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The Microphysical Characteristics of Winter Fog in Jinan
and Its Effect on Visibility
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Abstract Affected by stable weather, there had been ten fog events in Jinan from 19
December 2016 to 9 January 2017, during which the minimum value of visibility was below
50 m. Low visibility caused by continuous fog events brought serious harm to the activity of
industry and agriculture and people's lives. In this paper, microphysical characteristics were
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analyzed, microphysical processes and intensity were deduced and their effect on visibility
was discussed based on the measurements from fog drop spectrometer, automatic weather
station and conventional meteorological instrument during 10 fog events. The results were
as follows: The droplet spectrum distribution was different in winter fog with different
thickness, which changed from mono-modal to multi-modal as fog became thick. Number
concentration(NC) were the most inversely associated with visibility(V), while it was not
stable that liquid water content(LWC) and relative dispersion of the droplet size
distribution(S) were inversely associated with V. The temperature of air had an impact on
the microphysical processes. The activation and condensational growth (or droplet
evaporation) processes played a leading role in the whole winter fog life time. The
collection processes arose in the development and mature stages, but not or very
infrequently in the formation and weaken stages. The results from autoconversion rate show
that collection occurred rarely in fog with V>200 m, while it was very weak, with
uncollected or uncontinuous collection in heavy fogs with 100 m<V <<200m. The
collection mainly occurred in extremely dense fog with V<50 m and heavy fogs with 50 m
<V<<100m, but it was more frequently and stronger in heavy fogs with 50 m<<\V<<100m
than in extremely dense fog with V<<50 m. There were a larger number of small fog
droplets which lead to poorer visibility in extremely dense fog with V<<50 m, but the
maximum values such as NC, LWC appeared in heavy fogs with 50 m<VV<<100m, in
which these quantities showed the biggest change also. It may be related to the more
frequently and  stronger  collection in  which  collision—coalescence  and
collision-fragmentation played a role on the biggest change of microphysical quantities in
heavy fogs with 50 m<<V <<100m. The trend of calculated values of visibility by
observation data from fog drop spectrometer agreed well with the actual values, but the
calculated values were much greater than the actual ones, it was mainly caused by a large
number of aerosol particles in fog. In polluted fog, it is not enough to estimate visibility in
fog only based on observation data from fog drop spectrometer, and the influence of aerosol
particles on visibility must be considered at the same time.

Keywords Jinan, winter fog, visibility, microphysical characteristics, microphysical

processes
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Tablel Macro-characteristics of 10 winter fog events in Jinan
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Table2 Microphysical characteristics with different thickness ( visibility ) fog

>
o

WEE (1

A R % A % K%
o (H226) (/2075 (HF2164) (/=5672)
ke /on 205. 68 102. 75 25.69 5.82
1 cm
- (7.47—820.98) (2.33—1238. 25) (1.98—306. 42) (0.05—87. 86)
0. 03620 0. 02593 0. 00169 0. 00027

WA EKE/ /g n”

(0.00341—0. 14618)

(0.00018—0. 37345)

(0. 00012—0. 08480)

(0. 00000—0. 00668)

14. 34 13.82 5.37 4. 62
FEABER o
(8. 14—20. 94) (4. 26—26. 10) (4.08—21.51) (0.68—17.43)
10. 25 9.94 4.81 4.28
AMER/ um
(7.16—14.69) (4.15—20.75) (3.95—15. 28) (0.68—10. 36)
. 0.52 0.79 0.02 0. 00
D=30 um Z i %
m S (0. 05—3.50) (0.00—9. 62) (0. 00—3. 40) (0.00—0.20)
2.66 2.61 2.04 1.98
SEYEAR/ um
(2.26-3.22) (1.86-4.55) (1.81-3.30) (1.66-2.84)
o, , 9.02 9.29 4.54 4. 36
AR E VA
(6.26-15.64) (3.73-34.43) (3.5-16. 15) (2.88-21.51)
N 0.52 0.52 0.28 0.30
B
(0.39-0.77) (0.20-1.00) (0.19-0.79) (0.19-1.47)

