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Abstract The visibility rules in Beijing were analyzed on the basis of historic data from 2005 to 2009, it showed
that the annual mean visibility in Beijing was 10. 17 km in the past five years and experienced a significant increasing
trend, approximately 0. 69 km « a~' (R?*=0. 99, p<C0.01), and at the same time haze days decreased rapidly in the
past four years. The decreased annual concentrations of PM2. 5 (aerodynamic diameter <<2.5 pm) were the main
reason for the increased visibility. Visibility was the best in spring, better in winter and the worst in summer. In or-

der to understand the causes of the low visibility in Beijing, the characteristics of the low visibility through a selected
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case in which the visibility rapidly changed to low visibility was analyzed. In this analysis visibility showed a negative
correlation with relative humidity and a positive or negative correlation with wind speed, which suggested that the
influence of wind speed to visibility was two-sidedness. The analysis also suggested that high concentration of aero-
sol particles (PM2. 5) was a major cause for the visibility degradation. There was a significant anticorrelation be-
tween the concentrations of aerosol and the ranges of visibility (R*=0. 93, p<C0.01), which indicated that the con-
centration of PM2. 5 should firstly be controlled below 30 pg » m ™ to keep a good visibility (>>10 km) in Beijing,
and the further reduction in aerosol concentrations will lead to an acceleration in improvement in visibility due to the
non-linear relationship between aerosols and visibility. According to the diagnostic analysis result of environment
process with weather pattern, PM2.5 and visibility had good relationship with the synoptic situation evolution.
When the North China region was influenced by the high pressure gradient field after the front, the area of Beijing
was affected by northerly winds. With a strong surface wind, atmospheric conditions favored for the diffusion of
pollutants, resulting a lower concentration of particulate matter and a higher visibility. By contrast, when a main-
land high pressure covered this area, the ground wind speed was weak and not conducive to the diffusion of pollu-
tants. With accumulated local source and regional transportation, PM2. 5 accumulated day after day from the valley
value to the peak value, while the visibility decreased constantly. This study suggested the primary pollutant which

should be controlled was PM2. 5 to increase the visibility in Beijing.
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Table 1 Summary statistics of annual and seasonal mean visibility and change trends in Beijing during 2005 - 2009
g ILBE /km AL
2005 4F 2006 4F: 2007 4F: 2008 4F 2009 4F B PR 2 /kmea ! R? b
Py 11. 18 9.51 12. 21 10. 56 12. 49 11. 19 1.22 nlt nlt nlt
S 8. 77 8. 24 7.98 7.85 11. 19 8. 81 1.38 nlt nlt nlt
= 9.98 9.12 9. 62 10. 07 10. 29 9.82 0. 46 0. 40 0.97 <0. 05
K2 10. 76 8. 85 11. 22 10. 48 nd 10. 33 1.03 nlt nlt nlt
AR 10. 58 9.05 9.77 10. 28 11. 19 10. 17 0. 81 0. 69 0.99 0. 01
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Table 2 Average concentrations of visibility, PM2. 5, and meteorological factors during the three periods in the case study

F Bt i ] B ilk/°C TR M/ mes! oM PM2.5/pg e m 3 BB ULBE /km
Period 1 12 H4~5H —5.2 (0.5) 23.6% (1.0%) 6.6 (0.5) fwdt 4.1 (0.5) 19.4 (0.2)
Period 11 12 H6~9H —2.0 (0.5) 49.2% (1.6%) 1.6 (0.1) il 121.8 (6.0) 4.9 (0.4)
Period 111 12H10~12H —1.9 (0.4) 79.1% (2.1%) 1.6 (0.1) W 118.0 (7.6) 3.8 (0.3)
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PM2. 5 concentration from 4 Dec to 12 Dec 2008 in Beijing
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Table 3 Pearson and partial correlation coefficient of visibility and PM2. 5 and meteorological elements
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I FREL MR p FEA KL i AR 5 2R 5 HE p A i
PM2. 5 —0. 867 0. 000 216 —0. 449 0. 000 210
AR 3 —0. 311 0. 000 216 —0.428 0. 000 210
TR —0.723 0. 000 216 0.032 0. 639 210
SUNTTYARES 0.595 0. 000 216 —0.157 0. 022 210
S 0. 783 0. 000 216 0. 326 0. 000 210

