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Abstract Based on the observed daily fog data from 52 meteorological stations in southern
China and ERAS reanalysis data from 1979 to 2016, effects of ENSO on the interannual
variability of winter fog days over southern China and the interdecadal variation of the
relationship between them are investigated using the EOF analysis and other statistical methods.
Results are shown as follows: (1) The winter fog days over southern China (WFDSC) exhibit a
whole-region consistent pattern and display evident interannual variability and significant
increasing trend. The WFDSC is closely related to the weakened northerly wind, more stable
atmosphere and the decreasing T-Tq near surface, which implies that the water vapor in air is
increasing, providing favorable meteorological background fields for the maintenance and
development of fog over southern China. (2) There is a close relationship between ENSO and the
interannual variability of WFDSC, which mainly depends on heavy fog days rather than light fog
days. During El Nifio winters, an anomalous anticyclone tends to occur over the Philippine Sea,
and the warm moist anomaly southwesterlies on the western flank of this anticyclone brings
abundant water vapor to southern China, conducive to the fog formation. Roughly opposite
changes of fog days occur during La Nifia winters. (3) The interannual ENSO-WFDSC
relationship exhibits an obvious interdecadal change around 1996, with a low correlation during
the period of 1979-1996 but a high correlation after 1997. A further analysis shows that this
change in the relationship might be modulated by the Atlantic Multidecadal Oscillation (AMO).

Keywords: Southern China; Winter fog days; Interannual variation; ENSO
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T}

R EA RS (HUEASRZWIETEY (2013) FHIE X, FR K ERM/NKRET
B, AEKCERE ILEE /N T 1.0 km RS BLS:, %%W\U%T‘éﬁ%ﬂd\ﬂ@r&wiamﬁﬁﬂ&@ﬁfi’i@ﬁﬁ
PR 2K A R T 5 5, KCPAELELE 1.0 km=10. 0 km JE A . B & T 4E KL S 2501
TR A AT A28 7 AR, 5538 i — FAS I T K il 23 28 83 B 1) 9 55 R <
%, B NTRAETEAN AT (Niu et al., 2010a; 3K&0H4E, 2016). HERFHIX & ALK H
FRAGBIIA M R AL X A, AR S I m A, HIKEHFEEM
#ZE (Jiang etal., 20200, [Ht, JFREEETHIX &5 RS ABMRE M R R A 7t AR
BA oy BB L

[ A0 RS S S ST R A B, R B E SRR ES T AT KX
REEM T AR AR FIRSIEA DTS (Fuzzi etal.,, 1996; Bendix et al., 2002; Syed et
al., 2012). H[EHX % 0506 58 2 A b T SRR (RTHESE, 20095 %%M#,
20100, — RAF TG H i B A Z=F A 7 M A T I A A 22 3 3l 0 IR R TR 1 3
N N ) 1S R U T 1) 1 D BRI 1 e o 1) i G S WU = R #UJI%J”J@%
0 b T PR OR SRR B MOKIR S % (Zhang et al., 2013; Wang et al., 2020) W5 R,
FHRMAENE S =0 (Guoetal., 20200, FF/K (EHAESE, 2001; Kutty etal., 2019), Hi
TEamin (RS, 2007) SREWEA K.

B A HOTH SR G sl I GER 1 E D 56 38, 55 B AR 35 K s e TR 350 4R 52
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PRk Z 2 H 55 (R 5%, 2011; Dingetal., 2014; FLE, 2020). WF7REHY, &
E R mtd s, KT =M. BRVL = AN IX 0 2% H KA b 5 57 X R 1R < fik
AL TR S R TS G s (SR EEAE, 20105 Yanetal.,, 2019), KT = A
X % H /il AR B ) T B34 9% (Ding etal., 2014; Liuetal., 2018), MMi#EFEA
Z=% H B O 27K E e R, HE KA REMHICR (EMUESE, 2001; TKi%
&, 2019). JbMRESN (Arctic Oscillation, AO)D [EJEENS H [ 4R #p b X 422 % H 1K 2121k,
AR, M%ZF AO AT IERAER), FEAFEEEGHIES MRS, Kb HEEZ 1
XML X AR X, AERFHO I U (RO B2 KRR TR e, % H AR % B HUHE XY
b, BRI (Liu etal., 2020; Yuetal, 2021). Ak, 4442 IR,
— 7 T T KGR/, (RS N TR S0, AR TS aEE i RE: H—JrmK
ST JRHE B A7) AR (9 /)N 8 BRI b, AR T A H T 55 (0 R 4E R (Niu et al.,
2010b; Lietal, 2016).

