
shorter window 1960-2009.

Theauthors of ! correctly concludethat the most
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important approach to earliest possible detection of a
significant sealevel acceleration liesinimproved un-
derstanding (and subsequent removal) of inter-annua
to multi-decadal variability in sealevel records. This
conclusion of theauthorsis perfectly correct but their
techniqueisincorrect, becausetheir method may pro-
duce positiveor negative accel erationseven when the
relative sealevel sfrom tide gaugesaresmply oscillat-
ing about acontant linear riseor fall.
Thisisimmediately evident if theauthorsof (% ap-
ply their parabolicfitting to apuresinusoidal function

X — X,
v

Wherex istheindependent variable, y the dependent
variable, x_isthephaseand w ishalf the periodicity.
Randomly (or carefully) selected timewindowsinthe
parabolicfitting of the dataover thetimewindow may
return positiveor negative accd erationsevenif thetime
serieshasnoaccelerationat al.

Tidegaugeresultsfor therelative sealevel do not
follow asmplesinusoida law, but the gpproximation of
the measured val ueswith alinear and mutiple sinusoi-
dd fucntionsisnot that far from an accurate represen-
tation of thelonger term trend and the oscill ations about
thistrend.

Consideringtherelative sealevel sare oscillating
with many periodicities, with the longest detected so
far aquasi-60 years®!4, the sometimes positive and
sometimes negative accel erationsin the different tide
gaugesrepresent nothing € sebut the effect of the oscil-
lations of different phase, amplitude and period about
thelonger term trend differing from onelocationto the
other over thetimewindow.

Supposethat the absolute sealevelsarenot rising
faster because of the carbon dioxideemiss on produc-
ing globa warming with the subsequent thermal expan-
sion and mass addition contributionsto the absolute
rate of rise. Inthiscase, what we would expect to de-
tect with atide gaugeisan oscillatory movement about
alonger termtrend for therelative sealevel, with a
condant rateof riseor fdl of therdativesealeve cosdy
following theisogtatic subsidenceoruplift of theland.

If y. arethe monthly averagerelaivemean sealevel
observationsat thetimex, thedistribution{ x,,y } i=1,
..., N'may be fitted with a line and multiple sinusoids'® <

y:Sin[ﬂ"

* 3 ; X=X

y =(Yo +a~><)+§{%\ ~Sm(ﬂ' w ﬂ tE (1)
Wherey' istherdative sealeve, x thetime, nthenum-
ber of snusfunctionsandy,, a A, X, w, arethefitting
coefficients. aistherelative sealevel velocity, andA,,
X..» W, arethe amplitudes, phases and periods of the
oscillations. In equation (1), & is the error that includes
noi e, fitting inaccuracies, periodic oscillations not ex-
actly snusoidd, periodic ostillaionsthat arenot ind uded
or theinfluence of global warming (when detectable)
producing adeparturefrom thelinear trand.

Thetechnique proposed by theauthorsapplied to
atidegaugeof perfectly sinusoida oscillationsabout a
constant linear trend as per equation (1) with e=0 or
random noise may produce positive or negative vaues
only becausethetimewindow isnot amultipleof dl the
relevant periodicitiesof theoscillationswhilethelonger
termtrendisperfectly linear.

Application of equation (1) isshown hereafter for
thetwotidegaugesof Austraia, Sydney and Fremantle,
two of thetidegaugesintheir list of 10.

For aproper understanding of themultidecadal os-
cillationsfirst of dl it isnecessary to completethetime
serieswhenthereare gaps. The presence of significant
gapsreducesany way thereliability of theanalyss.

Sydney hastwo tide gaugerecordsin Fort Denison.
SYDNEY, FORT DENISON (PSMSL ID 65) has
time span of data1886 — 1993, and completeness (%)
100. SYDNEY, FORT DENISON 2 (PSMSL ID
196) has time span of data 1914 — 2012, and com-
pleteness (%) 98. Thetwo tide gaugeshaveamost 80
yearsof successful overlapping and theintegration of
thetwo recordsin acomposite record spanning 1886
to 2012 without any gaps does not pose any quality
issue.

Fremantlehasonly onetidegauge, FREMANTLE
(PSMSL ID 111) of time span of data1897 — 2012
and compl eteness (%) 92. Thistide gauge hassignifi-
cant gaps, and theway the gapsarefilledinterpolating
neighbouring yearsmay changetheresult of aFourier
andysisof thetimeseries.

