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Abstract  Based on differences in meteorological conditions on fog, haze, and clear days, the authors concluded that
the forecasting methods and index of fog and haze should be set up for different regions based on local conditions. Among
the surface meteorological parameters, visibility and relative humidity showed the most evident differences in the
above-mentioned three weather conditions. According to the visibility and relative humidity at 2000 LST in the preceding
day and 1400 LST on the current day, all studied sites in Anhui Province were divided into three categories: 1) From fog,
haze to clear days, the visibility increased and relative humidity decreased evidently (e.g. Hefei); 2) Visibility and relative
humidity both were very close on fog and haze days, but were evidently different from those on clear days (e.g. Fuyang);
3) Visibility showed insignificant differences between fog and haze days, while relative humidity showed evident
differences between fog and haze days (e.g. Anging). More than 50% of fogs were followed by haze at urban sites; while
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less than 25% of fogs were followed by haze at countryside sites. In the vertical, the relative humidity decreased rapidly with

height during fog days, with the median value lower than 20% at 850 hPa at Anqing station and lower than 45% at Fuyang

station; however, it decreased slowly during haze days with the median value of around 60% at 850 hPa at both stations. In

addition, the wind shear from the middle to upper boundary layer was smaller on haze days than on fog and clear days.

Keywords Fog, Haze, Meteorological conditions, Boundary layer, Anhui
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Table 3 Median and mean values of relative humidity at different height at 0800 LST on fog, haze, and clear days in Anqing

and Fuyang during 2008-2012

K 600 hPa #HXHE % 700 hPa FHX} 48 BF 850 hPa FHXJ ¥ B 925 hPa FHX ¥ 1000 hPa A% 5%

vl K LA BiMH HAAE ¥l HAE BMH HPAAE BH BRI BMH
ZR % 2.6% 8.6% 4.3% 8.0% 19.5% 28.1% 56.5% 53.3% 92.0% 92.1%
i 12.4% 18.6% 23.0% 34.1% 58.7% 53.3% 69.7% 62.9% 83.3% 82.2%

it 15.2% 27.1% 19.7% 32.9% 35.7% 40.5% 51.9% 48.4% 70.9% 67.6%

B % 11.0% 19.2% 22.5% 34.3% 42.4% 46.8% 71.8% 64.5% 91.0% 89.6%
E 23.2% 33.7% 39.7% 43.1% 60.3% 56.4% 71.6% 66.0% 86.0% 84.1%

I 9.3% 20.0% 11.1% 21.2% 17.7% 25.0% 26.0% 31.6% 48.4% 48.8%




S 7= 7 N S U I 2%
248 Climatic and Environmental Research Vol. 22
100%
(a) T ¥ =
80%
T % @3(
_ X 60% =
40% %
1% . é i
ivg T % T T T T @ T T T 0

p/hPa

150 200 250 300 400 500 600

T
700 850 925 1000 Hujm

(b)

FHXHEBE

sFeE R

150 200 250 300 400 500 600

p/hPa

T T T T T
700 850 925 1000 b

100%

(c) -

TT1T EI‘TBO%

60%

- I

1]
TR

FEXHEE

J l 40%

20%

T T T T T T
150 200 250 300 400 500 600 700 850 925 1000 i

p/hPa

4 2008~2012 4F42 K (a) Z5 (b) Fi. (o) WEZS H 08:00 AN[r] iy B Xk B 6 2% 1]
Fig. 4 Box-plots of relative humidity at different levels at 0800 LST on days of fog, haze, and clear in Anging during 2008—-2012

L BH FRIAFDO B A A 5 e R (L 5D, fHEE
RIEAE . MHLTTIE] 1000 hPa, #4255 K AH NG
e, 90%ZeAys SR FE, A AE AN IS {E HR S K
T 80%; W ¥ KAk, " AE A ARAE 50%~60%
BT PRAE b, AR AR YE T (R R R
MR PR PO, B T BT 5 Tl 22 R 5
Z5 RAHRIAE FEE B iy BE S AR TR, E1) 850 hPa, Hifif
RIS HAE 40%~50%2 1], 700 hPa, Hi{7{E Al
IMEAE 30% b T 5 5 R RIS 4 A A B b i B T
Wesgte, JUHJESERK, 850 hPa, e (8 FIA{E &P
1t 60%/c 47, 700 hPa, H {5 AH FIIIE ERTE 40% 20 47
i 75 K 850 hPa Fl1 700 hPa (1 GG & # L 2 KA,
850 hPa [¥) (7 AE RIIMETE 20%[fi, 700 hPa [

PEAEFIAMEAE 10%~20%FFT .