JE/RJeE-F 5i%5) (El Nifio-Southern Oscillation, ENSO) & #iiril—S & R4 &
o [ A BRAS 25 5 (Rasmusson et al., 1983), A X AERAE /A EH K2, Kk, ENSO
AT BRI YR T O RBE KRR G o ) SR %A, AT sgm b E 4225 HAR . 3TN
feii, ENSO X [EAEHAEHRZYE (11-12 A) MEHA SE¥W, {E El Nifio £
6], HE R HELMEL (12 A) 2P AREK S 904, H ENSO T EH
M L EBHLIX (29 30-40°N) #1415 H, X HERHIX KA RERN (Yuetal, 2019a), i
— IR, ENSO 5 AO %o [E R4 ZE 5 H I B RR Iz KT B A8 H UM I
A, WIARFRTE K T a4, MAAERANAHER (Yuetal,, 2021). AFZEAK ENSO
FAEN R E AR5 H AT BT 2 5, Hu 25 (2020) 8 H P E AR B4 25 H IE R
FE3Z La Nifa F4FF1 EP &Y El Nifio F{F5200, H ENSO ] DU JE 4 5= A H A E
AT RS, S BRI AE R L X 1) A RS H IR AR R, X 51E Yu
& (2019a) HIHEFLE5 R A A A o

2% LR, ENSO SR & A K e bk 7 v B AR St X 4 2= 55 H 1) A8 40 A B S
—J71f, SRR IMEERI R ATIMG, AR XIS KB SAAE —E M ZER, FIGHT
NAEXT [ 4 X 55 H A AR A S RS R AT W T, 8 20 Xt CERR#ESE, 2005; )
5R 5, 2013), ZRII ARG T ENSO X [H 42555 H 2 A 7, 22 2 B0 B 3 1 X A
K= MHIX, B A P RS X R AR ] b, = o e X B, FLRT A
IR 4 RWAFAEZ ST (Yuetal.,, 2019a; Huetal,, 20200, SRZHA—FLE L. Kk,
HLERANR T R IX 4% H 5 ENSO 5 K. B—J7, TFEk— K55,
T ENSO KAMAFFARPRE 5, ENSO X WMZEX (Xuetal., 2021). 1 EZLZEFEK
CRUFESE, 2010; Lietal, 2012) S MEIMR R #EA M B2 5, SR AT AALERT
Jt ENSO 5 [H A 25 Hsgmnr, K25 THEAL L LTHEREAMEIECR B, AR
FAPRE 5t F ENSO-% H K R 2 B2 KA AR XA 7] B AR AF B BRI, ASORIRA
W7t ENSO X} 4 7g 4 2= % H R R AR 2 e, it — P E i 4 =5 HE R 5
ENSO K & HFEARFREEAL

2 BRLETTE

2.1 B\RLE

AT TR EEAA: (1) HTRESEFORAER b E AR SRR SR
HAE RS, MRkt H A X 52 MEZK R R0 1979-2016 454, 38 EHIE H 2500 2L
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. BRPEE “BETCRFE ()7 WHRIMIEE, HEHHIRFEORE RSN, KR
RAMG— =M BEEIE R “17, FoREI, WFREA “07. A0k “BZHE” M
“RZ (%) HE” PR “ 25 087, UM “55H7 (LB, 20200, SR uk
TR I 7 Db, A 20 Db, DUASTARAE R 25 Ml Fulial (B 1D
B B AR S, T AR AL R X s (2) 1979-2016 4F 3 [E [E F i MR <
S (NOAA) H- ¥ SST ¥ EZE %R (ERSST. VS) (Huang et al. , 2017), 7KF4r#
FN 20X 2% (3) 1979-2016 58 TR th IR AT oty (ECMWED H X3 73 47 5%
¥} (ERAS5) (Hersbach et al., 2020), 7KF7r#F3y 0.25°¢0.25°, WX, AL @Y
AR (4) 1979-2016 4EE[E EH MR VE D (NOAA) B L KIIFEFEA
Fr#i3% (Atlantic Multidecadal Oscillation, AMO) f5%{ (Enfield etal., 2001) A& KP4
RPr¥R% (Pacific Decadal Oscillation, PDO) $§%{ (Newman et al., 2016), 735K H NOAA
1B J7 W3k https://psl.noaa.gov/data/correlation/amon.us.data[2021-12-4]F1

