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Abstract Fog is a severe weather hazard that greatly influences traffic and daily life with
potentially heavy economic loss. Based on the 503 observed fog station data from 1958 to 2007,
the temporal and spatial characteristics of fog days in autumn and winter were analyzed. It was
found that the fog in autumn and winter occurs frequently over Southwest China. The annual
average number of fog days in autumn and winter in Southwest China is more than 18 days, which
is twice as many as that in eastern China in the same period. Moreover, there is a significant
climate variability of fog days in autumn and winter in Southwest China, which is mainly reflected
in the interannual and interdecadal scales, and there are significant differences in the
meteorological conditions of fog days in different climate scales. On the interannual scale, the
north wind anomaly in the middle and upper levels is more significant, which brings the cold air
from the north to the southwest, causing the cold air anomaly in the middle and upper levels over
the southwest. Moreover, due to the strong sinking movement over the region, the cold air in the
upper levels is brought to the lower levels. At this time, because of the abnormally high
temperature and humidity in the lower levels, the cold and warm air converges over Southwest
China which is located in the north of the rain belt. In a result, the air is easily oversaturated,
resulting the number of fog days increasing. On the interdecadal scale, the anomalous northerly
wind in the lower level is more significant compared with the interannual scale, which brings the
cold air in the lower level from the north to the southwest. This results in the decreasing of
temperature, specific humidity and temperature dew point difference and further leads to the
supersaturation of water vapor in the Southwest China because the temperature drops faster than
the humidity. At the same time, the atmosphere is relatively stable, increasing the number of fog
days.

Keywords Southwest China, Fog days in autumn and winter, Interannual variability,
Interdecadal variability, Water vapor condition
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FRIDHZHRE N RISFEN S . EREXIT: BEKHEUKSIES, S8 1
ANEPUTFHKTFRE WE K (Yangetal., 2011) o ZXGEBAK. HXHEER . KA N

€ HAMREIL §5 i, SRR SRS K% (Sachweh and Koepke, 1997; Niu et al.,
2010a) o AR, AATZWHFL T FZX AT Ao R AN FERIRZI T & A% 520 (Pu
et al., 2008; Gultepe et al., 2007; Niu et al., 2010b; Cai et al., 2017) -

T E % B R A, R IEAK S (RGRTRSE, 2008; R 5445, 20115
Wang et al., 2005; #hik2%, 2013) . FREFMHEEEA XA E S, DAL EEETE
MR BEAT T 0PTSRS L, RE S BRI, KU, AP E X, POrg it
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AR, AN RIEF R 5IES) (A0) « FRIEIEARSG, RILAZFRX (EAWM) |
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3 DL ROKPRIE ELPRARE R PR SRR 55 H 58 R0 (RS R, IR 10 X S 3R AE A [l i) R
FERA R SRR AL BB AEAR R SRR R b, M PE R 25 H Uk R R, Aiem
X G R 5 O TN U R D PRk R O RE R, DS/ B 5 T i 2k

2. R AT

AR o AR SR E R A O FR AL 1958-2007 4EHE 503 M %G (B 1a B
D % HBUR, R XA B A TR 7 RE VIR X3 (102°E-112°E, 28°N-32°N)
31 (B la BB AD 1-12 A% HIPREMREZRE (B 1b) , AE 1b A, 7
R 1 L 10 AL 11 AT 12 A% HEPFSME 508 3.6 Ky 32 K. 3.9 REALKZ 45K,
PRUEZE N 1.2 Ry 1.0 Ry 1.2 KRB 1.3 K, 1 2-9 A% HIFES/N T 2.0 K, 45
HEZEB/NT 0.7 Ko 28 EBRATATDAANE, PipHIXZH 1 A, 10 A, 11 AR 12 A0 EEE
FOFRAEZ KT 2-9 A T HEAbRHEZ, BIPERHLIX (1955 HAEIX DA A 40 R A ST i e
FERFI RS, Hib, ASCHFrfgi&F0asE 10 . 113, 12 AFRE 1 .

FF KA 0 EE 45 B NCEP/NCAR (Kalnay et al., 1996) 2L/ 1958-2007
AP ERN 2,552 50 (MR AR R HIXHERE . 4 i) R i) XL o7 34 g B A
HE EUAE B T e, AT (10 H-REE 1 HD kB, 1531 1958-2006 fEIZAEK
KGR, ASCHR RS AR E i K IEoRERAE, HitE AR

K = (Tisoura = Troonea)+ Tssonea = Troonra = Tz ().
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Fig 1 (a) Distribution of 503 stations in China, (b) mean state (red column, unit: day) and standard
deviation (blue column, unit: day) of fog days from January to December from 1958 to 2007 in

Southwest China

3. P X KL E IR S EAFR S H B 220 A Rk

K2 4 1958-2006 FERAZE S H () FMEM(bIRHEZE (AL K)

Fig 2 (a) Average value of and (b) standard deviation of fog days in autumn and winter in China
from 1958 to 2006 (unit: days)
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Fig 3 (a) Time series (unit: day) of mean different scales (black: primitive; orange: trend; red:
interannual; blue: interdecadal) of foggy days in autumn and winter in southwest China from 1958
to 2006, (b) mean standard deviation of foggy days in different scales in southwest China (unit:

day), (c) interannual (d) Independence verification of interdecadal autumn and winter fog days
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(the dotted area indicates that the correlation coefficient between autumn and winter fog days at
various scales and autumn and winter fog days at all stations in the country has passed the

significance test of 90% reliability)
ATHG I 22 FFBAEX A (102°E-112°E, 28°N-32°N) [P FE k422 55 H il X 35-F- 7,

