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ABSTRACT

TheArgo Programmeis aimed to assess the warming of our oceansthrough
measurements of temperatures through aglobal-array of 3,000 free-drifting
profiling floats sampling the upper 2000 m of the ocean. The programmeis
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returning after adecade of operation anegligiblewarming of thelower layer
700m to 2000m. This small warming israted at about 0.0012 °C/year well
below the 0.0070 °C/year of the climate model predictions and well below
the actual accuracy of the combined computational and experimental
procedure, certainly much larger than the claimed +0.0050 °C.
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INTRODUCTION

Sealevelsaround theworld arerising. Tidegauge
based reconstructions of global mean sea levels
(GMSL) show arise of 195 mm between 1870 and
20041, Other reconstructions? based on tide gauge
resultsaswel assatelliteradar atimetry show arate of
riseof sealevel of 1.7 mm/year from 1950 to 2009,
and about 3.3 mm/year from 1993 to 2009. Thetwo
main factorsthat have been claimed to contributeto
that sealevel rise arethe thermal expansion and the
contribution of |and-based ice dueto increased melt-
ing3.

It has been shown in recent papers*” that how-
ever al thelong term tide gauges of theworld record-
ing themonthly sealevelssincethe 1800sor the begin-
ning of the 1900s consistently show periodic oscilla-
tionsabout anadmost perfectly linear trend over thelast
century. Thelonger of these oscill ationshaveaquasi-

60 year periodicity, and it has been suggested that what
hasbeen claimed as present sealeve acceleration and
presently higher than beforeratesof riseof sealevelsis
only theresult of the selectivefocusing on thelatest
valley to pesk movement of amulti decadd oscillation.

Thequasi-60 year oscillations of the climate pa-
rametersand of sealevel shave beenidentified by many
other authorg®9, but there hasbeen not too much dis-
cussion on the consequently mid eading rates of rise of
sealevel scomputed with selected short timewindows
inselected locations.

Thethermd expand onfactor assumesthat theocean
temperatures having been warming significantly2°,
According to modelsgloba warmingisincreasingthe
ocean heat content considerably at arate of 0.7¢1022
Joules/year roughly equivalent to 0.0070 °C/year by
considering an increment of 1022 Joulesin the heat
content of the 0-700m layer translatesina0.0105 °C
increaseinthe averagetemperatureof thislayer.
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Before the start of the ARGO project in 2003
[www.argo.ucsd.edu], therewereonly few scattered,
poor quality measurements and what is assumed as
measured ocean temperature over thelayer 0-700m
and below for the past ismoretheresults of theories
and model srather than of actua measurementsof engi-
neering accuracy. TheARGO measurementsare basi-
caly thefirst measurementsof engineering accuracy of
the ocean heat content®l,

Argo isaglobal-array of more than 3,000 free-
drifting profiling floatsthat measuresthetemperature
and salinity of the upper 2000 m of the ocean.

Thisproject permitsfor thefirst time continuous
monitoring of thetemperature, salinity, and velocity of
the upper ocean, with al databeing relayed and made
publicly availablewithin hoursafter collection. TheArgo
Programispart of the Globa Ocean Observing Sys-
tem, and theaimisto assessthegloba warming.

Thepre-ARGO dataisvery poor quality andisnot
considered here. TheARGO datais much better, but
short. Itisclamedthat itisnot yet possibleto useArgo
datato detect global changesignals, asthedataset is
not yet long enough to observeglobal changesignals
(www.argo.ucsd.edu). However, if 10 years of tide
gauge results (www. bom.gov.au/pacificsealevel/
index.shtml; www.bom.gov.au/ oceanography/projects/
abd mp/abd mp.shtml) wereused toinfer unbelievably
high ratesof rise of sealevelsintheAustralian and Pa-
cificsealevelsmonitoring projectsevenif itisvery well
knownthat sealevel shave multi-decada oscillationsof
guasi-60 years, it does not seem too wrong to com-
ment onthe ARGO results collected over adecade.

While the most part of the ARGO literature has
been focused onregional or short termimplications, it
has aready been argued that therate of global mean
warming hasbeenlower over the past decadethan pre-
vioudly*¥ and this observation might requireadown-
wardsrevisonof estimatesof equilibrium climate sen-
stivity™,

ARGO TEMPERATURE RESULTS

TheARGO system permitsto measurewithinarea-
sonabl e accuracy the temperature up to 2,000m. The
measurements are performed by more than 3,000
buoys ThetemperaturesintheArgo profilesareclamed
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to beaccurateto+ 0.0050 °C and depths are claimed
to be accurate to + 5m (wo.jcommops.org/cgi-bin/
WebObjects/Argo.woalwalfag?d=246).

Thiserror estimateisoverly optimistic, ascertainly
optimisticisthe expectation that thegloba oceantem-
perature 0-2000 mis predicted within an accuracy of
+0.0050 °C considering the number of independent
measurements collected in space, deep and time
needed to derivethegloba temperaturethrough aver-
aging.