https://psl.noaa.gov/data/correlation/pdo.data[2022-2-22]. AAZE 12 H £I]RE 2 A,

26°N

24°N

22°N

20°N

18°N -

I I I T I I

106°E 110°E 114°E 118°E
B 1 AR X 52 AN K Rk A

Fig. 1 Spatial distribution of 52 meteorological stations of Southern China

R NEAFREL B R (EOF) FIAHIC/MT [0 M55 F i Ge it
IIMTTTE . BN, AT Y R TS BT 100 B TR AR R > R AR B it RESE
20010 WATCRFER UL, 5 SCAE 70 AT 55 H AR PR AU R IE A HL 5 ENSO 5% A I A F FROUAFIL
B EEA XI55 M R R 8 © R BRI A FE AR &

2.2 ENSO FE4HE X

AR FH 35 1] ] SR 3 AR AU B R S Tl A 40 (NOAA CPC) X ENSO S 58 X
15 ENSO . 4iEZ: 5 N HLL B 54540 (Ocean Nifo Index) Ion=+0.5C (<
-0. 5°C) B #RA— X El Nifo F4F (La Nifia F4F) (FEEEE, 2009), H A L 25T NOAA
HF¥) SST - EE @ ¥kl (ERSST. V5) 115 Nino3. 4 X g IR L8~ 3 > HIEa)-F
Pofti. tnge 1, SLHkE ) 10 ¥k El Nifio F14 (1982/83, 1986/87, 1991/92, 1994/95, 1997/98,
2002/03,2004/05, 2006/07,2009/10 F1 2015/16) 1 10 ¥k La Nifia F1} (1983/84, 1984/85,
1988/89, 1995/96, 1999/2000, 2005/06, 2007/08, 2008/09, 2010/11 F12011/12),
HRALEE S RIS (BRI EP 2D A S vk (R CP #4) El Nifo 1 (La Nida FF)

(Zhu et al.,2021),
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Table 1. Two types of ENSO events during 1979-2016.

EP 1Y CP 7
. 1982/83, 1986/87, 1991/92, 1994/95, 2002/03, 2004/05,
El Nifio Zf}
1997/98, 2015/16 2006/07, 2009/10
) 1984/85, 1995/96, 1999/2000, 1983/84, 1988/89, 2008/09,
La Nifia 3944
2005/06, 2007/08 2010/11, 2011/12

3 ERMAEFER HRRIFE

3.1 B L FEF HIRRE

B 2 451 17 1979-2015 SFAERIBX A FF 0 2 P8 L EE M. HIATZHT
B AT LU, SERIX &% H B fifr e S 2R, KMEX EZEA TN A m
PR R ST PR AR, AOMEROKIE 22 Ko FHERMEE (K 2b) R T ZHEREMLFS
HEEERAERE, FTLLE BRI HIX 55 HARHEZ I EOR, BIURNMERgHL X A Z= 0 % H ALy
PO, EERAREZE A X AL T P R .

26°N - 26N 4 (D)

24°N 24°N 1

22°N 22°N -

20°N — "1 20°N —

18°N 18°N -

106°E 108°E 110°E 112°E 114°E 116°E 106°E 108°E 110°E 112°E 114°E 116°E
[ [T [ [
| (|) alt zla 12 16 20 22 | (l) 0!8 1!6 2!4 32 4 48 56 6

B 219792015 MM AFEH (a) ZHEVH G & & (b) FrfEE G O
Fig.2 Spatial distribution of (a) climatological winter fog days (units: d) and (b) its standard deviation (units: d)
over Southern China during 1979-2015

