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Evaluation of Data Assimilation Methods Suitable for Frontal Structures
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Frontal structures in the atmosphere and ocean around Japan often exhibit non-Gaussian forecast errors due to biases
in location and magnitude, posing significant challenges for conventional Gaussian-based data assimilation (DA).
This study investigates the performance of various ensemble DA methods using idealized frontogenesis simulations.
To address the inherent non-Gaussianity, we propose a novel nonlinear DA approach termed the kernelized ensemble
adjustment Kalman filter (KEAKF). By integrating kernel ridge regression into the EAKF framework, KEAKF
effectively accounts for nonlinear relationships between unobserved and observed variables. To simulate realistic
biases, first-guess ensembles were initialized with systematic errors in both frontal magnitude and location. Our
results demonstrate that KEAKF outperforms existing methods across all metrics, including state estimation, frontal

magnitude, and displacement. These findings highlight the critical importance of appropriately treating nonlinear

cross-frontal dependencies to improve the representation of sharp gradient structures. (139 words)
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8, (K) 290 290
AB (K) 20 20+ N(0,1)
d (km) 500 500 + N(200,50)
o; (degree) 0 0
(x0,¥9) (km) | (0,0) | (N(0,50), N(—400,50))

Table 1. Initialization parameters. N(a,b) indicates
random numbers following normal distribution with

mean a and standard deviation b.
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Figure 1. (a, b) Nature run and (c-1) difference from the nature run of the ensemble mean for the experiment

without DA (Guess) and DA experiments for the vortex model at 120 hours. In (a), white contours indicate stream

function (every 1 X 10° m? s!), and red cross marks indicate observation points. The upper and lower panels

show potential temperature and magnitude of temperature gradient, respectively. The black and gray points in the

lower panels show the frontal locations in the nature run and each experiment, respectively.