Measurementsarerepested in space, degp andtime
with many buoys. Likeall Conductivity-Temperature-
Depth (CTD) instruments, the CTDsonArgofloatsall
have sensor response errorsthat must be corrected as
best as possible and the Sea-Bird Electronics model
SBE-41 and SBE-41CP CTDsthat arewidely used
on profiling floats are no exception
(floats.pmel.noaa.gov/dmac/sensor_response_ex.html).
The SBE 41/41CPusesthe MicroCAT Temperature,
Conductivity, and Pressuresensors. The CTD isshipped
fully cdibrated, and has demonstrated excellent long-
term stability, eliminatingthe need for post-deployment
tampering of thecdibrationtoforceagreement with the
local TS. Thetemperature sensor with calibration stan-
dard ITS-90 hasaninitial accuracy of 0.002 °C and
stability of 0.0002 °C /year (www.seabird.com/prod-
ucts/spec_sheets/41data.htm).

TheARGO marineatlas (www.argo.ucsd.edu) is
used to create the temperature plots January 2004 to
December 2012. ThisAtlasusesgridded Argo datato
createavariety of plots. Figure 1 presentstheARGO
temperatures. The picturesshow thetemperature map
average January —December 2004, temperature map
average January—December 2012 and the average tem-
peraturetime history January 2004 to December 2012
over the layer 0-100, 100-700 and 700-2000 deca
bar pressure (0-100m, 100m-700m and 700m-2000m
deep).

The layer 0-100 deca bar does not warm at all
over the9years. Theaveragetemperature actually de-
creases at arate of -0.0088 °C/year.

Thelayer 100-700 decabar iswarming margindly
over the9 years. Theaveragetemperatureincreasesat
arateof 0.0031 °C/year.

Thelayer 700-2000 decabar iswarming margin-
aly overthe9years. Theaveragetemperatureincreases
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Figurela: Temperaturemap aver ageJanuary —December 2004, temper aturemap aver age January —December 2012 over
thelayer 0-100 deca bar pressure(0m-100m deep).
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Figurelb: Temperaturemap aver age January —December 2004, temper aturemap aver age January —-December 2012 over
thelayer 100-700 deca bar pressure(100m-700m deep).
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Figurelc: Temperaturemap aver ageJanuary —December 2004, temper aturemap aver age January —December 2012 over
thelayer 700-2000 deca bar pressur e (700m-2000m deep). 2004 and 2012 arethefirst and last full year of theARGO record.

at arate of 0.0012 °C/year.

Globally, the layer 0-2000 decabar pressure (0-
2000m deep) experienced an average temperaturein-
creaseof 0.0012 °C/year.

Even consideringthevery optimistic accuracy of +
0.0050 °C for the temperature profiles, no error for
depths, and no additional error for the procedure de-
termining theaverage ocean temperaturefromalarge
number of independent measurementsin space, deep
andtime, thiswarmingiseverythingbut satisticaly sg-
nificant.

DISCUSSION

The“robust warming of the global upper ocean”
of(* isthe result of using for the past very scattered
measurementsof very poor quaity to determinethrough
model sand recongtructionswhat isbeing measured by
ARGO only since 2003.

Thenovelty of the present approachisto consider
only reliable experimental resultsand do not mix up
present reliable experimental datawith past unreliable
resultsthat aremoretheoretical or computational than

truly experimentd.

TheARGO result wasimmediately far fromtheex-
pectedwithasmall, still statistically insignificant cool -
ing4, During 2006, theArgo Network wasthought to
have shown adeclining trend in ocean temperatures.
“Ocean measurements suggest the world’s seas have
cooled substantialy during some of thewarmest years
in recent history. If real, thedip islikely to reflect a
short-term fluctuationin an ocean that iswarming over-
dl, say dimatescientists.”

Asawaysoccur with themeasurementsof climate
datanot verifying themodel predictions, oneof theau-
thorsof the cooling report lately discovered that there
were problemswith the dataused for the analysisand
confirmed “The oceans are absorbing more than 80
percent of the heat from global warming” and “If you
aren’t measuring heat content in the upper ocean, you
aren’t measuring global warming”
(earthobservatory.nasa.gov/Features’OceanCooling/).

After correctingtheseerrorsin theArgo thermom-
eter measurements, results showed that the world’s
oceans were absorbing additional energy and were
warming, however still far from the expected and, as
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Figureld : Averagetemperaturetimehistory January 2004
to December 2012 over thelayers0-100 deca bar pressure
(Om-100m deep), 100-700 deca bar pressure (100m-700m
deep) and 700-2000 deca bar pressur e (700m-2000m deep)

nobody hasclaimed so far, well below the uncertainty
inthetemperature measurements.

CONCLUSION

The sealevel budget doesnot close. In 2013, the
measured warming after correctionisstill muchlessthan
thewarming of the modelsand below the accuracy of
thecomputationa procedure.

During the decade 2003-2013, there hasbeen no
significant thermal expansion contributionto the ac-
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celerating sealeves. Thisisin perfect agreement with
thelack of any accel eration experienced inthelongterm
tide gaugessince the 1900s.

Whiletheauthors of ™ prudentialy claim“the rate
of global mean warming has been lower over the past
decadethan previoudly” this statement should be better
corrected in “the rate of global warming is negligible
over thefirst decade where measurements of ocean
temperatures have been properly collected withinthe
ARGO project”.

It isnot the experimental evidencethat hasto be
tuned totheoriesor computations. Actudly, dl thetheo-
riesand smulationsshould bevdidated versusrdiable
experimental data
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