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Abstract. Based on the long-term in-situ observations of ibilities during the Summit would have been lower by about
aerosol particle number size distributions and meteorolog20-45%. The fact that over 95% cases with visibility range
ical parameters, the measures of traffic restriction duringlower than 5km during 2004 to 2007 occurred when the lo-
the Sino-African Summit (4-6 November 2006) in Beijing, cal wind speed was lower than 3 mismay suggest that the
China have been found to be efficient in reducing the numbeimportance of the emission restrictions is highest when the
concentration of aerosol particles, in particular Aitken andwind speed is lower than 3m$, concerning the improve-
accumulation mode patrticles, and in improving the visibil- ment of serious low visibility situations in Beijing.

ity when local emissions dominated. The influence of traffic
restrictions on the particle concentrations differed for differ-
ent particle sizes. More significant effects on fine particles1 Motivation

with diameters ranging from 40 to 500 nm have been found.

Based on statistical analysis of long-term observations, undeparticles in the atmosphere arise from natural sources and
comparable weather conditions, the number concentrationgom anthropogenic activities. They are emitted directly as
of the particles in Aitken and accumulation modes seeminglyparticles or formed in the atmosphere by gas-to-particle con-
were reduced by 20-60% when the traffic restrictions weréyersjons. A significant fraction of the tropospheric aerosol is
in place. This change may be mainly due to the reductiongnthropogenic in origin (Seinfeld and Pandis, 1998), in par-
of secondary particle contributions. However, it is worth 10 tjcy|ar with diameters below one micrometer (fine particles)
notice that the reduction of 60% might overestimate the ef-yhich result from nucleation/condensation of anthropogenic
fect of the measures of traffic control, due to the inherentparticle precursors or as directly emitted soot particles. Many
data shortage with very high wind speeds in the comparisoryrpan regions face serious particulate pollution problems and
data population. Our size-dependent aerosol data also indinejr environmental agencies need to understand the most im-

cate that measures led to reductions in particulate air pollupgrtant aerosol sources before implementing clean-air mea-
tion in the optically most important diameter range, whereasgres.

further vehicle restriction measures might lead to anincrease a forward strategy in trying to understand the relation-
in ultrafine particle formation if the condensational sink fur- ships between different pollution sources and air quality

ther decreased. Assuming that there were no traffic restricgarts with information on emissions and then predicts the
tions and with normal levels of the vehicle emissions, the V'S'pollution by means of air quality models with different

emission scenarios. An inverse research strategy uses the
atmosphere as a natural laboratory to estimate the influ-

Correspondence tol. Heintzenberg ence of different pollution sources by means of utilizing
BY (jost@tropos.de) known changes in certain pollution sources with concurrent
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measured changes in air quality. Changes in pollutionof prime interest with respect to visibility. Also no specific
sources may be inadvertent as in the case of the terrorist atocal meteorological parameters were taken into account. In
tacks on 11 September 2001 (Travis et al., 2002) or can b¢he present study, we analyze the influence of the Summit
deliberate interventions affecting pollution sources such adraffic restrictions on the aerosol size distribution and visibil-
in the Heilbronn experiment in June 1994 where during fourity based on long-term in situ observations as well as meteo-
days traffic restrictions were enacted in search of measurableological monitoring data in Beijing.

changes in ozone levels (Moussiopoulos et al., 1997).

Concomitant with its fast economic development, severe ] ) ) )
aerosol pollution in China has attracted global attention. Bei-2 LOng-term observations of particle number size dis-
jing, the capital of China, is one of the largest mega cities ~ triPutions in Beijing
in the world, with approximately 17 million inhabitants and
over 3.2 million motor vehicles to date-6% diesel vehicles
in 2004; Xie et al., 2008). Any efforts to improve the air qual-
'Fy of Beijing il require a clegr undgr;tandmg of thg poten- PKU site, [39.99N, 116.32 E]). The campus is located in
tial sources of particles. Traffic emissions are considered t

