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Tangshan port
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Tab.1 The number of sea fog days in Tangshan Port from 2015 to 2019 (unit:d)
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Tab.2 Monthly variation of the number of sea fog days in Tangshan port(unit:d)
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Tab.3 Daily variation of the number of sea fog days in Tangshan port(unit:d)
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Fig.2 \Vertical profiles of wind and air temperature (unit: K)
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Fig.3 The relationship between the occurrence frequency of sea fog and the wind direction

L]
J L s AR R AL IR D AR XA i v XUBE S

J LU T 25 9 R R SR SR K P A LR AR X
s PG AL o5 A5 — 5 B LE BB, AN 2085 o XA —



3 JE AT < FH L HE VR 25 A BRI BB AR AR PRI 5 70 49

FEFERE L Ua A L 1R 55 v T BEAFAE 2R R 5 2
32 BEERNEHNKR

A P 4 \] T, KGHAE 0~1 mi/s 176 55 1Y & AR A
WAL WG AE 2 mis 2247 1855 BRI IR % . 3
e R ST LA (X3 <5.4 m/s) BT 55 15 L ik 92%,
T KGH 3 9Um , 1 B AR B b . W55 TR
55 KRR E] RS- 241 A 430 ol 2.4 mis F12.7 mis, 5
H AR

70 :

60F 4 —e— fERLAE<1 000 m
s 50 rf Elp"'fm —a i BLIE<S00 m
40 ial L”,F. e
f. 30¢ | 8 1ad ~F'lk"ll 2
20 ; a7 Tl

10 }L‘f Ry

o B ) ) fe i Ty

0 1 2 3 4 5 6 7 8 9 10 11 1213
A3/ (mis)

K4 ifgss S X 5C &
Fig.4 The relationship between the occurrence frequency of
sea fog and wind speed

LR 03 55 RXU ) B 7 A 25 28, G AE 3L N
£ i P DX i AR DR A M) R L 9 25 1) e A
R RS2 55 (/N 1 m/s) | BV e vk K it i
B BN I N i 07, AN TS 0 R R RS 5
QAR Xy 3 38 (AN K T 5.4 mis) , 28 S it 8 46 i
Z 35, bR A TR R ) AR IR =
RFEER AN, TR AN T96 25 10 R 0 it WA
S R 2 JEAR 2 K V) bk, R ARG T R TR
2SR, WA A T 55 BT IR R o R, 1~
5 m/s 14 KUHR R LS I 55 R R AT R 25 e
DRIl 23 DAHE Al 7K ) s DX a6, v& ATl e
15, 5V % B L AR AT, e — R Ll
BT BILHE A5 W BEL PR S5 L (HE AT
S5O R i 22, X e —E R B LR 1
WA 55 P BEATAE 2R AL B T
33 BESEMEEMXR

AR BE AR T 90% IR, e 25 1K 55t B A 41
YR AR ARAN T (PEIIS ) o AFXH L i i 90% Ji , e

Z AT, FE 1LV 55 Y BE ML BEAR m] EAI T 500 m,
o EUK EACEE R . SRR L 98% J5 , =

SR AN 55 Hh BRI BESR IS £
34 BESKSEEMXR

FE T 3 B T 25 481 v, R LS B T S T A<
t i R 30 C L, A -10 CL A7, Kl t, 5/
}0 CL,E K AIL 28 °C L {H t, < 20 CHYMEZE A
Lt ik 70% LA L, B 55 2 & A= 72 K AR T 20 <C
IR, X S0 ROP T R e ) %5 AR L
T v 2 T KR Y A BR A — B0, e — AR R
BT R 1L 55 2R 22 R i 5 o

