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ABSTRACT

It is shown that the sea level rate of rise is different in the two islands of
Kwajalein and Majuro, located in the two atolls of Kwajalein and Majuro,
in the Republic of the Marshall I1slands. Kwajalein has a rate of rise of
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about 2 mm/year, up from aprior 1.4 mm/year, while Majuro has arate of
rise exceeding 3.6 mm/year about constant. The difference in the rates of
rises and their recent changes are more likely explained by differential
subsidy in space time at a higher rate especially in Kwajalein from the
2000s than by global warming thermal expansion of the oceans.
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INTRODUCTION

The Marshall Islands are very closeto sealevel
andtheMarshd| Idands Government isvery concerned
withtheissueof globa warming®. TheMarshdl Idands
areoftenreferred to asoneof thefront line statewith
regardtoglobd warming. TheMarshd |l Idandscomprise
approximately 1225idetsin 29 atolls, scattered over 2
million squarekilometres, of averageheight abovesea
level 2 meters. Fragilecord reefsfringetheatollsserving
astheonly lineof defence against the ocean surge. The
clearance over thereef inthe sectionsthat are covered
by water isusually no morethan 60 centimetresandin
other placesthereef isonly barely submerged.

Recently, thesealevel graph from Kwagaein has
been recently circulated to show an alarming
acceleration of aproposed genera sealevel rise. The
graph of Figure 1 (fromi@) shows oscillations about a

long term trend rate of rise Themean sealevel trendis
1.43 mm/year with a 95% confidenceinterval of +/-
0.81 mm/year based on monthly mean sealevel data
from 1946 to 2006. It is claimed that thereisaclear
departure fromthelinear trend from about the 2006.

1.43 +/-0.81 mmiyr

Kwajalein
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Figurel: Mean sealevel measured in Kwajalein (fromf)

As commented ini®, the nearby Majuro has a
compositerecord of 2 tidegaugessuggesting aregularly
oscillating sealevel without too much of accel eration.
Themean sealevel trend of 3.60 mm/year with a95%
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confidence interval of +/- 1.22 mm/year based on
monthly mean sealevel datafrom 1968 to 2011. The
graph of Mguro (from) ispresentedin Figure 2.

Majuro B & C, Marshall Islands 3.60 +/-1.22 mmlyr
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Figure2: Mean sealevel measured in M ajuro (from)

Itissuggested in® that Kwajalein may be affected
by alocal subsidenceor somesealeve “correction”in
order to havetherate of risegoing up. The debateis
still open, withtwo sidesequally strongly supporting a
clamthesealevel islocally accelerating or it is not
accderatingat dl. Thepresent contributiontriestogive
aconclusive statement about therate of riseof sealevel
intheMarshdl Idandsintroducing further data.

MORE DATAARE NEEDED TO
UNDERSTAND THE
SEALEVEL BEHAVIOUR

Theuncertainty in determining the presenceor the
absence of a sealevel acceleration in Mguro and
Kwajalein is the result of the focus on a single
information, the sealevel measured by thetide gauges,
without considering al the othersinformation that may
beavailableto further clarify. The selectivefocuson
just asmall frame of the big pictureisunfortunately a
common practice these days where very strong
satementsare madewithout redlly trying to understand
the ocean behaviour.

The Permanent Service on Mean Sea Level
presentsthe monthly (and yearly) average mean sea
levelsfor Majuro and Kwajalein, but al so additional
information that may proveto be essential for better
understanding®>.

For Kwgden®, thenearby GPSdatd® dearly shows
astabletrend 1996 to 2000, and then asharp decrease
especidly about 2002, asitisshowninFigure 3. It is
possibly thet thissubsidy isresponsibleof thehigher rate
of riseof sealevd of Figure 1 ntherecent years.
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Figure3: GPSKwajalein (from!®)

For Majuro®”, the nearby GPS datd® infigure 4
does not show any sharp departurein the measured
GPSwith the height that ishowever dightly reducing
over theyears 2007 — 2011.

MAJU - Weekly solutions
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Figure4: GPSMajuro (from¥).

The data of Figures 1 to 4 are everything but
conclusive, because sealevd trendscannot beinferred
from consideration of less than 60-70 years of high
quality data. Phenomenalike subsidence or change of
theinstrument or changeof thelocation of thetidegauge
or damage of theinstruments by stormsor hurricanes
arefactorsaffecting the quality of the measurements
that are often neglected.

