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Greenhotse warming scenarios commonly forecast an aceeleration of ses level Asc in the next 5 or
f+ decades in the range 0.1-0.2 movyrl. Long tide gauge records (75 yia.rs minjmum) have begn
cxamined for past apparent sea level acceleration (i.e., deviation from & purely lincar rise) and for
indication of how long it might take 10 detect or verify a predicted future acgeleration. For the 3-year
pericd 19031983, 13 essentiatly complate tide gauge records in {0 grographgc groups are avaiiable for
analysis. These yieided the apparent global acceleration —0.011 (=0.011) mmiyr. A larger, less
uniform set of 37 records in the same 10 groups with 92 years average length covering the 141 years
from 1850 to l99l‘ gave for aceeteration 0.001 (=0,008) mm/yr:, Thus thére is no evidence for an
apparcnt acceleration in the past 100+ years that is significant either statistically, or in comparison to
values associated with global warming. Estimating how well a global accaleration parametar could be
determined in a relatively short time was accomplished by dividing the '905-1985 data set into four
equal time spans. The formal o uncenainty (about 0.2 mm/yr?) of globdl acceleration from these
20-year periods is more than an order of magnitude larger than for the 80- hnd |41-year cakes owing
to the existence of large interdecadal and longer variations of sea level, THis means that tide gauges
alone cannot serve as a leading indicator of climate change in less than [at least several decades.
Confirming the prediction of a particular model at the 95% confidence level pr differentiating between
model prediclions will iake much longer. The time required can be significanty reduced if the
interdezadal fuctuations of sea level can be understood in terms of their forging mechanisms and then

removed from the tide gayge records.

1. InTRODUCTION

Global sea level nise is the subject of an extensive litera-
wre; excellent summary analyses are available in Seaq Level
Change {National Research Councii (NRC), 1990 and the
lnergovernmental Panel on Climate Change ({PCC} report
Climate Change [Houghton er al_, 1990], Interestin sea leval
rise is hiv" *ecause of its obvigus practical impact and its
wientific . -« as a parameter of global change. In the latter
respect, giobal sea level is similar to Earth onentation
[Carter er af.. 1989]. Both give measures that are necessary
{but not sufficient) conditions for evafuating mode! predic-
lions,

The IPCC report gives for the “business-as-usual” sce-
nario of glpbad warming an additicnal sea level change of 18
tm by 21:30 und 44 em by 2070, coresponding to accelera-
Uons of .ur 0,22 mmfyr in the former case and 0.14
ﬂ_imf‘.'ﬂ" o1 the latter, Verification of these or similar predic-
Uons at un early date is necessary in order o establish
tonfiderice in climate models and forecasts.

Wogdworch {1990] has investigated past apparent sea level
Scceleration and observes that the large number of tide
gau;es in the Baitic-Morthern European region. although
Wﬁ.ﬁ‘:f-‘l L lincar veriical movements from giacial rebound.
Provides .14 syitable for study of the nonlinear component
:!I:’sea IF" vl changc. Howaever, in his study he did not exploit
r‘ Tegiona spat‘lal correlation of the sea level signal at tow
i:'n'-‘-qu':m:les. which has the effect of overemphasizing the

Portance of the very large number of tide sauges in
:‘:;l::rn_ Eurggt:. We shall see bclaw_lhat 1 compact oCeanic

vontaining records of varving lengths should be
me'ed My linear l'.re.l_ld for each ride gauge record alung
Sitisﬁ:.\ il accei::rm.wn parameter thai simullancously
* ithe sense of least squares) all records.
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Waoadwarth [1990} also considered existing long records
outside of Europe afid concluded that there is little or no
evidence for a statistically significant apparent acceleration
of sea level in them. {n addition, he attempted to show by an
exirapolation of (meteorologically corrected) historic sea
level residual data from the Newlyn, England, site that the
acceleration tn a region might be detected in about } de-
cades, subject o ceftain assumptions concerning sea lavel
vanability. The pres¢nt paper is less optimistic. taking note
of the ubiquity of large chaotic regional sea leve! events that
endure over a decade or mare. These events can distor an
esnmalte of regional {sea level acceleration over even very
iong records and are devastating to records of a lew decades”
duration.