JE Ll s 13 25 A 0 TR) P SR T 22 (-t ) B FE A
KM NIE-8 C, ik 19 ¢, Ht,-t, <5 CHY
A 5 54% (Hir t-t, < 0 CHYTH I 5 27%) ,5 C<
t,-t,<15 CHY M Y 43%, t,—t, 3 15 CIAE AR
17 3%, X5 SRS C<t-t,<15 CIFL
H—RE KRR T B E YL AR Z)TE
BRI, FBARILLE t—t, I ARE X AR, L HEt,
T4 AT B 7 27% , 33Xt B I T 8 1 3 V6 55 1T
TETEZR R F5 I,

4 IR
41 RAIRNEEH

Hy &1 5 7] 1, 2016 4F 7 A1 2019 4E 7 H AR K
B 0O 55 R % o T 7 35° ~45°N Z [B] 7 7E 55
(0% 3l , HL i A 7E TR A i, BT — 8 IR A A 1
J& # W BN A AP IR . FE R
o . CRT BRI 8 ) T8, i 5 ) e o 32 15 450k B3, 78
5 10 P ZE AR 2] 112°E BT, I ASE AR RAE R b
X, AR A B 31.1°N ;5 2 Rl ik B FR 50k 48, 11K
FHIE, HVEE ST 122°E M, R M G TS HLIX,
FEARAE B AR XS B AR, A 267 B 30.5°N, R84k L
HE WA o 76 RIS AP T, 3R E VX
BLZ A 2 AR, TR LU T 38°N, 118°E Fff
i, 1000 hPa &5 FF 1 A i g X, %oF B2 9 25 A< ) b
LB E I B SV N TSI e B [ A o O |
B 4 Sy NG ) B S =1 NI © e VA R < 5 Y 4
BT A AN

F 16 7] R, 11 H Ae b b X AR AL F P AL AR
Hi,20154F 11 A F12019 4F 11 A iRl s B & 25 %0
o T A O S A 61, PH A s FE 8T°E BT,



50 e

L 401

60° 70° 8&0° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°E

—— S —
50 60 70 80 90

a. 20164

60° 70° 80° 90° 100° 110°120° 130° 140° 150° 160° 170° 180°E
e ————-
50 60 70 80 90

b. 20194

5 7 H 500 hPa F-#4{v 345 B .1 000 hPa - AH %G E (€A, BA : %) FIF- 2 KU
Fig.5 Monthly mean 500 hPa geopotential height, 1000 hPa relative humidity (shaded area, unit:%) and wind field in July

60°N
537
50°
45°
40°
35°
30°
25"
20°
15°
10°

60° 70° 80° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°E

—_—— R ——
50 60 70 80 90

a. 20154

60°N
55°
50°
45°
40° &
35
30°
25° €
20°
15°
10°
60° 70° 80° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°E
50 60 70 80 90

b. 20194

K6 11 H 500 hPa V¥ #1000 hPa F-#4 A1 i (L, 507 . %) FE-) X3
Fig.6 Monthly mean 500 hPa geopotential height,1 000 hPa relative humidity (shaded area,unit:%) and wind field in November

L7 E A 25.2°N, Fe b ik ik 30°N Bt , 25 76 A1
AL R, Tl 591 gpm P A IR , & 25 1%
PRI 25 A B A T B IR A b b s I 25w v o B 4
B K 34, K FHI#E , V5 E A B ARHGE 75°E i,
(I RAR - , 25 VRS 100 N2 D E B R Bl
23.4°N, LI B AE— BB BRI T H 5 iy
DX B T R R 2 AL, U R A 22
SR F O A R R K 80% LI B 5N
50%~60%.,

42 HBINREFHE

EH 2015 4F 11 H 4—5 H 3 & 3 ki o i b
TEAHT R 25 e 3 N R SR I IS 45, iRl 7

7R, 4 H 20 B 5 1L X 455 500 hPa g B 1 PR HL %
L T MRS B /N XU AR 55 5 1 000 hPa
TR AR R, X5 2015 4F 11 H SF- 24 37 19 g A6 R
] (ULIE 6a) & AR . 4n 4.1 b BTk 7 Fi 1L s
55 KM R JR U Ta] 0 M T - 24 DR T Sk e XU TR TET
IRIEAE S KU/ T 75 DAl b % | BB RS M 55 11
KA R RS . 100 4 H 20 B8 55 1L Ir
T Y Sl T A O 3 75 80% LA L, i AR Y
e 2 90%.

