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The Influence of Turbulent Diffusion Driven by Fog-Top

Radiative Cooling on Heavy Fog in North China Plain
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Yang GUO?*, Hailing LIU %2, Tingting JU °
1 Tianjin Key Laboratory for Oceanic Meteorology, Tianjin 300074
2 Tianjin Institute of Meteorological Sciences, Tianjin 300074
3 Jinnan Meteorological Bureau, Tianjin 300350
4.Tianjin Meteorological Information Center, Tianjin 300074
5 Dalian Maritime University, Dalian, Liaoning 116026
Abstract Radiative cooling at the top of fog is a crucial physical process during the evolution of
fog, driving a “top-down” turbulent mixing. Therefore, the YSU (Yonsei University) scheme
incorporates a module (ysu_topdown_pbIlmix) to represent this process. However, the influence of
such “top-down” turbulent mixing on heavy fog events in the North China Plain remains unclear.
This study evaluates the suitability of ysu_topdown_pblmix in simulating fog events in the North
China Plain based on Himawari-8 satellite retrievals, automatic station observations, 15-layer
atmospheric boundary layer gradient measurements, and 5-layer turbulence-related observations.
Large-eddy simulations are also used to supplement the analysis. The investigation reveals that
while ysu_topdown_pblmix overall decreases the fog area simulation scores in the North China
Plain, it significantly improves the simulation of near-surface temperature, humidity, and fog
boundary layer structure. This enhancement is attributed to the “top-down” turbulent mixing
driven by radiative cooling at the fog top. However, the present ysu_topdown_pblmix exhibits an
excessive entrainment effect, leading to too much intrusion of warm air above the fog top,
resulting in rapid dissipation of fog. Sensitivity tests demonstrate that reducing the evaporative
enhancement coefficient in ysu_topdown_pblmix can mitigate the strength of turbulent
entrainment at the fog top, thereby improving the simulation of fog events. These findings suggest

that incorporating ysu_topdown_pblmix is necessary for numerical simulations of heavy fog
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events in the North China Plain, but further refinement of relevant parameters is required.
Keywords Fog simulation, Fog-top turbulence, ysu topdown pblmix, Boundary layer

parameterization, North China Plain

1.

Ju

=

AT R RIERGE 2 KX 2 —, KEFERE LR UK TR WL (LU
FRORSREILEE) 437 iz X g 2 58 i@ i i 2 4, hEREH RIEFA
DA iy 2 A3 WA O o SR 55 1) TR IR A 2 AN B i 2 I 45 7 oK, NCEP

(National Centers for Environmental Prediction)#{& i &5 7~ % [ ETS(Equitable
Threat Scores) PF53 R 5%, BHE/NTFE/KETHR 35% (Zhou et al., 2012).
PRI, $ R 3 B E TR A il 3, o ORI A8 Sl s i 22 4 f [ R G DA 7 IE W I8 4T
HAE T/ EENE L.

AR R RRARABN I AR BES R A E R AR,
REBAFERARG. WA W M. SORIRAN T I T4 (Lewis et
al., 2004; Gultepe et al., 2007; Koragin et al., 2014, 2017; {HKI%, 2016; 2444,
2016) o EFXSAEACTP RS, S AR A 5 RO T B R BB A UL SR T VETE S
fE4F4E (Quan et al., 2011; Cao et al., 2015; A4, 2015; #hek5E, 2016) « K
AERRARSE, 2013; S, 20200 KA THE G5 CERRNE f 204 ), 2016;
TS AR, 2017) K = FERHE Jiaetal., 2019) )5 I & T VFE T .
SEIRTRH . MU . AR b b R AT T 55 = 2 AL T 5 5 2 W <% &R
gt (Ye et al, 2016) , AFKRE RN F AT AL Z W R AT 5