FH I 5L AR v o0 (L T 1 &5 SR 45 21
NEZE. 55 MG 25 RN R B 2 AT AU AIE
43 BRBRATRSEREET

2 5t )7 3 T XD AR 2 R S B O —
ANEFERE T (HZEE, 1983). %22 AR %
P WS RKILFLE T #6925 hPa Fil 1000 hPa 2 [&] X
Rk 1) 2 ZEEATGeut, HARRIA G T H6 A n) i3
s, Rt 7L R B (850 hPa R 925
hPa) KUK A4k, B R P2 RISk ) 2 2,
IEAE s R n) Bl i BESE O, Sk i, £ G152
B 2 2 A A AR . e BT (Rt
2D R T Bz bR AN R A s, &



No. 2

TRAET . Fi SRR AT

SHI Chun’e et al. Comparisons of Meteorological Conditions on Fog, Haze, and Clear Days in Anhui Province, China 249

(a)

-7
L]

p/hPa

T T T
150 200 250 300 400 500 600 700 850 925 1000 i

% 100%
TT L &%
x| + ’

60% i

s

40% E
?— 20%

; 0

(b)

FHXHEBE

[—

150 200 250 300 400 500 600 700 850 925 1000 HhH
p/hPa

:

FEXHEBE

T

T T T T T T T T T T
150 200 250 300 400 500 600 700 850 925 1000 i

p/hPa

K5 [l 4, (HhEH
Fig. 5 Same as Fig. 4, but for Fuyang

6 {45 T 850 hPa A1 925 hPa X [in) 48 1k £ J& ()4 %
pAiTe

2R 08:00 A Z R EER >, 32 d, 5=
L IR ) A AR A R U AE — 10°, JL it —20° (K]
6a), TN R I AR AR R LR e, VA
FE—20° CEEIED; W5 H A2 LR R i 4% £
FEMIEAEIEATE &, #B4E 10003, BT IS0
i 0 547 N AR A A FEVEAEAE 10°~20°, B
i BEWEAEAE 00,

FLFH 08:00 %5 (1 R H > (68 d), KAk
A FE ORI A H, 2 T R IR 1) eSO A R (1 U
100, BEAETTE—30°% 10°. HEAEH, R
PINBEAEANTE G, T EBIEMEAE 30°, FFBIEAELE 0%,
gill, ERHPNEEAES, FHEEE 0°, b

PRI AE —10°,

B R Gt 45 WAL, 3 BRAH,
FERIATZ AR A ORI f/he BRI
T2 R AR A TR, U W 55 I A7 22 Byl
FEPi (B8 B BRI 2R, 2N 3k
I3 M5 JE WA &5 B 1 O 92 43 A BB T 25 K
JUBEHDERFAE, ORISR PRI ER (Bl
AESE, 2012). FEK 925~850 hPa 2 [a] X i ) 4%
Bk PSRN, USRI T2 R i
55 PR

5 GitSidie

AL 5 2 I TR A A AT 4



S

N
250 Climatic and Environmental Research

22 %
Vol. 22

|
-
w
S
2
|
N
g
o
2
|
©
S
2
|
~
o
2
|
3}
S
2
|
w
S

° —10° 10° 30° 50° 70° 90°

110° 130°

2%
=F
LT

T A

Kle (a) %A (b) EPIZ. #i. 157 08:00 925~850 hPa JX In) fff AR RIS /) Ali

Fig. 6
Anging; (b) Fuyang

D, PR RN 2, I AR %, S, I
ZRAT— H R HRIBREEZD AN G0, W
TAFMLIXIX 3 RN A TSR 3 Ak
fibo 3 FORAHT—H AU H, 225 BRI E 2
X ERIRE ML . FEEE BT

C1) AR M A8 I 2R B R R
A R ZEFRRESE, Pt mal By 3 26 5
—2R, M. FRIGAS, BENELENY . MR R
R, PAEAEORZESE: R, REILEEAIAR
X FEMI AL AE S FERIRSEIE, (H5 MR 2%
MR =28, BEILEAES . FERTCWIR 25,
ERXREAES . R RE . MG %E )5
RIS AT BE AR CRT 50%), B4t 25 Jo R
ST REVEALR (KT 25%).