NHE—L T R RILX AT S H I A RHE, X HERT 52 Ui 1979-2015 R4
Z% Heb-FMi EOF 734, 15281 =AM 77 Z5TaR3 0y 32. 9%, 23%F1 8. 3%. #i4fE North
& (BRIE, 2007) $EHEIFE, NRHE R ET B AL, KILAT = BAS AH
BN (g . B —BES A A (B 3a) A1, SEmd X 4225 H K28 —FFE )
LRI R DX S — B AR AR, B — i 22 Blifw Y, A S 2% HAsiEZE (B 2b)
KAk, e RFOALT T PR . e W, A5 HbRHEZE A EOF J7 i 28 — RS #— 5L
Hh R T 5 H SRR, TR 185 HbRIEZE 20 /i Al BOF 7 fif4h 3, HBUER X 55 H
B AT X2 R 13 20 % BN a3, € ORI 55 HAE %L (Fog Days Index of Southern
China, FDISC). & 3b N F % H 4 £ S H 45 77 & (the Interannual Component of Fog Days
Index of Southern China, FDISC IA). FAXFx4r & (the Interdecadal Component of Fog Days
Index of Southern China, FDISC ID) 5 EOF % — Mt [A] 541 (PC1). HLEIERIZE H
F8%05 PC1 P41, P IMIEREEIE 0. 96, NRHEFRIEFE, HE— 20X 2B 72kt
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EHMEAER D BN A TS HERD BT EOF 0 (KNG, 45 REHIErH
X %5 HBA R ERRAZARE, FREAR A ERA RO — St [,
FHR LB PC1 ANAERE % HAR B bRy 2, DA AR R 0N 0.95, LI PC1 ATHERI 5%
HHEBE S b U A AE AR S, RIVIT RE SCROFR BT DUR I R AL R g X & H 55
R PR A AL RFAL -

EOF1 32.9%
20 r 8.0
on - (A
e (@) - 18 | 6.0 4
24°N - 16 | 4.0 8
] - 14 gF 20
22°N = o3
1 - S IVARNBEGRY T ZaamN S 12 L} 00 <
. \Ye - ] D
18°N | ae! { —— FDISC —— FDISC_IA — - FDISC_ID | 8 [ 40 L&
i -40
— T T T T T T T T T T T T T 6 - -6.0

104°E 106°E 108°E 110°E 112°E 114°E 116°E 118°E 1980 1985 1990 1995 2000 2005 2010 2015

-04 -03 -02 -0.1 0 0.1 02 03 0.4

B 3 1979-2015 A HLIX 4 2= %5 H FE¥17 EOF %5 —#ids
(a) FA GAE) M (b) P OKEFAAR) LULER % HTE% (FDISC; B EL) Kisdun
FFrsr& (FDISC IA; ZL554R) FI4ERFR/r & (FDISC ID: A4
Fig. 3 (a) Spatial pattern (shading) and (b) principal component (grey bars) of the first EOF mode of winter fog
days anomaly over Southern China during 1979-2015. The Total Fog Days index of Southern China (FDISC;
solid black line), defined as winter fog days averaged over Southern China, is also plotted in (b), together with its

interannual component (FDISC _IA; solid red line) and interdecadal component (FDISC ID; dashed blue line).

CAE BT B, R X 425 HAAE U BRI PRAR 1L, JF BRI B3 &tk
s GEL 95%E FK-T B Z ALK . B T4 RS H KPR — > E 2
Ry, ASCK EED MR 2T F HAERRR IR -

3.2 #ELXFEFHERZUERAHERGHI KRR

WRIEAT AW 7T, ERENE LSRR S RGE. KREEREE. [, BES
SENEHAHEYINEEZR (Zhangetal., 2013; Lyuetal., 2021). 4 XU /N AT He T
KAZE TR IRER, FF UL MR AR . 1 MKIRFERE, S50 ) 2
A2 — R R KSR IR KRS &, AR BT R BRI, 8 254k BN K =
FaEt, MNMERS . KAIEFNEARESE R TR R, —Mog R RS, Bk
AHRIKESE, H—MEKREENEMEEREMK (Y et al., 2019a), FILAT LK
RiRE S S EEREERE S (T-To) KRR PR, DUE LR K
A I P N B (R 25 BN