11 7 4 H 08115 H 08 i 39°N #1118°~120°E
49 XU £k T R 3 T 2R =2 (39.43°N, 118.90°E ) 4545 Y
TR 5 A AR R A A 4 SR i ow (LKL 8) , 7R
Z R KRR ,800~925 hPa A W i iR 42 12 -



344

T A B 25 I PRET 2 Z AR R MR IR 1T 520

51

45°N

40°

2 114°116° 118° 120° 122° 124° 126° 128° 130°E

ago [

350 12
110° 112

50 60 70 80

K7 20154F 11 4 H 201 1 000 hPa X7 . 5 B2 47 (il (5
£k) 500 hPa i [ 47 (£ (5248 ) AT 4t I AH O 3 (B 6
AT %)

Fig.7 Wind field, height field (blue dotted line) at 1 000 hPa,
height field at 500 hPa (red solid line), and near-surface
relative humidity field (shaded area, unit:%) at 20:00 on

90

T, FEIAE AR B AR A WAL ik, R A
1 AR 0 B UM 4R B T A RIS, 4H
08 I S - 4485 I b T Uik 2 % i 25 1 °C L, s [P
TRE A, T By ) VR R 25 RO TR RAIR,
A BE S W2 i b ik, 4 H 20 /) (&0 ) A5
H 08 I 7 800~900 hPa = [i] H} B B fk A i 7 1X
11 H 4 H 08 i 800 hPa LL 4 Wi~ B I iy it i )2
3900k ) A7 AE BEL LR T s 90 1) T, X S AR &
JEE FNBEJEA ] 55 H 08 Bl iR )2 & A Frda 7, Rl At
AT b TET R R AIG , T b T RE UL EE TT REKE A T e
L% 55 H K LS DX RE UL R B4 1 W
S —E, AT B s (DLE19) ,4 H 20
AF R L T R 1A AR AE TR O 1 Tz B i A A b
A, VR TRE T PN Bl (B TR B T — > T B P (R
iz B9 ) G O 55, 7EIXRE I PR Th KR8 4R
TR HM A SR, 55 ) R Rt T R AF iR

November 4,2015
500 ——— - — 500
550 4 = w i ﬂ = 550k
600 ~ T bR A s 600+
6501 i ks, YO TR ey .
- . 650+
3 700 4 e SR T e ] 5
= 700}
By 750t i s 2
G, TS, S T o =, *8 . Nz sic ¥ PO
800
850
[ ——» o4 ] 850 F
900 “'] > J‘T,_. 7 / = = P 900
950 |- il 7 4 4 950 F
WY R 1000
1 000 \ | } / 1 l . R ;
118.0° 118.2°118.4° 118.6° 118.8°119.0° 119.2°119.4°119.6° 119.8° 120.0°E -5 0 5 10 15 20
/‘:.i"l[u]lf'ﬂc
a. 2015411 H4 081
500 500
550 . N —— .\/- : N x,fm Nopias Nt ssoF
600 — . — e - o A o o]
; 600 -
650 : — i - - otz (Wt P —a
T ¥ 65(] -
ﬁ“; 700 A SRR SRR =SSR MRS 25 — ]
2 750 g 700p
r / / 1 1 1 / / = 750
500 Mg e i W 400
A e S R R TR R 850+
— —— — T AT R —— -
WA AR 900
950+ —~ 2 L P e ,/‘}__.),gf‘§ —1 950 F
S oS e 1 000}
1000 T eSS S S & £ {] . . = =
118.0°118.2°118.4°118.6° 118.8°119.0° 119.2°119.4° 119.6° 119.8° 120.0°E e — =
i/

b. 2015411 H5H 08
#18 I E AUER L MR R 2SR | A F 4k

Fig.8 Vertical wind profiles,temperature and dew point profiles at Laoting sounding station