Before proceeding further. it is necessary to clarify what i
meant in this paper{ as well as in others such as Wood-
wartfi’ s [1990], by the term acceleration. This usage refers o
the deviation of sea |evel from a linear trend over the duta
span in question thatfis modeled by an algebraic term of the
. It is necessary to explicitly state this
becayse the true speftrum of sea leve! is red. This has the
consequence that any particular span of sea Jevel data, such
as the period 1850 tof present considered in this paper. wiil
represent as an accgieration to o lesser or greater oxient
those Jow-frequency fhanges of sea level whosze periods are
significant in comparjson to, or longer than, the data span.
Thus the acceleratiods derived and referred to in this paper
are really apparent ones, whose significance lies only in their
amplitude refative o} the acceleration predicted o accom-
pany global warming

Determinations of gea level acceleration suffer the same
problems affecting deferminations of the linear sen level rise
value (Dowglas. 1991 with an imponant exception, namely.
vertical crusial movements. The most prevalent of these is
postglacial rebound. [This effect [Pelrier and Tushingheam,
198Y] is linear gver the time span for which tide gauge datu
are avaitable and 15 offne congequence in computation of the




300 : affect the vajue of APPRUrEnl S84 IEVEL DU tlCl 4T delivey
from zven vefy long records. How these events can affect 5
determination of tea leve| acceleration is shown in Figure 2.
2501 Presented are the filtered and detrended sea level records for
al " Nedre Sodertalic and Stockholm. sites only zbout 25 km
N . apart and with records nearly the same length at just over 9y
200t H - ) ‘ years. The difference between them is that Medre Sodertalj,
N » valsinki covers an eaflier period reaching back into the 1860s during
T AV which anoth¢r large persistent sca level event, verified by
150 v e . _ Seokhola other old redords. took place. Using the original unfilteree
S o monthly medn sea level (MSLY values for Slockholm ane
‘ AR Nedre Soderfalje in a least squares fit 1o the function
o+ o T W
- . B MEL = (SA) + (A) = a = bt = 112e7

Residuals (mm)

’/\ \ __" (where 54 ahd A are semiannual and annoal periodic terms
w — yields values of =0.01 and ~0.03 mm/yr®, respectively, fo
- 4 the acceleration ¢. Although hoth give small values fo
ol . '\“\\ - gceeleration| the earlier sea level event causes the _accelcr
- - Copennngen ation derived from the Nedre Sodertalje s¢a level series to b

. 1 times thal obtained from the Stockholm record. Th
Jifference in|values is not negligible: if it were real, it woulk
amount to 10 cm in 100 years. This shaws that the sea leve
acceleration|derived for a site depends on the datz span i
. : . L \ : guestion torjeven [00-year records and that the ungeraint
1920 1940 1860 1980 of a resuly js dominated by the low-[requency sea levi
Years variations. Petermining 2 meaningful global value require

‘Fig. 1. Detrended and low-pass-fillered sea level records wn the using a well-distributed set of oceanic regions that lac
Baltic, Mote the extraordinary cohergnce at low frequency. interregiona| coherence. For this paper. 10 regions wer

‘ selected on 4 morphological basis by examining the region:

ey level recprds. The average length of the recards selecte
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accaleration in a record, Any other temporally linear vertical
crustal movement. sbeh as that associated with colliding ‘
tectonic plates af places with long earthquake recurrence 200
limes, is simiarly not a factor. The resuit is that muny more
tide gauge records are nseable for an analysis of apparent
global sea level acceleration than in the case of the linear
rend. 150
Although more gauges are available for analysis of appar-
ent sea level acceteralion than for the case of the linear nsc.
this is of little significance, The reason is that at low |
frequency. spartal coherence of sea level is very great, Thus o0
a region such as the Bailtic, although containing a score af
long records. is efectively more like a single measurement
svstem for interdecadal 1o centennial and longer sea leved

