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Abstract

Low visibility conditions significantly impact transportation systems. With the rapid develop-
ment of civil aviation, visibility forecasting has become increasingly important. This study utilizes
conventional meteorological observation data to analyze a heavy fog event at Shuangliu Airport
on January 12, 2015. By examining the circulation patterns, meteorological elements, physical pa-
rameters, and atmospheric stratification conditions prior to the fog formation, the following con-
clusions were drawn: The low visibility event was triggered by radiation fog. The night before the
fog occurred, the upper atmosphere at 500 hPa was dominated by strong northwesterly airflow,
while the middle and lower layers exhibited anticyclonic flow patterns. Influenced by cold air,
pronounced divergence and subsidence motions were observed. A shallow inversion layer ex-
tended from the surface to 925 hPa, suppressing vertical diffusion and favoring clear-sky radia-
tive cooling while inhibiting convective development. Simultaneously, the relative humidity in
the lower atmosphere increased to >90%, with gradually rising surface pressure and significant
temperature drops that promoted water vapor condensation. Persistent calm wind conditions
(<2 m/s) allowed moisture to accumulate within the basin. Additionally, the stable atmospheric
stratification preceding the fog event, coupled with slight increases in unstable energy and weak
disturbances in shallow layers, facilitated fog droplet coalescence and growth—all conducive to
heavy fog formation. The basin’s topographic effects further contributed to the fog’'s persistence.
Through detailed analysis of this low visibility event at Shuangliu Airport, we gained deeper in-
sights into the causative mechanisms, providing valuable scientific references for refined aviation
weather forecasting.
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Figure 1. Temporal variation of visibility from January 9 to 13, 2015
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Figure 2. Circulation pattern analysis at 500 hPa at (a) 20:00 on January 11, 2015; (b) 08:00 on January 12, 2015
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Figure 3. Analysis of flow field and circulation pattern at 700 hPa at (a) Flow field at 20:00 on January 11, 2015, (b) Flow
field at 08:00 on January 12, 2015, (c) Circulation pattern at 20:00 on January 11, 2015, (d) Circulation pattern at 08:00 on
January 12, 2015
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Figure 4. Analysis of flow field and circulation pattern at 850 hPa, (a) Flow Field at 20:00 on January 11, 2015, (b) Flow Field
at 08:00 on January 12, 2015, (c) Circulation Pattern at 20:00 on January 11, 2015, (d) Circulation Pattern at 08:00 on January
12,2015
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Figure 5. Surface circulation pattern analysis: (a) 20:00 on January 11, 2015, (b) 08:00 on January 12, 2015
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Figure 6. Temporal variations of visibility and air temperature
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Figure 7. Temporal variations of visibility and temperature-dew point spread
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Figure 8. Temporal evolution curves of visibility and atmospheric pressure
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Figure 9. Temporal variation curves of visibility and relative humidity
B 9. #eILE S5 HEXHTERERE T L fhsk

44, EMESRMXR

EHACER 11 H 02 B ~12 H 23 BF iy i i XU i 48 B (15 10)aT %0, R R/INGE L 4ERFLE 2 mis JLAT,
KERAER I 11 H 17~20 B RICAFEIA, 11 H 23 K~12 H 05 i, s ZERe b, BX 3K
N2mis, UERASE AR S SARIAE T B 11~12 H A KM 08 2] 20 i = 20 EE L5
BEABARBI, 869 0EN L. HTRIATL =N, 726,

11-02 11-08 11-14 11-20 12-02 12-08 12-14 12-20
i ]

Figure 10. Wind direction and speed diagrams at 3-hour intervals from 02:00 on the 11th to 23:00 on the 12th
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Table 1. Divergence fields at 500 hPa, 700 hPa, 850 hPa, and 925 hPa levels from January 9 to 13
1.1 B 9~13 H 500 hPa. 700 hPa. 850 hPa. 925 hPa &iE 1%

9 H o8 9H 20 10H8 10H20 11H8 11H20 122H8 12H20 13HO08

ih) S ihy ih) S S ih) fif ihy
500 hPa - - - + - 0 _ _ +
700 hPa + + _ _ 0 - + + +
850 hPa + + + + + + - _ -
925 hPa + + + + + - - - 0

5.2. iREFRFFHE

MFE 2 1) 9~13 H AR EFRE AT LA H, 10 H 08 B 500~925 hPa )25 2 Nl T,
Horb 925 hPa B Tt i, 925 hPa 11 FI5 255 B 1-¥it, 10 H 20 i 700 hPa. 850 hPa F- 454 5511
AFREAN. 11 H 08 B, #EZERE THEFii, ULRBE iS5 10 B 08 B #H L 500 hPa 1 700 hPa i
FEBETN, 850 hPa A1 925 hPa 52 IR59, F| 7 b 20 I, A FIREXKENRHA, 925 hPa A58 % T,
DL EASE R AR, A TR KT 10 H 20 B R)58E . A PR ENA R T I5E
KB SRR, MRS, WA R T RERA4. 27 12 H 08 i, &=H 551
WA, IS FRENE F TAREWR = S, 0 RS 4ERA BRAER .

