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Numerical Simulation and Analysis of the Persistent Sea Fog in the Qiongzhou
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Abstract During the Spring Festival in February 2018, the persistent heavy fog occurred in the Qiongzhou Strait, causing a large
number of ships to stop sailing. Synoptic causes for heavy fog occurred from February 18 to 20 in 2018 are analyzed by using
Himawari-8-derived sea fog products, observed visibility data gathered from coastal stations over Qiongzhou Strait and Final
Operational Global Analysis (FNL) from National Centers for Environment Prediction (NCEP). Based on the high-resolution

numerical model Global and Regional Assimilation and Prediction System (CMA-MESO), sensitive experiments are conducted from



the perspective of comparing multiple boundary layer schemes, vertical resolutions of model and algorithms related with visibility of
sea fog. It was found that the offshore sea temperature in South China during the heavy fog is lower than average. Affected by the
supplemented weak cold air by the cold high pressure southward, the warm and humid air in the east flows through the cold sea
surface and condenses quickly. The results of contrast experiments demonstrated that the prediction skills of visibility could be
significantly improved by employing the Yonsei University (YSU) boundary layer scheme and sea fog diagnosis scheme of National
Oceanic and Atmospheric Administration (NOAA) Forecast Systems Laboratory (FSL) along with increasing vertical levels of
boundary layer. Compared to the MRF (Medium Range Forecast Model) boundary layer scheme, the simulations of both spatial
distribution of heavy fog and the occurring time of minimum visibility are much better by using the YSU boundary layer scheme.
Meanwhile, expanding the levels of lower layer of numerical model will be conducive to promote the simulations about the evolutions
of low visibility. Based on the well predicted moisture and temperature, the predictions of visibility using FSL method are much more
accurate.
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Figure 1  The height of vertical levels in CMA-MESO, red line represents the initial layers of model and the blue line represents the increased model layers, (a)
comparison of all levels before and after increased model layers, (b) vertical stratification amplification below 2km after increased model layers. The black

vertical is the vertical height (unit: m), the red vertical is the original mode vertical level, and the blue vertical is the increased mode vertical level.
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Figure 2 Visibility observations of Xuwen station (red line) and Haikou station (blue line) from 02 on 17th to 20 on 20th February in 2018 (unit: km), the

occurring period of dense fog with visibility less than 1km is highlighted by the green box
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Figure 3 The observed pressure (black line, unit: hPa), 2m temperature (red line, unit: ‘C), 2m dew-point temperature (blue line, unit: “C), 10m wind (blue



wind barb, unit: m/s), visibility (blue numbers, unit: km) and weather phenomena (blue symbols) of Xuwen station (No. 59754) from 02 on 18th to 11 on 20th

February in 2018
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MRS, S ARLRE T ZHRA AR . TYM BETE 18 H 20 B 2 A iK%, Hi
BTN, KEBTHM, RS mMZER K. MESO_MRF X2t F2 ) A 115 A2 35 T R S 38 7= il AR AL,
{H2 K%y B W /s, TR 25 Sy I E) 2 19 H 08 B 4245, Lhsidifmi. MESO_MRF_HR #
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MESO_YSU_HR 0% G AR I TR BOR BT, $ 3 By HE R it 17K P& IXORBACR . HR A

FIEA LEANF], MESO_MRF_HR il K Z i (K 18] KMEAE 19 H 08 I 247, MESO_YSU_HR Tiifkfi
RIS 19 H 05 WA, [RISEhl i, i G BRIk py 1K 55 TR SE ok fff . 3 B /0 4R e o
UF AU T 2 K =K &/, YSU 152 07 I (¥ = /K & B SE A A5l MESO_YSU_HR
I BT 73 A A2 B A RCR B (gD, RS (REILEE) T sSUR B i .
4.2 B TEHRE TR R

