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Abstract Fog has adverse effects on transportation, especially extremely dense fog. In this paper, the fog
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droplet spectrum data measured by FM-100 fog drop spectrometer at Shouxian National Climate
Observatory in January 2019, together with the contemporary conventional meteorological observation
data, were used to investigate the microphysical characteristics of fog with different intensities. Based on
the analysis of the relationships between visibility (V) and liquid water content (L), number
concentration (N) of fog droplets and relative humidity (RH), various visibility parameterization
schemes were established. The results show that: (1) With the increase of fog intensity, the water content
in fog increased significantly, with average values of 0.003, 0.01 and 0.09 g m= during the periods of fog,
dense fog and extremely dense fog, respectively. When the L was greater than 0.02 g m3, the proportion
of extremely dense fog reached 95%. (2) The N and droplet size increased with the increase of fog
intensity. From fog to dense fog, the N increased significantly (increased by 67%), while from dense fog
to extremely dense fog, the droplet size increased significantly, and the average diameter (D) and
effective radius (Re) increased by 62% and 135% respectively. When the Re was greater than 4.7 um, the
proportion of extremely dense fog reached 95%. (3) All the spectra distributions of droplet number
concentration for fog, dense fog and extremely dense fog were bimodal structure, with the major peaks
close to the end of small particles. The spectrum type of extremely dense fog was Deirmendjian
distribution; while it was Junge distribution for dense fog and fog. As for fog water mass concentration
spectrum it was characterized by multi peaks for extremely dense fog with the maximum peak appeared
at 21.5 pm, bimodal distribution and single peak type for dense fog and fog respectively, with the
maximum peak at 5 um. (4) Both L and N were inversely correlated with visibility, and L showed the
highest correlation coefficient with visibility. Four kinds of visibility parameterization schemes were
established by using full sample and segmented method respectively, and the test results indicated that
the visibility subsection fitting scheme based on L was the best.
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Fig.1 Temporal variations of visibility and relative humidity (a), liquid water content and number concentration (b), mean
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Table 2 Comparisons of microphysical characteristics of fog in Shouxian and other areas
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Table 3 The variation coefficients of liquid water content in different fog intensity stages and the proportion of sample

number (within mean =1 times standard deviation) to the total sample number
CPEMEH FbRAEZ) FEAES AR

g AR %
£ BE S ARSI (%)
S 0.807 889
e 0.678 86
K% 0.654 4

Zi b, WESNREIGTE, RELEIRAC, FrhEkKEREE K, FHEORE. F
BEAAR, NKERIKS, ZHMEURE D EM AR (BEIE 67%), 1MWK ZE 258K %,
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ANFHLIX M 25 R, T DS B R 5, RIS T R B 2 e A B, i 4L
WEEF &K & BE K

N0 LA [R5 R 25 A B, P 2 FFEZ RS H T RS (Fog). KE
(Dense fog) . 58 5 (Extremely dense fog, 5y ExDense fog) BB it 551 H0A T
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0.049g M3, NIFH 75%H) P RetEo MRS . AR LLBIFE MR 95%, XT38k,
FKE TR 0.023gm3, Fik, 785 T HUE AL R AT ik & Uk sy, wred
¥ 0.02 g m=> 1B X 5K 55 1R B A

Kl 2c 4 THRBCEFRNSTHRHME, ZA SCE R RIE R SR EE S
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H, CHMARY, ZHANCERS (BKEBKRED 2IEMHKKHR (Gultepe et al.,
1996; Reid et al., 1999; &&E#%, 2013). MWEIHATLUE Y, SRR E A MCERKTY
B8 7.3um, F&AN 10.5um, A 75%LL EIFEAR KT 6.4um; iK% . KEHICEE
T kS, FHES N 23um. 3.1um, HAANEE 4pm. #0550 KL,
SRIN A AR T 95% 0 L5 KT 4.7um.

600 1E+0 12
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)
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w
o
o
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=
m
N

T 1E-4 T T .
Dense fog  ExDense fog Fog Dense fog  ExDense fog Fog Dense fog ~ ExDense fog

Kl 2 ARBESZFHERE (). fKE (b, GRCERE (o) SfifagkE
CENMAREZ 0 R B KAE A /MBI BB s, SO R RBME: KITERIR . Bl
ForE— =S
Fig.2 Box-plots of droplet number concentration (a), liquid water content (b) and effective radius (c) of fog with different
intensities
(the upper —: maximum; the lower — minimum; — within the rectangles: median; ® within the rectangles: mean; the upper
and lower borders of the rectangles: the 25th and 75th percentiles)

