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Ensemble FSO
（観測のインパクト評価）



FSO: Forecast Sensitivity to Observation
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• L2 norm for Toy models (e.g. L63, L96)
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An example with Lorenz-96

• Serial EnSRF (Whitaker and Hamill 2001)
– Ensemble size : 8
– # of observations : 40
– Adaptive multiplicative inflation (Miyoshi 2011)

• Assimilation order
1. Random
2. From worse to better impacts based on EFSO
3. From better to worse impacts based on EFSO

Kotsuki et al. (2017, MWR) 



RMSE during serial assimilation (one case)

－: random order －: EFSO better  worse obs.
－: EFSO worse better obs.
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RMSE during serial assimilation (ave of 1460 cases)

－: random order －: EFSO better  worse obs.
－: EFSO worse better obs.
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EFSO with NICAM‐LETKF



Error Norms

• L2 norm for Toy models (e.g. L63, L96)

• Moist Total Energy norm for Atmospheric models

2 2
2

1

1 1
2 2

N

L i
i

e C e
N 

  Te e

 2 1 1
2 2MTEe C KE PE ME   Te e

 1 2 2

0

1 ' ' v
S

KE u v d dS
S

  
1 2 2

20

1 ' 'p d r
v s

t rS

C R TPE T d Tp dS
S T p


 

  
 
 

21 2

0

1 ' v
p rS

LME q d dS
S C T

  
cf. Ota et al. (2013, Tellus) 

KE: kinetic energy
PE: potential energy
ME: moist energy



FSO: Forecast Sensitivity to Observation
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Ensemble-based FSO
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in obs space
FCST ptb
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EFSO with NICAM-LETKF



EFSO: FCST MTE Error Reduction (2014/07)

vs. NICAM-LETKF vs. ERA Interim

■ME : Moist Energy
■PE  : Potential Energy
■KE  : Kinetic Energy 

Positive Impact
(improving 6-hr FCST)

Monthly average in July 2014; FT 06hr



EFSO: FCST NOD Error Reduction (2014/07)

Monthly average in July 2014; FT 12hr

-32.6x10-3

-0.02x10-3

-1.15x10-3

-1.11x10-3

Each type of observations mainly contributes 
to the improvement of the observed variable!



Spatial Pattern of AMSU-A impacts



Beneficial Observation Rate



FSO: Forecast Sensitivity to Observation
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FCST Error Reduction per Obs (2014/07/11/00)

vs. ERA



FCST Error Reduction per Obs (2014/07/11/00)

vs. 
NICAM
-LETKF

vs. ERA



Fraction of beneficial observations (ave. 2014/07)

Reference Own Analysis ERA Interim AMSU-A

FT 06hr 58.8 % 55.3 % 53.1 %

FT 12hr 56.1 % 54.2 % 53.1 %

FSO may overestimate observational impact
if we use the own analysis for verification reference.



Summary

• 観測インパクト推定 (EFSO)
–対解析・対観測によるインパクト推定が可能

–データ同化は、観測へのフィッティングを⼤
幅に改善するが、他変数の改善は限定的

–対⾃⾝の解析EFSOはインパクトを過⼤に評価

–良いインパクトの観測は、概ね50+%

Kotsuki et al. (2017, MWR)
Kotsuki et al. (2018, in prep.)



惑星気象研究への発展可能性



Martian Atmosphere

• ⼒学系の理解や衛星データ同化が進⾏中



Venusian Atmosphere

• 惑星気象データ同化研究の展望
–⼒学系を理解する(bred vector, Lyapunov exponent)
–双⼦実験やFSOで、センサ・観測網を事前に調査
–画像データから、状態やモデルパラメータを推定

⾦星でも、あかつきのデータ同化が進みつつある（Sugimoto et al. 2017）