. . he northwestern urban area of Beijing, China. Wehner et
be one of the most important sources of sub-micrometer pary, “» 5y iy dicated that an earlier examination of the spatial
ticles in the urban area of Beijing (Zhang and Shao, 1997; He b

etal., 2001; Zheng et al., 2005: Song et al., 2006 etc.). Zhen variability of PMy 5 mass and chemical composition in 1999—

et al. (2005) and Song et al. (2006) indicated that, as a pri%002 showed only minor differences between the PKU site

mary source, traffic emissions in Beijing contributed 6—7% to and a downtown site, which has also been reported by He et

particulate mass concentrations below 26 (PMbs). The al. (2001). Consequently, the PKU site had been considered

) o ; to be representative for the Beijing urban environment.
respective contribution from road dust resuspension was es- : . . .
Particles are sampled with a low-flow RMimpactor in-

i —Q0,
timated to be 7-9%. However, gaseous pollutants are aIS?et. Particle number size distributions with electric mobil-

emitted by \{ehlcular sources, such as,\ind organic com- ity diameter from three to 800 nm are scanned with a Tan-
pounds, which are essential for the atmospheric photochem-

ical processes and the gas-to-particle conversions. The Iagem Differential Mobility Particle Sizer (TDMPS) (Birmili

. . et al., 1999). At the same time, an Aerodynamic Particle
ter are closely related to the formation of secondary particu-_.. . :

. . Sizer (APS, TSI 3321) is used to measure the particle number
late matter. In total, secondary ammonium, sulfate and ni-

ot conviated over 35% of P i Bajg (Gheng et SO0 i e daneters o 800 o
al., 2005; Song et al., 2006). However, this percentage dic} hy y y

. P
not include the contribution of secondary organic particles.OfTDMPS and APS is kept below 30% (Birmili et al., 2004)

Zheng et al. (2005) reported that particulate organic matterby adding dryers based on Nafion membrane technology and

accounted for over 50% of PM in the urban area of Bei- also S|I|ca-ggl diffusion-dryers in the aerosol inlet flow and
. ! . . ) . the sheath air flow. The system flow rates are checked man-
jing during winter time, of which less than 30% might be

: . . ually once per week. Aerodynamic diameters measured with
explained by biomass burning (Duan et al., 2004). : .
- ' the APS have been converted to Stokes diameters by dividing
A specific and mandatory rehearsal of the traffic control

strategies, instituted by the Beijing municipal authorities asby the square root of a density of dry particles as 1.7 gtm

part of the preparations for the Olympic Games, was Con_(Wehner et al.,, 2004; Wu et al., 2007, 2008). Corrections

ducted in Beijing during 4 to 6 November 2006 in connec- considering diffusional and gravitational losses in the sam-

tion with the Summit of the Forum on China-Africa Coop- pling system have been applied according to Willeke and

eration (4 and 5 November 2006). News reports on ChinaBaron (1993). The time resolution of the particle number

Daily (2006) suggested that approximately 30900 000) size _dlstrlbutlons, combined with TDMPS and APS data, is
! - . 10 min.
of the cities’ 2.8 million vehicles were taken off the roads as

a result of measures adopted during the Summit by the Bei- A _meteorolog|cal.stat|on IS operatgd smultaqeously to
. - . . : monitor meteorological parameters, including wind speed
jing municipal authorities. This rehearsal offers an interest-

ing opportunity to improve our understanding of the complex (WS), wind direction (WD), relative humidity (RH), air tem-

; . e .Operature 1), and air pressureR). This station is about
relationship between emission sources and the concentrati A : .
: ; ) e 0m away from the PKU site and is mounted on top of a
level of major atmospheric pollutants in a realistiwatural . o
. 20 m high building.
atmospheric chambér
Wang et al. (2007) reported that this event was successful
with about 40% reduction in associated emissions 0kNO 3  Aerosol variability in fine and coarse mode during the
However, their result was based on satellite remote sensing  Summit period
of columnar atmospheric properties (N©olumn density)
and a 3-dimensional chemical transport model, but lackedrigure 1 presents the different patterns of size-dependent
in-situ observations, in particular any aerosol data, which argarticle numbers measured at the PKU site in October and

Since 2004, long-term measurements of aerosol particle
number size distributions have been conducted at a site (20m
above the ground level) on the campus of Peking University
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Fig. 1. Time series of particle numbers at different diameters in October and November 2006 at the PKU site on the campus of Peking
University, Beijing.

