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Outline 
 

What we learned from TRMM-era measurements --       

 “The Error Structure” 

     1. concepts and procedures 

     2. error composition 

     3. systematic & random errors  

 

Applications of the Error Structure 

     4. scaling of errors  

     5. sources of errors  

  

What error structure to expect with GPM-era measurements 
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Procedure to quantify uncertainty 

Step 1: Get a reference dataset  

It is all uncertain if we know no truth 

If truth is available … 

Truth 

Measurements can be validated 
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missed precip (-D) 

hits (H) 
false precip (F) 

Procedure to quantify uncertainty 

Step 2: Error decomposition (Tian et al., 2009) 

             (total error)             (hit error)               (missed)                (false) 
E          =          H        –           D           +          F                       



5 

Truth (mm/day) 

3B
42

 (
m

m
/d

ay
) 

systematic error (¸ ) 

random error (Ã) 

Procedure to quantify uncertainty 

Step 3: Separate systematic and random error 

E= H – D + F 
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The Error Structure unifies uncertainty definition and quantification 

Uncertainty quantification = ( -D, F, ¸ , Ã ) 



  
Total Error E 

E   =  R  –  Rref  
  



  
Error Decomposition Scheme  

            (total error)             (hit error)               (missed)                (false) 
E          =          H        –           D           +          F                       

 (Tian et al., 2009) 



  
Error Decomposition, Winter (DJF) 

          (total error)      (hit error)      (missed)         (false) 
E      =        H              –D           + F                       
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Determining the Error Structure – next step, hits error  

Truth (mm/day) 
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Ti 

Xi 

Ti 

Xi 

Hit error (H) is multiplicative  
(Tian et al., 2014) 

ε++= ii bTaX εβα eTX ii =

Additive error model                                Multiplicative error model 

 



What do ±, ² , and Ã mean? 

²  
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±: scale error (ideal: 1) 
² : shape error (ideal: 1)  systematic error  

Two parameters quantify systematic error 

ln(±) 

TMPA 3B42                         TMPA 3B42RT                       NOAA Radar 
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          Random error Ã: (ideal: 0)  
 

TMPA 3B42                              TMPA 3B42RT                              NOAA Radar 

One parameter quantifies random error 
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Procedure of uncertainty quantification – 3 steps to the Error Structure 

Uncertainty quantification = ( -D, F, ±, ² , Ã ) 
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Scaling of errors: how Error Structure changes with space/time scales 



16 

How systematic and random errors vary with space/time scales 

 Systematic errors 
(α, β) 

 Random errors 
σ 

scale error ln(±) 

shape error (² ) 

random error (Ã) 

)(

  

εσ
α εβ

stdev

eTX ii

=
=

scale error ln(±) 

shape error (² ) 

random error (Ã) 

spatial scale  time scale  
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 Errors can be traced back to Level-2 retrievals  
(Tang, Tian & Lin, 2013; Poster #Z42 today)  

 AMSR-E/TMI/SSMI 

 SSMIS 

 AMSU-B 

 MHS 
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Summary 
 

What we learned from TRMM-era measurements:  

The Error Structure and procedures to determine it      

     1. concepts and procedures 

     2. error composition 

     3. separation of systematic  

         & random errors  

 

 

     4. scaling of errors  

     5. sources of errors  
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