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Abstract

Based on the manual observation records, AWOS automatic weather observations, ERA5 fifth-gen-
eration global atmospheric reanalysis data and microwave radiometer data of Guiyang Longdong-
bao Airport, two winter low-visibility events, i.e., 13 January 2026 (radiation freezing fog) and 17
January 2026 (non-freezing radiation fog), are compared from three aspects: circulation back-
ground, boundary layer thermal structure and stratification, and surface meteorological elements.
The results show that both events occurred under a stable synoptic situation characterized by high
pressure control, weak surface wind (<2 m-s-1), strong low-level temperature inversion and near-
saturated humidity, which provided the typical circulation and boundary layer conditions for radi-
ation fog formation. The essential difference between the two events lies in the near-surface ther-
mal state. Affected by a stronger high-pressure ridge and relatively dry-cold near-surface air, the
near-surface temperature in the event on 13 January dropped below 0°C (-1.9°C~-1.1°C) due to noc-
turnal radiative cooling, resulting in radiation freezing fog dominated by FZFG. In the event on 17
January, the 850 hPa humidity was higher (79%~87% vs. 50%~64% in event 1) and the near-sur-
face temperature remained above 0°C (+1°C~+4°C), resulting in a non-freezing radiation fog with
longer duration (about 4 h vs. about 2 h) and greater intensity (minimum visibility 100 m vs. 200
m). It can be seen that the distinction between freezing fog and non-freezing radiation fog mainly
depends on whether the near-surface temperature crosses the 0°C threshold, rather than on fog
concentration. In view of the warm bias of ERA5 2 m temperature, the inversion intensity is recal-
culated by using manually observed temperature instead, indicating that the low-level inversion in
both events is stronger than the original estimation, while the relative relationship that event 1 is
stronger than event 2 remains unchanged. The magnitude estimation based on a simplified thermo-
dynamic equation shows that under calm and clear night conditions, the radiative cooling term is
1~2 orders of magnitude larger than the advection term, and is the dominant factor of near-surface
cooling. In addition, it is found that the AWOS measured 2 m temperature and runway visual range
(RVR) have systematic deviations from the manual observations in such deep radiation fog events,
so the onset/end and identification of freezing fog should still be based on the manually determined
dominant visibility and manually observed temperature.
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Figure 1. Framework and overview schematic of the comparative analysis of the two winter radiation fog events at Guiyang Airport

E 1. BRSNS T RS IR L S ER SR R EE

DOI: 10.12677/0jns.2026.146083 797 FIAA R


https://doi.org/10.12677/ojns.2026.146083

MRUpE 45

2. FIRE A
2.1. BEKiR

BT I R R GE— # i b 5 TRI(BIT = UTC + 8)o P VIR (I B A4 A\ T I C 3% R ff 5 14 «
R 1 A 13 E)KBEREER 02:45~10:24, Hrh 02:45~07:23 2% 07:25~09:31 24aHHEZ
09:31~10:24 25EH 5 IR 2 (1 A 17 BYKRAE WL N 01:50~11:10, HH 01:50~05:58 &343 55 .05:58~10:16
SRS % . 10:16~11:10 ZErE(E 1).

Table 1. Main data sources and their applications in this study
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Figure 2. Comparison of 500 hPa geopotential height and temperature between the two events (23Z 12 January 2026)
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Figure 3. Comparison of 850 hPa geopotential height, temperature and relative humidity between the two events (23Z 12
January 2026)

3. FRIZFE 850 hPa (UGS E 5IREHFTEL(2026-01-12 237)

HE (1000 hPa)  tHFAT (UTC)

28.5° N 28.5° N

F-6

C, 1000 hPa iF{H)

r-12

25.5° N 25.5° N

>
BEBAE (

22.5° N 22.5° N

102° E 103.5° E 105° E 106.5° E 108° E 109.5° E 1M1° E 102° E 103.5° E 105° E 106.5° E 108° E 109.5° E 1M1° E

Figure 4. Comparison of surface pressure and 10 m wind between the two events (23Z 12 January 2026)
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Figure 5. Comparison of 700 hPa geopotential height, temperature and relative humidity between the two events (23Z 12

January 2026)
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Table 3. Comparison of key physical quantities between the two events in this study and historical climatological statistics
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Table 4. Comparison of low-level inversion intensity ( AT, ) between the two events under two schemes
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Figure 6. Sounding temperature-dew point profiles of the two events (02Z 13 January 2026)
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Figure 8. Comparison of 850 hPa vertical velocity between the two events
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Figure 10. Comparison of dominant visibility evolution between the two events (observation records)
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Figure 11. Comparison of weather phenomena between the two events (observation records)
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Figure 12. Comparison of cloud amount/low cloud amount/cloud condition between the two events (observation records)
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