November 2006. While the public had been advised to driveoccur when the total particle surface decreased and the con-
less for six days (1 to 6 November 2006), specific and mandaedensational sink was low. Wu et al. (2007) analyzed the new
tory regulations were instituted only between 4 to 6 Novem-particle formation events at the PKU site for the year 2004.
ber 2006 (Wang et al., 2007). Thus this traffic restrain pe-Their results show that when the air mass arrived in Beijing
riod will be referred as “Summit” period in the following from the north or northwest the formation events generally
text. A notable feature of Fig. 1 is the significant reduc- occur when the local wind speeds are steadily higher than 6—
tion of aerosol particles as a function of particle size in Bei- 8 ms! with a condensational sink lower than 0.02s In
jing during 4 to 6 November 2006, compared to the time be-Beijing, as in most urban environments, the particle surface
fore and after. These changes coincided with the traffic re-concentration is dominated by accumulation mode particles
strictions instituted during the Summit. It should be noted (Wu et al., 2008).
that the Summit period (4—6 November 2006) occurred on a Concurrent with the nucleation mode increase we thus see
weekend (Saturday—Monday). However, Fig. 1 includes ad-a sharp reduction in number concentrations of the Aitken and
ditional weekend days 11-12 November. Nevertheless, naccumulation mode particles (e.g., 53, 108, 693 nmin Fig. 1),
obvious “weekend effect” was found. coinciding with the traffic restrictions instituted during the
The aerosol exhibited a size-dependent variability duringSummit. Comparing the fine and coarse mode patrticles, the
the Summit period. Figure 1 shows that the number con-major difference was that the reduction of coarse mode parti-
centrations of Aitken mode and accumulation mode parti-cle numbers was not as constant as in the accumulation mode
cles with diameters from about 50 to 800 nm mostly stayedduring the Summit. After 5 November, the number concen-
very low, while this was not the case for the nucleation modetration of coarse mode particles increased with increasing
(smaller than 30 nm) and coarse mode (larger than 1000 nmporth/northwest wind (cf. Figs. 1e—f and 2a—b). The primary
particles. particles emitted directly from the vehicles are dominated by
There was no obvious influence on the number concenthe fine particles with diameters below 500 nm and peaking
trations of nucleation mode particles (e.g., 11 nm in Fig. 1)at around 40 to 100 nm (Wehner et al., 1999, 2002; Wehner
by the traffic restrictions. Instead of decreasing they actu-and Wiedensohler, 2003; Jaihet al., 2004; Imhof et al.,
ally increased in the mornings and early afternoons during2006; Rose et al., 2006). Also nucleation/condensation of
the Summit period when the wind speed was higher than 6-vehicle emitted particle precursors mostly contribute to the
8ms! (cf. Fig. 1 and Fig. 2). Wehner et al. (2004) indi- concentration of particles at diameters below one microme-
cated that new particle formation events in Beijing tended toter (fine particles). It may indicate that the traffic restrictions

www.atmos-chem-phys.net/8/7583/2008/ Atmos. Chem. Phys., 8, 75932008
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Fig. 2. Local meteorological parameters include wind sp&gdwind direction(b), relative humidity(c), and ambient air temperature and
pressuréd) near the PKU site during the Summit period (4 to 6 November 2006). The time resolution of the presented data sets is 1 h.

were more effective concerning fine than coarse particles. In order to segregate possible meteorological effects and
In the next section, we will relate this reduction to syn- to quantify approximately the influence of the traffic restric-
optic, seasonal, and long-term aerosol changes according tion measures on aerosol size distributions and visibility,
the long-term aerosol records in Beijing, which will provide the long-term observational data were used. However, one
a general statistical quantification of this reduction. should only compare the particle size distributions during
Summit with those with similar source conditions (except
vehicle emissions), under similar local meteorological con-
4 Statistical comparisons of Summit and non-Summit  ditions, and with similar regional air mass transport charac-
periods teristics. The criteria for selecting the comparable data pop-
ulation, named as “non-Summit” period, are described in the