(Tian et al., 2019; Wu et al., 2020; =M 515%, 2009) ;5 FIEHZ A, & XY)
AHIMGHRARE Z/EM (Yuetal, 2020) ;5 MEMR LG, FIA7AERGRAK B
Fa, REWSPINRR, FEURRIE S ER R, 2R ERRIEE, SAREE
A RATGEZSS (Ye et al,, 2015; R DT, 20100 o 12T XU Z T
AR R E AR R BE/EH, Tianetal. (2019) WAK T HF 15
TR LGRS BN TT XS i R 55 Tk I RE R, R I 4 FioA 8] (R ot
JET RIS AR IRE . IR R AR ZE RIR K. —RIIFFARH, JL
A KA 52 T G T At 20 I AR R ASARF N BIAL (Hu et al., 2013;
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Jahn et al., 2017, 2018; j5Z4 =2 FISZHT 4%, 2021) , iR abU I 22 ey i 20 K 55 K
BT P BRI R (FE %5, 2018)

TR EEAFE “A B N7 (top down) AT “H R k" (bottom up)
X P27 30 (Wyngarrd and Brost, 1984) , 4351 B V& A )2 T0 58 A1 JES #0038 & Fr 2k 51,
PRI E R B BUS X R im IR RS . SR RAM T, B
RIHEE AT LA AT ST, 5 555 = e JH 2 iR KL AR
FagE, HFFEC“H B R” M. EFFERIE, “H N R iR
I FZR RIS I O % M 201 (Gaoetal., 2007) . BE&EFZ=ZH)E,
55 DR ENOR AN “ B B R #O0lmi s et GR#4E, 20100
(A1 Huang et al. (2011, 2015) Ri AR =4 A b6 5 D 2 (4 1 B 58 SO AT it 57
M. Stz N “ 3 Nk RN, S RS 32 5 TR
SRR “H BN R MR . IERBT CH R R E R A
JE ¥ EEANE, Wilson and Fovell. (2018) it — K e 1 1 AR 2 30 i 45
B (ysu_topdown_pblmix) , ZBLHZE &5/ 12 2= VAR SR ARG 2 v T SR B (1)
WES, B25/ N7 YSU (Yonsei University) K<iARAEHTE (MWIEHKN
YSUmod) -

Wilson and Fovell. (2018 ) LL vy g ffi 1 1L &5 % 9 B, 36 ik T
ysu_topdown_pblmix [ &1t . ImaEk, ADEFE S YSUmod BT 1 #FFT.
E240: Yang and Gao (2020) ¥ 1% 77 S8 H T 28 i %5 1A 7 s Dayal et al. (2020)
1% 07 T T 3R RGE I TR #E s Lee etal. (2018) VAl T %7 RAEH R E R
TR A BR A R A R I RCR s |BRF (2021 ¥izT7 A TR
HMFRBEREDP R, RIAFIGRMEFZLIERNYWEERE, K5
PO FRILFY I E N EBEFRREE. SR, ysu_topdown_pblmix XL 5 %
() 5 W BfF 90 38 A b o I, AEE B A S B YSUmod R, R
ysu_topdown_pblmix 7EHEAL R 5 A AR B8R, FH53 4 B T S 4 A IR 2 ) i o
REX R s ER], vt — Bt YSUmod Jy S 1R (AT FE 4 -
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2. TS
2.1 ysu_topdown_pblmix R fEj £

W2Sh, RMMEEAAE “HTM L7 ik, YSU FRBAEHAET R iy
iR KSIBEER K E (Noh etal., 2003; Hong et al., 2006), SR #E Z/ME& = 174E
i, FIE TR RS A A< Ks) “ 3 B K& (Driedonks and
Duynkerke, 1989) ., JREZYENLG FAE CEMFEH, FHim i 13k Hom & [a) 2t
ik KA R E TR F (Van Meijgaard and Van Ulden, 1998; Lock et al., 2000),
{HZ Wilson and Fovell (2018) & ISR YSU J7 Z=ATIIR A e 1 Ht IR R 2 T i
T8 MIEA e RS MK 2 T 4R S e H AR 28 R TR “ B BT R i
WMAEESRE, NmER T =/Z 0GR B (ysu_topdown_pblmix). %45
AL A L] — 2B F IO B KR RIS G, i 5
JEWCE BTN BRI G A 7E ) W A B THAT VRS 7K B KK R 45 R 1 10
N A A B, IR R B E R A E I L R e

