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Objective: To improve vortex assimilation by second-order moment matching local ensemble transform particle filter
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Non-Gaussian distribution (Miyoshi et al. 2014 GRL)

Histogram of specific humidity in DA at two locations

Necessity to consider the 
Non-gaussian distributions

Radar observations ① Change only 
centre positions

Prior distributions
② Change centre 
positions, 𝑅, and 𝑈! 	

Local Ensemble Transform Particle Filter (LETPF)
(Todter and Ahrens 2015; Acevedo et al. 2017)
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𝑤: weight; 𝑖: ensemble index; 𝐲" : obs; 𝐲#$ : background variables in obs space; 
𝐑: obs error; .𝐱% : analysis mean; 𝐱#$ : background ensembles; 𝑚: ensemble size

Prior distributions LETKF (Hunt et al. 2007) LETPF (First order) LETPF (Second order)

The thick 
black solid 
line represents 
the true state

(Poterjoy 2022)

•  Particle filter, rather than the Kalman filter, could reasonably assimilate the non-Gaussian distributions 
in geophysical models

•  Second-order moment matching local ensemble transform particle filter showed improved results 
than the first-order LETPF in assimilating the Rankine vortex

• The ensemble-based particle filter could be implemented in the high-performance computer for parallel computing 
than serial particle filter. More studies will be conducted in implementing sinkhorn approximation in PF (Reich S. 2013)

Radar 
centre

observed velocity

Optimal transport was implemented to 
find the first order ensembles
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The posterior ensemble members by the 
second-order moment matching LETPF could 
better represent the error covariance, which 
improved the assimilation of Rankine vortex