AR e N SIS VSR HS TON



K2 AFEBERE (REWLEE) Z-FEinAi
Fig. 2 Average droplet spectrum with different thickness ( visibility ) fog
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Fig. 3 Average droplet spectrum with three kinds of different thickness ( visibility ) heavy fog or extremely dense fog
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Fig.4 Correlation between visibility(V)and numerical concentration ( NC)(a),visibility (V )and liquid water content ( LWC )
(b) ,visibility( V) and relative dispersion of the droplet size distribution(S)(c)
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Fig. 5 The relationship between the effective radius and the ratio of liquid water content and number concentration in two
kinds of different thickness fog
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Fig.6 Scatter diagram of extinction coefficient and number concentration, extinction coefficient and liquid water content in
two kinds of different thickness fog
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Fig.7 Scatter diagram of normalized extinction coefficient (A-.;) and relative dispersion of the droplet size distribution(S)(a),
normalized extinction coefficient (A..,) and effective radius(z+)(b) in two kinds of different thickness fog
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Fig.8 The evolution of physical quantity in case 1
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Fig.9 Evolution of physical quantities in heavy fog and in extremely dense fog
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Table 4 The autoconversion rate and autoconversion rate function in kinds of different thichness(heavy) fog
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Fromik % B A A /N T 50 m<V<<100 m 53Kk %, BIAFoRIK S TPRLIF IR RS, X5 3.2.1.2

TR E

K10 Frmamfrom &2 2 ok A B RS REFEA B AR RO AT (a=P/ Pos b=P/ Py, c=Py/ NC, d=P./ LIC)

Fig.10 Scatter diagram of autoconversion rate (Py,P. ) and autoconversion rate function ( Pyo,Pro) (a,b), autoconversion
rate (Py ) and number concentration (NC )(c) , autoconversion rate (PL )and liquid water content (LWC ) (d) in two kinds of
different thickness fog
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Fig.11 Correlation between the calculated values of visibility and the actual ones in two kinds of thickness fog
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Fig.12 Scatter diagram of Cs and Ck of average spectrum per minute in 10 winter fog events
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Table 5 Physical parameters with different intensities (visibility) according to the the calculated values of

visibility
%%ﬂ IOOOmé V[/ By 2000m§ V[/ By SOOOmé V[/ By 12000m§ V,/;;m
V,/;y//,<1000m V;’/w1230000m
<2000m <3000m <12000m <30000m
(N=1456) (N=3644)
IS5 (N=560) (N=520) (N=2694) (N=1680)
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(0. 8-531. 03)
) ) ) 7) 8)
N 3.88 5.92 6.76 6.21 6. 20 2.33
RS 25 (C)
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2

e S NBUE BN
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H AU ) Gamma 7347 B ECZE FLAR (2, 50D ROK DX TADAF 6 A 7] 5i 2 25 O AR B0 B2 L 5530 1 A0
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Table 6 The fitting parameters of gamma distribution function and integrated number concentration of

different interval in different intensities (visibility) according to the the calculated values of visibility
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Fig. 13 The evolution of visibility from Wuyingshan station, quality concentration of PM2.5 from
Quancheng Square station and Lanxiang technical school station with time in Case 1
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Fig.10 Scatter diagram of autoconversion rate (Py,P. ) and autoconversion rate function ( Pno,PLo) (a,b), autoconversion
rate (Py ) and number concentration (NC )(c) , autoconversion rate (PL )and liquid water content (LWC ) (d) in two kinds of
different thickness fog
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Fig.11 Correlation between the calculated values of visibility and the actual ones in two kinds of thickness fog
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Fig.12 Scatter diagram of Cs and Ck of average spectrum per minute in 10 winter fog events
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Fig. 13 The evolution of visibility from Wuyingshan station, quality concentration of PM2.5 from

Quancheng Square station and Lanxiang technical school station with time in Case 1
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