Mesiduals [man]

vanations. Figure | illustrates this phenomenon, The data 501

are monthly mean values of sea leve! from the Permanent

Service for Mean Sea Level {PSMSL) [Spencer and Wood- )

worth, 1991} that have been detrended over the common ] -
time period (895-1965, and smoothed by 2 Gaussian filter or

with fuil width at half maximum (FWHM) of 4 yeurs. Five
wypical sca level records in ascending order from the south-
ernmost part of the Baitic northward to Stockholm and then
wall enstward into the Guif of Finland are displayed. The -50r
emporal coherence ul the records over decades is striking,
This low-freguency “noise’’ corrupts a determination of
acceleration from these records and is clearly oot indepen- .

dent from one site to another, In addition. the records are 1E-IBO 1926 960 201
abvigusly serinlly correlated in time at low frequencies, so Years

that the 5l_amdnrd dev_ln.uon ohm.med lur_ an EI.L"CC{I.'leluln B 20 Low -pass-hllered and datrended regords for ttop) She
parameter frum an ordinary least squares fivto the data will 00 o Nedre Sodertalie. Both recands are mare vhau
be very opumistic. Such large and persistent oscillatory sei yeurs s lejath but do ot vield the wame apparent sea b
level events, present in most tlide gauge time series, radically  acceteratuom fhecagse ol the semesvhat ditferenl periods samples

-100

000127




R

tor (top) Stog g

re mure §
iren
uds

L e g v AWM TUOWS LS 0 A WA W
® fpi ) (1905=1985) was found during which all records
" esscntiaily complete and aif regions conlain at least one
alion- Choosing data sets this latter way eliminates the
plems assaciated with the presence or absence of persis-
ent large s€a level avents in groups containing records of

ancaual length.

1 LEGIONAL AND GLOBAL APPARENT 3EA LEVEL
ACCELERATIGN

| the previous . paper by Douglas [1991] on global sea
evel Tive. the condition was cnforced that il records used
had to be about 80% or more compiete because of the

wence of low-frequency sea level variations. From the
omments above, it is clear that the apparent acceleration
Jetemrned for a site can also be affected by a data pap, =0
|he sa: <ondition was applied for this anaiysis.

As v« have seen, record length is a ¢ritical parameter in
selection of data sets. Figure 3 shows how record length
affects the apparent acceleration estimate by displaying it as
2 function of data span for PSMSL records =~ 10 years long.
The scatter of accelerations for records less than about 40
years i+ very great; the reason for the strking increase in
consts' sney beginning with records =30 years is unknown.
fcoe - the seater of shorter records in Figure 15 due to
absor: 0 of tnterdecadal variability into the acceleration
parameter estimate. The figure clearly shows the site depen-
denee of apparent sea level acceleranon for records even
many decades in length.

Although the disparity of values in Figure 3 15 discourag-
wng. it 15 worth pointing out that the number of values with
short records available is very large, since many new gauges
have * ‘0 installed 1p recent decades. The oceanc regons
sefect: . in this paper with records =735 years in length do not
represent what is possible for the recent past or near future.
But as can be seen in the example of the Ballic. a new tide
gauge 5 really only significant for the weu level rend and
accelerunion problem of it s Jocated o4 new area not
previpusly sampled. Even allowing for some argument as to
what constitutes an ocsanw region, 10 is unlikely thal their
ment could be doubled from the number ([0 chosen for
this 1 or. Sinee a doubling of independent sumples oaly
reduges the arror of the mean by 4¥% . the importance of
undersiinding and eliminating interdecadal und longer low-
frequency variations of sea kavel 15 underscored.

Takle | presents the groups of stations used lor an analysis
f’fﬂppﬂr:m sed level acceleranon durng the period approy-
hately 13501990, The largest group is the une covering the
Narit <ea at Esbjerg on into the Baltic entrance and thence
othe  If of Finland. Four of the groups contain vnly one
ation, We shall see helow thar the disparity of numbers of
Mations between groups is far less imporiant than mught be
SUppiried.