(2) R4k 08:00 MERZABRL, ZIN K TRE
NRRGE A Bl v J5E N PV, Sl I A O S5
BN FESRR AEMIm, SN DGR sy, 1T
£ 850~700 hPa 7= 5, 5 INAH O B2 fe i o 56K I4
TN RPN, 25 RN 2 A AR R B XA

Frequency distributions of wind direction change between 925 hPa and 850 hPa at 0800 LST on fog, haze, and clear days during 2008—2012: (a)

2,

Z5 RIS AR B TR RE W RIS, (AILAR
TEFTE LR AAAE 2 25 22 e (FHRIRAE, 2015),
ML AT R P A SR 5M0, A NEE
e WA, ANFMIXE. 5. WS KAT
— HARPY ARG 55 B8 LS o AR fE 384T 22 5
KW T NS0 R R 3T, an
HIEL B, BT AKESI R, KR
WREER W1 20:00, AEWEHICREL, 2
T HUG ARG SRS TR B0, I8 A
NG RERE SRR, KABORIIR B ARG, )5
TEAE R e DL B BT R G R o

MAKRE, AUKTE. BERNRS 4L
FSEAEAE, BAFG— @ MBS 5%k, e, M
% SN TG, Z5. S8 RMR AR
oA PAAE R =R 55 BT 243 i 1 -
(I v Sl R, T H A R,
FIF45 5 S5 I BRI R i 5 1 56 R A8 2 IR 2 A 15
HiTHT ) L PR B v R A T RN, VIR,



74 GO N N

AR U B A XT L

No.2 SHI Chun’e et al. Comparisons of Meteorological Conditions on Fog, Haze, and Clear Days in Anhui Province, China 251

AFIT R, BEAFRE A 2 I . ok, I
X %5 SRR, FERIE 2 AN —aEbk
Ty, RIS L AR BB IX <k s, (B
BRI THE S, FEAG25 TE R, X AE SRR 22 1y
H 20 2 80 AR H LUK 17 %5980 /> (Shi et al.,
2008; Li et al., 2012); H— AR, S
AN RSN, AN BA G U, 55
BORFER I, ZFrPRe WAL R RE, RO R
R IR PR 5 W 3 2 A 55 IR R S I (i) ZEKC (Shi et al.,
2008; Li et al., 2012), IOt} < B, —
Ji AT AT CT D, FASTERG
ST, BT ER, ST K
VORI IR i) L4, AR S 2 m L
I, TEREERERE i 60%), 1X— 53]
BAG AL SE B0 AE (Kang et al., 2014), 1T/
AR OEAE N VAR 1 el L2 A R AT  TAR
fiERAES WA E T MR E, SEERFEERETNE
o IXAHFEIEUELT 20 4F R T AR 3 Tl s (X 55
Hsksl>, 8 HE 2.

A, A M . . B RET—
R K THT B8 DL 52 R0 X I 5 DA 1 R PR A X Wt S 2
R FE S, |ETW L, BARIHRAT, K
HRK SRS 22 A W2, (RN R BR 2 A7 AT
BRZES, XHEmE . SRR B S
M 1H

SR (References)

TR AGR. 2012, ZHEAEAGE: AR SRR M) Jbat
S % i tt, 375pp. Anhui Provincial Meteorological Bureau. 2012.
Anhui Meteorological Records: Climate Change and Climate Divisions
(in Chinese) [M]. Beijing: China Meteorological Press, 375pp.

2R, AARIR, B, . 2015, s A E AR S REAE T [0].
54, 34 (4): 1158-1166. Deng Xueliang, Shi Chun’e, Yao Chen, et
al. 2015. Research of reconstruction and characteristics of hazes in Anhui
[J]. Plateau Meteorology (in Chinese), 34 (4): 1158-1166, doi:
10.7522/j.issn.1000-0534.2014.00007.

Gao H W, Chen J, Wang B, et al. 2011. A study of air pollution of city
clusters [J]. Atmospheric Environment, 45 (18): 3069-3077, doi:
10.1016/j.atmosenv.2011.03.018.

wfh, SRIEAR. 2014. 2013 45 1 H Mt X 11 25 5 o A % HE R AT R4 23
i [J]. A SEEIESY, 19 (2): 140-152. Gao Yi, Zhang Meigen. 2014.
Numerical simulation of a heavy fog-haze episode over the North China
Plain in January 2013 [J]. Climatic and Environmental Research (in
Chinese), 19 (2): 140-152, doi:10.3878/j.issn.1006-9585.2014.13135.