BRI A D/ BT 25 SR W% 3. HH Pearson H2¢
RBOTLAE . KRAHE UL 5 7249 X A b 1<
JER B A XX ZR, 5 PM2. 5, AR f
TR R B ERACIK R, Pearson FE4 T AT
ARPANAE B 2 AU AF BRI (R4 B2 AR 2 5 )
PR, T HAL S T H B AR R R,
TR B AR () B A DGR B B T A T
HpARE i, I AR Se . %3
MEERE R, EARZHLEEEZMMELT, K
SREDLEE A 55 A X A S A DG, MR R B
h—0.428, SRR FEER, K5 KA BE
SE A B /NIRRT B AIGRE LB (TR &K
I58E, 2007) . FEHERRILE R E SN T, H
AT XG5 KA RE DL B2 119 A 56 06 R p I 3 1 A DGR
R R M OG, 2 WRUE T BE L B 45 T 2
DI . B Y KGR NI, R R A I R
RGP H AR WAL RZ, KA
R, AR F 55 MR Y HG EE S I
BRI, KRB 25 SR 5 e R
FRRE VL EERRAG . WA D& 2 BT 25 3R R IR X R A
A UL 78 AR TG S 5 PR R e, R I B X R A
DLEE B B2 S [ 3 1. AR5 o KRR 45
2008) , JRLEEXTF A ZRICAE UL B s 2 24 K
SRR ZE 0 °C AR, vk A8 A K ISR AR T K
HARAK IR RS, AR T2 MR, M FEIRR
SEEWE., EAZHERNZZ MY &EMGT.
PM2. 5 FI3 5 KA RE UL BE [543 i A7 A f 3 17
FHOCHN 2 IEAHDCOC R . MHOC R B 312 —0. 449
F10.326, Nit—2 4 PM2.5 5 RS HE 0L Y
T O 7R DA R XIR AE 3406 KA BE UL 52 i)
A SCN R — TS
4.2.1 XKAH¥H PM2.5

TERARE WL B R S — I (Period D),

PM2. 5 19 ot 12 Wk B 8K, MR EEYE [ R 1. 0~10. 5
pg e m *, [MFE Period I il Period III, PM2.5 &
g, ¥E KT 100 pg « m°, F R/ H{H
260.2 pg e m *, PM2.5 By {E XN & KAEE
ULEERARAE . RPABE UL AN PM2. 5 [B)fFAE SR 1)
FHRKFR, H—P A ir s, A6 5
FrHAEl RS BE L B Fil PM2. 5 172708 2 i =38 06
Fo B4 BIR T 38 Z BB AHE O R A ¢ &
BO(R?=0.94, p<<0.0D), EHEBRA 6 M
FARBE B R R & ORZKEIEEND) . ¥
BRI 6 A8 s R AT Dy 12 ] 10 H
08 By (dbxihti|l, FRED = 13 B, L8 s
B E A S A A, BRSSO
AR AR DL EE (7] B X R A A0RE 4 ) 18 7 B AR
FAt 2 2URIBEAIE PM2. 5 By BT v B2, T 52 T g
DLEEAN PM2. 5 MR R . Sl B 3 3 2o B84k )i
REDLEEFN PM2. 5 (A SGHEF— 2088 . 35 Al
KRABERF 0. 98 LU L, X5 E3CoHr & B 4EPR
B AH G R A

ME 4 FTLUE S, BEILE SN 10 km B XTI )
PM2. 5 BrHrifk 2298 30 pg « m* (& 4 A4 5
) IR k36 PM2. 5 i & kR T
HAWSE (30 pg e m *) B, JLRiEbA A RELL T
AR R ABER)E (<10 km), EEFER/T
2006 4F 9 F AAT ) ) ORL ) A 58 23 A A ofE
(NAAQS) *f PM2. 5 Bt B i d - hr iy H 3
BH/NT 35 pg » m, HASCM 434 45 R AR %
V. [T, BEULEE RN PM2. 5 FaEZe T % R E 0,
2 PM2. 5 2, AR ULEEXT PM2. 5 (1) i L #55
4024 PM2. 5 (1 100 pg « m *$41ZE 200 pg « m
B, BBULEE 4.7 km FEZE 1.6 km, HEHE N
PM2. 5 Wk 7S 3ae WIERRARAYER [AV/AA
(VREREWE, AMREKPM 2.5 k)] H



<5 R

626 Climatic and Environmental Research

BoOWF 5 16 &
Vol. 16

25 T T T T T T T T T T
y=18.52{exp[x/(—32.96)]} +2.59 |
R*=0.94, N=216
20 - .
§ 151 -
=
S
£ 10+ -
5_ -
0 T T T T T T T T T T T
0 50 100 150 200 250 300
PM2.5/pg - m™

Bl 4 RAREULEEA PM2. 5 J5i & ik B A G 43 #1 (2008 48 12
A a~12 B, B RERER SRR ILELS 10 km i
XFREAY PM2. 5 BT B2 . ZRAE P Y 05l B 25 2000 17 Y
KA T PM2. 5 [t v 3 %l

Fig. 4 The correlation between visibility and aerosol concentra-
tion during 4 Dec to 12 Dec 2008. The solid dot indicates that
the mean visibility reaches 10 km. The dots in the box are visi-
bility and PM2. 5 when snow falls
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Fig. 5 Sea level pressure at 1100 LST 4 Dec 2008
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