X FHE5R / Z 04, Wilson and Fovell (2018) 7F YSU J5 % H) I 10
w6, T EHE A1

W8y = —0.15 (%) — 4y 2L (1)

Horr, A AMEE—TUE YSU 7 ZEHRRRIED, 6,2 B, g

FEE IR L, Wy JE T MU AU R OR S 2 WO TS BE R, h 2l
HmmE. BAZ L RAERED R EY, HREHGEE L] L2, J5Ak
GIUR T REAE LR o i ABEIAS 058 350, B 25 TR S5f 74 A A0 258 A 9K 3h Y
SRR Horf A RREHER, wR T 004 A0 T 5] e S R
SAS R Vi TR

FERERIIR R, JBE A=0.2 (A+aE ), Hirh E R T I B 2% k1
B, ap e AR IR RAL, XA RECE ARG SR, AR E
—AZE. BFEIMEN 8, HANFEMX 1) a2 313G FE1R K (Nicholls and Turton,
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144

1986), I Hil 5t )2 B AN I8 2 2 B b 49 1) o
SFEZENE “B BT WS, 7 YSU 5 RIEARKS BRI H R
Bk, 0N — T

Ko = kwsz(1 - %)p + kwpp (h—2z)(1 — h,__lz)p @)

Horp, QA MES — 2 YSU JF R IEA i B R B0, © £R1
HH (204D, woR i TR MBETFRIEE L, Z2RAKZEE, p
FEICARBREL (=20, P s — T Tk “ B Ef 7 MimiiRE, wee kT

120 5 THUH) A B v AR B IR B R . VRIS 4 L Wilson and Fovell
(2018).

2.2 #]bHh X K Z AN 283%

AL X K 5 2 L FRCA T, fAIE PR a5 Bl 55 2 s,
SEBHPLE 135 R (RS, 2009; Wu et al., 2020). ASCREHLILS T =R E %
AR X RS R (R 1. BIRFRFLLN A, 520 R4 LS AR
PRI AR, HIXIRK S5 s 2 AR TR RIS UL, 35 B a4
HIIL FEABAE K 55 A2 VT AR R R B 1 ORBEAE

F 1 ZUCAEIEHIX K Zd B A B A4

Table 1 Basic information about three heavy fog processes over the North China Plain

ARR BRAGELRI R (I AT At JR 55 AR T I B RE KRR

A1 2016 412 A 17 H 08 i 2016 4F 12 H 17 H 20 i}-18 H 15 i B%E, FYERS %
2016 4 12 /3 18 H 17 1¥-19 [ 17 i}
2016 4= 12 A 19 H 19 i~F-20 H 08 i

AMFl 22019 4501 H 11 H 08 It 2019 £ 01 A 11 H 16 B}-12 H 11 #f AR 5
2019 4£ 01 H 12 H 13 i}-14 H 08 i

M3 201942 A 18 H 08 It} 2019 £ 02 H 18 H 21 &f-19 H 13 B LV

2019 £ 02 H 19 H 20 i-20 H 11 i
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169

170

2019 4202 A 20 H 23 if-21 H 08 i}

2.3 TR EHERIR

AR S B I S A

(1) HJb X 24l (35~43° N, 114~124° E) NZEfE-8 PAEMZEKX

SEEE R, Bk B R AR B, TR RIS 5L R F UE E 2 8 1%
(Ellord, 1995; Kim et al., 2018), ¥ 11.2 um 5 3.9 um JBEEFE ZE >2 K (IIX
HARBINFE X (VHEEREE, 2008; Gao et al., 2009; Jiang et al., 2015).

(2) b X £ 4 VUl (35~43° N, 114~124° E) A 367 MERHH B
AR IZ/NE B (B 1, SkEHEARRRREIL I E, iR
AREILEE L REEL WREE. KRRGE. WESSRER, EEMHTEIGLE.

(3) RERSIBFZMMyYE (39.04N, 117.12F€) (E 1) EH 15 JZRIE

BN, &2 R B8 5. 104 20 30. 40. 60. 80. 100. 120.
140. 160. 180. 200. 220. 250 m, FHFHLANFINLM ) 55 THTE B . AT =
R ER 2 1S L2 BT o Z BERE R B REETH A RS By, WA T IR E R A
IR — SR A . 2 (] — B B AR (S ATHISE, 2010).