If Table | is compared with the st of stavons used by
Dot 119911 it will be seen that other new stations. are
USed in 1his puper in addition w those in the Balne. In the

Previ. . work, Bombay, Tonoura, and Seattle were rejected
“’_‘ th s of veriical crustal movements. and Svdney was
timi . because of differences with a neitrby Site over an

SXlenucd interval, The situstion in 1he present investigndion
OF Senttle i stoaighrforward. Comparson of Jeteended
TECurds for Seattle and nearby guuges vver g common time
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Fig. 3. Apparen! acedlerations of sea level for records =10
years in length, Lowslrepuency vanatons of sea level heawly

corrupt the compuiadion ¢f an zcceleration parameter fior recoeds
less than zbout 50 years in length.

period shows a very high degree uof consisigncy at low
frequencies. indicating] that the longer Seaule record is
representative of the (entire region as far a5 nonlineur
changes are concerned

The situation 18 more pmbiguous for Bombay because very
targe diferences in sea kevel varation exist for Indian gauges
aver any commen time{interval. But Bombay is nol the site
of frequent carthguakes. so verucal crustal muovements
should be absorbed intd the linear trend value. The reman-
ing sitc. Tonoura, was added (o the list after
detrending. the record fhows no vbvigus breaks that might
have resulted from a lafge earthquuke.

The remaining new sftes used i this paper ure Augkland,
MNew Zealand: Sydney. [Ausiralia; and Buenos Awres, Arpen-
tina. The first has been|reported on by Haanah [1990]. who
kindly made availabie the monthiy mean valwes for use
this paper. The detrended Auckland revard closely resem.
bles that off Sydney af low [requencies. <o the (wo are
considered o be in a fingle repon:and the guality of the
Svidney record iv venfied. Buenos Ajres wils previously
unavailable.

Aceeleranon parameters for cuch record are shown n
Tabie | 1 the last colymn. There s some scatter. but the
majority of values are{far less m ubsalute value than the
predicted future aceslepation of sen level rise of abow 0.2
mmiyre. 11 s alse worth noting that the 37 values are cyendy
distributed a5 to sign. {Table 1 suggests thin the apparent
aceeleration of sea levil m the last- [ - veurs has heen
sinall bur cannot dentify the sign. :

The appurent accelgration ol sea level tor indiyidual
groups in Tuble | wis estimated according 1o the folbowing
scheme. For each groug. o unigue trend for every station anel
an acceleration satistvipg wll stanons were estimated simnl-
tancously., Thus records of disparaee length ina group are
carrectly weighted. andthe records that reigh very far back
will influence the caledtated value of accelerabion foc the
group. The group wccelerations are wven m Table I Note
that they are also evendy divided as w sign.

