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Boundary: mfboundary + weekly ensemble perturbation

10kmNHM Ensemble（40 members）

10kmNHM Control

Initial perturbation: 
Weekly ensemble perturbation

6hr window
analysis slot (slot=7)

Re-Integration of 10kmNHM Control

Analysis and Forecast system of EnKF or EnVar

・・・

analysis analysis analysis analysis

EnKF or EnVar
switchable analysis system

Assimilating observation data
・Conventional observation data（Synop, Upper, Aircraft etc）
・Satellite observation data
・Precipitable water vapor（GPS, TRMM/TMI, SSM/I, Aqua/AMSR-E））
・Doppler radial velocity
・Brightness temperature

0h 6h 12h 18h ・・・

NHM‐EnVar system is developed based on NHM‐LETKF system (Fujita ver2011.11)  



Ensemble Variational Assimilation（EnVar）
Zupanski 2005, Zupanski et al. 2008, Liu et al. 2008
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○Cost function
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Increment in ensemble space（Control variable）

Square root of forecast error with ensemble perturbation
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○Cost function in ensemble space
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○Gradient of cost function in ensemble space
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○Hessian matrix

)H(-)H(H af
i

af
ia xpxp

x



  ff

i
f
i 1

1 xxp 



N

Zupanski et al. 2008

Calculation of gradient vector using ensemble perturbation TL＆AD don’t need
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○Ensemble update of analysis
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Algorithm of the NHM-3DEnVar
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○Cost function in ensemble space
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○Gradient of cost function
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○Optimal analysis of ensemble mean
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Control variables (analysis slot)



Assimilation experiment of 1-point observation Case1

First guess（ensemble mean）

Analysis

Analysis increment

Event; 2011 typhoon Talas Location; Northeast side of central position・Height of 5 km
Obs; Wind vector U=ｰ35.54(m/s), V=45.68(m/s), obserr=0.5(m/s)



First guess（ensemble mean）

Analysis

Analysis increment

Assimilation experiment of 1-point observation Case2
Event; 2011 typhoon Talas Location; South side of central position・Height of 5 km
Obs; Wind vector U=100.0(m/s), V=0.0(m/s), obserr=0.5(m/s)



Temporal localization in observation term
Temporal localization is implemented by multiplying the reciprocal 
of the localization function for observation error.
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Suppress of sampling error

:t Localization scale
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○Cost function in ensemble space

:i Slot number 

1t 2t 3t 4t 5t 6t 7t

5.2t0.3t

t

obsr
1

Analysis slot

・Load in localized function with a distance between 
observation and analysis slots
・No localization, if standard deviation is +∞.



Event; 2011 typhoon Talas Location; Northeast side of central position・Height of 5 km
Obs; Wind vector U=ｰ27.27(m/s), V=32.84(m/s) (Guess of analysis time＋10m/s)
Observation error is set so small.

Assimilation experiments of 1-point observation for each slot

3DEnVar-FGAT

 ,0.3,5.2t 7slot

5.2t 4slot

0.3t 4slot 0.3t 1slot

・Positive increment with a circulation 
enhancement

・Flow dependency（3DVar）
・Weight with a distance between 

observation and analysis slots
（Effect of temporal localization）

2.5t 1slotAnalysis increment
（Height 5 km）



4D method of EnVar (Extension of control variables)
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4DVar

3DVar

Ensemble perturbation is fixed for each iteration.
This method does not need forward calculation for each iteration.

Ensemble perturbation is fixed for each iteration.
All slots are considered as with analysis slot.

：Change
：Fix
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Algorithm of the NHM-4DEnVar
○Cost function in ensemble space
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○Gradient of cost function
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○Optimal analysis of ensemble mean
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Extension of control variables 
(all slots)
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Correlation between slots in 4D 
system is considered by        with
no-diagonal components 4D system has been implemented 

and is being tested
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Summary

4D system

 4D system is currently being tested for the case of typhoon Talas.

In the case of typhoon Talas in 2011, we carried out assimilation experiments of 
1-point observation, and confirmed the following things;

 Positive increment was appeared along typhoon’s circulation, and flow-dependent 
pattern was shown with a circulation enhancement. （3DEnVar）

 Experiment results were weighted with a distance between observation and 
analysis slots. Correlation between observation and analysis slots were not 
considered. (3DEnVar-FGAT)


