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Fog frequently affects the mid-elevation mountainous regions of Taiwan, reducing visibility,
increasing traffic hazards, and altering radiation conditions and microclimates, thereby influencing
mountain agriculture. This study focuses on the Shiyuan (SY) station in Zhuqi Township, Chiayi
County, as the primary study site, with the Xitou (XT) flux tower in Nantou County as a reference
site, to investigate why nighttime fog frequency in the tea-growing region surrounding Alishan is
markedly higher at SY than at XT, despite their similar elevations. Fog frequency is defined here as
the proportion of foggy samples among all quality-controlled samples within each hour. At both
sites, fog frequency reaches its peak at approximately 17:00 local time, with values of about 0.20 at
SY and 0.15 at XT. In contrast, nighttime fog frequency differs substantially between the two sites.
At SY, fog frequency gradually decreases from 0.16 at 20:00 to 0.08 at 02:00, whereas at XT it
drops below 0.05 soon after 20:00. As a result, nighttime fog frequency differs by a factor of three
to five between the two sites, with the fog frequency ratio (SY/XT) generally exceeding 3 and

reaching above 4.8 during 22:00-00:00.

Machine learning models were developed for fog detection at the current hour (tOh) and
one-hour-ahead prediction (t1h) at SY. Logistic Regression was used as the baseline model, while
decision tree-based statistical models, including Random Forest and LightGBM, served as the main
focus of the analysis. SHapley Additive exPlanations (SHAP)-based feature importance diagnostics
provide physically interpretable insights into how meteorological conditions, including air

temperature, mixing ratio, wind speed, and pressure, jointly influence fog occurrence.

To identify the environmental controls of fog formation, we selected the more important

variables based on the SHAP analysis and examined their two-dimensional fog frequency
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distributions. First, the relationship between temperature, mixing ratio, and fog frequency indicates
that near-saturated thermodynamic conditions can be regarded as a necessary condition for fog
formation. Second, under near-saturated conditions, the relationship between slope-parallel wind
speed, cooling tendency, and fog frequency shows that upslope flow plays a key role in nighttime
fog formation. During nighttime (20:00—02:00) foggy conditions at SY, the hourly median
slope-parallel wind speed is approximately 0.8 to 1.0 m s™!, whereas under non-foggy conditions it
ranges from about —0.3 to —0.6 m s™'. Positive values are defined as upslope flow, and negative
values indicate downslope flow, supporting the importance of nighttime upslope flow. At XT, the
median slope-parallel wind speed during nighttime foggy conditions ranges from —0.2 to 0.2 m s,
while under non-foggy conditions it is about —0.7 to —0.6 m s, consistent with the near absence of
upslope flow after 20:00 at XT. Overall, this study applies machine learning to detect and predict
fog occurrence and further indicates that upslope flow is strongly associated with nighttime fog
frequency in the Alishan tea-growing region. Seasonal differences in background wind direction
may also influence the nighttime wind characteristics at SY, although the underlying mechanism

remains to be clarified in future work.

Keywords: montane fog, nighttime fog, local circulation, machine learning, decision trees, SHAP

analysis
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Diurnal Cycle - Air Temperature & Mixing Ratio
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SY 20 02 — Fog Frequency
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SY 12 17 — RH99 Fog Frequency
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SY 20 02 — RH99 Fog Frequency
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SY vs XT Upslope Wind Diurnal
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DJF upslope 850hPa (n=46)
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DJF downslope 850hPa (n=46)
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JJA upslope 850hPa (n=43)
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LR tOh — SHAP mean(|SHAP|) (top7
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