The temporal variability of particle number concentrations following.
reflects a combination of changes in emissions, meteorolog-
ical conditions, and secondary formation of particulate mat-4.1 Source conditions
ter. As indicated by Wu et al. (2007, 2008) and Wehner
et al. (2008), the level of particulate pollution in Beijing In general, residential heating in Beijing starts in the begin-
strongly depends on the meteorological conditions, espening of November and ends by the end of March. According
cially the local wind speed and direction. This means thatto the statistical analysis of the long-term particle size dis-
we cannot simply compare the pollution level during Sum- tributions, there are significant aerosol differences in March,
mit with the pollution level before and after. compared to November, December, January and February.
According to the recorded meteorological data, there wereParticle number concentrations are generally higher and dust
obvious changes in the local meteorological conditions be-events occur more frequently in March. An inspection of
fore, during, and after the Summit period. Figure 2 showsthe data showed that, even if November, December, January
the time series of the measured local meteorological paramand February all were considered in the non-Summit refer-
eters. In the week before the Summit period, average ambience data population, the data of November would domi-
entT and RH were about P& and 55%, respectively, i.e., nate the selected data population due to the other criteria de-
much higher than respective values during the Summit pescribed later, e.g., the temperature criterion. Moreover, gas-
riod (~10°C and 21%). During Summit traffic restrictions, to-particle conversions, including photochemical secondary
north/northeast wind dominated 91% of the time, and theparticle formation and condensation, are considered major
wind speed varied from calm wind to 10-12 mfswhereas  sources of urban aerosol particles. The solar zenith angle and
before and shortly after Summit, the wind speed stayed aincident radiation are different at different times of year. In
0.5to 4ms?. One may suspect these strongly varying me-order to have similar photochemical and radiation conditions,
teorological conditions to have been the main cause of thea conservative decision was made to choose only data mea-
reduction in particle concentrations during the Summit pe-sured in the Novembers of 2004, 2005, 2006 (three months,
riod. excluding the summit period).

Atmos. Chem. Phys., 8, 7583594 2008 www.atmos-chem-phys.net/8/7583/2008/
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Table 1. Criteria local meteorological conditions and distance to the mean back trajectory of Summit period.

Wind Direction Relative Ambient Ambient Air Distance to the
Humidity Temperature Pressure mean Back
Trajectories
0°-60° Lower Limit? 9% 4.£C 999.2 mbar 0
300°-360° Upper Limi®  60% 18.2C 1014.2 mbar 72.0

@The lower and upper limits are taken as 5% and 95% quantile of respective data during the Summit periods.

4.2 Local meteorological conditions of Summit were evaluated. For each back trajectory hour

N . the spherical angular distam@/][ can be calculated as
Only local weather conditions dominated by northern (north-

east through northwest) wind directions were considered
b(_)th in Summit and non-Summit pe_rlods, because_ nort_herrl;l/ — arCCOS[SinXl.J - SINX Symmit+ cosX; - COSX &ummit
wind frequency was about 91% during the Summit period. , '
Moreover, the data in November 2004, 2005, 2006 were also - cos(?éummit— Yf)] . 1)
selected within the 90% ranges of the other meteorological
parameters during the Summit time periods (10% extreme The distance between two corresponding back trajectory
cases were excluded, cf. Table 1). The criteria for local mepoints at hourj is
teorological conditions are summarized in Table 1.