5 NIFI5E B B i 4 A0 P AE

Kl 3a Ay AR5 2 55 1) 25 i BOKR FE TS S ATRHAE , - B A SE 1% o A, R4k
NEMEARITERE ST vTUEH, IR K% KEEORE 540 35 X
ShNy, TEIREE B ORKEMH B ILAE 3um &b, 55— MEMETE 13um &b, WK% . K5 & KIEE
S AHELLE 3ums 2um &b, 5 —NE(EISAE 21.5pm b R R o A AR i ) /N R
T, EAT 9um PLR CELFE um) R4 5 SR E i LA, sk B By 82.6%,
W REMBEIT 90%. EHKRE b, RSP EMERE R TIREM RS,
WIFEAE 10~30um 2 [A) 2 5 Fe K. M7E 40um BA_L, 58K 55 B B0 5500 B i b
IX S BT 55 PR B R B U R R R

M ATHIERRE, RS W REHORE G A5 S4e 808 m,  Hrh Rk
T2 551 754 Deirmendjian 4347 : N(D)= 66090.49 X D*92 X exp(-8.125 X D%%%),
Hra (P, 2009). BFrg (EREE, 2019) AIE RV (FEFHMEE,
1995) I Z MBS 7 ATRFAERAL; Rk S AR 2 ) 5530 775 Junge 434, LA A5
514 N(D)= 2692.9X D354 | N(D)= 1452.6 X D387, HEKMHEFRIE (BFHMRE,
1995) Fk4s CGEMEZESE, 2009). T (GkEFESE, 2013). EIT (GkMES, 2016)
FRHE 55 3 73 A RF 2R AL o S AP AT DAt $00E 3 20 Afi it 2 M0 Sl i85 70 A i 28 U A — 3
P REL R IAE 0.92 LA E, i BB 43 A R B RE % S W55 R T B 45 R R AE

10



Kl 3b AR L 55 1 25 /K B B B 1S A AT RRAE, PTRUR Y, 9RIRE 1 55K B &
WEEH S R TIRE AR S, 5RIKEE R SR LN 202 ERHIE, ORI HILAE 21.5um
Ab, BFEANEE S HIE 15ums 7um A, 13~27.5um I E RIS /K EKTTER R K
% Z5 /K B B S 1 S ISR AR, WEEAE 43 0 HHBAE 5. 21.5um &b RZE F /K K FE
WA AE Spum &b, ZJERATERIEE, W5 KREFHEARELZ 3~9um B F &K
U TR N

Fog @ Dense fog = ExDense fog

(@)

R2=0.929
°* o . .

.\‘
R?=0.981®
1E-4 T T T . . . . . .
0 5 10 15 20 25 30 35 40 45 50
D /pm
Fog —e—Dense fog —=—ExDense fog
1E+2
(b)
1E+1
5 1E+0 |
=
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E 1E1 -
=
1E-2
1E-3 T T T T T T T T T T T T T T T T T T -
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D /pm

Bl 3 AR S S MEOREL (o). SKREREE (b /2
Fig.3 Distributions of droplet number concentration spectrum (a) and liquid water mass concentration spectrum (b) of
different fog intensities

6 BERESHITR

FXRAREWE RIS Z RS EE VI, S/KE. BORELPMEE WE
MIEZE 1o F34b, ARXHE B N K RE AT S 5 (kG 5%, 2017; (REFIRSE,
2017), HEAENZ R (HZESE, 20100, ANHFHERS BRILEE WM TR, &
SerHTRE W S EKE . HOREE . AXHEEERI SRR, e WIEGE o aEle 2 40
Wl — AN BAEREA, HABBER W EBAEA, L TEKE . BokE. &
KA X HOREE . FIRHEE IR WL EE S B Tr %8, FEXTAS R RE WL S8 5 SR AT VPG
F 6 o
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6.1 EMESEKE. BURE., HXEENXR
WRIEE 1B R R R AL, WUV B S KR S BOR AR (a2,
—BGE i ERMR KR (4D, FTLEH, B S KRR BRI
W, AEGRIZAE 50 em® UN, & /K& BEEO L ARG Iy s g hn, - E 2 Kk R
T 50em P i, EUKEERHEN, W T —ASEREBIKE, SKEME 1-2 ME
P [FRE, SKE—EN, FHEBOREAEEAT M LH2LE. Kk, A
SEREILE S BT S, AU T RENE S EKE . FMAGRE RS HATT %,
RN T RE ML S &K E X BORE RIS T &, FFdtAT L.
1E+0 -