52 FSE S (TR

40%:

420N
41.5°1
41.0°4
40.5°1 |
40.0°
39.5°1,
39.0°{ °
38.5°
38.0°
37.5°1.
37.0°
36.5°1

- ] be

T116° 117° 118° 119° 120°  121°  122°

123° 124°E
9 6 -3 0 3 6 9 12 15
K9 20154E 11 H 4 H 20 s i i XUz i BE 3 (8160, B
37 :10%/s)
Fig.9 Surface wind and vorticity fields (shaded area, unit:
10°/s) at 20:00 on November 4,2015

18 21

PR AT TR SR A 1 b 2 R i R R LA R
M 4 25 SR SEAR T, A B Tl T i = 2 25 X
IFEII VA AR T 55 ) R RIS

5 KKEMH

HRAE SR 47 B S50 , Rl /= PR O 0 AR 1b 2358 )
WIS IR 55 R A R TR 7K PR AE R, i B A3 A7 25 H 4K
T 22 119 2015 4 125 H £ 0w 20 1) 2018 4F (1) 7K Y438 1t
T 0L, T R B 5 MR 7K B 2 G A AILER , I
18 W R R KRR . Hl B 10 AT, ARV 25 H 4K

60°N ————
S5
50°
450;::.........
40°1::
35
30°1::
25° ..
200 .
15° e a e . ‘1-!-'.

100 L £ -

60° 70° 80° 90° 100°110°120°130°

a. 20154

i 22 1) 2015 4 | ARG [] Jb A 26 19 7K PR 7R 50 52 1) )
I VE T RRAEHGE WG, i 55 0T B & R
PEEERE A s [RIBF , o Iz ¥ ) J b ik i 7K 757 25°N
BT BB A ) AR ), S AR L K YR
A T8 RCE SR K P A o eI H AU D
() 2018 4, Fill e S 85 M 559 , 7 ATV [l b i 2% B9 7K
TR B A 55 , B AR NP b i K R A A AE ]
Ry HIE R S AR KR BILA,
AL A B T A, AR R L 2SR A
KSR IH B 1 K IR AR L 3 5 Y AR I R iR T e 55
TETERAF XTI 56 22 o R UL AT DL, 5 1) 1 o 5 )
TR B B 10 b4 | P K I 2R T
Wi W%, FEUEILBIRE H R E , K2
WD o BEAE LS I 55 1 R A R R TE— e AR
JE AR T2 B i K P %, AN 4 i v ok
R B AL RIRE LR TR L i 55 A 2

N
UIL55 o

I R L s VA 55 o R A A LI R L 25 A
NCEP % JE T8 %¢ R FNL f & AT ek, 204 1 1
Z5 Wy [E] AR A KRR B R AR, BE X T % H
B H A A Oy R ES S KIRAAE AT
Lk 25 T LB . &858 .

5 s 55 H 822 3K, 2015 4E K55 H
ik 46 d, 2018 4F 1 2019 4E ¥ AN i 20 d, i 55 & v
WMMAETHMI0H —RFELA , HFERERR
R— 4, PR BEENRB AR D .

