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How large is the deficit (surplus)? 

Debt problem        CO2 Problem           Energy/Climate problem 

Long term loss/accumulation causes problems ... 
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Climate Reanalyses 
•  Help assessing magnitude and cause of 

climate change 
•  Combine climate model with observations  

–  Dynamic Data assimilation 
–  Role of systematic errors 

•  Comparison with independent data 
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Calculated from climate state H(X)             Observed by satellite Y 

Observation operator allows comparison of 
model state with satellite picture 
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Vorwissen 
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BIAS 
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A very real problem: Uncertainty due to 
model bias 

COSMIC 
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Dee and Uppala 
2009 

Biases in observations relative to reanalysis background 
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Events are most valuable if they are 
unlikely.  
 

I(x)=-alog(p(x))  C. Shannon 
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Rescuing early upper air data 
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T- Trends from radiosondes, 1954-1974, 300 hPa 

368 K/10a 
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Radiosonde bias correction 
•  Detect jumps in radiosonde temperature time series  by comparing 

with reanalysis reference time series 
•  Automatic break detection with Statistical Test 
•  Adjustment to reanalysis reference or reference from 

neighbouring radiosondes  
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Temperature Trends from adjusted data 
1954-1974 



           Climate Reanalyses and Services for Society, Bern 

Comparisons for Satellite Era: MSU TLS 

JRA55 

ERAI 
K 
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v. Schuckmann, ICR5 
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Oceanic heat content estimates 

Few observations before 1950 – large ensemble spread 
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Conclusion 
•  Uncertainty constrained by observations 

–  Information content per observation much higher in early period – 
justifies data rescue efforts in ERA-CLIM2 

–  Enormous observation data increase in past decades, global mean 
temperature error at 100hPa now below 0.1K 

–  Model and observation biases major limitation but decreasing 
•  More and more efforts to express uncertainty through 

ensembles 
–  Differences larger than ensemble spread valuable indicator of still 

unresolved biases 

•  Reduction of uncertainties in both models, 
observations is an iterative process 
–  Continued research on reanalyses essential 
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Observation operator allows comparison of 
model state with satellite picture 

    Observed by satellite Y 
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More observations help 
reducing fog of uncertainty 

P. Brohan 
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Trends 1949-1969, 300 hPa 
230 K/10a 
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Definition of uncertainty 
•  The reanalysis input vector y and the 

reanalysis state vector x are multivariate 
random variables 

•  Components of y highly versatile, length of y 
changes by several orders of magnitude from  
say 1900 to today 

•  Typically one realization of y in a time interval 
–  Distribution of y, or at least mean and covariance, are 

estimated using other components of y or from temporal 
variability 

•  Some components of y may be biased. 
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Simplified view of data 
assimilation 

•  Let‘s assume variational assimilation 
context 

 
•  We observe measurements y but we 

want to estimate state x 
•  J should be sharp, minimum should be at 

the right place.  