By applying the Fourier andysis, the periodograms
of Sydney and Fremantle show different periodicities
of themulti-decada oscillationg®9. Asshownin®9, the
relaivesealevelsof Sydney and Fremantlefollow very
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well equation (1), with different phases, amplitudesand
periodicitiesfrom onelocation to the other.

Thereative sealevelsmeasured by thetide gauges
are not the absolute values. The PSM SL data base!™
has links to the nearby Systéme d’Observation du
Niveau des Eaux Littorales (SONEL) stations!*® pro-
vidingaquick estimateof thevertical motion of thetide
gauge datum based on satellite globd positioning sys-
tem (GPS) monitoring. The land is subject to
isostaticuplift or subsidence, and theland velocity is
comparabletotherdativesealeve velocity.

For Sydney and Fremantle, whitin thelimitsof the
GPS technique and the unassessed vertical motion of
the tide gauge datum vs. the nearby GPS dome, the
vertical velocity of the land near thetide gaugeis of
subsidence and larger thanthe sealeve rate of risg.

Thesealevel rate of risein Sydney isapparently
constant at about 0.65 mm/year®. The nearby GPS
indicates aland motion of -0.89 mm/year’®. The sea
level rateof risein Fremantleisapparently constant at
about 1.65 mm/year®. The PERTH GPSindicatesa
land motion of -2.99 mm/year®.

Itis, therefore, very likely that not only arethe sea
leve recordsfromindividud tidegaugesof Sydney and
Fremantle not accel erating, but the absolute sealevel
directions are very likely negative in Sydney and
Fremantle.

To assessthe presence or the absence of adepar-
turefromthenaturaly oscillating behaviour about alin-
ear trend what isneeded isnot aparabolic regression
andysisof themonthly average mean sealevels{x,y }
i=1,...,N, buta study of the distribution of the residu-
as{x,e} i=1,...,N, where ¢ =y, _y'(x)withy com-
puted by fitting with aline and multiple sinusoids (or
other) periodicd functions.

For Sydney and Fremantle, Figure 1, thefittingwith
alineand multiples nusoida functionshaving the coef-
ficientspresentedin TABLE 1 producesre atively good
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Figurel: a,brelativemean sealevelsmeasured in Sydney
and their fittingwith alinear and multiple sinsoidal func-
tionsand fitting errors; c,d relative mean sea levels mea-
sured in Fremantleand their fitting with alinear and mul-
tiple sinsoidal functions and fitting errors. The two tide
gaugesshow minimal departuresvs. theoscillatory pattern
about a contant linear trend with small negative accelera-
tions for Sydney and small positive accelerations for
Fremantle

TABLE 1: Fitting coefficientsfor sydney and fremantle

Sydney X -0.996 0.12 257 145 -342 545 0737 181 -218 0.686
a 0634 Wi 05 0.25 47.5 9.85 6.47 271 0.25 21 11.3 0.824
Yo 5739.127 A 394 241 16.8 -12.6 105 14.2 7.84 725 -10.2 6.93
Fremantle Xai 0.642 0312 -243 4.25 16.7 -282 0664 343 -376 -491
a 155 Wi 05 0.25 2.8 2.07 1.8 33.6 6.44 1.45 591 1.19
Yo 3657.698 A 101 -30.6 195 -22.9 21.2 215 20 15.6 154 8.3

ey Snoivonmental Science
Au Tudian Yournal



428

Discussion of timescales for detecting a significant acceleration in sea level rise

ESAIJ 9(12) 2014

Orieleal Review e

accuracy. The parabolicfitting of theresidualsreveals
very small accelerationsof the order of 10°—10*mm/
year?, of positivesign for Fremantle (having ashorter
record and more gapsto fill), and negative sign for
Sydney (withalonger record and almost no gaps). We
may consider these accel erationsnegligeable.

Figure2 presentsthe parabolicfittingsof the purely
linear and sinusoidal approximation of the Fremantle
tidegaugeresultsover four different timewindows 1897,
1915, 1930 and 1960 to 2009. Not a surprise, this
parabolicfittingsreturn negetive, negative, positiveand
positive accelerationsasin table 1 and table 2 of the
authorsof thecommented paper, respectively -0.0136
VvS. “0.0090, -0.0184 vs. “0.0140, 0.0062 vs. 0.0067
and0.117 vs. 0.1414 mm/year? evenif thefitted curve
isclearly accelerationfree. Theminimal differencesare
mostly dueto thefact that the authors use an incom-
pletetime series of 92% completeness. Themethod of
using parabolicfittingsof different timewindowsto as-
sessthe presenceor the absence of anaccelerationisa
non-sense.