Gultepe I, Tardif R, Michaelides S C, et al. 2007. Fog research: A review of

past achievements and future perspectives [J]. Pure and Applied
Geophysics, 164 (6-7): 1121-1159, doi: 10.1007/s00024-007-0211-x.

Kang H Q, Zhu B, Zhu T, et al. 2014. Impact of megacity Shanghai on the
urban heat-island effects over the downstream city Kunshan [J].
Boundary-Layer Meteorology, 152 (3): 411-426, doi: 10.1007/s10546-
014-9927-1.

THFR. 1983, MR 1 YA T BB RO IR [J]. RAURE, 7
(2): 171-178. Lei Xiao’en. 1983. Effect of wind vertical shear on
diffusion characteristics in the mesoscale range [J]. Scientia Atmospheric
Sinica (in Chinese), 7 (2): 171-178, doi:10.3878/j.issn.1006-9895.1983.
02.07.

Li Z H, Yang J, Shi C E, et al. 2012. Urbanization effects on fog in China:
Field research and modeling [J]. Pure and Applied Geophysics, 169 (5-6):
927-939, doi: 10.1007/s00024-011-0356-5.

singe, G, 4. 2014, JERATZ F I RAESHT [J].
Ak SIS, 19 (2): 164-172. Liu Ruiting, Han Zhiwei, Li Jiawei.
2014. Analysis of meteorological characteristics during winter haze
events in Beijing [J]. Climatic and Environmental Research (in Chinese),
19 (2): 164-172, doi:10.3878/j.issn.1006-9585.2014.13224.

Shi C E, Roth M, Zhang H, et al. 2008. Impacts of urbanization on
long-term variation of fog in Anhui Province, China [J]. Atmospheric
Environment, 42 (36): 8484-8492, doi: 10.1016/j.atmosenv.2008.08.
002.

ik, SRR, AR, 2 2013. MMS5 5 MM5-PAFOG i3t [X 3 25 i
ARV LR [7]. SRR, 32 (5): 1349-1359. Shi Chun’e, Wu
Zhaoxian, Deng Xueliang, et al. 2013. Validation and comparison of
regional fog forecast by MM5 and MMS5-PAFOG models [J]. Plateau
Meteorology (in Chinese), 32 (5): 1349-1359, doi: 10.7522/j.issn.1000-
0534.2012.00126.

FiE, SRR, Moo, %5 2014, 2013 4F 1 H @HRsbk $ioR <k M
SR ). AR S S EEHES, 19 (2): 227-236. Shi Chun’e, Deng
Xueliang, Yang Yuanjian, et al. 2014. Analyses on the causes of the
persistent haze in Anhui Province in January 2013 [J]. Climatic and
Environmental Research (in Chinese), 19 (2): 227-236, doi:10.3878/j.issn.
1006-9585.2014.13112.

AT, TE4A, 490008, 45 2016. 1980~2013 4F 45 R AR #
FeATRERIA 7). KARHE, 40 (2): 357-370. Shi Chun’e, Wang Xiquan,
LiYuanni, et al. 2016. The trend of haze in Anhui Province from 1980 to
2013 and the possible reasons [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 40 (2): 357-370, doi:10.3878/j.issn.1006-9895.
1504.14319.

Steeneveld G J, Ronda R J, Holtslag A A M. 2015. The challenge of
forecasting the onset and development of radiation fog using mesoscale
atmospheric models [J]. Boundary-Layer Meteorology, 154 (2): 265-289,
doi: 10.1007/s10546-014-9973-8.

EEA, Wi, EAK. 2011 S5 G X i —— Rt 3
HHRAE G TRA LS D] URSHERTF, 16 (6): 690-696.
Wang Xiquan, Yang Ting, Wang Zifa. 2011. Impact of dust-haze episode
from one air pollution control region to the other-one case study [J].
Climatic and Environmental Research (in Chinese), 16 (6): 690-696, doi:
10.3878/j.issn.1006-9585.2011.06.02.