The GPSdataareunfortunately very scattered. The
tide gauge dataare short, especialy in Majuro C, but
with two different tide gaugesMajuroB and Ciit is
possibleto produce areasonably long compositetide
gauge. Information on biasing factors is minimal.
However, collecting trendsfrom thetide gauge and the
GPSdata“asthey are”, asitisshownin Figures5to 8
it seemsthat thedifferential subsidy inspaceandtime
of Kwagjalein and Majuro is the responsible of the
apparent acce erationinthe Kwgjaeintide gauge.
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Figure5: MSL trend kwajalein
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Figure6: GPStrend Kwajalein
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Figure7: MSL trend majuro
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From 1996 to 2000, the average GPS H in
Kwagaeinwas5.64 mmwhileit was1.26 mm during
the period 2001 to 2002. Thisindicatesahuge subsidy
inKwgden. Thisispossbly dueto hugecongtructions
onthecord atoll sarting about theyear 2000. Thetime
variation of therate of subsidy ishiasingthetidegauge
result towards apositive accel eration. Beforethe year
2000, the subsidy seemsminimal, and thisisthereason
of thelow rate of riseof sealeve.
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Figure8: GPStrend majuro

In Majuro, during the period 2007 to 2009 the
average GPS H was -5.08 mm, whilein 2010 it is-
7.47 mm. Thelack of further dataonly permitsto guess
amore constant subsidy in Mgjuro.

A better determination of thesubsidyinMguroand
Kwagjaeinisdifficult from these pictures becausethe
dataare certainly not enough and not exactly collected
inthesamelocationsof thetide gauges.

2010 2011 2012

DISCUSSION

Majuroisanatoll, asan atoll isKwajaein. Well
beforethe onset of theglobal warming debate, Charles
Darwin*¥ explained the creation of cord atollsinthe
Pacific Ocean based upon observationsmadeduring a
five-year voyage aboard theHM S Beagleasasequence
of gradual subsidence of what started as an oceanic
volcanothrough barrier reef idandto atoll. Therefore,
itisnot anovelty that atollsare subject to subsidy, even
if many forgot. Thissubsidy isthe main reason why
someatollsof the Pacific haveratesof riseof sealevels
asmeasured by tidegaugeshigher thanin other idands
or along the continental coast of North America or
Augtrdid™ 4,

Magjuroisalargecord atoll of 64 idands. Thetide
gauges B and C aswell asthe GPS arelocated in a
narrow land mass accommodating themost part of the
population of the Republic of theMarshall Idandsand
it has a port, a shopping district, hotels, and an
internationd airport. Asit seemsfrom Figures7 and 8,
thesubsdy isabout constant inthelimit of thefew years
of dataavail able and possibly accounting up to about
onethird of the 3.3 mm/year of sealeve risemeasured
by the subsiding tide gauge.
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Kwajalein is another atoll, with the island of
Kwagjalein the southernmost and largest idand in the
aoll. WhileKwgadenidandisoccupied by alargeand
heavily fortified USmilitary base, themost part of the
population of theatoll liveson Ebeyeldand. Asit seems
fromFigures5and 6, dsointhelimitsof thefew years
of GPSdataavailable, the subsidy of Kwajaleinwas
much lessthan the subsidy in Mg uro inthepast, and
possi bly because of heavy constructions, the subsidy
sgnificantly increasedin the 2000s.

Thesubsidy of the Pacific atoll tidegaugesisvery
well known*™, The South Pacific SeaLeved and Climate
Monitoring Project recogni zethat preciseleveling of
thetidegaugeisneeded to clear therate of rise of sea
level fromthevertical motion of theland. A substantial
subsidence is acknowledged for the Majuro tide
gauge™®. Considering the South Pacific Seal evel and
ClimateMonitoring Project openly overestimatetherate
of riseof sealevels(the project wasstarted early 1990s
about avalley of the multi decadal oscillations but
estimations of therate of rise of sealevelsweremade
even before 10 years of datawere recorded without
any mention of the unreliability of the short term
estimate), theactud subsidenceof theMgurotidegauge
isvery likely much larger than what isreported in*l,

CONCLUSIONS

Since 1842 it is accepted that atolls may have
subsidy, and thissubsidy may certainly increase with
heavy congtructions.

Itisunlikely that the sealevel isacceleratingin
Kwagadeinanditisnot acceeratingin Mg uro because
of globa warming.

Thetidegaugesof Mguroand Kwgaenaremore
likely affected by subsidence of increasing magnitude
over the200sespeciadly inKwajaein.

Monitoring projects should not be sponsored by
governmentsto provethat globa warming has huge
effectsbut to provide the accurate measurements of
climate parametersneeded to better assessthe presence
or the absence of present accelerationsof sealevels.
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