@ WG FE 32 L N 1) D g AT D A XU A ) T

.....
R R LN A I LT T

forlltt i ,{
60° 70° 80° 90° 100°110°120°130° 140°

b. 20184

110 850 hPa (1) F-#4 /K ¥4l i (HL37 : g/(cm-hPa-s) )
Fig.10 Mean water vapor flux at 850 hPa (unit:g/(cm-hPa-s))



3 JE AT < FH L HE VR 25 A BRI BB AR AR PRI 5 70 53

PRIV 6 5 10 5 2 AU L W 5 25 A 0 BT
HIXEE 2, FEEULI VS B T R 7 2 0 T 2680 24
Lt B 5 LA X 3o 9006 i , L j A T
ST 500 m, TS BOK 130l ], HIXHEE 15
98% i, 7 SCHEIT IR, 155 th BB BESR % 5
W335 2 e AE KRR T 20 CHYBRES R EIE2E 1
KA B BRI 25 5 CIUNE B ik,
FE R LU BRI B DUOP B L (S
S T K U N B 13 279 , 56 LI 625 T 77
(e =S

@RF L5 A TE TR I BB P I M
T /I AR 3 A 5 553 190 0 1 JRLR B o 39
FE N AR 62 0 VR T30 R 1
s, AL U 1) 3 R, 2 S R
TR, B R O R AT A
SRR IR, T 1R 2 R R T YA
G JE2 00 8 A0 56 0, M 5 TR A1 T B
I A& P«

@ 1155 (104 B 1 5 ) 8 56
5 5 L 28 3 I 970 5 i g e o
SRR K PR R R , T P P T A2
2 L X, I P R K B v
F 4T 55 W5, 7 58 B Y FR 1 15 SR T
RIS F B 2, 2 W
5% 3Tk

[1] Z=5EYT, B /hel, 5 e . i R HCE 5 TR R F BURBOR
[M]. Jbmt: SR, 2014,

LI Y J, CHEN X L, LU X M. Forecasting technology of
meteorological disaster and marine disaster in Bohai Sea[M].
Beijing: China Meteorological Press, 2014.

[2] 5Kk . UiE R SRR R M), U5 X O TF 5T 5) A i A
#k, 2011.

ZHANG H. Fundamentals of nautical meteorology and
oceanography[M]. Beijing: University of International Business
and Economics Press, 2011.

[3] TAYLOR G I. The formation of fog and mist[J]. Quarterly Journal
of the Royal Meteorological Society, 1917, 43(183): 241-268.

[4] GULTEPE I, TARDIF R, MICHAELIDES S C, et al. Fog research:
a review of past achievements and future perspectives[J]. Pure and
Applied Geophysics, 2007, 164(6-7): 1121-1159.

[51 1#E R, Z= 10 B, BROR . RS RE UL BEAIF 5% [3]. H [I0 7 K 2 2 4
2009, 39(5): 855-862.

FU G, LI X L, WEI N. Review on the atmospheric visibility
research[J]. Periodical of Ocean University of China, 2009, 39(5):

855-862.

[6] TARDIF R. A climatological study of low ceiling and fog
associated with the occurrence of precipitation in the Northeastern
United States[C]//Proceedings of the 12th Conference on Aviation
Range and Aerospace Meteorology. 2006.

[7] M5, KRBT, VRS, 55 . —URPE vk 55 KA R /K VUt
BGSTRAFIE ST HT 9], A4, 2009, 28(2): 258-267.

WU B G, ZHANG H S, WANG J, et al. Characteristics of the
inversion and the water vapor transport during a duration fog event
[J]. Plateau Meteorology, 2009, 28(2): 258-267.

[8] LIU DY, YANG J, NIU S J, et al. On the evolution and structure of
a radiation fog event in Nanjing[J]. Advances in Atmospheric
Sciences, 2011, 28(1): 223-237.

[9] B24, %5, TAR B, 25 . W W VO Ve 25 (0 % A M it i 23],

42, 2019, 39(2): 153-163.
LIANG M, YANG J, WANG W W, et al. The burst reinforcement
process of the twice heavy fog after the rain[J]. Journal of the
Meteorological Sciences, 2019, 39(2): 153-163.

[10] &%/, Bk, (L aBF, 45 LIRAE B 20 55 1O 25 43 A R AE 2 <

S Ko [3]. A4, 2019, 45(7): 968-977.

