32 11 Vol.32 No. 11

2011 11 ENVIRONMENTAL SCIENCE Nov. 2011
( 100089)
. PM,, 1a
608.4 Mm ™'
500.6 Mm ' 423.7 Mm ' 6.4~9.2
. 3 .PM,,
 PM, ; ; ;
X513 A :02503301(2011) 11315307

Effect of Weather Condition on the Aerosol Scattering Property at Shangdianzi

ZHAO Xiuquan ZHANG Xiaoding PU Wei-wei MENG Wei
( Institute of Urban Meteorology China Meteorological Administration Beijing 100089 China)

Abstract: A study on the effect of weather condition on the aerosol scattering property has been carried out using one year measurement
data sets of aerosol scattering coefficient ( ASC) and meteorological parameters at Shangdianzi ( SDZ) . The results showed that the ASC
was highest in hazedog day with 608. 4 Mm "' and higher in fog day with 500. 6 Mm "' and haze day with 423.7 Mm "' those were 6. 4—
9.2 times higher than the ASC in normal day. The ASC was highest in summer in all kinds of weather conditions. The lower ASC in fog
day and haze-fog day was observed in autumn and winter respectively. There was no evident difference of the ASC between other three
seasons in haze day and normal day. Pronounced seasonal variation of the mass scattering efficiency ( MSE) of PM,  was observed in
fog day with the highest value in summer. Significant diurnal variations in ASC were observed in haze-fog day and normal day with a
unimodal pattern and a bimodal pattern respectively. The wind was the most important factor for the ASC at SDZ. The transport of
aerosol particles by the strong southwest wind should be responsible for the higher level of ASC in SDZ area and regional scale in low
visibility weather conditions. The northeast wind was favourable to the reduction of ASC especially in normal day.
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Table 1 Averages of scattering coefficient and PM, 5 concentration and mass scattering efficiency ( MSE) under different weather conditions
/h /Mm ™! PM, /pngem~? MSE /m?+g !
981 500.6 +308. 4 82.9 £46.3 4.6 0.68
461 423.7 +180.8 105.0 £42.1 3.8 0.87
752 608.4 £319.4 122.2 +49.6 4.4 0.66
4050 65.9 +64.2 21.5£18.1 2.9 0.80




3155

11
1 4
. . 2
564.6. 640.8. 821.7  120.1 Mm ' 1d
13:00 ~23:00
3 00:00 ~12:00
Y PM, ( 2
PM, . ( MSE)
MSE 459.8 ~
7.7 m*eg” 2 565.9 Mm ' 345.0 ~489. 1 Mm "'
MSE
PM, ;
2
~ PM,
20
- 1200 - 554.1 ~689.0
§§ 900 I Mm ™' 58.8 ~74.8 Mm .
N’(’ 600 “ ”»
=
= 300 - ﬂ ﬁ 10: 00 15:00
0 =M=
EEKAL BEKL BEKRL BEMKAL
200
Eosof 15: 00
=
= L
_% 100 I
g 50 |-
. ulia
EHMA EEME BEKA EEMKL
10
_ 8+
(‘\I;D 6 | (13 »
B 4L 06: 00 ~ 10: 00 13: 00
=
U0
""FEhE FERA FERE FEKE - PMa s
X FEER BER  —BER
1 PM, ;
( MSE)
Fig.1 Seasonal variations of scattering coefficient PM, A
13: 00

