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Incidence des incertitudes de mesure 
sur l’exploitation scientifique 



Dans les études scientifiques …  

Fréquemment considéré ... 
 

résolution des appareils  
=  

précision des mesures (1 ou 2 écarts-type considérés comme incertitude minimale)  

… Incertitude aléatoire donc le grand 
nombre de mesures permet de réduire 
l’incertitude … 

… d’où une incertitude de la mesure 
(métrologie) non considérée 



Non exhaustif … 



“ The original Argo target called for temperature 
and salinity accuracies of 0.005 °C and 0.01 
salinity units, with a pressure accuracy of 2.5 
dbars (equivalent to a depth error of about 2.5 
m). Experience has shown that about 80% of 
the raw profile data transmitted from the floats 
meet these standards, with little or no correction 
required. “ NATURE CLIMATE CHANGE | VOL 6 | FEBRUARY 2016 | www.nature.com/natureclimatechange 145

In the late 1990s it was recognized that little progress would be 
made in monitoring the changing climate of the Earth without 
systematic global observations. A small group of oceanogra-

phers proposed that readily available technology could be adapted 
and, with sufficient international cooperation, be used to create a 
global array of floats that could supply real-time global views of 
the ocean. Thus the Argo programme was born. This Review con-
siders the progress made in the first 15 years of Argo and attempts 
to provide an outline of how the programme is likely to change 
over the next decade.

History and present status
The Argo programme1 is a major component of the Global Ocean 
Observing System2 and strives to monitor the evolving tempera-
ture and salinity fields of the upper ocean The profiling floats used 
in Argo are 2  m-long, freely drifting robotic devices that adjust 
their depth in the ocean by changing their buoyancy. In the con-
text of Argo, the majority of these instruments are programmed to 
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More than 90% of the heat energy accumulation in the climate system between 1971 and the present has been in the 
ocean. Thus,  the ocean plays a crucial role in determining the climate of the planet. Observing the oceans is problematic even 
under the most favourable of conditions. Historically, shipboard ocean sampling has left vast expanses, particularly in the 
Southern Ocean, unobserved for long periods of time. Within the past 15 years, with the advent of the global Argo array of 
profiling floats, it has become possible to sample the upper 2,000 m of the ocean globally and uniformly in space and time. The 
primary goal of Argo is to create a systematic global network of profiling floats that can be integrated with other elements of the 
Global Ocean Observing System. The network provides freely available temperature and salinity data from the upper 2,000 m 
of the ocean with global coverage. The data are available within 24 hours of collection for use in a broad range of applications 
that focus on examining climate-relevant variability on seasonal to decadal timescales, multidecadal climate change, improved 
initialization of coupled ocean–atmosphere climate models and constraining ocean analysis and forecasting systems.

drift at a nominal depth of 1,000 m (known as the parking depth). 
A typical duty cycle of an Argo float is shown in Fig.  1. Floats 
are launched at the sea surface and dive to the parking depth. 
After a ~9-day interval at the parking depth, the floats descend 
to 2,000 m, then rise over a period of roughly 6 hours to the sea 
surface, sampling ocean properties such as temperature and salin-
ity during their ascent. At the surface the data are transmitted to 
land stations via satellite; the floats then descend back to the park-
ing depth to begin another cycle. A typical float will repeat this 
10-day cycle in excess of 200 times over the course of five years 
or more. Over 10,000 floats have been deployed by the nations 
participating in the programme since the beginning of Argo, 
with almost 3,900 floats now operating over the world ocean. A 
defining aspect of Argo is that all data are reported in near real-
time to meteorological forecasting centres and to the two Argo 
Global Data Assembly Centers (GDACs, localized in the USA and 
France), from which the accumulated data are made freely avail-
able without limitation.
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Erreurs issues d’une simple analyse objective,  
pas d’erreur instrumentale prise en compte 

World ocean heat content and thermosteric sea level
change (0–2000 m), 1955–2010
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[1] We provide updated estimates of the change of ocean
heat content and the thermosteric component of sea level
change of the 0–700 and 0–2000 m layers of the World
Ocean for 1955–2010. Our estimates are based on historical
data not previously available, additional modern data, and
bathythermograph data corrected for instrumental biases.
We have also used Argo data corrected by the Argo DAC if
available and used uncorrected Argo data if no corrections
were available at the time we downloaded the Argo data.
The heat content of the World Ocean for the 0–2000 m
layer increased by 24.0! 1.9" 1022 J (!2S.E.) corresponding
to a rate of 0.39Wm#2 (per unit area of theWorldOcean) and a
volume mean warming of 0.09$C. This warming corresponds
to a rate of 0.27 W m#2 per unit area of earth’s surface. The
heat content of the World Ocean for the 0–700 m layer
increased by 16.7 ! 1.6 " 1022 J corresponding to a rate of
0.27 W m#2 (per unit area of the World Ocean) and a volume
mean warming of 0.18$C. The World Ocean accounts for
approximately 93% of the warming of the earth system that has
occurred since 1955. The 700–2000 m ocean layer accounted
for approximately one-third of the warming of the 0–2000 m
layer of the World Ocean. The thermosteric component of sea
level trend was 0.54 ! .05 mm yr#1 for the 0–2000 m layer
and 0.41 ! .04 mm yr#1 for the 0–700 m layer of the World
Ocean for 1955–2010. Citation: Levitus, S., et al. (2012), World
ocean heat content and thermosteric sea level change (0–2000 m),
1955–2010, Geophys. Res. Lett., 39, L10603, doi:10.1029/
2012GL051106.

