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ABSTRACT: This study attempted to forecast the morning fog expansion (MFE), commonly referred to as the “sea of
clouds,” utilizing an artificial intelligence (AI) algorithm. The radiation fog phenomenon that contributes to the sea of
clouds is caused by various weather conditions. Hence, the MFE was predicted using datasets from public meieorological
observations and a mesoscale numerical model (MSM). In this study, a machine learning technique, the gradient-boosting
method, was adopted as the AT algorithm. The Miyoshi basin in Japan, renowned for its MFE, was selected as the experimen-
tal region. Training models were developed using datasets from October to December 2018-21. Subsequently, these models
were applied to forecast MFE in 2022. The model employing the upper-atmospheric prediction data from the MSM demon-
strated the highest robustness and accuracy among the proposed models. For untrained data in the fog season during 2022,
the model was confirmed to be sufficiently reliable for forecasting MFE, with a high hit rate of 0.935, a low Brier score of
0.119, and a high area under the curve (AUC) of 0.944. Furthermore, the analysis of the importance of the features elucidated
that the meteorological factors, such as synoptic-scale weak wind, temperatures close to the dewpoint temperature, and the
absence of middle-level cloud cover at midnight, strongly contribute to the MFE. Therefore, the incorporation of upper-level
meteorological elements improves the forecast accuracy for MFE.

SIGNIFICANCE STATEMENT: An Al-driven forecasting model for predicting morning fog expansion (MFE), sea
of clouds, which often affects local livelihoods, was constructed. Fog forecasting machine learning techniques were uti-
lized in the Japanese region famous for the moming fog. This study revealed that more accurate forecasting models in-
corporate numerically predicted weather elements sourced from the public routine system rather than real-time
observed weather elements. Notably, the upper-level wind speed reflecting synoptic-scale dynamics, surface dewpoint
depression, and middle-level cloud cover play significant roles in governing MFE. Therefore, incorporating upper-level
meteorological elements into the features to machine learning is crucial for improving the forecasting accuracy of MFE.

1387

KEYWORDS: Fog; Forecasting; Artificial intelligence; Machine leaming

1. Introduction

Fog often influences daily human life, society, and the envi-
ronment in numerous regions of the world. Previous studies
have discussed the positive and negative impacts of fog on ag-
riculture and vegetation (e.g., Baguskas et al. 2018; Qiao et al.
2020) and visibility-induced accidents on highways, at sea, and
in aviation (e.g., Singh and Sood 2017; Parde et al. 2022). Sev-
eral challenges have been identified in fog forecasting using
meteorological data. Although numerical weather prediction
(NWP) models have been employed to simulate spatiotempo-
ral patterns (e.g., Gultepe and Milbrandt 2007, Romdn-
Cascon et al. 2016; Bari and Bergot 2018; Pahlavan et al
2021), these methods require user expertise, more time to pre-
pare implementations, and high computational expenses. Fur-
thermore, executing ensemble-based forecasts, which often
rely on NWP models (Zhou and Du 2010; Pahlavan et al
2021; Parde et al. 2022), is hugely time consuming despite be-
ing an ideal approach.

2021). Recent advancements in ML (Negishi and Kusaka
2022) have demonstrated the superiority of ML methods over
statistical models in predicting radiation fog. Castillo-Boton
et al. (2022) also indicated difficulty in forecasting fog by re-
gression models compared with ML techniques as the struc-
ture of the fog-event datasets is highly nonlinear. Therefore,
ML fog forecasting not only offers a more accurate and practi-
cal alternative to statistical models but is also easier and sim-
pler than the NWP models.

Radiation fog, a typical land-based fog phenomenon, fre-
quently occurs during the cold season, which decreases with
nighttime temperature. Numerous studies have focused on
elucidating radiation fog, and the underlying occurrence
mechanism has been identified from the perspective of the
meteorological background (e.g., Roach et al. 1976; Ohta and
Tanaka 1986; Duynkerke 1991; Zhou and Ferrier 2008; Smith
et al. 2018; Price 2019). Researchers have highlighted the in-
tensity of surface radiative cooling and weak wind or calm
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