2.2

concentration and MSE



3156 32
T 750 (2) BFER o . &) —BRR -
= 75 15 E ! E
T WaAR o P = E [ mERE o hndEE el S
& 650 | /040/0/0\0'0‘9\0;0 135 2 = 70 b /o~o\;\o_o 30 2
e L L B ] i [
2 500 L I I I A I I I I L 105% 20— 1 I S S N log
360 5 '
O - LR e Reveu LS [
B 180 | o 57 ~o. 13 £ E 180 00007 . O\O—O\Q«O—O—o 32
= 90 o—o * 0—0’0/2_5) \0\0\0~07 2 g = 90 ?\:‘: o—f’: eeeo0oese 2 g
0 A °—§ 1 1 1 1 1 1 | 1 o2 I 1 L L I L 1 ee ey
ol —o— MRHRE —o- ik 425 S BrC o 2
Eﬁ: 75 L ._./o—.:oiﬁ}.{.\g 00/04%—0»0-0\0\0‘ o 420 Q Eé( 60 | k‘ﬁxiy‘%)_i. L ’°’°‘°‘°\o\o 415 e
% 60 i ‘:o\”;/ ._f/-”k; 15 % Z 45 {e—o—® ::B@f ./.3043:8 ;O ‘%
B [Tootooo | Theeeeet™ | fi0 T B g[Tteveee?  Trereeet™, | [ 7
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
t/h t/h
2 «PM,
Fig.2  Diurnal variations of scattering coefficient PM, jconcentration and meteorological parameters:
haze-fog day and normal day
C 1
. .5 .25 . (50 ). (
). 75 .95 99
2.3 4 SWW
3 4 NEE
NEXNE-E 400
SW-WSW-W ( Mm ™' SWW
2 NEE ~ SWW) NEE 600 Mm '
SWW NEE 400 Mm ™'
NEE 0.2 SWW  NEE 650
me s 500 Mm "'
SWW
4 3 120 Mm ™' NEE
2.5
( 5)
NEE SWW
NEE SWW
3me s
4~6me s NEE 3me s
SWW
NEE
>1 me* s
SWW 3~6me s
4 mes™!
1.7% 3.5%;
SWW
1 3.4% 0.7%
3 5me s
Fig.3 Frequency distribution of wind direction NEE



3157

11

[}~ 40 s N
"  {MNN —hH
x — =~ AN x —=[H
= T > {MNM x — =TI
4 oM x — = =
x ———— { = {MSM x L =]}~
x —L 1 F——{Ms x —{ = [
x  ———JF 1 {MSS x —— [ 1A
< — T s x —{ =1
»— o[ }x {dSS x —=TH
=} ds x  — e[}
= = [ }= 4dsd v x —L=1H
w x ——{ =] 8 w x ——=h
N ——— (=T F>and | = —=[1
g —— e [ Fjan | ] « —TH
= x —d F—{aNN | 3T —F T
Loy oot e N I | | I | —FH
£ESgE8§EEEEEET & g &8 g g ¢t
Ol o = e e e
1WA/ S TR N/ R
e[ = 40 —{ o [—
=3 1 MNN e[ >
L 1 MN i3 1
LA F— | MNM —{ I
x — = M x — =T
xe——1 ] = {MSM * ——— a [}~
x —Le[ = s = A
~F—= qMsS A A
4 Kk 1s x [ x
~— % P} qdss x —d = A
s T I T I — {1}~
{94 =~ Jasa {1
x  —{d = 44 w x —= [~
K ~ d }— {aNg | & x  —— >+
Y b {an | ® < L
C) ~ = ¥ H4aNN | 3 SEEEN
| | I —tl ¥ 4N | | [ | T 1
(=1 (=1 (=1 [l [l < f=3 < (=1 (=] (=1 fel [l [ = (=1
F & 8 8 88 & & F =2 8 8 8 8 8 =2
1WA/ S TR N/ R

MNN
MN
MNM

MSM
MS
MSS

88
das
qsd

dNd
aN
NN

MNN
MN
MNM

MSM
MS
MSS

q8s
gas
asd

INA
aN
NN

R

R

Fig.4  Scattering coefficient variation with wind direction

(500.6 =

Mm ™

(608.4 + 319.4)

308.4) Mm ™'

-1

>4 me* s

(423.7 +180.8) Mm "'

(65.9 +64.2) Mm™'