ZONG C, QIAN W, BAO Y X, et al. Temporal-spatial variations
of summer heavy fog and its meteorological influence factors in
Jiangsu Province[J]. Meteorological Monthly, 2019, 45(7): 968-
977.

[11] Z=F4, 2 5t R A =5 M B = AL 0], KR4,
1994, 52(4): 477-483.
LI Z H, PENG Z G. Physical and chemical characteristics of the
Chongging winter fog[J]. Acta Meteorologica Sinica, 1994, 52(4):
477-483.

[12] ZEF4E, s, JRMEE, 55 . 1996 4F pg 5l i 42 5 Kk 55 1y ) 3
ZERFRIELY]. 4244, 1999, 57(5): 622-631.
LI Z H, HUANG J P, ZHOU Y Q, et al. Physical structures of the
five-day sustained fog around Nanjing in 1996[J]. Acta
Meteorologica Sinica, 1999, 57(5): 622-631.

[13] FE it Ae, JEAE, S50, 55 . B U4 LU b e 55 1 B B 2 g AR
WAEL]. APl AR (A SRR AR), 2002, 41(4): 92-96.
TANG H H, FAN S J, WU D, et al. Research of the microphysical
structure and evolution of dense fog over Nanling mountain area
[J]. Acta Scientiarum Naturalium Universitatis Sunyatseni, 2002,
41(4): 92-96.

[14] S5k, 8 E 7, e, 5 . FPHT X 55 19 K AURHIE 3BT K 15
O S []. SR SFRERTSY, 2007, 12(6): 795-803.
MA X K, CAI X N, YANG G M, et al. Study on fog synoptic
characteristics and fog forecast method in Chongging[J]. Climatic
and Environmental Research, 2007, 12(6): 795-803.

[15] Bhieag, = B, A iEse . — e o5 i e UL 23 A [9]. PR e v
K4, 2019, 36(2): 6-8.
ZHEN X J, WU G M, YANG X L. Observation and analysis of a
dense fog process[J]. Heilongjiang Meteorology, 2019, 36(2): 6-8.



54 HAE S (TR s 40 4

[16] GULTEPE I, MULLER M D, BOYBEYI Z. A new visibility
parameterization for warm-fog applications in numerical weather
prediction models[J]. Journal of Applied Meteorology and
Climatology, 2006, 45(11): 1469-1480.

[17] GULTEPE I, MILBRANDT J A. Probabilistic parameterizations
of visibility using observations of rain precipitation rate, relative
humidity, and visibility[J]. Journal of Applied Meteorology and
Climatology, 2010, 49(1): 36-46.

[18] GONSER S G, KLEMM O, GRIESSBAUM F, et al. The relation
between humidity and liquid water content in fog: an
experimental approach[J]. Pure and Applied Geophysics, 2012,
169(5): 821-833.

[19] LONG Q, WU B G, MI X Y, et al. Review on parameterization
schemes of visibility in fog and brief discussion of applications
performance[J]. Atmosphere, 2021, 12(12): 1666.

[20] tHEE, ZERLAS, Seinh, 55 . VETRAUHBAS [ 45 90 55 1) Ty 3285 40 Je

A HTI]. A5, 2020, 78(4): 691-704.
ZU F, YUAN C S, WU H, et al. Microphysical structure of fog
droplets in different levels of fog and a case study in northern
Jiangsu province[J]. Acta Meteorologica Sinica, 2020, 78(4): 691-
704,

[21] iR, ZEME e, Sk I5-F-, 55 . v R 5 OF5E ) 2 MU []. R

#EJE, 2016, 6(2): 20-28.
FU G, LI PY, ZHANG S P, et al. A brief overview of the Sea fog
study in China[J]. Advances in Meteorological Science and
Technology, 2016, 6(2): 20-28.

[22] EAMAE . 25 [M]. Lot T AL, 1983.

WANG B H. Sea fog[M]. Beijing: China Ocean Press, 1983.