1E1 |

1E-2 |

1E3 | g

L /gm3

L = 9E-06N1 342

R==0.8328
1E-4 §

1E-5 §

1E-6 T T T T T T
0 100 200 300 400 500 600
N /cm-3

4 B B H AR A
Fig.4 Scatter plot between liquid water content and number concentration of fog droplets

K5 7 nlge e WL 557K E (V—L) HOREE (V—ND. E7KEXHRE (V—
LXND. AHXHBE (V—RH) B R . FTLEH, &/KESRENE 28 3EH K Al
RKEFZ, “HKIMKREOES] 0.965, BEES/KELM, BEILELEH i, HEKE
KT 0.02g m3 i, FEMLEZEEALE 200m LR, BIIASISEK S BORE S B ML A FE &
BFEM AR R ZR, BN RRBE S/KE SR8 WA D), a0 i1 5 B o B
FHOGREA Ny 0.822, 455 MR FEAIC T~ 50em I, e 2 Fifi 25 A5 2 388 ok %,
T 24K R T 50em> I, B WL EEARAL ELALZRNS, x T FIRE RO RO L, R WL ALY
I EEAOR, IR EEAE 100em ™ i, AELEEARMM LK ENE 1 Tk, BT REME
B SRR BRI RS, I CREES (LXND THIRR, —
FARAEELE 7 0927, mTRENES ZREORERIA M, (EIRTREME 5 &K
BN WAIXHREE SR WAL R AR, —H BXEOCR, MRRE
N 0724, WIRARTREMNE S E/KE. FZREOREERIIA RN, 8 W REE AR
BN, AHAR S SN, T FERERIAR R, fE LR VE I B BOR,
P PG B BN s, A AR A 99% (T LLUACAMLRD I, fE DL AL TE
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V /km

68~3666m, T M., AHXNREARENE A5 AWK YE, JCHARAE Nk % 1A
WA F -

BEDLEE 5 (L>IND ™ FIAH R R AR T 5 L fIAE X R4, 1IX 5 Gultepe et al. (2006)
M5 AN, Gultepe et al. (2006) 1A A4 s 2 Tl 5e WL R RS HERRFE , 02015 FE 4t
ok B FAE — AN hor A i, WRICAH V—L>N SER A AL WEE 58, SRim, M
Gultepe et al. (2006) )53 #frH, FRATFEEA R ENEZ VI V—L>N X RIE T V—L X
R, HLEZEN S V—LN 5§ V—L X R AR H 7R 1% % (RMSE) F1F
BIMXRZE (MRE) #ifEF] XA MR RED. 2 )5, Gultepe et al. (2009)F FH—
M A D R 15 2] V—L>N Ao B8 = T V—L. V—N AR &R %L, 44
Hilg % SRS A BRI R 2 5, B, FES TR SHM T . A
SCRIAIZ 1 0 Bl P 350 Xt v 55 1 0 A1, X AT RE R AR SCEE SRS Gultepe et al.
(2009) &5 RAE B K 2 — o Ayidt—2B 0 M e WAL 5 & K E AL T-Re LR 5 2
IKE BRI R, EEREE S5 (a). (b)) MiExFR, T L. N ERE—
AMRERITFEAEWE (Vea), BB BIMMAE W (Vobs) 5iH5AE WL 25 (5 46 5%
8 (Vear - Voo|) FIFRUEZE, SRJGGETH|Veal - Vool 7E 1 5 b5 22 Y A OAE A S B A
PILLpl . 5K, FET NG RAR, (Ve - Vo) MIFRHEZN 0.405, H 61.9%f
FEALE L EFRUEZETERIA: 2T L MG RR, (Vea - Vo) BIARIEZEN 0252, F
64.4%IFEALE 1 EFRHEZETERIN . WA 5 (b) A V—N i i B HORE FE B sy
I S5 W HOR B2 S Bk E— AR R R0 Re W EE AT S50k, 390 T FEAR 1 B B
fE, FEHRREL %,

1E+1 1E+1

@)

V = 0.0504L-0403
R==0.9316

R==0.6754

1E+0 - 1E+0

V /km

1E-1 | 1E-1 |

V= 4.8121N-0507

1E-2 T T T T T 1E-2 T T T T T
1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 0 100 200 300 400 500
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V /km

1E+1 1E+1

(c)
1E+0 - 1E+0 |
V= 0.3633MEuN)" = g V= -14.83In(RH) + 69.035
R==0.8594 > R= 0.5241

