
STEP2: Severe Underestimation Correction 
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4D Ensemble Context (Time Dimension)

STEP1:  4D-LETKF Core Constraint

t - τ Analysis Time (t) t+ τ

Ensemble Spread

Observation Operator

Sea salt: 

𝛽𝑆𝑆 𝜆, 𝑧 = α𝑆𝑆 𝜆 ∙ 𝑀𝑆𝑆 𝑧

Dust: 

𝛽𝐷𝑈 𝜆, 𝑧 = α𝐷𝑈 𝜆 ∙ 𝑀𝐷𝑈 𝑧

Black carbon: 

                 𝛽𝐵𝐶 𝜆, 𝑧 = α𝐵𝐶 𝜆 ∙ 𝑀𝐵𝐶 𝑧

Water-soluble: 

𝛽𝑊𝑆 𝜆, 𝑧 = α𝑂𝐶 𝜆 ∙ 𝑀𝑂𝐶 𝑧 + α𝑆𝑈 𝜆 ∙ 𝑀𝑆𝑈 𝑧
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4D-LETKF assimilation system 
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   𝛽  S S  (  𝜆 , z ) =  α  S S  ( 𝜆 ) ∙  M  S S  ( z )  


   𝛽  D U  (  𝜆 , z ) =  α  D U  ( 𝜆 ) ∙  M  D U  ( z )  


   𝛽  B C  (  𝜆 , z ) =  α  B C  ( 𝜆 ) ∙  M  B C  ( z )


   𝛽  W S  (  𝜆 , z ) =  α  O C  ( 𝜆 ) ∙  M  O C  ( z ) +  α  S U  ( 𝜆 ) ∙  M  S U  ( z )