Becalse




. Hpan, Acceleration,
Latitude Longitds Stant End years mmiyrt
Group 1 o
Gotchorg STMIN 11*7T'E 1887 1969 82 0.01
Varberg 6N 1Z*13'E 1887 1982 93 -0.03
Ystad 55N 13*49'E 1887 1982 95 ~0.03
Kungholmsfort 56706 {5735'E 1887 1982 a5 0.00
Landsornt 58445 CITIYE 1887 1982 95 -0.02
Medre Sodertalic 2N |I™TE 1862 | 1966 97 -{0.03
Stockhoim 9N 18*05'E 1889 1982 9 0.1
Bjom o038 |T*58°'E 1892 L1970 85 0.00
Ratan 64°00" N HMSS'E 1892 1982 90 =1.02
Chylu/Uleaborg 650N B25'E 1889 1988 90 ={.04
Vaasa/Vasa &3%06'N " M'E 1383 1988 104 =001
Lyokki GOSN 2"IV'E 1838 1937 79 0.02
Lypyrid BI"36"N 1IM4'E 1§58 1937 9 0.0
Helsinki 5P09'N 24°58'E 187% 1938 1] 0.02
Kobenhavn 15°41'N 12°16°'E 1889 §970 21 -0.01
Fredericia 3534 F45'E 1359 1970 80 —-0.01
Aarhus W0O'N 10°13'E 1388 {965 31 -0.01
Ezbjerg S5°18'N £TE 1889 - 1970 81 -.0!
CGroup 1
Aberdeen [1 TN 205w 1862 1966 0l 0.03
North Shiclds S5°00'N 1%27"W (895 1991 96 0.00
Newlyn S0M06'N 21w 19213 1991 78 -0
Brest 48723"N 4730'W | 807 - 1991 184 0.01
Cazcais AN TISW 1832 1987 106 0.0z
Group 3 .
Marszille 418N *U'E 1885 1988 103 —-0.02
Genoa 4% ' N §°34'E 1884 - 1989 103 0.00
Trieste 459N 13"45'E 1905 . 1991 86 -0.02
Group 4 ;
Bombay 18°55'N 750 E 1878 j987 i) =002
Crroup 3
Toenoura 345N 11 E | 894 1384 20 =0.04
Group &
Sydney 'S 151°14'E 1397 1991 94 0.03
Auckland 6518 174°46'E 1904 (989 RS -0.02
Groug 7
Honolulu NN |57°52"W 1905 1989 B4 =002
Group 8
Seautle 47736’ 1270w 1359 1989 H 0.03
San Francisco ITAA'N 121°28"W 1834 1989 134 0.02
San Diego IV 1710w 1906 1989 a1 0.01
Group 9 3
Buenos Aires W*le'S 587 22'W 1905 - 1988 3] 0.05 2
Group 10 . H
Baltimore EN TEITW 1902 1989 36 -0.0! &
Mew York 402" N 4%01'W 1856 1982 133 0.0!
The average record length is 92 years. Apparent accelerations are for the ¢ntire records. i
The standard deviations shown in Table 2 for the individ- estimate of mean global apparent sea level acceleration and |

ual group acceleration parameters are based on an estimate
of the noise level of the dats and have been adjusted to give
an a posteriori vanance of unit weight of | Of course the
larger groups give more precise results because of the huge
aumber of values in them. Bui not too much should be made
of these formal uncertainties because they are based on ihe
usual least squares assumption that the data noise is Gaus-
sian and independent between sea level scries in each group.
assumplions clearly unwarranted for estimates of accelera-
tion. Thus the mean acceleration of the groups shown in
Table 2 was calculated giving each group estimate equal
weight. These 10 groups should give a more meaningful
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its uncertainty because their individual ¢stimates are a more .

statistically indepeqdent sample than the member staions i
a region. The 1o erfor of the mean shown in Table 2 is based

on the residuals agout that mean. and for this case of 10 °

sampies the 95% qonfidence inteeval is 2.26 times larger
Erom Table 2 we chnciude that at the 935% confidence level
the mean apparént pcceleration across all groups 13 legs than

0% of the accelerition anticipaied in global warming s :

narips for the futu

The largest apparent acceterations in Table 2 are for -

Tonoura, Japan. ard Buenos Aires. Argentina. Tonoura has
a refatively smooth] record thal is concave downward [Dog

E
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Y aolE ¢ in Table

ft ;;;_,..-—-— Acceleration, mmiyr? 5. Dev.

- e -0.010 0.002

! 0.011 0.003

: -0.008 0.005

3 -0.015 0.006
-0.029 0.010

i 0.015 0.007

b -0.016 0.012

; 0.022 0.003

: 0.045 0.012

0 0.006 0.903

mcmtion = 0,001 mm/yr? (=0.008). The error of the
‘ was compuied from the residuals about the mean, not from the
:::, of the individual e3timates,

s, 1915, giving a large negutive apparent aceeleration.
pos Aires, in contrast, shows periodic large interdecadal

e omeg atraa

free of vertical crustal movements or for which a postglacal
rebound model [e.g..| Peitier and Tushingham, 1989] 15’
available give very cioge to the same trend [Dougias, 1991,
accelerations are a different matter, The real acceleration, if
any, in existing long yecords iz too small compared with
low-frequency undulations in the data.