1E1 | 161 |
1E2 ‘ : : ‘ 162 ‘ : ‘ ‘

1E-3 1E1 1E+1 1643 1E+5 75 80 85 90 95

1/(LXN) /gt m3 em?3 RH /%

Bl 5 2/KE (a). BIRIE (b). SKEXEIRE (o). MHMRE () 5aLENXR
Fig.5 Relationships between visibility and liquid water content (a), number concentration (b), liquid water content =
number concentration (c), relative humidity (d)

6.2 BEES NS REM RIFMH

M 4, B 5b fTLLE R, A5 FEA R B i A A, BIE 4 b
. B 5b BT RER, X FEART RIE R S K E GEAR#IKT 0.02 gm®). B
ILEEAR (T 150m), hEie)E Fomikss. 5ok, KB 5b. 5c H, Sl & 28K,
AE LA 150m DA BIFEAR S SR FE A 2 (A A7 78 B 2 R TR] B, B e ALEE 150m 5 300m 2
[IFEAM B . M Sa-c 7] LAE 22468 WAL T 200m, fg WLEERE FiRY & 2 (a4
TOEEECT AR, AR R HE . KL, FRA TR @A LRE WLEE 200m AT B, 4)
AL RE W S EKE (LD HORFE(N) 7K E X HOREE(L X N) 2[RI & 7 F%, &5
RN 4,

%4 B8R SRR A A KR R

Table 4 Fitting relationships between visibility and different fog microphysical parameters

ZHMNTT R ZH AT MERRK MR R

[T, V =0.0504 X L0404 0.965

GE S FKE (L V<200m V =0063x L0 0617
V>200m V =0.0923 X L0333 0.948

A ERRE A V =4.799 X N0:507 0.821

%2 Bk BE (N V<200m V' =0.1398 X N0 Qe
V>200m V =3.7925 X N-0366 0.911

FifaReA  V=0.3632/( LXN) 026 0.927

Ji2 3 BKE X BRI (LXND V<200m V =0.1287/( L XN) 0% 0.451
V>200m V =0.5334/( L X N) 0177 0.939

T4 HXHEE (RH) P ERHEA v =69.12-14.84 X In(RH) 0.724

A FH DU BE UL 2 B0 7 S0 AEREAS EAT DAL AL 0y, AR 5 U P, — R
A EREREA L NG TR, 1 — Mo 2 BOg e i & 0 ke, Heh 2 me LA
T 200m I iRk %), MRAE ERAE K&K ERIE )Y 0.02 gm™, ik, HE/KEX
T0.02gm3 i, M v<200m FIILETTRE, M V=200m FHLE TR, B F0TT 5
BAEAR IR 45 R WAL 5, MR RE. PRI IRZE . YITHRIRERE, ST REE
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oy BAE RS E SR A T T A ARG T2, BRIT S 4 46, HAl T 50 B &
ARG RBOILE 0.93 LA o RA B, TR LB THALTT R, HBEEE, 77
F 1. HEIMEMM KRR, PN REN TG EA T, v, HE
1. HEIDBMAEMRE L. REFTE L. HE 3 0BG R LT, H5R
52 V—L KRBT V—LXN KR, WRIEHTH 7587, B FZ MBS & KE—RE
DNPRTRE B RS REAT S EAGIE N 7 REA ) BSOS, R WL S RO A
S K E IS 2

R 5 AFRENESHA T RBIEL R
Table 5 Verification results of different visibility parameterization schemes

SR %R AT 2 MKXRHR  FIARTHEZE MRE (%) 175 %75 RMSE (km)

S RIS 0.948 22.2 0.355
NEBL 0.954 16.6 0.285

- Fra AR S 0.882 60.6 0.595
-~ 48 BEL 0.930 213 0.365
- Fra AR S 0.926 348 0.498
NEBL 0.948 18.1 0.309

EX: B FEARSLE 0.723 141.1 0.655

B 6 45t 1 AT 3 R S0 Bt 5 B BE DL I g WL ROXS B B O, Bl
S =R RE WL SR T A I E DL 5 LI RE I RE AR A a3 AR — 2, JFREARSF
R YR EE LR, 28 A5 5 AR BB UL S5 UL DN /i AL B8 LU A — B ARtk i
B R R LR -

——Observation — Scheme 1 Scheme 2 —Scheme 3

6 IR Z 7 A il IR S LR WLRE T b
Fig.6 Comparisons between fitting visibilities by different parameterization schemes and observed visibility

Dyt LU T7 S0 AN R RE L FE S BBl ) ik SRR 0, X Tkm DL g I BE#EAT 53
e %8 0.5<V<lkm. 0.2<V<0.5km. V<0.2km =A%, (FAFRZSLS, 4
AT TS ¥F4r (Threat score, TS). 4k % (False alarm ratio, FARD . Js#k# (Missing
rate, MR) A7l {2 (Frequency bias index, FBI) 556 .
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TS =—"2 9)

