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Abstract Based on long-term observations collected at 423 stations in China and the NCEP/NCAR reanalysis data for the peri-
od from 1961 to 2013, the influence of the East Asian winter monsoon (EAWM) and atmospheric humidity on the wintertime
haze frequency over North China, Jianghuai Region and South China has been discussed. Results suggest that: (1) there is a
remarkable negative correlation between the EAWM and the wintertime haze frequency. First. a weakening EAWM leads to
decreases in surface wind speed, and subsequent increases in the wintertime haze frequency over all the three regions. Decreases
in the number of days with daily maximum wind speed of 7— 8 m/s in North China and daily maximum wind speed of 6 — 8 m/s
in Jianghuai Region and increases in the number of days with daily maximum wind speed not greater than 2 m/s in South China
have the largest impact on the wintertime haze frequency. Second, as the intensity of the EAWM weakens. the surface temper-
ature increases, which induces increases in the wintertime haze frequency, especially in North China; (2) the relative humidity
decreases in response to increases in temperature. There is a remarkable negative correlation between the relative humidity and
the wintertime haze {requency in Jianghuai Region and South China; (3) the increasing wintertime temperature is conducive to
the strengthening of the atmospheric stability. The wintertime haze frequency is negatively correlated with the atmospheric sta-
bility over all the three study regions, particularly with the saturation mixing ratio from 850 to 500 hPa; (4) the wintertime
haze frequency in North China is significantly positively correlated with the wintertime water vapor net income. In Jianghuai
Region, it is significantly positively correlated with the net income of wintertime zonal water vapor transport but significantly
negatively correlated with the net income of wintertime meridional water vapor transport. In South China, it has a significantly
negative correlation with the net income of wintertime meridional water vapor transport, but has no significant correlation with
the net income of wintertime zonal water vapor transport.
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Fig.1 Spatial distribution of the wintertime haze days and the stations during the period
1961 — 2013 and the three regions of China defined in this study

AW T T T SE I RO 5 AR L
(NCEP) 1 5 [5] [ 5 KA 7E 0 (NCARD 42 fE 1Y

B H WG BE G g TR R AU UL
e S5 | EC I SF 0 M BB KO BE RO 2. 57



F PRSP E PR A TR H BB RS AR A T AT ORI B A 56 R 355

X2.5% FH 17 7. KGRIk S % £5
Y 5E(2006) ,

F 1 AEILESE RS KT R R xR R
Table 1 Table of visibility level and corresponding
horizontal distance
B LR B L (km)
L<C0.05
0.05<<L<<0.2
0.2<L<<0.5
0.5<<L<<1.0
1. 0<<L<<2.0
2.0<<L<<4.0
4.0<<L<<10.0
10. 0<<L.<C20.0
20.0<<L<C50.0
50. 0<<L

@8
=

fE L

© m N e o e W N~ O|RE

2.2 MRR

HE A F= g 0 E B fE 105°E RLAR (42°N LU
B R AR R X B 1) 2R b PG 8 L X & 25 5
AL MM BAL . T i & B 58 A1
DXIRRAIE o AR AR A0 25 1 0 b B AR R KU IX 43y

40

Haze day (d)
(3]
[=)
Il

1960 1970 1980 1990 2000 2010 Year

40

(c)

304

20 4

Haze day (d)

1960 1970 1980 1990 2000 2010 Year

3AFX: I X (35°—42°N, 105°—120°E) . [ X
(27°—35°N, 105°—120°E) i1 [ X (22. 5°—27°N,
105°—120°E) 43l Fm A db L HE FIAE b X, A 4
FEARILHIX

3 A Z g TNHE WL i 0] A8 A0 R Ik R IX
25t

3.1 ZZEAMKYTHELE

A H s ] AR Akl £k (B 2) v DL
L 30 4F (19812010 4F) ALt i & =¥ 56 H
3.8 dL LUERIAE M 4 F ¥ 5 H A R 2 (3528
6.4 d), 3 53 FAEIL YLHE ER 3 A XA T 5
HOEARHR 2 B R R s 2 ¥, XM £
PETRI PP BT — A P B A
20 28 60—70 AEAR, HR A 21 a2y =40
JG#& BT R R . 7E 20 gl 60 AR 3 A
XA g 0 3508 2 d 2245 ik 10 44
JENFH EFE 89 d, W £ 45 %, TLIEFIE
B EFE 13—14 d. £k 6—7 15,

40

Haze day (d)
3%
[=)
Il

1960 1970 1980 1990 2000

2010 Year

K2 19612013 4E4E 4L () JILHE(b) Al
R () &5 H I 7l 2k Ok P2k o
19812010 4FM5F- {5 L Rm 11 sF i 20
Fig. 2 Time series of the wintertime haze days during
the period 1961 — 2013 over North China (a),
Jianghuai Region (b) and South China (¢)

(the horizontal line presents the climatic
average for the period of 1981 — 2010; the dashed

line gives the 11-point smoothing curve)
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(dashed line is the 11-point smoothing curve)
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Fig. 5 Correlation coefficients between the wintertime

haze days and East Asian winter monsoon index during the
period 1961 — 2013 in central and eastern China

(red dots denote the values passing the 95% confidence level)
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Table 2 The correlation coefficient between the wintertime haze days and different
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Jianghuai Region (b) and South China (c¢)
(the variable r is the correlation coefficient between

wintertime haze days and wintertime temperature)

A B @t T 0. 05 K15 E A5
P 7E 35° N LAt A& 4 b X 14 41 56 F A B 2
Song 4 (2012) B 58 & B« v [ AR B A 43 Hb X 1) 4
Zo R VT B L 3 WL U R A R A 2R R R Y
THUTRESHLAFHAWEZHERZ —.

I b T A G R X 43 55 R g ) — IR O
MRZER ., % M5 AR ISt WP R 0 S IR
T H 55 7 25 AP I /K9G8 B (a3 1l
B K, 1T 58 2 8 AH 418 B /N F 80 %6 1 i il B
AL ARXHEEAE 80%—95% e B-SIR AW . [0 1 &
B4 I %04 S8 5 (5 50, 2006) . 5538 KL J2 7T LUAH
LA L 2 R i ) 223 AR R (=95 20 B
SR AT DA 5 Ak 55 % L 2 R AR EE T B 2
F 80 Yo if o 55 i JBE /K J5 T B 4k Ry SR F . B
AH X A AR A X 55 RS H B AR bR LR



F PRSP E PR A TR H BB RS AR A T AT ORI B A 56 R 361

Bl 8 1961—2013 4 [E P ARFA T/ H 5L FE1Y
A X BE 1) AH O FR B 4 8] 43 A
(LT A0 520 S 6750 5 0. 05 5 35 P 4G 6 A 3 250

Fig. 8 Correlation coefficient between wintertime haze

days and wintertime average relative humidity during the
period 1961 — 2013 in central-eastern China (red dots

denote the values passing the 95% confidence level)
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Jianghuai Region (b) and South China (c¢)
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