BT 55 72 — Pl MM FU AR ) R SIS, BRI R T TR B35 1) JR S5 4644 1T e DRl
AL B IR TA A, ARSI SR A2 75 [RIRE X A b X A& 2255 H = AR R,
H4 104-118°E “F¥YMI G X B 7R BE S I B i 22 Al A B A 2o b AL AR R 55 H e U
bRy b o Horp, 2w XA B) ) R, # 8eE FEANR BE 78 mi 22 A3 JI K F (Zhang et al. ,
2013). W1l 4a s, 10-30°N X JERZE 28 IR LR [m) XU 5, S W1 2 20 4l 1 B3 B X
KGEWN, A FT ZS5E KREARER RS . FIR, 20°N iz 925-1000hPa J IFE /152 € 5 5
W, BRI HL T KRS IR, nOAS YRR R RSt A R R (K 4b). Bl 4c T
IR T 20-30°N MR KZ AR 1 e i B 22 i, IR R S X 2 KR &
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24°N 24°N 4 24°N {7
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-08 -04 0 04 08 43210123 4 -08 -04 0 04 08

Bl 4 1979-2015 £} 104-118°E £h[a P () L2 CFAL: m/s). (b) FIRGERE (Ffii: 10 °K/Pa)
5 (o) IR M (Bfi. °C) XMNAFFRENER S HIEEEER BRI . B aEnild 95%(E 2
KPR . (d-0) [ (a—c), {HJy950hPa ) (d) ZFIM. (o) #FFE B (f) IR R R %=
Fig. 4 Latitude-height cross-section of regression coefficients of (a) meridional wind (units: m/s), (b) static
stability (units: 10 K/Pa) and (c) T-Tq (units: °C), zonally averaged over 104-118° E, onto the simultaneous
winter standardized FDISC_IA during 1979-2015. The black dots indicate the values significant at the 95%
confidence level. (d-f) Same as (a-c), but for (d) meridional wind, (e) static stability and (f) T-Tq at 950hPa.

K 950nPa FRIZE A X« i 70 A% A8 FE AL FRE 5 ki 22 [ 9 B & Febn A e v 25 H 4R B by
B b (E4d-0, ATLAUEBERIE 2R X (22°N BD) I /2 4748 128 A K7
R IR B W AR L b2 W, XN AEXUBRSS « (2 R UB S InAs € BLACK
SHRIE RN, RERRE SIS T H RN EN R

4 ENSO Xt & FF HE R

4.1 HLELZEZHFEREZENSE ENSO KX R

VENEEBR TRAR R K B 55 5, ENSO R BUE X380 28 A Bk A 91 kS I 2 1 U 7
W, HHERMAES HERRMLS ENSO A A REAF AR K R . & 5a NATArMELE
i 55 HE AU bR /r & (FDISC_IA) 5 [RIIHR AL MEAR OG0 Ao i AT L, I S5 AT R IX 45
FERT T 2 IR AR 7254, A\ 180° LA 28 3G 4 2 A A vh AR R T4l f 25
TEAHSRIC, TR PE AT D 28 SR SR X . 5 e RN, sy B0 R VA DX s oy RS o ) S
HIEHR. B 5b A Her %ok mi &% HEE B AL P51 5 [ Y] Nifo3.4 #8895,
F LA BIMERG K4 1 X O B35 ARG/ A X UEEH, ERMIXAFESZ WL (D)
Ay, B AR R e ORI, TR PE RSP PRI R R K (=D, (3]
I A BN RE VR S DN — B R IR (A298 ),  IXMPIER R 20 A 5 B R Bl Nifio
 (La Nifia ) R 00— B RIERRYERILX A TS HERR S ENSO
I AFAE R E AR
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Bl 51979-2015 4 (a) AZFAREAL T 5 HISEUERR 2 B 5 F 2R (RAL: °C) & (b) &47F Nifio3.4
RS AFERZ HBEREL (A & BER GRS 95%(5 KT 2 PRI
Fig. 5 Linear correlation coefficients between (a) standardized FDISC IA and the simultaneous winter (DJF)
SST (unit: °C) and (b) the winter Nifio3.4 index and the simultaneous interannual variation of winter fog days of
southern China (units: d) during 1979-2015. The black dots indicate the values significant at the 95% confidence

level.

