
 

J. Hydro-Meteorol. 2023, 17, 19-30; doi:10.36335/VNJHM.2023(17).19-30 http://vnjhm.vn/ 

JOURNAL OF 

HYDRO-METEOROLOGY

Research Article 

Development of an ensemble dynamic-probabilistic prediction 

model for tropical storm genesis in the Vietnam East Sea using 

the Logistic Regression approach 

Dao Nguyen-Quynh Hoa1* , Tran Tan Tien1
 

1 VNU University of Science, Vietnam National University; hoadao@vnu.edu.vn; 

tientt@vnu.edu.vn 

*Corresponding author: hoadao@vnu.edu.vn; Tel.: +84ï8857758771 

Received: 05 September 2023; Accepted: 23 October 2023; Published: 25 December 2023 

Abstract: In this study, a logistic regression model is developed to forecast tropical storm 

(TS) genesis in the Vietnam East Sea from 2012 to 2019. The model incorporates seven 

potential predictors including dynamic and thermodynamic parameters at formation time 

retrieved from the WRF-LETKF outputs. After rigorous testing, six predictors are selected, 

excluding minimum sea-level pressure. In a broader context, the logistic regression model 

performs promisingly, generating forecast probabilities that enhance the accuracy of TS 

genesis predictions, particularly in early forecast cycles. The modelôs regression coefficients 

and forecast outcomes align well with test dataset results, affirming its stability and validity. 

As a result, the forecast probability from this model can be effectively employed as a 

probabilistic forecast value for predicting TS genesis status. 

Keywords: Tropical cyclogenesis; WRF-LETKF; Ensemble prediction system; Logistic 
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1. Introduction  

Tropical storm (TS) genesis forecasting is recognized as one of the most challenging 

aspects of numerical weather prediction (NWP). The ability to accurately predict the 

formation of TSs is crucial for effectively managing and mitigating associated risks. With 

the significant advancements in computational capabilities, NWP models have started to 

assume a prominent role in forecasting TS genesis and tropical cyclone (TC) as a whole. 

Consequently, numerous studies have been undertaken to evaluate the reliability and 

accuracy of predictions regarding the formation and development of TCs to TS intensity as 

indicated by these models [1ï3]. 

Beyond the utilization of a single-model deterministic forecasts, the adoption of 

ensemble forecasts for TS genesis prediction has gained popularity, showing superior 

predictive capabilities. Ensemble prediction systems are designed to address uncertainteis in 

initial condiitons and imperfections in model formulation, with the goal of providing a range 

of potential future atmospheric scenarios [4]. Despite the substantial volume of data required 

for processing, ensemble forecasting has demonstrated its effectiveness in enhancing the 

accuracy of tropical cyclones [5]. In a study assessing TS genesis from tropical cloud clusters 

using two global ensemble prediction systems, ECMWF-EPS and UKMO-EPS, conducted 

over the years 2018 to 2020 in the Northwestern Pacific, Northeastern Pacific, and Northern 

Atlantic regions. The author [6] reported relatively good forecasting skills. They found that 

the quality of probabilistic forecasts could be further enhanced by combining predictions 

from all multi-model ensemble members. Additionally, the authors observed that in cases 
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where on member did not provide an accurate prediction, favorable conditions for TC genesis 

were often present. This underscors the utility and value of ensemble forecasting systems in 

improving the prediction of TS genesis. The Local Ensemble Transform Kalman Filter 

(LETKF) scheme, pioneered at the University of Maryland [7, 8], has found widespread 

application in various numerical models, with notable use in the Weather Research and 

Forecasting (WRF) model [9ï11]. Research by [9] highlighed the LETKFôs exceptional 

utility in managing highly diverse data, such as satellite observations. The incorporation of 

multi-physics ensemble prediction of this scheme has demonstrated ist effectiveness in 

predicting the genesis of TC Wutip (2013). Building upon their case study, this study delves 

further into examining the efficacy of the WRF-LETKF when assimialting augmented 

observations in forecasting the likelihood of 45 TCs that occurred between 2012 and 2019 

over the Vietnam East Sea. 

Along with dynamical prediction model, numerous studies have delved into the 

application of statistical models for forecasting the development of TSs [12ï15]. A common 

thread across these diverse researches is the incorporation of seasonal or climatological 

factors of various scales as predictors in their statistical models. A recent approach is 

applying these statistical model to the products of pre-existing NWP systems, so called the 

dynamical-probabilistic forecast models [16]. However, relatively few studies have 

concentrated on short-term events with lead times of up to 5 days. One of the most frequently 

employed techniques for probability prediction is the logistic regression model [17]. This 

model is capable of forecasting and discerning the likelihood of an event occurring, 

particularly the genesis of TCs [18].  

Building upon the foundation of existing scientific knowledge, this study offers a 

dynamical-probabilistic forecast model to predict TS genesis over the Vietnam East Sea, 

expanding to ensemble forecast. The construction involves results from the WRF-LETKF 

forecasts and logistic regression model, with a specific focus on the likelihood of TS genesis 

from predefined events. This investigation sheds light on vital insights into the predicted TS 

genesis using products from ensemble prediction system. The subsequent sections of this 

paper are organized as follows: Section 2 outlines the experimental design. Section 3 provides 

a brief discussion of the results concerning the direct outputs to predict TC genesis various 

forecast cycles. Section 4 selects the associated predictors and section 5 constructs the 

probabilistic prediction model. Finally, Section 6 offers a summary and engages in further 

discussion. 

2. Experiment settings 

2.1. Ensemble prediction system  

The Local Ensemble Transform Kalman Filter (LETKF) algorithm are applied to the non-

hydrostatic version of the WRF model version 3.9.1 to create the ensemble-based data 

assimilation system (hereafter, WRF-LETKF) with variational data assimilation scheme 3DVAR 

at cold-start. Additionally, the algorithmôs construction and its application in the case study of 

Wutip (2013) were thoroughly elucidated in the study of [19]. 

The model employs an ensemble size of 21 members, generating perturbations based on the 

atmospheric state from the previous cycle. These perturbations are integrated into the global 

deterministic analysis using, maintain uniform scaling with an inflation factor of 1,1 for 

assimilated variables to enhance the influence of ensemble noise. The multi-physic approach 

optimizes spread without requiring a larger number of members and combines various 

parameterization schemes. These schemes include 2 convective schemes, 3 boundary-layer 

schemes, 3 microphysics schemes, and 2 shortwave-longwave radiation schemes, resulting in a 

total of 36 potential combinations. From these, 21 combinations were selected for operational 