32— 1958-2006 SEH 49 SERF[A]FH1, XFM K 3a PRI EEASRL, & 3a g s
L, ZERE SR R REEREA R RUE, 7300 B 3a Hr 20 (0 i 2R AR
sk, WERBRRE FRE, FHRFHIX 1958-1972 4ELL K 1996-2006 44 /0 5 (74 H,

1973-1995 NZFHIEMAH. B 3b Aih g X ANF UE S HibnitE 27, Hd 565 H
WEZE P28 6.1 R, Fbr% Ain#EZEFI2 0 4.4 R, FRZ% HirEZEFIH208 2.9
Ky XML TR R R A HAAEE BE N ZER . S8 ETLES], TRk
2255 H AT DL A AR B SR RAEAR b RBESEAT B 90, LA Wi o) JREE AR 422 55 H (b 2217
FEH T 225+ o

R 1 VUE X XA AN A R KA 55 H IR SR H AR

Table 1 the positive and negative anomaly years of autumn and winter foggy days on
different scales in southwest China

IERHS 1 H A
JR4E 1971,1977,1979,1980,1982,1985,  1960,1961,1966,1967,1969,1974,
1986,1989,1990,1991,1993 1997,1999,2003,2005,2006
FFR 1958,1964,1965,1970,1971,1977,  1960,1961,1966,1969,1974,1981,

1982,1985,1987,1990,2002,2004  1984,1988,1992,1997,2003,2005

TR 1972-1995 1958-1970,1996-2006

B 3cy d &L 3a th T B RK A 22 5 I DX SR-T- B0 45 B R4 B LA SR A RUBE R I 1)
B 73 505 Al fRIAK A 55 49 SR 8] 7 ISR G, Herp 3T XSyl 90915 B e 6 Y
Xiko & 3cy d it & E VAR Ie b X E A R A R X, X RR B il X 4P 2 15
SRRV R X K% 55 H B — @ S . F BRIy, & X EARRR 5 H 5 H A X 1
% HIFAAFAE R 2 A, (HRERR S H 5 KT R XA — & ARG, Xt r] aE 2 K
2 P R X KT A R Y X 4 A AS R o 2 10 S R I S B, B BR R B
PRI X 5 A E B DX 5 H AR BRI AT REAAAE — S IR AR, (ELZ PU R b X 5 2R A X A
FAPPRE LR R R E ST
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160 Table 2 the number of positive abnormal fog days and negative abnormal fog days (in days) in
161 southwest China
IERHE U H A
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173 Fig 4 (a) (b) The composite distribution of 1000 hPa temperature (unit: K) in the original, (c) (d)
174 inter-annual and (e) (f) inter-decadal areas. The left side is the positive abnormal year of the fog
175 day, and the right side is the negative abnormal year. The dotted area indicates that the 90%
176 reliability test has been passed
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Fig 5 (a) (b) The synthetic distribution of 1000 hPa specific humidity (unit: g/kg) in the original,
(¢) (d) inter-annual and (¢) (f) inter-decadal areas. The left side is the positive abnormal year of the
fog day, and the right side is the negative abnormal year. The dotted area indicates that the 90%
reliability test has been passed
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213 Fig 6 (a) (b) The composite distribution of the original, (c) (d) interannual and () (f) interdecadal

214 K-index. The left side is the positive abnormal year of the fog day, and the right side is the
215 negative abnormal year. The dotted area indicates that the 90% reliability test has been passed
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Fig 7 (a) (b) Inter-annual and (c) (d) interdecadal precipitation (unit: mm) composite distribution.
The left side is the positive abnormal year of fog day, and the right side is the negative abnormal
year. The dotted area indicates that it has passed the 90% reliability test
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Fig 8 (a) (b) Inter-annual, (c) (d) interdecadal 500hPa geopotential height field (unit: dagpm)
composite distribution, the left side is the positive abnormal year of fog day, the right side is the

negative abnormal year, and the dotted area indicates that it has passed the 90% reliability test
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Fig 9 (a) (b) Inter-annual, (c¢) (d) interdecadal 850hPa wind field (appropriate arrow, unit: m/s) and

500hPa air temperature (shadow, unit: K) composite distribution, the left side is the positive
abnormal year of fog day, the right side is the negative abnormal year, the dotted area indicates
that 90% reliability test has been passed
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Fig 10 (a) (b) Inter-annual, (c) (d) interdecadal air temperature (shadow, unit: K) and temperature
dew point difference (isoline, unit: K) (zonal mean in the range of 102 ° E-112 ° E)

latitude-altitude profile composite map, the left side is the positive abnormal year of fog day, the
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Fig 11 (a)(b) The annual and (c)(d) interdecadal specific humidity (shadow, unit: g/kg) and wind
field (vector arrow, unit: m/s) (zonal average in the range of 102 © E-112 ° E) latitude-altitude
profile composite map, the left side is the positive abnormal year of fog day, the right side is the

negative abnormal year, and the dotted area indicates that 90% reliability test has been passed
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