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Abstract: In order to compare different effects on simulations of heavy fog processes under various micro-
physics, planetary boundary layer and land surface schemes, 21 heavy fog events selected from the obser-
vation data of expressway weather monitoring system from 2011 to 2013 were simulated using WRF
(Weather Research and Forecasting Model). Influence of different parameterization schemes on simulating
these fog events was discussed and the forecasting indexes of fog formation based on the output physical
variables of WRF were determined. The results are as follows: (1) The simulation of the whole fog occur-
ring processes is the best when selecting WDM6 scheme as the microphysics scheme, QNSE scheme as the

planetary boundary layer scheme and the SLLAB scheme as the land surface scheme considering the effects
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of different parameterization schemes in simulating the near-surface meteorological factors, the air temper-
ature in the upper-level atmosphere and the distribution of fog areas comprehensively. (2) Under the opti-
mum configure of the parameterization schemes and giving consideration to the limited computing resources
of the meteorological professional departments in China and the suitable vertical resolution of the model,
the analysis on the numerical simulation results of atmospheric backgrounds during the 21 heavy fog events
demonstrates that the forecasting indexes of heavy fog on the expressway of Jiangsu Province are that lig-
uid water content at lowest model level (30—40 m) is more than 0. 015 g « kg ', or 2 m relative humidity

1

is more than 95% and 10 m wind speed is less than 3 m » s~ ! at the same time.

Key words: expressway, heavy fog, numerical simulation, parameterization scheme, forecasting index of

fog occurrence
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Table 1 Experimental design of various parameterization schemes

R oo C/ELYES 35 b 18 2 J7 % il 181 75 %% NRBTE TR X T %
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9 WDM6 QNSE SLAB QNSE KF
10 WDM6 MM5 Noah YSU KF
11 WDM6 Eta Noah MY] KF
12 WDM6 QNSE Noah QNSE KF
13 Morrison QNSE SILAB QNSE G3
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Table 2 Root mean square error (RMSE) between simulation values and observation values of various

near-surface factors during the three fog cases under different parameterization schemes

u EE RS

1 2 3 4 5 6 7 8 9 10 11 12 13
Dew 2.1 1.6 1.6 2.1 2 1.8 2.1 1.6 1.5 2.1 2 1.7 1.9
Ground 2.7 2.5 2.2 2.2 2.3 2.2 2.8 2.5 2.2 2.2 2.2 2.1 2.4
2011 Humid 8.3 6.9 8.6 10. 2 7.6 7.1 8.4 7 8.6 10 7.5 7 8.5
Air 2.6 1.7 1.7 1.7 2.1 1.9 2.6 1.6 1.5 1.7 2.1 1.7 2.2

Wspd 0.9 1 1 1 1 0.9 0.9 1.1 1 1 1 1 1
Dew 2.2 1.3 1.6 2.4 2.7 2.6 2.2 1.3 1.5 2.4 2.7 2.6 1.8
Ground 3.4 3.6 3.1 3 3.6 3.5 3.4 3.6 3 3 3.6 3.5 3.2
2012 Humid 6.2 6 6.7 9.4 8.6 8.2 6.3 6 6.6 9.5 8.6 8 6.7
Air 3 1.6 2.3 2.3 2.9 2.8 2.9 1.6 2.2 2.3 2.9 2.8 2.5
Wspd 1 1.2 1.1 1.5 1.2 1.2 1 1.2 1.1 1.5 1.2 1.2 1.1
Dew 1.8 1.5 1.5 1.7 2 1.9 1.8 1.5 1.5 1.7 1.9 1.8 1.7
Ground 3.2 2.6 2.6 2.9 2.9 2.8 3.3 2.6 2.6 3 2.8 2.7 2.4
2013 Humid 10. 6 9.7 10.2 10. 4 10. 3 10. 4 10. 6 9.7 10.2 10. 4 10.2 10.3 10.1
Air 2.2 1.9 1.5 2.3 2.9 2.7 2.2 1.7 1.4 2.3 2.7 2.6 2.1
Wspd 0.8 1 0.9 1 1 0.9 0.8 1 0.9 1 1 0.9 0.9

Dew:2 m % S (7. C) . Ground : # i BE (07 . C) , Humid: 2 m AHRHREE AR %) Air: 2 m L CAA7 . C), Wspd: 10 m KU CHfii.m « s~ 1), M

e 0T g 12 B R DL 5 LI EL 249 T MR 2% A/ A B

Dew: 2 m dew temperature (unit: C), Ground: surface temperature (unit; C), Humid: 2 m relative humidity (unit: %), Air: 2 m air temperature Cunit:

C),Wspd: 10 m wind speed (unit: m * s~ 1), bold number is the minimum value of RMSE for each factor
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Fig. 4

Mean absolute error (MAE) between simulation values and observation values of

upper-level air temperature in the two heavy fog cases in 2011 (a) and 2013 (b)
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Table 3 Forecasting scores of simulated fog area in the three heavy fog

cases under different parameterization schemes (unit: %)

A P LE
1 2 3 4 5 6 7 8 9 10 11 12 13
TS 37.7 43.9 61.4 16. 6 32.5 29.1 38.7 45.0 62.6 18.2 33.3 31.1 58.5
2011 MR 59.4 53.0 26.2 82.9 65.3 69. 3 57.9 51.4 23.9 81.0 64.1 66. 9 29.5
FAR 16.2 13.2 21.5 16. 8 16.3 15.4 17. 4 14.3 22.0 17.8 17.7 16.2 22.5
TS 14.7 3.5 38.9 0 5.5 10.2 15.5 3.9 39.4 0 6.0 11.5 40.7
2012 MR 84.2 96.0 31.1 100 94. 4 89.3 83.1 95.5 28.8 100 93.8 87.6 31.6
FAR 33.3 77.4 52.9 - 37.5 32.1 34.8 77.1 53.2 - 38.9 40.5 49. 8
TS 48.0 54.0 66. 2 46.0 50.9 47.2 48.8 55.0 67.7 45.6 53.4 48.9 62.1
2013 MR 46. 8 41. 8 23.4 51.1 44.9 50. 2 44.9 39.9 21.3 50.9 41.9 47.8 32.0
FAR 17.0 11.9 17.0 11.2 13.0 10.1 18.8 13.5 17.0 13.5 12.9 11. 4 12.3

IHLECT o TS W e R H R AR R MR /MBI ZE 48 FAR /i

Bold numbers are for the maximum value of TS, the minimum value of MR and the minimum value of FAR
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Table 4 Forecasting scores of simulated fog area in
21 fog cases under three optimal

parameterization schemes (unit: %)

AP S TS ¥¥4> iR MR =R % FAR
8 35.0 57.5 33.6
9 47.5 36.3 34.9
13 46.7 35.7 37.0
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Table 5 The threat score of simulated fog area in 21 fog cases under different combinations of various

2 m relative humidity and 10 m wind speed as the forecasting indexes of fog formation (unit: %)

. B 2 m ¥
10 m Mg /m = 571 ——7o; =70% ~80% ~85% ~90% ~95% 100%
<1Imes ! 48.1 48.1 48.1 48 47.9 47.9 47.5
<2mes ! 50.9 51.0 51.0 50.9 50.9 50.7 47.6
<3mes ! 52.3 52.4 52.5 52.5 52.4 52.2 47.6
<4mes ! 51.8 52.0 52.5 52.8 52.8 52.7 47.6
<5mes ! 51.5 51.8 52.4 52.8 52.9 52.8 47.6
<6mes ! 51.2 51.5 52.2 52.7 52.8 52.7 47.6
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