Table 2. Temperature advection values at 500 hPa, 700 hPa, 850 hPa, and 925 hPa levels from January 9 to 13
%% 2.9~13 H 500 hPa, 700 hPa, 850 hPa. 925 hPa ;BE &

9 H o8 9 H 20 10H8 10H20 11HO08 11H20 12HO08 12H20 13H 08

i iN) i) i iN) iN) Ny iN) iN)
500 hPa -13.1 -14.4 0.2 0.9 3.8 -3.5 -1.9 1.2 3.8
700 hPa -3.3 —-0.3 1.8 -0.8 5 -1.3 -0.5 3.8 1.6
850 hPa 0.9 3.8 0.7 -0.4 0.3 -0.3 0.9 0.5 0.7
925 hPa 1.2 —-0.6 7.4 3.8 5 0.3 1.7 1.7 -0.4
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XFEE SOZ kN, H 700 hPa FIAH X% — B/, 500 hPa AN B LR N T RPH TERFE R
AT N R M RES, T ERXNEEE R PR T 2 S AR, R T AR S R

Table 3. Relative humidity values at 500 hPa, 700 hPa, 850 hPa, and 925 hPa from January 9 to 13
3% 3.9~13 H 500 hPa. 700 hPa. 850 hPa, 925 hPa BiEx}EE &

9 H 08 9H 20 1048 10H20 11HO08 11H20 12H08 12H20 13408

B ff B B i} i} B B ff
500hPa  61% 36% 74% 82% 82% 49% 28% 16% 3%
700hPa  14% 24% 14% 5% 14% 26% 34% 26% 19%
850hPa  62% 80% 92% 86% 86% 93% 92% 62% 93%
925hPa  75% 70% 87% 87% 87% 87% 93% 81% 87%

M 11 H 20 A1 12 H 08 i FAH % 2 2 5w (K 1) e] LR H, KRERAERRT—HBE LYK
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Figure 11. Vertical profiles of relative humidity at (a) 20:00 on January 11, 2015, (b) 08:00 on January 12, 2015
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gibitase . M 11 HIFM, KB RITFEIER, 212 H 08 i, K fefuk2ix LR KM 12, SI 8
et 11 HIFGRREK, 12 H 08 BHAFIHAK. 12 H 500 hPa 5 850 hPa fEAH 243 2 th & X J LK Fh %
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L H PR, ARERERE M LT EKREESH, FERLRE, 08 HFIHE AR AN B,
X5 BT EUE SNSRI A .

Table 4. Temporal evolution of three atmospheric stability parameters from January 9~13
F4-1BH=MEFREESERT

9H08 9H20 10H8 10H20 11H08 11H20 12H08 12H20 13H 08

i i) iN] in] iN] Ny i) B N}
K 8%k -3 6 -1 -10 2 9 12 6 4
SI 5%k 10.41 7.65 9.18 8.47 6.47 5.77 5.18 7.41 7.77
500 hPa 5
850 hPa fiAH -13 -9 -14 -10 -9 -7 -6 -5 -9
R =

6.2. WRESTHT

Xt 9~13 H Rl FR 2 i PR AER 2 AR kb T 3L B 3t 47 6 b 2 BT (2 )75 HY, Ml 21 925 hPa (8] H ¥ iR Z A71E,
{EERAKIRAEAR T B HA S 8L AT KREF=4E. 12 H 08 IR X BUE /1 WL E 12(a), M A LLEH &
BB, 5385 Bonf—8, 7RIS 925 hPa Z A1 —/MERRIIIL)ZE, AT RCAIRT ok 4B
MRZ R RNENS . 74, BEMEERESMEAN, USSR E N RRESRE, ST
KAFRE . HTULRIEIREEAKR, MM E EAED 20m, @R RS F R, BERCOS, Wik
FETHEAKYR A g, FITAREEHZEL S, ARTER74. K 12(b)& 12 H 20 B R 2%
JE, B EEEHENYEE CEHEEL 12 BRI KRS E 1 CA8450R1.

7. &g
ASCRIF 2015 4F 1 A M% S SN R, B GIEOHRIEA . SSBE, WHEE. UNLE
GESAE, BB ML AT B 0L FEE 72 2 1 JE LR 2 F

Table 5. Temperature and corresponding stratification characteristics at 850 hPa, 925 hPa, and surface levels from January
9~13
5.1 A 9~13 H 850 hPa, 925hPa. HEEEFXRAELEREM

9 [ 081 9 H 20 i 10H08 10H20 11408 11H20 12H08 12H20 13408

ihy S i fif i) ih) ihy

850 hPa i & 2 2 0 1 1 1 0 2 2

925 hPa i 6 7 5 6 5 7 5 7 6

b T 3 6 5 8 6 7 -1 7 3
R E pUIN iR IR UL} &) pUINcH
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Figure 12. Temperature-logarithmic pressure diagram at (a) 20:00 on January 11, 2015; (b) 08:00 on January 12, 2015
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