RN T REAS IR AN A3 FHZ T3 S0 55 PR B2, 1E— 060 B 10 KX, 2 KT EE AR R ik A
FER R P2 S50 25 TR L MR BOR LA Tl X 1 7 25 T DR T S0 AR ]l ()RR AN S0 ARSI .
MBRGER L (B 7a) KRG, SROUREEUN, BB RN JEE Mo PUR T S0 RGE TR Ao 3 5 52
DL B0, H R R I EE SR IR 3-Bm/s,  ERRGEINCR, AR KU /)N, B S TR e . 4y
W& JE TS0, TY M TR XU [ Sz XU e #3977 ik 2 (RMSE, Root Mean Square Error) Jy 3.63m/s,
XIRILE 4mis DL B (3R 200 3l SR BARIRAL MO 32, STk 2 0 R 2R X (B 7h), U] f
#5& MESO_YSU_HR g/ (B HRi%2 N 60.52° ), TYM KAfwZER A (B HRIEZEN 73.19° ). AXt
BRIV R H AL, BRI, BAUEMERE R, MRS, BE WA . AAHXS
MRERIEAS (B 7¢) ATRAER 2], MESO_YSU_HR AHXS R HI A 34 A 55 F I 8] [R] S e i, #4177 AR
RIEEN 5.0%, FRHCREL, XFAE 6 hRZEBHHRMSCRMIAT. 19 HEZR, TYM fl MESO_MRF
P o 77 2 ()R K B AR AT O ) R i, AT S5 0B Bt M VA U O 55 ¥ A5 T o 5 IXUTBEFAR AL, D o
75 RIIRE TR AR H Ak a3, (HERHR S Tsei. 19 HER, TYM BRI s R, HE
MESO_MRF 55X 541 77 %157 75 W Sl K, MESO_Y SU_HR Tl (iR Rl S il e 42200, 97 Wi % 9 1.23°C,
ROR B AR HARAERE IR, SR G R H R, PR R R 2 R R H A, BRI
FEARAEIR, SR BT 11 (K 55 LA RN R AE o 08 A B R IR B3R S I TR S A bt 8o 5,
{H MESO_YSU_HR Tiifh 55 Sl i ieiln, e astifi FE AR B2 88 n 22 3 7 ARR 2240 5 0.92°C A 0.9°C. 454
KRG, FHR. & ERE BRI LSRR, KA TER S enits — ez, TRE IR, H%
SLLAAR AL 32, W A T SO AR T 5200, 7B LR B T J 0 B ok /N (R I T s B, X R R 5k
BERALG ERY IR ) i i o AH ELASCTT &, MESO_YSU_HR 77 R B TR BCR AR o i F1 b S5 18 R AR R AH L (IR D .
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Figure 7 Comparison for predicting factors of models from 14 on 18th to 08 on 20th February in 2018, (a) 10m wind speed (unit: m/s), (b) 10m wind direction

(unit: ° ), (c) 2m relative humidity (unit: %), (d) 2m temperature (unit: ‘C), (€) 2m dew-point temperature (unit: ‘C) and (f) dew-point depression (unit: ‘C)

&2 BEATHRETHIRRER
Lable2 Comparison for the RSME of models

FURE T \ \ ‘ , 2 KR 4
\ A A MBI 2KBE 2 KRB
E \ %
CHLAZ: mis) CHLfz: ° ) CHLAL: %) (Hfz: T CHfz: T ‘

Cpfr: ©)
TYM 3.63 73.19 5.59 2.39 1.33 1.32
MESO_MRF 4.24 67.52 6.81 1.89 1.10 1.28
MESO_MRF_HR 454 66.16 6.75 171 111 1.26
MESO_YSU_HR 411 60.52 5.00 1.23 0.92 0.90
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4.3 RE WL B L AT HL
2.3.3 WA IRARE T SR EE LS, Gt AR CURIAR B s AT EL e R B, B CVIS U

e B SWO9 M FSL Bk A /ME, HZ SWO9 FLyJonuli s e WEE WA Ttk s /1 (LK 8), CVIS 45T
FSL )55, Bk, K 8 gk CVIS BIARIRE W SFEHLZL . FT 4.1 Whighie, & J5# MRF A1 YSU
07 SN 5 TARACR SE AR, PRI 8 o UK AT T TY M RN 5 (A 7
ME 8 ILAE H, T2 TYM B IN% ) MRF Al YSU 5%, T SW99 &k Ch T X 5] YSU-SW99
A MRF-SWO9, I fe WL i H A 23 7l 7€y 28 A1 29) WHMIGHE ILFE i, (H2 FSL SV 1R Al L BE IR 2%
AR AT, %o A U0 PR ORI R 34 TR L v R . 18 FI I 22 19 H LRk ) 3t K 35 U 1) it DL P
0.2-0.5 km 2 [a] (¥ 8a), T MRF J7 1) FSL ByL (PR MRF_FSL)AE WEE Tt Ay 2 km Ziti, YSU J7%
FSL B (PR YSU_FSL)RE WEE RN 1 km 2y, [A)SEBUULINEE Bair,  fig 0 P B I AR i 1)t L B — 3. 19
H 11 I AR R RE WA 2 5 km,  (HBEIAHXR (KT 80%)IEE 4k S/, MESO_MRF_HR #E il
AR 2 D PR E) 75% LA, MRF_FSL STk R WLEE KT 10 km, 117 MESO_YSU_HR #i {71k
(ORI E 85%LA E, YSU_FSL Syk IR MIAE WL /NT 5 kmo W LA H, B8 0L (0725 (b 5 AR XHE E 28 4L
JUT-REFRE I, 1% B kAt 3 B AR T M AR R 2 1 FSL RV R & 3. Bhnf 19 HREAR RS, W
P 21 FSL B2 68 WL TR TE 2-4 km ZJ8], FUAT— R IR S e, o) AEGH B 1) Ji bl — 38, /KiR
BRI, TEIRERR SR — R KM T, B 5 22, S BRE W TR 2 22 5 K. MRF_FSL
HyER) RMSE N 4.79, YSU_FSL ) RMSE & 3.56, X T4k, YSU I RHHFEM, MET /KSR
I SWO9 FVETE AR, Xt ) REER i ARt i o i FEE VP 1) TR ACRAR T K S G ok

(Gultepe et al., 2006). HLAFH, HFETT NS TR A B 52m, 10 5 B ae WWEEIZ B A Xt e 1
TR AR . OISk PS5 RIAR AL, BT YSU IS ET7 521 FSL AR (K 8b).