Similar results are expected for the other tide
gauges, where by using alternative approachesthose
discussedin haveaready been shownto bepractically
accelerationfree.

Apart fromtheissuewith theincorrectmethod to
computethesealeve acceleration,™ hasafew other
weeknesses, includingthe use of linear fittingsover dif-
ferent timewindowsto compute higher or lower than
legitimateratesof risethat includes gnificant oscillatory
components, the use of aCM SL obtained by ssmply
gtackingthe 10individua tide gaugeresultsthat hasnot
too much significance, theconsideration of the GM SL
computationd result asan observationa result, andfi-
naly theuseof thedimatemodd smulationresults2010
to 2100 despite these models have already failed
vaidationup to the present timewithout mentioning the
open case of themissing hedt.

Asfar asthe CMSL is concerned, we note how
thistimeseriesisnot particularly meaningful, beingthe
product of thes mplestacking of tidegaugetime series
differingintherecord length and therelaive sealeve
vel ocity, producing stepwise positive or negative ac-
celerationseven when al the components are accel -
erationfree.

Asfar asthe GMSL is concerned?, as aready
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Figure2: ab,c,d: Paraboalicfitting of thepuréy linear and
sinusoidal approximation of the Fremantletide gaugere-
sultsover four different timewindows 1897, 1915, 1930 and
1960t0 2009. Not asurprise, thisparabolicfittingsreturn
negative, negative, positiveand positiveaccelerationsasin
table1and table2 of theauthor s of the commented paper,
respectively -0.0136 vs. “0.0090, -0.0184 vs. ©“0.0140, 0.0062
vs. 0.0067 and 0.117 vs. 0.1414 mm/year2 Theminimal dif-
ferencesar emostly duetothefact that theauthorsusean
incompletetimeseriesof 92% completeness. The method of
using par abolicfittingsof different timewindowsto assess
the presenceor theabsence of an acceleration isanon-sense

noted!’*!2, thisreconstruction isaways accelerating
following the carbon dioxide emission evenif theindi-
vidua tidegauges supposedly used to support the com-
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putationa result areacce eration free. Theauthorshave
shown properly that this GM SL has an accelerating
pattern different from the measured rel ative sealevel
fromtheir selection of tidegauges ThisGMSL issrongly
accel erating especialy this century, which has so far
seen no warming of land and sea surface tempera-
tured®¥, practically no warming of the oceans 0-2000
mi*¥, and no loss of seaiceglobally . This GM SL
result asitismerely aset of computationslike many
other climate models, and isnot atrue measurement. It
could have certainly be disregarded when discussing
themeasurementsof sealevels.

Asfor what theforecast pattern for the period 2010
t0 2100, climatemodd shavefailed validation against.
what has been measured to date, and thereisaclear
“case of the missing heat’*"9 that the authors should
acknowledge. Themodel shave overrated thewarming
and dso completey missed thenatura oscillations. The
authorsdo not even comment on the different pattern
obtained with their method andysingthemeasured data
prior of 2010 and the computational results 2010 to
2100. Simulationsthat overrate thewarming and can-
not producethenaturd oscillationsare probablyincorrect
(781819 gnd this should have been noted.

CONCLUSIONS

Tide gauge resultsof good quality, compl eteness
and length may be analysed by using equation (1) to
compute the long term relative rate of rise, the
periodicities, phasesand amplitudesof thenatura os-
cillations, the presence or absence of adeparturefrom
the trend because of the thermal expansion and ice
melting produced by globa warming.

Theuseof linear and parabolicfittingsover differ-
ent timewindows return mid eading results, with accel -
erationspositiveor negativeevenif thetimeseriesare
perfectly oscillating. Stacking of individud tidegauges
of variablelength, longer term trend and oscillatory pa-
rameters does not make any sense. M ore sophisticated
techniquesto compute global mean sealevelsaresimi-
larlyunrdiable.

REFERENCES

[1] www.psmsl.org/data/obtaining/[ Accessed on April

29, 2014], (2014).