[23] SKSFE . o RGN F BT 25 (0 E ROPL R B 5T [D]. 5 &
PR, 2010.

ZHANG S B. Study on the formation mechanism of sea fog over
the Yellow Sea related to high pressure[D]. Qingdao: Ocean
University of China, 2010.

(24 ATJEMS . it 4 2 0 5 2 25 ek P g UL 43 A7 5 i 13 [D).
T & TEEEE R, 2000.

REN Z P. The observational and numerical study of sea fog
events over the Yellow Sea during spring and summer[D].
Qingdao: Ocean University of China, 2009.

[25] BEM, VAR R, SLAIE, 45 I — RS 55 i B AR A

HE R H S R 20 [3]. 4R, 2018, 44(10): 1342-1351.
HUANG B, XU J M, SHI D D, et al. Deformation feature of a
continuous sea fog process over the Yellow Sea and Bohai Sea
and its genesis analysis[J]. Meteorological Monthly, 2018, 44
(10): 1342-1351.

[26] et o, kT, sk AR, 45 . AR M DOV 55 2o e i U A 26 2
BURRFAE[J]. RARHF, 2010, 34(2): 440-448.

WU B G, ZHANG H S, ZHANG C C, et al. Characteristics of
turbulent transfer and its temporal evolution during an advection
fog period in North China[J]. Chinese Journal of Atmospheric

Sciences, 2010, 34(2): 440-448.

[27] M, M 5%, B, 45 IR IG R 55 7 AR 1 R Jn

FHZFFIESIT[I]. A 5 HEEATSY, 2020, 25(2): 199-210.
TIAN M, WU B G, HUANG H, et al. The synoptic condition
and boundary layer characteristics of coastal fog around the
Bohai Sea[J]. Climatic and Environmental Research, 2020, 25
(2): 199-210.

[28] JU T T, WU B G, WANG Z, et al. Relationships between low-
level jet and low visibility associated with precipitation, air
pollution, and fog in Tianjin[J]. Atmosphere, 2020, 11(11): 1197.

[29] WU B G, LI Z F, JU T T, et al. Characteristics of Low-level jets
during 2015-2016 and the effect on fog in Tianjin[J]. Atmospheric
Research, 2020, 245: 105102.

[B0] AT JEMS, Z= 52465, WRE, &5 . 77 & DX ¥ 25 43 A M R P2 5%
4 [3]. HETERL, 2020, 44(5): 96-106.

REN Z P, LI H Q, JU X, et al. Distribution of sea fog and analysis
of boundary layer conditions in Qingdao[J]. Marine Sciences,
2020, 44(5): 96-106.

[31] T=5. LU i AR R/ Hr [D]. 75 & th e k7%, 2014,
YU Y. The characteristic analysis of Shanghai coastal sea fog[D].
Qingdao: Ocean University of China, 2014.

[32] Jil i, #es, &, 55 . T S FHE R HURCE IR A ]. <A,
2015, 41(4): 438-446.

ZHOU F, QIAN Y Z, JIN L, et al. Characteristics and forecasting
focus of sea fog in Ningbo[J]. Meteorological Monthly, 2015, 41
(4): 438-446.

[33] CHO Y K, KIM M O, KIM B C. Sea fog around the Korean
Peninsula[J]. Journal of Applied Meteorology, 2000, 39(12): 2473-
2479.

[34] KORACIN D, BUSINGER J A, DORMAN C E, et al. Formation,
evolution, and dissipation of coastal sea fog[J]. Boundary-Layer
Meteorology, 2005, 117(3): 447-478.

[35] JH B 3%, A=, SR EE e, 45 . Il AU %5 (1 AR FRE S B F 5T
[3]. /%4, 2011, 37(4): 462-467.

ZHOU H L, LI LP LE ZY, et al. Climatic characteristics of fog
in Hebei Province and trend research[J]. Meteorological Monthly,
2011, 37(4): 462-467.