1. Introduction

[2] We have previously reported estimates of the vari-
ability of ocean heat content (OHC) of the World Ocean
to a depth of 3000 m [Levitus et al., 2000]. Here we
present estimates for the upper 2000 m of the World
Ocean with additional historical and modern data [Levitus
et al., 2005a, 2005b; Boyer et al., 2009] using running
pentadal (5-year) temperature analyses [Levitus et al.,
2000]. A lack of high-quality CTD and reversing ther-
mometer data at depths exceeding 2000 m in recent years

precludes us from producing recent analyses for deeper
depths.
[3] We use the term “ocean heat content” as opposed to

“ocean heat content anomaly” used by some authors because
“ocean heat content” is an anomaly by definition. OHC is
always computed with a reference mean subtracted out from
each temperature observation. Otherwise the OHC compu-
tation depends on the temperature scale used.
[4] The importance of the variability of the total heat

content of the world ocean can hardly be underestimated.
Levitus et al. [2001] documented quantitatively that global
ocean heat content is the major term in earth’s heat balance.

2. Data and Method

[5] We use data from the World Ocean Database 2009
[Boyer et al., 2009] plus additional data processed through
the end of 2010 (http://www.nodc.noaa.gov).
[6] Argo profiling float data that have been corrected for

systematic errors provide data through a nominal depth of
1750–2000 m for the post-2004 period on a near-global
basis. We have used data that were available as of January
2011. Many of these data have been corrected by the Argo
delayed-mode quality control teams. If Argo data have not
been corrected at the time we downloaded these data we still
used them. Unlike salinity data from profiling floats, tem-
perature data do not appear to have significant drift problems
associated with them. It is our understanding that problems
with profiling floats identified by Barker et al. [2011] have
for the most part been corrected. Also, we believe that our
quality control procedures [Boyer et al., 2009; Boyer and
Levitus, 1994] have eliminated most remaining egregious
problems. Typically most Argo floats in our present database
reach a maximum observed depth of 1970 m. Thus, these
profiles only extend down to the 1750 m standard depth
level of our analyses. Our temperature anomaly fields could
be considered to be more representative of the 0–1750 m
layer of the World Ocean however we have compared the
OHC1750 and OHC2000 and find no difference between
them. We hope to acquire additional deep ocean data from
research cruises so we have opted to present results for the
0–2000 m layer.
[7] We apply corrections for instrumental offsets of

expendable bathythermographs (XBT) and mechanical bath-
ythermographs (MBT) found by Gouretski and Koltermann
[2007] as described by Levitus et al. [2009]. XBT profiles
are excluded from our computations if they lack the metadata
needed to correct drop rates. This is approximately 3.8% of
all XBT profiles that are in the World Ocean Database.
[8] From every observed one-degree mean temperature

value at every standard depth level we subtract off a
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Dans les études scientifiques …  

Fréquemment considéré ... 
 

résolution des appareils  
=  

précision des mesures (1 ou 2 écarts-type considérés comme incertitude minimale)  

… Incertitude aléatoire donc le grand 
nombre de mesures permet de réduire 
l’incertitude … 

… d’où une incertitude de la mesure 
(métrologie) non considérée 

Qu’en est-il des incertitudes 
systématiques (biais) de 

chaque dispositif ? 



A journey through time … 



1σ instrumental resolution: a journey through time 

 
20th Century (Mid-Late) 

Land and SST LiG thermometers 
Smallest division: 0.5°C 

Resolution limit: ±0.125°C 
 

20th Century (Late) 
MMTS PRT: ±0.1°C 

Buoy Thermister: ±0.002°C 
 

Entire 20th Century 
Ship Engine Intake Thermometers 

Smallest division: 1°C 
Resolution limit: ±0.25°C 

 

18th Century Min-Max: 
 ±0.25°C 

 
19th Century Land & SST:  

±0.25°C 
 

20th Century (Early-Mid) 
Land and SST LiG thermometers 

Smallest division: 1°C 
Resolution limit: ±0.25°C 

 
 



RM Young  
PRT probe 

Instrumental error in land surface temperature measurements  
in the Alpine Plaine Morte Glacier (Switzerland) 