(4) REERATAFZ MG CSATI AL KR BCRAEAF R 5 J2 i i i =
M, )2 = 4750 40, 80, 120, 160, 200 m. & s iR B H i %
BRET A URARRRE R SRR RAS B, [FINSIBRT 2 UL R AT — AN AR5
PaeH: () M) 58 KRR R A KT 1202 G KU 57K IR AR T4

(Foken and Wichura, 1996; Wilczak et al., 2001; SEAET745, 2011); Cii) X /N T
05ms?; CGiv) BEEHEE/NT 0.05ms?t; (v) EPGEE/NT 5Wm? (HEL,
20200 . HEimAY R K AU 2 5 i 5 A D) AR 1 RN B E

(Nieuwstadt, 1984; Weber, 1999):

= |7l/(pS) ©)
Horbag a8 o UE L pk HBETE SN, RI3Es K B BREHR B .

SEITE HSLAT LIAE] 5 RS R R EUE (He et al,, 2021), 1 EHITHALAI
LI 3738 0 L
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3.1 HEEBRARRE

3.1.1 WRF X &

FE A A% K P WRF-ARWA4.0.1 it (Weather Research and Forecasting Model,
4.0.1), LLERAS5 F4r#r5tkl (https://cds.climate.copernicus.eu/cdsapp#!/dataset),
K23 HE3 0.25°9X0.25S B 3 /N AR NHIGRI AL F kA, T IRATE 2
Wtk %, WREEEZ (SST) #kH ERAS, HAEM KA EH. =1
SR BLATL AR I R LR 1, B K30 72 hB, B4 P4 30 s BTN X3
JB 1, Xt (40N, 120E), XIRRIRECN 4415869, 7K1k 72 #83 5 km

LRGSR, A7 atrirzEdeoR A 1 DY 5 RS I IR,
BN EDHERIEF] 40 m). AT AL ysu_topdown_pblmix HERAIVERT, RIE
Yang etal. (2018) Xf 3 B 73 #E dEIME K76, e 7R ZE S TALE
BEEHZENS3JE, 800 m LAF 21 )2*. A5 YSUmod 77 ZFF K 1 JE SR 56
FIXEE, FEACR A T Wilson and Fovell (2018) #E#FHIHESHL K E: KSiL
FHIZTT KM YSU T &, KIEEAR T2 KAt J5 22K A New Goddard 75 %€ (Matsui
et al, 2018), = W B = H1kJi %KM WRF Double-Moment 5-Class
Microphysics(WDM5) 5% (Lim and Hong, 2010), S 7 # = %R S50k )7 %

(HR AR, 1998), FHEE /K K Iy 2D ZTEEET (km_opt=4), ¥ HuLDI

(diff_opt=0) 1 6 Fr4a B uEd (diff_6th_opt=0). 5 Wilson and Fovell (2018)
BEYESHWEERFRKEZ, BT Noah land surface scheme (Noah) 5%

(Tewari et al., 2004) 7EiR0H %5 X AT PPor i Ik (R, ARHE 2 252 fm L4

(2021) &L five-layer thermal diffusion scheme (SLAB) J5 ZE5 #b M [X i 55 1)
RERCR EHIEAL T Noah 775, Ffitiid #22 £k J5 e SLAB 7% (Dudhia
etal., 1996), 7EtFEA 43507 Exp_YSU A1 Exp_YSUmod X%, LAXTEHLA T
ysu_topdown_pblmix i (EIRCIR (R 2).