[36] LJ, T 9MES . 2004—2013 4F & 11117 25 229 B 1k KA 25 4 A

ARARERAE[I]. Hp E AR 2 42, 2015, 31(26): 241-245.
WANG G, WANG S Y. Spatiotemporal distribution change
characteristics of major disastrous weather in Tangshan city in
2004 to 2013[J]. Chinese Agricultural Science Bulletin, 2015, 31
(26): 241-245.

[37] s A7 Hiy, ARG . FE LT 25 14 K SRR B 1R ik [9]. BHEK,
2009(18): 275.

SHI Y Y, DU H X. Weather characteristics and forecasting
methods of fog in Tangshan[J]. Technology Trend, 2009(18): 275.

[38] He A R ] ] 5 ok B A 9 A 2 Ay, o ] At £k

G B 2 GBIT 27964-2011 % MY Tl 4% [S]. dt 5t th E k5



34 JE AT < FH L HE VR 25 A BRI BB AR AR PRI 5 70 55

W R, 2012, 2012.

General Administration of Quality Supervision, Inspection and [39] JEIAE S, MRkt . K5 A M RRAE A TR 25 IR A 0], R 17504, 20083,
Quarantine of the People's Republic of China, Standardization 2002: 32-36.

Administration of the People's Republic of China. GB/T 27964- ZHOU G R, CHEN Y. Fog climate characteristics and forecast
2011 Grade of fog forecast[S]. Beijing: China Standard Press, focus[J]. Tangshan Meteorology, 2003, 2002: 32-36.

Environmental elements and background circulation for sea fog in Tangshan
Port

LONG Qiang"?, WANG Hongfeng®®, MI Xinyue?, LIU Yue*’, ZHOU Yiren'?, ZHANG Jiexin**, LIU Shuang’
(1. Caofeidian Meteorology Bureau, Tangshan 063200, China; 2. Key Laboratory of Meteorology and Ecological Environment of Hebei, Shijiazhuang
050000, China; 3. Handan Meteorology Bureau, Handan 056000, China 4. Laoting Meteorology Bureau, Tangshan 063600, China; 5. Tangshan
Meteorology Bureau, Tangshan 063000, China)

Abstract: Using the observation data of sea fog in Tangshan Port from 2015 to 2019, the reanalysis air pressure
data from NCEP with a resolution of 2.5° X 2.5°, and the FNL reanalysis data with a resolution of 0.25° X 0.25°,
the temporal variation of sea fog and the associated land surface meteorology characteristics in Tangshan Port are
analyzed. Meanwhile the atmospheric circulation and water vapor conditions in years and months with abnormal
sea fog days are studied. The results show that the occurrence of sea fog shows obvious time-dependence. Sea fog
often occurs in middle night to morning during October to January, as well as in July. Southerly and easterly
within level 3 benefit for the occurrence of sea fog. When the relative humidity exceeds 90%, the visibility of sea
fog in Tangshan Port is likely shorter than 500 m. During the occurrence of sea fog, the water temperature is
normally lower than 20 °C, and the air-water temperature difference exceeding 5 “C accounts for about half of the
cases. The sea fog occurs along with a weak southerly wind and with relatively flat air circulation, as well as
small pressure gradient in the near surface layer, accompanied by one or more inversion layers. The low-level
warm air advection and weak vertical circulation provide favorable conditions for atmospheric humidification and
the formation of inversion layers. The interannual variation of sea fog in Tangshan port relates to the subtropical
high. The subtropical high with large intensity, westward extension of the west ridge point and northward
extension of the ridge line is more conducive to the northward transport of the warm and humid air flow from the
tropical ocean. The advection water vapor is easy to form sea fog when encounters the cold underlying surface.
Under such a circulation background, number of sea fog days in Tangshan Port is more, and vice versa.

Key words: Tangshan Port; sea fog; visibility; circulation; water vapor