It is possible to find p long (80 years) period in which each
of the 10 groups in Taffle | has at least one member. Table 3
presents these 10 groups, with some surprising omissions of
well known and widely used records. Notably absent are
Brest, Marseille, and| Genon, Figures 4 and 5 show the
reason for their deletion from the 1905-1985 anaiysis.

Figure 4 shows detfended and filtered records for Brest
and Newlyn, which near (about 150 km) to each other.
The agreement is very good until 1939, at which time they
diverge. Subsequently| a gap begins in the Brest record, and
just after the gap ends, the two series once again agree,
Appareatly, prior to the beginning of the data gap, the Brest

. Bue X i . . i
evenls lacking tn the Tonoura record. What it might yield for  gauge malfunctioned. [In comparing daia records of nearby
weeleration after the racord is extanded a few decades may  gauges, it is not unudual for data gaps to be praceded or
TABLE 3. Statioas With Nearly Complete Records From 19031983
Acceleration, Group
Latitude Longitude mm/yr? Acceleration
Group |
Varberg S706'N I2*13'E -(.028
Y stnc 552N 13%49°'E ~0.017
Kunghalmsfort 56°06'N 15M15°E 0.031
Landsant 583N IT52'E 0.009
Stockholm 599N 1E"05'E =0.00%
Rawn G400 N 20°55'E -0.019
Culw/Leaborg 65702 N LIVE =0.008
Yaaxa/Vaga B3D6'N U ME ={0.008
Helsinki 6PN 45§ E 0.034 0.000
Group 2
Morth Shields 55°00'N 17w -0.027
Cascais 4N FIS'W —-0.021 =0.024
Group J
Trieste 45M19'N 13°45°E —-0.011 -0.011
. Group 4
Bombay 18°55'N T2*50°E —0.084 —0.0%4
Graug §
Tonoura 4N 132%04°E —-0.064 =0.064
Groip 6
Sydney 33518 151°14°E 0.047
Auckland BE18 174°46°E ~{).009 0.n9
Group 7
Honolulu 2IM19'N 3752w ={.013 —-0.013
Groug &
Seatrle 47736'N 127°00' W 0,044
San Francisco 148N 127718 W 0.029
San Diego 32N Hro'w 0.019 .03
' Group 9
Buenas Aires 47365 SERLW 0.041 0.041
Group 10
Baitimore I ETIW =0.011
New York 442N 40w —0.0135 =0.013
Mean -0.011 = 0.012
The formal uncertainty of cach record is abowt the same at about 0.013 mmy'yr*, The mean apparcat
aceeieration of the groups is —0.011{20.012) mmyr-, with the uncertainty chiculated from the scafter
about the mean.
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TABLE unl 1905-1983 Subdivided Inta Four Groups
g ‘ Standard
vl Acceleration, mm/yr? Deviation
B
7% =-0.219. I8
- s ~0.129 0.20
19= 1965 —0.162 0.15
: o5 1985 +0.263 0.20
Note thi e standard deviations are an order of magnitude larger

the vutue f{or the cntire 80-vear peniod and are comparabie to

:M eceleration capected in the future.

constituting the 1905-1985 data set into four 20-year subsets
mddctcrmining the global acceleration parameter for cach is
shown in Table 4. What we see is what Figure 3 suggests; the
{g uncert ity of apparent global 3ea level acceleration
determin. . {Tom 20-year records is more than an order of
magnitude greater than for 50- to BQ-year series and is
comparable to the acceleration of sea level anticipated by
climate models. :

3. Dhscussion

This purer has considered the apparent acceleration of sea
level in :-gions and used an estimation scheme for cach
pgion it determines simultancously a trend for each
station: i the region and an acceleration parameter for the
entire region. This procedure should give a morc oplimal
sstimate of apparent acceleration in an area with records of
disparatc length. The conclusion reached iz, however, the
same as that of Woodworth (1990] in his more siraightfor-
ward_analvsis of European records, He also concleded that
there is -+ cvidence of an Acceleration effect in sez level in
the histord record that is in any way compamble (o that
#sociated with most gliobal warming predictions for the
future.

