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Main tasks 
•  Making optimal use of observations in reanalysis, and 

providing end users with meaningful information about 
uncertainties in reanalysis products.  

•  Range of activities,  
–  quality control and error estimation for input observations,  
–  work on bias correction and homogenisation of data records,  
–  quality assessments of reanalysis products based on independent 

observations and comparisons with other reanalyses and high-
level observational products. 
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From ERA-CLIM2 proposal 
•  Additional information about the usage and 

assimilation of observations is fundamental to a 
full understanding of uncertainties in many 
applications. Nevertheless, it has always been 
very difficult, if not impossible, for users to 
access this type of information. 

•  The ERA-CLIM project has addressed this 
shortcoming by developing the Observation 
Feedback Archive (OFA).  

•  It will continue to be maintained, developed, 
and supported in ERA-CLIM2, and will provide 
a permanent source of information about the 
quality of the observational record. 
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Current status 
•  OFA is great for surface data 
•  The OFA for upper air data is 

scattered over many places, 
incomplete, hard to access 

•  Responsibility for ingestion of 
newly digitized data is currently 
unclear 

•  Using upper air background 
departure statistics for QC is 
still too challenging, especially if 
they have not been assimilated 

•  Could that be changed until the 
end of ERA-CLIM2? 

Upper air 
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Adjustment of early radiosonde temperatures 

•  Radiosonde T-trends 1954-1974, at 300 hPa.  
•  Reference Series ERA-preSAT (-1967), JRA55 (1968-1979) 
•  Improvements due to digitized FSU data, ERA-preSAT observation feedback archive 
•  Part of D4.1 

Unadjusted            RAOBCORE adjusted      RICH adjusted 
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Mean energy budget of the polar cap 

1st CEPM 2015 
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•  Main balance between horizontal energy transport and radiative 
energy loss at TOA 

•  Observed ocean warming and ice melt rates are small residual of 
large fluxes 

•  à Sum of the fluxes across 70N and TOA should yield mean energy 
storage in the polar cap! 
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The state of the coupled Arctic energy 
budget (70-90N) 

•  Add up atmosphere, ocean, ice equations and integrate over polar cap 

•  2000-2014 averages (CERES, ERA-I, ORAP5, JRA55,…): 

RadTOA{ }+ FA(70N)+ FO(70N)+ FI(70N) = OHCT{ }+ IHCT{ }+ AET{ }+
+ imbalance

Net heat flux into polar cap 
[Wm-2] 

Heat storage [Wm-2] 

RadTOA 
(CERES) 

-116.1±0.4 

FA across 70N 95.3 (92.3,98.7) atmosphere 0.1±0.1 
FO across 70N 18.5±0.4 Ice melt 0.3±0.3 
FI across 70N ≈3 (Serreze et al 

2007) 
Ocean heat 
content 

0.7±0.5 

Sum of fluxes 0.3±0.9 Storage sum 1.1±0.6 
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Seasonal trends over polar region 
•  Positive summer trend of FS driven by RadTOA à ice-albedo feedback 
•  Negative autumn trend of FS driven by atmospheric energy 

convergence – associated with decreased baroclinicity 

RadTOA Surface flux ∇⋅FA

[Wm-2decade-1] [Wm-2decade-1] [Wm-2decade-1] 

(CERES) (CERES+reanalysis 
ensemble) 

(reanalysis ensemble) (ORAP5) 

OHC tendency 

[Wm-2decade-1] 

M. Mayer 
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Arctic gateway array (since 2004) 

Tsubouchi et al. 2012 
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Complex energy budget diagnostics 

•  Key for comprehensive climate model validation 
•  Some terms missing in reanalysis output, should be 

complemented to comply with CMIP requirements 

Mayer et al. 2015 
Part of D4.8 
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What we have: 
•  Atmosphere 

•  RadTOA: satellite data (CERES) 
•           : mass-corrected from atmospheric reanalyses 
•  FS: directly from model-forecasts (biased) or indirectly from other 

atmospheric fields (accumulated errors) 

•  Ocean 

•           : directly computed from ORAS4 (soon: ARCGATE) 
•  OHCT: from ocean reanalyses with very different data 

assimilation approaches 

•  Sea ice 

•  Sea ice mass from coupled ocean-ice reanalyses (ORAP5) or ice 
reanalyses (PIOMAS) 

•  Sea ice extent to understand changes in fluxes 

∇⋅FA = RadTOA −AET− FS

∇⋅FO = (1-fi )FS  +fiFIB  -OHCT

∇⋅FI = fiFS  -fiFIB  -IHCT

∇⋅FA

∇⋅FO
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From ERA-CLIM proposal 
•  Together with other in-situ and remote-sensing datasets 

available from existing data archives, the observations 
collected for ERA-CLIM will be included in a newly developed 
Observation Feedback Archive.  

•  Quality feedback information for this archive, including data 
departures and bias estimates, will be generated during several 
new pilot reanalyses, as well as from existing reanalysis 
datasets.  

•  The pilot reanalyses and the Observation Feedback Archive will 
be made available to users world-wide as a unique resource for 
climate research and observational studies of the Earth 
system.  


