A Comparison of Three Kalman Filters Using a Large Atmospheric General Circulation Model Ensemble
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This study tests three filters: the Ensemble Kalman
Filter (EnKF; Evensen, 2003), the Ensemble
Adjustment Kalman Filter (EAKF; Anderson, 2003),
and the Ensemble Kalman Filter with exact second
order perturbation sampling (EnKF-esops; Hoteit et
al,, 2015). Derivation of EnKF-esops is as follows.

Kalman posterior covariance:

P% = (I — KH)P?
Stochastic EnKF posterior covariance:
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To match KF’s covariance sample ¢; using a second

order draw:
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cross-correlations vanish: 6
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In the Data Assimilation Research Testbed
observations are assimilated serially. When
augmenting code for EnKF-esops, one rank is
removed from the background perturbation
matrix before analysis:

b

Xj « xlb-(ibW)Wi where w is an eigenvector
of (Xb)Tib. Perturb the j* observation,
yi=yi +s; ’(N — DR;w; and update w:

JO=DR;jw;—(H;x{-H;x%)
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The experiments were conducted on Shaheen
II, a supercomputer at King Abdullah
University of Science and Technology, using a

12 million core-hour allocation. The
researchers thank KAUST HPC staff for their
dedicated support of the experiment.
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The filters were tested using large ensembles of an
atmospheric general circulation model, the
Community Atmosphere Model 6. Ensemble sizes
ranged from 250-1000 ensemble members.
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RMSE EnKF - EnKF-esops
(black is where EnKF-esops outperforms EnKF)

RO refractiviy, 0.0722 RADIOSONDES: T, 0.0586 AIRCRAFT: T, -0.0392 ACARS: T, 00177
a0 Darte " ooart 00169 00331 0.1257 00812 00195 00518 00143 00554 00174
. } 1, SO T T T ar o O T s

v T S

SATELLITE: UsV winds, -0.0181 RADIOSONDES: U+V winds, 0.1609 AIRCRAFT: UsV winds, -0.0391 ACARS: UsV winds, 0.3044
00885 00907 01248 01485 0.1191 02151 01482 00578 -0.0160 01732 07528 -0.0656
T T : , 5 T s . s & T T T - T T T

RMSE EAKF - EnKF-esops
(black is where EnKF-esops outperforms EAKF)