B SCRE T ENSO 5 A% HERR B CFR, SR ENSO HAFE 47 8] _EH
B2 MR IE S O R A B v DK ENSO F44 70 BUR A (EP &) FlF AL (CP
M) (Ashok etal., 2007), HL[)—LLmEFEthigH CP 4 ENSO HAFX A FEK . KL
SR 5 L SE) EP B ENSO AR (BR3C5E, 20185 Zhuetal., 2021). A, R
A5 HAERZL S A RA ENSO HAK X R E G WA AR ? HAERRE, A3
FH (AEsHED EXWKRFEHBMNRZ DB M. NEHEE R EREAFZH 54
[F28% ENSO FF Kk &, W HRICE XHEr 55 HIREUNT7 %, # 1979-2015 FEHERFTHEX
ZZRNR S H B 55 H 80 kAT X35, AR 2K % H AR % H N F 81, 9
o8 XN K 55 H 458 %0 (Heavy Fog Days index of Southern China, HFDISC) Fl4E R 4%
% H45%0 (Light Fog Days index of Southern China, LFDISC).
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Fig. 6 Scatter plot between standardized (a) FDISC_IA, (b) HFDISC_IA and (c) LFDISC_IA and corresponding

Nifno3.4 (°C) indices for 20 ENSO events. A total of 10 EI Nifio and 10 La Nifia events are indicated by red and

blue circles, respectively. The number inside each circle denotes the calendar year, with black and yellow for EP

and CP ENSO events, respectively.
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AZ=HI (Wangetal., 2000; Wuetal , 2017). AW EE, FEILT % HERE
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K% 4gpm) X &ZF (a) FrRifEALHER R Z HARECERR /- B (b) Nifio3.4 fREA A . LLtaskd CEEE
4 NIE (O fH, 0HLCIEE, X EREE 95%(E A iR E ik
Fig. 7 Regression coefficients of horizontal wind (vectors, units: m/s) and geopotential height (contours, units:
gpm, contours interval: 4gpm) at 850hPa onto the (a) winter standardized HFDISC A and (b) winter Nifio3.4
index during 1979-2015. Red Solid (blue dashed) lines indicate positive (negative) values, zero lines are omitted.

The shadings indicate the values exceeding the 95% confidence level.
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Fig. 8 Regression coefficients of (a) horizontal wind (vectors, units: m/s) at 850hPa and meridional wind
(shading, units: m/s) at 950hPa onto the winter Nifio3.4 index during 1979-2015. (b-c) Same as (a), but for (b)
static stability (shading, units: 105 K/Pa) and (¢) T-Tq (shading, units: °C) at 950hPa. The black dots indicate the

values significant at the 95% confidence level
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Fig. 9 13-year sliding correlation coefficients between standardized FDISC_IA and corresponding Nifio3.4 index

during 1979-2015. The grey dashed line indicate the 99% confidence level.
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Fig. 10 Linear correlation coefficients between standardized FDISC_IA and the simultaneous winter (DJF) SST
(unit: °C) during (a) T1 period (from 1979 to 1996) and (b) T2 period (from 1996 to 2015), respectively. The

black dots indicate the values significant at the 95% confidence level.
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Fig. 11 Regression coefficients of horizontal wind (vectors, units: m/s) at 850hPa onto the winter Nifio3.4 index
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during (a) T1 period and (b) T2 period. Only the values significant at the 95% confidence level are plotted.
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1t (Zhangetal., 2019); B—7J71H, ENSO 55 {RMERR 7 119 RIE 22 B FIHEEN
brifi (PDO; ZR#iRAMMIERE, 2003) AL KFEEFERFRIRY (AMO) SHERPRAE RS
SHIRM (XKL, 2009; Xuetal., 2021).
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AR, PEAARIE & R E S, WS IESED (Liand Bates, 2007), [AR JEHE R R
BRAHEH BN (Hao, 2017), SHE PG I (1) 5 5 174 3 XU i 4 g b [X s B 2 7K9%,
i3 m 4220 % HIG N 76 La Nifia fF 42, JEE R B2 58 e s, g
(2R A6 XS H S T BB K V8% (Geng etal., 2016), AFIT % HFRR, X4
5 ENSO 5% fAZE % HERBERE (IE) AMO B EI AR ERMIEMHX KR, M4
AMO & T¥ () AAHIF, 5 ENSO AHKR BRI 7% JE AR (Geng etal., 2016;
Hao, 2017), [HITEA (i) AMO BBt ENSO 54EM & ZEE HAE R KL R IFA
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