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Abstract: This study applicates the multiïphysical method in ensemble Kalman filter 

determining error of WRF models to forecast the track and intensity of storm Damrey in 

2017. The study run three experiments with assimilation of satellite data to forecast 

Damrey in 2017 at the beginning 00 UTC and 12 UTC November 1st and 2nd: (1) 21 

ensemble members which are combinated from 11 physics options, no increase in error 

correlation (MP); (2) Using single set of physical model, 21 ensemble members, inflation 

factor ɚ = 6.5 (MI); (3) Using single set of physical model, 21 ensemble members without 

increase in error correlation (PF). Statistical results of track errors in MP test at the 24, 48, 

72ïhour is 12ï32% reduction in compared with tests MI and PF. For storm intensity, 

absolute error of Pmin in the MP test at 24 and 72ïhour is decreased from 30ï47% in 

compared to the other two tests. And the absolute error of Vmax in the MP test at all 

forecasting terms is 13ï26% reduction in compared with tests MI and PF. Thus, the multiï

physical ensemble Kalman filter can forecast the track and intensity of storms affecting 

Vietnam. 
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____________________________________________________________________ 

1. Introduction  

Basically, data assimilation is a process which the observed data and a background 

guess field are statistically combined to obtain the best possible initial conditions for the 

numerical model [1ï2]. The goal of assimilation is to find the best possible analysis field 

for the model input. However, this work depends heavily on the quality of the observed 

data (related to the error of the observed data) and the quality of the modelôs background 

guess data (related to the modelôs intrinsic error). The error related to the monitoring data 

belongs to the problem of quality control of professional monitoring; while the background 

field error is related to the modelôs internal errors ï errors caused mainly by physical 

processes that are not fully understood [2ï4]. 

Currently, the model error handling techniques in modern data assimilation algorithms 

include multiplicative inflation techniques [5], additive increasing techniques [6], or 
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systematic error correction method [7ï8], multiple physics technique [9]. The multiple 

physics technique is the method of using different combinations of physical 

parameterization diagrams in the WRF model to calculate the parameters related to the 

error of the model in the ensemble Kalman filter [9]. This method is based on the 

assumption that the source of the model error is mainly due to the incomplete 

representation of physical processes [2ï3]. The multiple physics has been applied in some 

previous studies [3, 9ï11], and show significant improvements in track and intensity storm 

prediction results compared with other methods, such as the multiplicative inflation [12] 

and compared with the case where the model error is zero [3, 9ï11]. Accordingly, in the 

study [9], it was shown that the multiplicative inflation factor 6.5 is the best compared to 

the multiplicative inflation factor that varies from 1.0 to 6.5, and the multiple physics 

technique is good choice for shortïterm forecasting problem, in addition, the study also 

shows that the optimal number of combinations in combination prediction ranges from 21ï

24 components which are different combinations of physical parameterization schemes in 

the WRF model. Therefore, in this study, we will use the multiplicative inflation technique 

and consider the model to be perfect to compare with the multiple physicsô technique, and 

the number of ensemble components is 21 components for a forecasting session [9]. 

In addition, storm Damrey in 2017 was a strong storm that directly hit Ninh Hoaï

Khanh Hoa At 6:30 am on 4 November 2017 with wind strength increased by 1 level to 

level 13, level 15, 16 [13]. At 10 oôclock on the same day, the center of the storm was on 

the mainland of Dak LakïLam Dong, the wind strength near the center of the storm 

decreased to level 10ï11, level 13. After that, the storm weakened into a tropical 

depression. By noon on November 5, the center of the tropical depression in the southern 

region of Cambodia, the wind dropped below 40 km/h. By November 8, at least 106 people 

had been killed in Vietnam by the storm, with 197 others injured and 25 missing. It is 

reported that more than 116,000 homes were destroyed after flooded. The United Nations 

Childrenôs Fund (UNICEF) estimates that at least four million people have been directly 

impacted by the storm and need support. Nha Trang beach resort was one of the hardest hit 

areas, 30,000 residents and tourists had to evacuate the area. A number of previous studies 

used storm Damrey as in the initial study of vortex chemistry by Nguyen Binh Phong and 

Associates 2020 to predict the intensity of storm Damrey during the landfall stage [14]. 

Research results show that storm intensity with vortex initial is improved more clearly in 

the absence of vortex initialization. Another study related to the forecast of the storm 

Damreyôs trajectory by the method of correcting the forecast of the stormôs trajectory from 

the product of the combined forecasting system through the selection of the optimal 

composite component of the author Tran Quang Nang and Tran Tan Tien 2020 [15]. The 

results show that the correction method can only improve the error of trajectory prediction 

in shortïterm forecasting terms. Another study by Kulaya Keawsangïin and colleagues 

2021 examines the sensitivity of different physical schemes to simulate Typhoon Damrey. 

The results show that the BeltsïMillersïJanjic convection diagram and the WSM6 

microphysics diagrams are suitable in the simulation of storm Damrey [16]. Therefore, in 

this study, we apply multiphysics technique in combinatorial Kalman filter to determine the 

error of WRF model predicting the trajectory and intensity of storm Damrey 2017. 

2. Methods and data 

2.1. Ensemble Kalman Filter algorithm 

The idea of the LETKF algorithm is to use the background ensemble matrix as a 

transformation operator from the model space spanned by the grid points within a selected 

local patch to the ensemble space spanned by the ensemble members, and perform the 

analysis in this ensemble space at each grid point. For a quick summary of the LETKF 