6.4

9.2.7.6

SWW

NEE

SWW

3.8 ~
M

MSE
MSE

(
4.6 m’+g"
7.7m’ g

NEE

MSE



3158

32

1400
@ #ix .
1200 |-
~ 1000 |-
g x <
800 |-
‘,ﬁ
&= 600
#®
400 |-
200 7‘?
1 1 1 1 1 1 1 1 1 1 1 1 1
| 1 | P=3 | | | ) | | | |
! ! ! T 14 14 ! { ! { ! {
<+ o 2 N — N en < O~
[ T4 S
I
2400
(c) ZER
2000 | x ox X
§ 1600 |-
X x x
£ 1200 [
S x
g x
# g00 -
400 -
O 1 1 1 1 1 )I< 1 1 1 1 1 1
A AR [T S G S
! ! l T I} ! ! ! { { ¢
A /m-s™!
( NEE)
5
Fig. 5

Charlson R J Schwartz S E  Hales ] M es al. Climate forcing
by anthropogenic aerosols ] .

423-430.

Science 1992 255 ( 5043) :

Houghton J T Meiro Filho L G Callander B A et al. Climate

Change 1955: The Science of Climate Change M . Cambridge:
Cambridge University Press

1996. 572.

Carrico C M Rood M J Ogren J A. Aerosol light scattering

properties at Cape Grim Tasmania during the First Aerosol
( ACEl) J
1998 103 ( DI13) :

Anderson T L Masonis S J

Characterization Experiment Journal of

Geophysical Research 16565-16574.

Covert D S et al. Variability of

aerosol optical properties derived from in situ aircraft

measurements during ACE-Asia ]
2003 108
2002JD003247.

Journal of Geophysical

8647  doi: 10.1029/

Research

( D23)

B R BUMm ™

B R BUMm ™

12

2000
1800 |-
1600 | *

1400 |- o

1200 | x

1000 |
80 %
600 |
400 [
200 |-

12 |
23 |
34|
45t
56 |

-1~-0.2 -
02~1+

550
500 (d) “ﬂﬁﬂeﬁ

450 |- * x
400 |-
350 |-
300 |-
250 |-
200 |~ ko x

150 N
100 - x «x
50 é
0 i i
=t o
1 =3
.wz X
|

(SWW)

sl T ,I}\
-6~-5 -

43 o[} —

21|
1~2}
23 L
34 |
45 L
56 |
6~7}
78 |

02~-1r

Scattering coefficient variation with wind speed in predominant wind direction conditions

Charlson R'J Porch W M Waggoner A P et al. Background
aerosol light scattering characteristics: nephelometric observations
at Mauna Loa Observatory compared with results at other remote

Tellus 1974 XXV (3):

Delene D J Ogren J A. Variability of aerosol optical properties at

locations ] . 345-359.

four North American surface monitoring Sites J . Journal of the
Atmospheric Sciences 2002 59(6): 1135-1150.

Sisler ] F Malm W C. Interpretation of trends of PM, 5 and

reconstructed visibility from the IMPROVE network J . Journal

of Air & Waste Management Association 2000 50(5): 775-
789.
I 2003 22 (4):354-360.
J . 2007 3(5):255-259.

He X LiCC Lau A KH

et al. An intensive study of aerosol

optical properties in Beijing urban area ] Atmospheric
Chemistry and Physics 2009 9: 8903-8915.
J . 2010 30(1):211-216.

. 2007 31(3) :553-559.



11 3159
13 Xu J Bergin M Yu X et al. Measurement of aerosol chemical light scattering and fine particulate matter mass in central
physical and radiative properties in the Yangize delta region of California  J Journal of the Air & Waste Management
China J . Atmospheric Environment 2002 36(2): 161-173. Association 2006 56(4) : 398-410.
14 18
J . 2008 66( 1) :111-119. I 2010 21(3) :257-265.
15 19  Yan P Tang J Huang J et al. The measurement of aerosol
I 2003 23(4) :468-471. optical properties at a rural site in Northern China J
16 Atmospheric Chemistry and Physics 2008 8(8): 2229-2242.
I 2006 11(6) :733-738. 20 J .
17 Chow J] C Watson J] G Park K et al. Comparison of particle 1997 16( 1) :94-98.

€

{Journal of Environmental Sciences)

)

)« i

( )
( )
( »

{Journal of Environmental Sciences)