An issuc as inferesting as the apparent past acceleration of
sca level is whether or not sea level can be used as a “leading
indicator”” of climate change cither regionally or globalty.
Since an accelerarion of 0.2 mmyyr” amounts to only [ ¢min
1t year :nd 4 cm in 20 years. the outiook for tide eauge
measure 1ents by themsclves is clearly not good. These
values are small compared with the interannual-interdecadal
veriations of sea level. casting doubt that a useful index of
= level acceleration can be obtained relatively auickly.
This observation is entirety consistent with Figure 3 and the
fesults piven in Table 4 for the uncestainty of global accel-
trations derived from 20-year records. As noted previously,
for recoru= less than a few decades. the acecleration param-
Cler ahsirby the low-frequency variations of sea leved and
Bves 3 fictitious resuit.

. Woedworgh {1990] also emphasizes the imporiance of the
Nieranaeal-interdecadal variability of sea level on atempts
# caleutating sea level acecleration, However he goes on to
:::'MNCI 2 simulated Mewlyn sea level record consisting of
Past linear (rend there and that part of the histonc
iﬂ:‘“rﬁ weq leved series unexpiaiped by melcurulogif:ai fore-
ap;l:'uk n cxtrapqlated portion into the futdre that mcludf_:s
ufw“ﬂ.i \lucclemnon_. He then concludes from an analysis
“ide:m“ of these slmu‘lated Mewiyn da_ta up to X010 that
Mcum:e of an nccelemt_lon of the magnitude expecied o
Piny giobal warming should be detected al the 93%
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CollUGIGE level DYy kllut AHRe, Dowever, 11 mMs Fgue s,
which displays the siuiated sea level series for Newlyn,
ane notes that the projected series touches the historie trend
line in about 2010 due to the residual interdecadal signal,
casting some doubt the robustness of his conclusion.
Fortunately, as Woodporth [19%0] points out and is cleady
abvious in his Figure £, by 2020 the acceferation should be
readily detected in his kcenario using only the previous 30 or
s0 years of data. By 2020 the acceleration in his simuiation
has caused an accumujated change of sea level that deviates
markedly from the higtoric linear trend.

Although the MNewlyn simuiation gives an éncouraging
result for the potential of tide gauges to detect regional sea
level acceieration, as Woadworth [1990] explains, the vaiid-
ity of the simulation |procedurs depends critically on the
assumption that th¢ future unmodeied interannual-
interdecadal signal will be like that of the past. The low-pass-
filiered Newtyn recordl is remarkably stationary in appear-
ance over the data jpan compared to many tde pange
records, but that spaniis not indicative of what has actually
occurred there. Figurd 4, comparing Mewlyn and Brest sea
level series, shows thal a large unprediciable sea level event,
that ig. a large rise jand fail lasting a decade or more,
occurred just before the Newlyn series began, (This event is
verified by the North $hictds record). If this ¢ vent happencd
again, it could be mistaken for the beginning of an enduring
acceleration of se=a lgvel, or al the least would have a
cormupting influence o the derived acceleration of sea level,
These interdecadal, a6 opposed o interannual, events are
not unesual in any région (consider the Baltic records in
Figure 1), nor do they|have a simple explanation in terms of |
meteorotogical foreing; steric effects are also involved and in
gencral will be far larger in magnitude than meteorological
ones at very low frequEncies. Because of these events, it will
be necessary Lo consider as many ocean regtons as possible,
as was done in this] paper, and aitempt to exiract any
underlying new trend bor acceleration.

" It is interesting to cdnsider what can be gained from a few
decades of Newlyn se4 level values by analyzing actual (i.e..
uncomected for metedrological forcing) Mewlyn dara from
1950-1982. The result{for the acceleration i3 —0.002 (=011
mmfyc”, The 95% confidence interval is thus about .24, a
littte larger than the value (0.2 mm/yr”) anticipated for the
acceleration that mayl result from global warming. Such @
result clearly demonsirates the absolute necessity of under-
sianding the source of the low-frequency varations of sea

‘level in tide gauge reqords, The Newlvn data show that an

aceeleration at a site cannot be detérmined to a degree useful
for evaluating regiondl climate model forecasts in even 3
decades from sea levdl records whose low frequency varia-
tions are not well undersiood,