14



(a)

g

RMSE(MRF_FSL)=4.79

20 RMSE(YSU_FSL)=3.56

151

104

Visibilty(km)

s——a OBS

————— TYM_SW99

MRF_SW99
MRF_FSL

YSU_SW99
YSU_FSL

5Z 127 18Z 00Z
18FEB 19FEB

06Z

127

18Z

20FEB

(b)

RMSE(MRF_FSL)=6.05

20 RMSE(YSU_FSL)=2.79

Visibility(km)

——as OBS

——— TYM_SW99

MRF_SWs9

MRF,

FSL

YSU_SW99
YSU_FSL

00Z
19FEB

122 1827

Klg kT TYM FUNE RIS (@) AN (b) AW EESEART LU, B AME AR RE (AL km)

06Z

127

182

Figure 8 Comparison for visibility of (a) Xuwen station and (b) Haikou station by using multiple algorithms of visibility based on TYM and increased model of

vertical levels (unit: km), the values in the figure are RMSE

I RS A, Tk fUTIR FSL SRk tli. B 9 4l 7 FSL B SR e DL A 1) 23 A7 %] B
K, 5 Swo9 Fikmee WL (K 6) XFHLrlLAAE B, FSL AR % 1a bk SW9 SHykm K, REMLEHIME
R S 8, BRI BE TLEEHE A _EAE 0.5-1.0 km 2 [A]. FSL S0t g WL B TIARAT — % (I TR L, e MLEE 1
FERER, SWO9 SVENTRE WL LI TR ) LA R B2, B A E#IAE 05 km DA X TBUMIGIRIG RS, HET
SW99 5iik, A YSU Jr SRkt — S AR FIB I Z X, 1 FSL 53k, JUHJE YSU 75 %1 FSL it
N Y USR  K 9 X PR R AR w4, R ELAE 19 H 02 AT 08 B, XAk 383 A0 2R o a1 2 i 25 i 74 X
WA B TR . R L BRI, X T R — i S BB I, AR e L B3 HL Tl 45 R R 200
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Figure 9 Same as Figure 6, but for predictions of visibility (Unit: km) using FSL method except for the results of TYM (the second row in Figure 6)
5. g 5itig

BExt 2018 445 A R AEAE BN IR 1 — IR FF B R Z A, A2 R o A Sk |, 26T
CMA-MESO X34 #E s B i, ML 520 % MaaE B.53 J2 DL 55 A8 0 B8 S0 = A D5 T g AT 4l
R AU G, AR 48

(1) 2018 4 2 H 18-20 H K ZJWI[AI e pig vt W IK, Moy v R i T AR TS 399 28 S0 K 5 A
YERpiR Ot 7 ORRBEE S5 K B R W AR BRI 2 v I T DO B T P e 20 %, IRl R
W2 H AL, TR S F IR G 55 o FREE AR IR U R TSR AT, il 5 12 AN 4
FrIR At 7 BB Y B A.
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(2) Xf AN AL A ET7 BB S ORI, H T CMA-MESO #E AR R 2 BLZ OINE ) YSU 77 &1
PR, X+ 10 KPS 2 KGR RN 5 i s 22« MU P 5 XA 55 T R M K R T AL R AL,
BORFELE, ITER R R F IR, 32 K 5 Sl (I 18] i ) 2 i it

(3) MR ANIE] e W RESE XS R 5 I TR 2™ A ORI RE R . MR 2 K 25 LAY SW99 B AR
AL B AN M 5 A AR 55 TR B, (E XS B ek A (R Sl Rt DR AR &, 10 FSL SR3E5%)
R Z 7 DA B BN e ) PR R 2 I R 40 TS R o IR i AR AORHIR R = PR AT AF AEAN A2 5 T X
L XA B AR B2 37 ) A S8 R

E IR I 1 S5 R DR IS A i 5 I RE L 0 65 2R, A3 75 2R 22 A0 55 16 R 3R AR
BN IERSE . R4, HarTEPs L@ IR EEARE 2, R EREA B QSR R, R

FE UL 1) TAE R 4k S0 78, 3R 2058 A b 55 45 20O R 3T b 3 i 55 5 v o
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