9

1= 1.000, 0.997, 0.994, 0.991, 0.988, 0.985, 0.982, 0.979, 0.976, 0.973, 0.970, 0.967, 0.964,
0.9602, 0.9564, 0.9526, 0.9488, 0.945, 0.9412, 0.9265, 0.9118, XN EEBHEHNSED FIAL

7. 0,12, 35,58, 82, 105, 129, 153, 176, 200, 224, 248, 271, 299, 329, 359, 390, 421, 452, 527,
649, 773 m
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3.1.2 Kintflik &

XTEE YSU 1 YSUmod J7 S A7AE 22 5 B BR AL, [A) I gk A OBV 25 B K
For#Ege 5 km ERF UL R IA L, #2547 T KR (LES) MR
(Exp_LES). ¥R AR Py HEIRE (K 2), Hrdol 1 do2 JyH R RHIIX
o, KRR EE 23 A 5 km>S km (4415369 NS A1), 1 kmxl km (661>661
A% RO d03 A1 d04 Dy LES RUZEBLALLIX A,  7K-F 4% 07373 2 200 m>200 m
(5511026 MRAH% 25D, 40 m>40 m (12011201 NpIH% 55

fE LES REER) dO3 #1 dO4 X35, 145 ZEZSH 77 R4, BUmRz 2
M LES 1.5 B TKE (Turbulent Kinetic Energy) &k M R EE i 2 804k 7
% (Deardorff, 1980). [ 7 A ZESHMW T R4, LES REEBHL BT AL 1)
PSR B e A IR — B DA X 225 K 40y 18 B 6 Fby 2 BB AN
0.4 Fb. TEE D HERMER KL T T RN ELSHUL B B I 5 R AR 58
L.

LES B2 R rT DL S GBS 352 B EE, Gl DL i, 5E 4T
e YSUL YSUmod 75 %25 LES 4Dl S W BEkk 2 R] ) 22 57, X Fh LA B T
BN T YSU Al YSUmod 77 Z& 7 % Tt i Vi 5 BEAUL 77 T 5 [R], JF R 7T 25 Tl
g S A A SR S PR it U VRS A ot A R 55 1) S e A FH B AR T SR A Y FER A

% 2 HET WRF [F5E AR 5]

Table 2 Comparison of modeling experiments based on WRF

X wHE
Exp_YSU 1] ysu_topdown_pblmix %37
Exp_YSUmod FT7F ysu_topdown_pblImix 237
Exp_LES KH 1.5 B TKE P& RIS R B i 2 5 7 &

10
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Fig.2 Domain of WRF-LES

32 ZEXRFEREN

N TR E KT R (LWC) BIE MR FIW B X, 25411 A
WEFE (fTHEZE 2009; AL HI 4R, 2017; 545, 2018; Yang and Gao, 2020;
Gao et al., 2021; Liu et al.,, 2021), H#R THIUIZS X TR J i 55 DX ORI T SE 0
fifi € LA LWC>0.016 1F NI S5 VA bR, 500352V & BT (Yang and Gao,
2020). HEBMWF 7L HAME LWC I TBRIE, AL SN ZILFED
B, K LWC< 0.7 g/kg 1 9 ERRAE, T LLEE SR LI X R A A 55 X .

KT A S, KK (20200 KIE S MM AT DA Mt
TR T2 90% HoRSAE WM T L km I, FIE A% . At PRt
FRUBE Sl pi AT SR 4, PO Sl 55 (R P BE B v, XI55 4 A SR il e BB
MR, HRNTHEEFHHE, FREmN T 5#16-8 TERESHR (K 3a-c).

B THDUL I B AN B it 25 J5 B2, AR SO RGO S = W 250 m 8k
PEI 15 JZIRIREE FELI, AR5 25 TR S5 T fe KU iiR DA R i K B8 1of FE PR 1
REAE, SRAIWIZ R (ZFFHEMEET, 1999).