J.A.Church, N.J.White; Sea-level risefromthelate

19" to the early 21% Century, Surveysin Geophys-

ics, 32(4-5), 585-602 (2011).

[3] D.P.Chambers, M.A.Merrifield, R.S.Nerem; Is

therea60-year oscillationingloba mean sealevel ?,

geophysical research letters, (39):L18607 2012.

A.Parker; Sealevel trendsat |ocations of the United

Stateswith morethan 100 yearsof recording, Natu-

ral Hazards, 65(1), 1011-1021 (2013).

A.Parker, Oscillations of sea level rise along the

Atlantic coast of North America north of Cape

Hatteras; Natural Hazards, 65(1), 991-997 (2013).

A.Parker, M.SaadSaleem, M.Lawson; Sea-level

trend analysisfor coastal management, Ocean and

Coastal Management; 73, 63-81 (2013).

N.Scafetta; Discussion on climate oscillations:

CMIP5 general circulation models versus a semi-

empirical harmonic model based on astronomical

cycles, Earth-Science Reviews, 126, 321-357

(2013).

N.Scafetta; Solar and planetary oscillation control

on climate change: hind-cast, forecast and a com-

parison with the CMIP5 GCMs, Energy & Envi-

ronment, 24(3-4), 455-496(2013).

A.Parker; Confirming the lack of any sealevel ac-

celeration around the Australian coastline, NLENG

(2014).

[10] A.Parker, T.Watson; Discussion of towards a glo-
bal regionally varying alowance for sea-levelrise
by J.R.Hunter, J.A.Church, N.JWhite, X.Zhang
[Ocean Engineering, 71(1), 17-27, 10 October
(2013)], Ocean Engineering; 72, 470-472 (2013).

[11] A.Parker; Reply to Comment on Sea-Level Trend
Analysis for Coastal Management by A.Parker,
M.SaadSaleem, M.Lawson, Ocean & Coastal Man-
agement, 87, 116-118 (2014).

[12] A.Parker; Reply to: Comment on ‘Lower Bounds
to Future Sea-Level Rise, International Journal of
Ocean and Climate Systems; 5(1), 35-38 (2014).

[13] www.sonel.org/[Accessed on April 29, 2014]
(2014).

[l www.nsstc.uah.edu/data/msu/t2lt/
uahncdc It 5.6.txt[Accessed on April 23, 2014]
(2014).

[15] www.argo.net [Accessed on April 29, 2014]
(2014).

[16] nsidc.org/data/seaice index/ [Accessed on April 29,
2014] (2014).

[17] J.Tollefson; Climate change: The case of the miss-

[2]

[4]

[5]

[6]

[7]

8]

[9]

e Snoivonmental Science
A ndian ﬂowumé



430 Discussion of timescales for detecting a significant acceleration in sea level rise ESAIJ 9(12) 2014

Orieleal Review e

ing heat, Nature, 505, 276-278 (2014). [23] PL.Woodworth; Trends in UK mean sea-level.
[18] J.Curry; Climate science: Uncertain temperature Marine Geodesy, 11, 57-87 (1987).

trend, Nature Geoscience, 7, 83-84 (2014). [24] P.L.Woodworth, M.N.Tsimplis, R.A.Flather,
[19] A.Parker; Why global warming went missing since |.Shennan; A review of thetrendsobserved in Brit-

theyear 2000, Nonlinear Engineering, 2(3-4), 129- ish Isles mean sea level data measured by tide

135 (2013). gauges, Geophys. J.Int., 136, 651-670 (1999).
[20] D.Haigh et a.; Timescales for detecting asignifi- [25] J.R.Houston, R.G.Dean; Sea-level acceleration

cant acceleration in sealevel rise, Nature Commu- based on U.S. tide gauges and extensions of previ-

nications, 5, 3635 (2014). ousglobal-gauge analyses, J. Coastal Res., 27, 409
[21] P.L.Woodworth; A search for accelerations in 417 (2011).

records of European mean sea-level, Int.J.Climatol., [26] PJ.Watson; Is there evidence yet of acceleration

10, 129-143 (1990). in mean sealevel rise around mainland Australia?,
[22] B.C.Douglas; Global sea level acceleration, J.Coastal Res., 27, 368-377 (2011).

J.Geophys.Res., 97, 12699-12706 (1992).

Snoivonmental Science
A Jndian ﬂo«/md