CONCLUSIONS

Consideration of a plobal set of tide gauge records made
since 1850 leads to the conclusion that the apparent acceler-
ation of sea fevel sinde that time has been small and much
less than the real abceleration predicted to accompany
greenhouse warming. [However, confidendy determining the
future value of global jsea level acceleration from tide gauge
data alone would appear to require something approaching
50 years, according 1$hc reesuafts quoted earlier for u 50 year
global solution. and b!y inference from Figure 3. Bul this a3
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Detrended and Rliered sea levet rocords for Brest (dots) and NeLwiyn (solid ling). Mote the departure of Lhe

records in 1939 jus prior 1o the gap.

followed by deviant sea level values. For this paper, Brest
data were eliminated from 1939 until 1938. This results in a
long gap in the Brest record, too long for an analysis of the
1905-1985 ime period.

The. situation for Marseiile during IQDS—-!985 is presented
in Figure 5. As shown, the Marseille sca level record
deviates sharply from Trieste {about 500 km distant) begin-
ning in about 1945, suffers a data gap, and then reappears in
good agreement after about 1970. In contrast, Trieste agrees
well with Genoa during this time (and over all of the time
they have in common) in spite of being on opposite sides of
the Italian peninsula. It was concluded that the Marseille
record is faulty during 1945-1938, and so the ¢ntire senes
was eliminated because of the large gap. Genoa was also

eliminated hecause it covers only a limited portion of
period 150341985,

The accelbration parameter estimates for the period 190!
(985 are shelwn in the last column of Table 3. Both the me:
value and the unceniainty are larger than in the case of tf
longer records, and once again, it can only be concluded th
the deviatioh from a linear rise is small compared with t

_acceleratioy predicied 10 accompany global WAarming.-

Figure 3 siggests that a record a5 short as 50 years shou

give a smalljuncertainty for aceeleration. This is verified t
computing 3 solution for the apparent mean accelemtion -
the 10 groups in Table 3 from 1935 to 1985, The result
0.003 (+0.08) mm/yr®. Shorter spans are less encouragin
The result jof subdividing the consistent set of recon
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Fig. 3.
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Detrended and filtered sea level for Marseille (dotg) and Trigkte tsolid line). The records agree wall until

about |945, a1 which time Marscille deviates sharply from Tricste. The lajter ngrees well with Genoa during this time,

indicating a problem with the Marseille record.
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an indicator of global warming, Since the problem lies in the
large interannuai-interdecadal variations of sea level, these
must be measured or modeled and removed from the data.
This has been accomplished for one site, Bermuda, for a few
decades. Roemmichk [NRC. 1990] shows that the O.(10 ¢m)
interdecadal vardations of sea level thers are expiained by
the density changes above 2000 m depth to within the
accuracy of the measurements, Jt scems clear that a rela-
tively small number of island and properly selected coastal
tide gauges well distributed around the globe, at which the
effects of meteorological forcing and the ocean's (perhaps
complex} response are thoroughly understood, might give a
reliable estimate of sea level acceleration in 2 much shorter
time than tide gauge data alone.

Finally, satcllite altimetry offers a new method for observ-
ing low-frequency varations of sea level. Even though the
accuracy of point values of sea level variation from sateilite
data iz lower than thar of tide gauges, the global coverage
given by satellites has the potential of yielding & very precise
value of global sea level. Cheney et al. [1991] have obtained
agreement of 3-4 ¢m (rms) with individual iziand tide gauges
for Geosat monthly mean values of sea level. Miller and
Cheney [1990] have shown that mueh better regional results
arc possible. They obtained %-mm (ris) agresment between
the average of I4 tropical Pacific gauges and the average of
corresponding Geosat sea level serigs. A coordinated effort
consisting of tide gauge measurements, altimetric satellites,
meteorological data, water ¢olumn density observations,
and modeling should enable an acceleration of sea level to be
ohserved soon enough to be of value in evaluating ciimate
models and forecasts.
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