3.3 KRR

KHAaHZE (POD), ZFiRZE (FAR). JHIkZE (MIS) FI TS (threat score)
11
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P RA I A FIRAR IS 2N 5 X A5 R, TR A H08:

POD=H/(H+M) (4)
FAR=F/(H+F) (5)
MIS=M/(H+M) (6)
TS=H/(H+M+F) (7)

Forp H ARSI R 55 3k e, FARSR SRt s, AU 55
TN TE 25 1k s 4, MRS it s 2, BDULINAG 55 iS40, TG 55 0 s 4. POD
R UL A bk, FAR BROR U B 0Bk =y, MIS K U IR R e, TS
PO Ul I 25 A RO T o K S0 Hid ok B fe b X35 (35~43° N, 114~124°
E) JGHEIN 367 A BTG MM (B 1),

4548551
4.1 MERIBER
4.1.1 F7E i X 56

55 RAAEBE IR R SR W RES N ZRIE S EEAAR R, TR 5578 5 X IR A1
RE IR AT TR . W ZR KRS IR RIP RS, SRRW: Bk LE,
5 YSU J7ZAMHE, YSUmod J7 Z 1-F % (POD) T F% 0.15, A5 (FAR)D .
TIRE (MIS) 43735 0.03 A1 0.16, TS ¥4 FF% 0.08 (% 3). Rl YSUmod J5
R RRBEE T AP R 55 BEE ) . AFAMIIH YSUmod 75 % FRAIK 55 A5 40
JIWIMEEAERR, WA 1 (JE5) MiE, TS Wl YSU T REE T
0.17, TMi4h 2 IRABEI (#5543 FFE 0.01 F10.06, X A {815 55 T G ¥4 H1 0K
AN RIR A IR R G4 B2 O AT I R 55 2 WA S iR %

(Wilson and Fovell, 2018).

TN ZE AN 1, 438 YSUmod 5 Z 0 ZASEALLR 52 . [B] 3a-c 45t 2016
12 F 17-20 HZE46-8 LA SO FIHS TSl S0 1) 55 X 40 AT, 7 5 7 5 Y 1Bl K 3
A 8T DERIEF AL — €W ZE (FZ0m4E, 2018; BAFFE 4%, 2021),
PRI F A R by, FRAT TR X3 b T [ Bt i /NP & R . 17 H R a) A

12
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270

271

272
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274

275

276

277

278

279

280

281

282

FRATEHEE R, KEHERE, 20 HARAMEFER. ARFERBGE, K
i =y e R B 4, RS RS SR BRI AL B, S BRI 5 X iR =
S, LIRS0, BEERE AR, 54 S S KRS R ILFE R TR .
KA S BN 2 B E A8 (Tianetal., 2019), ASCREELR.

454 Exp_YSU F1 Exp_YSUmod 77 B X A (B 3) BLK 4 P i vF
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PR VP43 22 B/, LSS KO m K, FAR WK, s 38 B (12 H
18 H 17 i-19 H 17 &), 552l Exp_YSU &5 L AHEL, Exp_YSUmod ik 1]
Jb R E AT L AR HR PR R K X, POD B EARAK, MIS R, S TS W4 E
FEAR. =B (12 F 19 H 19 155-20 H 08 1), Exp_YSUmod #ifll % [X B A
Feim, B4R/ T Exp_YSU B R, JEHIRIR T LR LR RN EX, §
TS VEAMKIRES Exp_YSU £ 9 mi%. XK=/ 5 iR S AL S,
YSUmod 75 & it S BRI GG 2, FEAK T HAbRYE H  MRe 70

* 3 Z X AL 47
Table 3 Scores of the simulated fog area
POD FAR MIS TS
YSU YSUmod YSU YSUmod YSU YSUmod YSU YSUmod
M1 0.64 0.38 0.48 0.57 0.36 0.62 0.43 0.26
ANMEl2 - 0.33 0.30 0.70 0.66 0.67 0.71 0.19 0.18
Mgl 3 050 0.33 0.66 0.68 0.50 0.67 0.28 0.22
E¥ 049 0.34 0.61 0.64 0.51 0.67 0.30 0.22

Himawari-8 2016-12-18 07:00 Himawari-8 2016-12-20 07:00

13



283

284

285

286

287

288

289

290

291

292

Fog Height Fog Height m
I L R . . R .