T NA+NBNC

FAR = = (10)
NA+NE

MR = = (11)
NA+NC

Fpp =228 (12)
NA+NC

A, NA TR AR 5 SO AR R RIREA S CIERATIER), NB Jy Tl i BLAE S5 44
P T SEDLAR B LA RE AR (3 300, NC D9 Pl Y BILAE S5 2 P Tt s 00 H B R PR AR 2 Gl
0. WNAGETHERE X ULE T, TS e 0 (&%) ~1(&4f), MoKi#ss; FAR
MR FJHUEVEEE 0 CRedif) ~1(fe%), BUN#df; FBI fURERUERZ 1, = FBI
KT 1, WWZEIR IR TR eyl ez imik psE K.

R 6 4t 1T 3 MR BN A A RIS e W P AR AR 45 A, T RUE
T K% (0.5<V<lkm), 75 14E TS PP kR, Wit 205 a0 T H AT =,
THREARE 0.2 X TS (0.2<V<0.5km), % 1 LM TS iF55. IE. Fifk
(72 5 T AGE R U, SREW IR Xomik% (V<0.2km), %77 S 2% Tk 5 fi
PRaiR—8, H TS PPo#fik ] 0.875, kR, IRiKFHAL 0.1, WS Tr 55k
A B REER RO 0.2km LAN BURAE LS .

ZERE, TR 1IMETSKENDBRENLESHTT R, S HE IR ACR
B, X 1km PAR AARHE DL BAT SE A 05 RCR

R 6 ANFISEIHE L VPl A S A R
Table 6 Evaluation and inspection results of visibility at different levels
%1 T2 TIR3
TS FAR MR FBI TS FAR MR FBI TS FAR MR  FBI

05<V<lkm 0594 0344 0137 1316 0542 0443 0045 1716 0574 0392 0090 1.498

0.2<<V<0.5km 0.377 0.289 0.555 0.626 0.049 0.000 0.951 0.049 0293 0216 0.681 0.407
V<0.2km 0.875 0.099 0.033 1.073 0875 0.099 0033 1073 0875 0.099 0.033 1.073

T RUARRIR & JARE ML EEA R IR AR A e A

7T i 5iHig

2019 £ 1 A ERREFBEEF RN R E IR T S KoMz WA, 8w 5t
B AT 1A A 50 B 55 A B REAE , DL RE DL 5 &K & ZEORE . FIHEEZ
R &R, fEULEEAE B R WS T %, FRATR I VP4l .

(1 BEEZ R ERE, ZHEKEEEMA, K. IREMRKEMNBEK
=PIME /28 0.003. 0.01 F10.09 g m3; M /KEAT 0.02gm3, HIBRIKS L
Bl =15 95%, HRIR S IS K E FIR AT N 0.02 g m3.

(2) BEEZFMsREE, FMEBORE . FMNERN, WKERIKE, ZH
WREERER I GGIE 67%), MMNRZREKEE, FHIUERERLK, FHER. F
BIE SRR IEIN 62%. 135%; M5 A SCEARRT 4.7um, H SRR S B LU &
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ik 95%.

(3) 3RIKZ . K. KR FZIWMER LG A5 G5, 1% 3 AT B A A 17 7>
P —, WA 2IRECER, (H5RiKk 515N Deirmendjian 70 Af, K% . K513
N dunge 73 AT BRIR S IS KRR R K TFIRE MK, kS 2 I 2 Iy
fE, R HBIAE 21.5um 4b, 13~27.5um I E X &K BRI ST K IRE F K
Jou B RV R S A, R 55 N B, B R UEAE 2 R IAE Spm AL

(4) EHKE. HORE SRS B RAHIGKR R, B/KEXTHE B 5200 el i
;R SRR Sy BT AL T IR R WL S T 56, Horh BT B E
SR TT R R RS RE WE AR S PR iR sl RN, T EKER RN
F&£ 53 B T 5 6 LR A SR B i, 6F 1km BLR B BE LR B A 8 4 352K
.

R 5 E X I ERRHE &5 A X 55 R IE RS A 22 5%, (HAR LA AR
—3, HIBEE SRR, REILEREAC, S A KB REE K, FHEORENEHE
FRIGR o IS A7 UINAS 2 ) 75 Bt X Rk S s W R, DA ST RE WLE S
i %, TR AR HLIX SRk 25 M 5 Pl R A 2 S 4
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