Sonic  
anemometer 

Same environmental 
conditions but  

 
(1) warmer winter air 

temperatures 

(2) trend is more than  
3 times greater 

=> spurious warming trend into a global temperature 
average 

https://wattsupwiththat.com 



Instrumental error in land surface temperature measurements  
in the Alpine Plaine Morte Glacier (Switzerland) 

Sonic  
anemometer 

Uncertainty is neither 
randomly distributed 

nor constant 

Cannot be removed 
by averaging 

individual 
measurements or by 

taking anomalies 

https://wattsupwiththat.com 



Satellite data vs surface temperature data 

=> The known uncertainties in the satellite trend are five 
times the uncertainties in the thermometer record trend  

Kevin Cowtan 



Different Global Temperature Data Sets 

Global surface temperature 
data sets, which combine 
historical observations 

from different sources, are 
an essential for monitoring 
and understanding climate 

variability and climate change 
 
 

Their construction is 
challenging, however  due to 

difficulties in obtaining 
data, documenting and 

accounting for changes in 
instrumentation and 
observing practices 

NCAR Climate Data Guide; D. Schneider 



NASA, NOAA, Met Office, Japan 
Meteorological Agency… process 
the same raw data with different 

methodology  

but  
Consistent temperature estimates 

Processing raw data to “build” Global Temperature Data Sets 

 Zeke Hausfather 



Influence of these different datasets on ecological niche modeling 
ex: the great scallop  

Goberville et al. (in prep.) 

=> Main patterns of historical changes in the occurrence of species  
are equivalent among the different global temperature datasets  

(NOAA, ICOADS, Cobe) 
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Time series, trend and noise: a case study 

A simple case study of a theoretical time series using classical seasonal 
decomposition approaches (e.g. decompose package with R) 

 
(1)  without uncertainty (no error measurement, no stochasticity) 

(2)  with error measurement (no stochasticity) 
(3)  with both error measurement and stochasticity  

Consequences on trend estimation? 



A simple case study: Additive model  xt = Trend + Seasonal + Random 

My time series: 
temperature 

Trend =  
+0.700°C over the period 

Seasonal component 

Noise 
no error measurement 

no stochasticity 



Trend =  
+0.700°C over the period 

+ error measure  
= 0.0025°C 

A simple case study: I add error measurement: ± 0.0025°C 
  

Expectation: trend = +0.700°C 
 



Trend =  
+0.705°C over the period 

+ error measure  
= 0.01°C 

A simple case study: I add error measurement: ± 0.01°C 
  

Expectation: trend = +0.700°C 
 



Trend =  
+0.696°C over the period 

+ error measure  
= 0.1°C 

A simple case study: I add error measurement: ± 0.1°C 
  

Expectation: trend = +0.700°C 
 



Trend =  
+0.763°C over the period 

+ error measure  
= 0.25°C 

A simple case study: I add error measurement: ± 0.25°C 
  

Expectation: trend = +0.700°C 
 



A simple case study: adding only error measurement 

By performing the procedure iteratively (i.e. 999 simulations) with different 
error values, we detect that the noise induced by error measurement might 

also have consequences on trend quantification  
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

=> Although the random noise is supposed to be removed! 

0.800 

0.750 

0.700 

0.650 

0.600 

Increasing error measurement 



And now, with a part of environmental stochasticity… 

0.800 

0.750 

0.700 

0.650 

0.600 

Increasing error measurement 



And now, with a part of environmental stochasticity… 

0.800 

0.750 

0.700 

0.650 

0.600 

Increasing (error measurement + 
stochasticity) 

=> It is essential to be cautious when a trend is quantified…  
Although they are able to remove noise, decomposition approaches 

do not guarantee a precise estimation of the trend 



Considering the range of uncertainty to « better » detect changes  

Control charts procedures:  
Shewhart-style charts, EWMA chart, Cusum 

chart… 

Depending on the 
method, algorithms 

are more or less 
sensitive to small and 
large changes in the 

state of a system  
 

But several methods 
can also be 
combined 

Goberville et al. (in prep.) 

=> Only if the range of uncertainty is known and constant over time 



Considération des incertitudes dans exploration scientifique: 
  

Variable et sujet à discussion 
 (car incertitudes encore mal cernées notamment sur la composante systématique) 

Conclusions & perspectives 

Importance d’une concertation 
analyse scientifique et métrologie 



Considération des incertitudes dans exploration scientifique: 
  

Variable et sujet à discussion 
 (car incertitudes encore mal cernées notamment sur la composante systématique) 

Conclusions & perspectives 

Importance d’une concertation 
analyse scientifique et métrologie 

De possibles recommandations: 
 

•  Avoir une approche « en pleine conscience » des incertitudes 
•  Améliorer les meta-données incluant des informations sur les incertitudes 

•  Proposer des méthodes d’intercomparaison 
•  Explorer les observations en relation avec les experts en métrologie  