FEa, A, BlE, A 2013, RURET R MK KSR R AEA AR 1L



R H 5O 5 2%
252 Climatic and Environmental Research Vol. 22

[J]. S FREEHFFY, 18 (2): 165-170. Wang Xiquan, Sun Mingsheng,
Yang Ting, et al. 2013. Interdecadal change in frequency of dust-haze
episodes in North China Plain [J]. Climatic and Environmental Research
(in Chinese), 18 (2): 165-170, doi:10.3878/.issn.1006-9585.2012.11094.

TRRE, B, TAAL . 2014, 2013 4F 50 H JRE AR #b X 3555 75 4
WE M (3], T E R ERELEE, 44 (1): 15-26. Wang Yuesi, Yao Li,
Wang Lili, et al. 2014. Mechanism for the formation of the January 2013
heavy haze pollution episode over central and eastern China [J]. Science
China (Earth Sciences), 57 (1): 14-25, doi: 10.1007/s11430-013-4773-4.

EAB%R, A, £, 55 2014, 2013 48 1 FIFE P A< AR S VS 4 B
BERIGFES [J]. R HERRFY, 44 (1): 3-14. Wang Zifa, Li
Jie, Wang Zhe, et al. 2014. Modeling study of regional severe hazes over
mid-eastern China in January 2013 and its implications on pollution
prevention and control [J]. Science China Earth Sciences, 57 (1): 3-13,
doi: 10.1007/s11430-013-4793-0.

oo, M, GBRE, % 2012, SHETE HASRE&MENT [ <
%R, 32 (4): 437-442. Wei Wenhua, Wang Tijian, Shi Chun’e, et al.
2012. Analysis of weather conditions for fog in Hefei [J]. Journal of the
Meteorological Sciences (in Chinese), 32 (4): 437442, doi: 10.3969/
2012jms.0074.

SRS, Rbent, ZRHE, 5. 2010. 1951~2005 4o [E KRG 5 1 i 23 42 4k

). 74241, 68 (5): 680-688. Wu Dui, Wu Xiaojing, Li Fei, et al. 2010.

Temporal and spatial variation of haze during 1951-2005 in Chinese
mainland [J]. Acta Meteorologica Sinica (in Chinese), 68 (5): 680688,
doi:10.11676/qxxb2010.066.

S5 2013, FAEPM2.5 [M]. dbxt: E AL, 106pp. Wu Dui. Insights

into PM2.5 (in Chinese) [M]. Beijing: China Meteorological Press,
106pp.

W%, A RE, M, 5. 2010 TR S O R o A IR IR AR
YyFRRFAE [J]. SRBERIEE, 31 (7): 1425-1431. Yang Jun, Niu Zhongqing,
Shi Chun’e, et al. 2010. Microphysics of atmospheric aerosols during
winter haze/fog events in Nanjing [J]. Environmental Science (in
Chinese), 31(7): 1425-1431.

FHUEHE, E%, FESCR. 2015, b i X A2 2 R4 1 I A Ak
ASAHRAE (7], PR HERELY:, 45 (5): 649-655. Yin Zhicong,
Wang Huijun, GuoWenli. 2015. Climatic change features of fog and haze
in winter over North China and Huang-Huai area [J]. Science China
(Earth Sciences), 58 (8): 1370-1376, doi: 10.1007/s11430-015-5089-3.

SRR, ZEnik, SKATHE. 2014. 2013 4 1 v [/ AR AR SRR 25 R
MG D] hIERRE: HERERE, 44 (1): 27-36. Zhang
Renhe, Li Qiang, Zhang Ruonan. 2014. Meteorological conditions for the
persistent severe fog and haze event over eastern China in January 2013
[J]. Science China (Earth Sciences), 57 (1): 26-35, doi: 10.1007/s11430-
013-4774-3.

5 R, 2007, QX/T 48-2007 i TR MMMIE S 4 35y RTME
M [S]. At 5t: b [ b E R 41, 10pp. China Meteorological
Administration. 2007. QX/T48-2007 Specifications for surface
meteorological observation. Part 4: Observation of weather phenomenon
(in Chinese) [S]. Beijing: China Standard Press, 10pp.

Zhou B B, Du J. 2010. Fog prediction from a multimodel mesoscale
ensemble prediction system [J]. Wea. Forecasting, 25 (1): 303-322, doi:
10.1175/2009WAF2222289.1.