115E 120E 115E 120E

0 150 300 500

3 MAMFX GE—H) EERENEE-8 TEREER, L6520 R AR s

MPWEX). Exp_YSU (BBE=HE) M Exp_YSUmod (BE=H) #MEtHMXEX (LB

N EES, HEANFEE, BA: md: () 2016 4 12 A 18 H 07 BF; (b) 2016 4 12
A 19 H 07 K; (c) 2016 £ 12 A 20 H 07 F; (d-P)« (g-i) 415 (a-c) FHENFRL

Fig.3 Fog areas of Observations (the first row, the blue shadows are the fog areas retrieved
from satellite Himawari-8 and the red solid dots are the fog areas observed by ground
stations), Exp_YSU (the second row) and Exp_YSUmaod (the third row) (only shows land fog
simulation, shaded with fog thickness, unit: m): (a) 07:00 BJT 18 December 2016; (b) 07:00
BJT 19 December 2016; (c) 07:00 BJT 20 December 2016. The times of (d-f) , (g-i)

correspond to (a-c) respectively
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Fig.4 Comparison of test scores of Exp_YSU and Exp_YSUmod from 08:00 BJT 17

December to 08:00 BJT 20 December 2016: (a) POD; (b) FAR; (c) MIS; (d) TS
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% YSUmod 75 5 B RS0 Z TSGR E i iR A A, N
TSN AR AL S R B0 o 456 RIETTRSIARZ SR GG N, 8
AIRFEE 2381 T Exp_YSU 1 Exp_YSUmod 56 A48, 5 2 il It 7] (1) 2 B K R 2 5.
Bl 5 A ALLIR) R I3 55 2 B [ - e FEE S AR, RIS 8 7 ASEADUA 4 (R A K < 57
JE R, WL 2 TR P LA S0 B SRR G, RIS B S U 250 m,
250 m (5 T FEI ARG AE 250 m AL B o REERE B EHAT 18 H
05 B, ALiH%s il 100 m, 2 J5iZHHA T2 160 m FR4ERE T 3 /hiF: 28 I Bt%
T 18 H 23 i), #2AE TN 140 m, BL/EsHATH, 19 H 07 i LUG, ZTi
YeFErE 220 m UL L, R THEEWMVEE . 19 H 14-16 I 52 K B4R SR,
SR EEG 19 H 17 N EEH AR CGE=MBO, BIG%TE 160 m, 21 )5
S TNYERE(E 180-220 m 2 [ 5, % 20 H 08 i, Z A s F 250 m LA E (5§ 4).

St b SEl R, R I Exp_YSUmod HEF0L I 35 T e B v, RS K B
B (LWC) P, FRHIMARSR, SHE _ERFERME. NS,

5 Exp_YSU BHUAH L, Exp_YSUmod HEFLL7E 55 3k 2 1 2 — A28 — I B 55 i 20 )
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Fig.5 Time-height contour of LWC (color shades, unit: g/kg), equivalent potential
temperature (red solid lines, unit: <C) and boundary layer height (green triangle, unit: m)
simulated with (a) Exp_YSU and (b) Exp_YSUmod at Tianjin station from 08:00 BJT 17
December to 08:00 BJT 20 December 2016. The solid black dots represent the observed fog
tops
x4 =M B TR B E

Table 4 Comparison of maximum fog top height in three stages

FHobrBamE s 5B Bl 5 0 =P B i 55 0
OBS 160 m >250 m >250m
Exp_YSU 200 m 280m 270m
Exp_YSUmod 250 m 440 m 200 m
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Fig.6 2 m temperature difference (solid lines, unit: <C), dew point difference (dotted lines
with cross, unit: <C ) obtained from YSU (blue lines) and YSUmod scheme (black lines)
simulated results minus observations in Tianjin station from at 08:00 BJT 17 December 17

to 08:00 BJT 20 December 2016. The red line represents the observed visibility (unit: m)
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Fig.7 Observed and simulated temperature profile: (a) 10:00 BJT; (b) 11:00 BJT; (c) 12:00
BJT; (d) 13:00 BJT; (e) 14:00 BJT; (f) 15:00 BJT 19 December 2016. The red, blue, black,
purple, cyan and green lines represent OBS, Exp_YSU, Exp_YSUmod, Exp_YSUmod2,

Exp_YSUmod4 and Exp_LES respectively
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Fig.8 Observed and simulated specific humidity profile: (a) 10:00 BJT; (b) 11:00 BJT; (c)
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