However, we also realized that there could be the situation 2 _ _ o3
that our classification just selected continuously calm/lowd; = {(wg ~$i’> + [wz . <Z{ —7éummit>] } . )
winds, e.g., 0-3ms, while the slow winds followed the
strong winds or were in between during the Summit (cf. ) L .
Fig. 2). It is reasonable that the particle number concen- Herew; andwz are 'the re_spectwe weighing factorsg‘;if
trations may be different between the continuously stagnanand the difference of; and Z&,mmie The weighing factors

weather conditions and the low wind conditions after a pol-were used because of different units of aﬁdandzij. In the
lutant removal process with strong winds, even thOUgh Windpresent Studng andwy were respectively chosen as 1 and
speeds in both situations were low. Based on a 2-year obg 31x 104, which were determined empirically by a sensi-
servational record, Wu et al. (2008) statistically analyzedtivity study in this air mass cluster analyses to distinguish
the correlation between wind speed and the particle volumeetter the different particle number size distributions (Engler
concentration. As shown in Fig. 8 of Wu et al. (2008), et al., 2007). Finally, the total distance between two back
the removal efficiency of fine particles, especially the ac-trajectories was determined as a summation of distance at
cumulation mode particles, kept nearly constant when theaach hour with linearly decaying weighing factoss), This

wind speed was higher thand ms™. So, we did an ad- means that the nearest (regarding to the backward time) back
ditional filtering on the selected non-Summit data set. Thetrajectory point was the most important, whereas the further

low wind speed data point (e.g., 0-3m's would only be i backward time, the less the importance to the current con-
kept if within 24 h there had been a strong wind period (with centration in Beijing was in our calculation.

wind speed greater than 4 m's which satisfied the other

non-Summit criteria as well) before. Therefore, the low wind j=144 ) 1-02
speed data points and strong wind speed ones during the nod; = Z uj dl’ uj=1-G -1 12— 1
Summit periods were also connected. j=1

®)

4.3 Air mass transport characteristics The 95% quantile of the distances between back trajecto-

ries during Summit period to their mean trajectory is about
The 144 h back trajectories at 500 m at every hour in Novem-72. So, only data during non-Summit were chosen when
ber 2004, 2005, and 2006, calculated with NOAA Hysplit the distance of its back trajectory to the mean back trajec-
model (Draxler and Rolph, 2003), were also considered agory of Summit was smaller than 72. The average distances
an additional criterion. First, the mean back trajectory dur-of Summit and non-Summit periods to the mean back tra-
ing Summit period (latitudé& symmit, longitudeY symmit and jectory were about 42 and 45, respectively. Therefore, we
elevation Zsymmit) was calculated. The distanceB;] of concluded that characteristics of the long-range or regional
individual back trajectories of Summit period and of non- air mass transport during Summit and non-Summit data sets
Summit periods X;, Y; andZ;) to the mean back trajectory were generally similar.

www.atmos-chem-phys.net/8/7583/2008/ Atmos. Chem. Phys., 8, 75932008
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According to these criteria, a statistically comparable datadata populations into three subgroups with wind speeds rang-
population was formed with similar emissions (except ve-ing from 0 to 3ms?, 3 to 6ms? and larger than 6 nTs,
hicle emissions) and under similar local and regional me-respectively. These wind speed ranges were selected accord-
teorological conditions compared to the Summit period.ing to the similarities of particle number size distributions

This newly formed data population was denoted as “non-within different wind speed ranges.

The number of data

Summit”. As we presented in Fig. 1, long-term statistical points in each wind speed subgroup is presented in Table 2.
analysis also does not support any “weekend effect” on parfor later discussions concerning the particle formation, the
ticle number size distributions in Beijing (Wu et al., 2008). respective condensational sinks (CS) were also calculated for
Previous studies, e.g., Xia et al. (2008), did not either findeach subgroup with the measured particle number size distri-
clear weekly cycles of aerosol optical depth over Easternbution and ambient temperature and relative humidity, fol-
China. So on weekdays and weekends the same criteria wetewing Kulmala et al. (1998) and Pirjola et al. (1998).

applied for the two data populations. After the overall se-

Figure 3 presents the comparison of average particle num-

lections, there were 376 and 443 data points in Summit andber and volume size distributions in Summit and non-Summit
non-Summit periods, respectively. The time resolution wasperiods, respectively. The data populations are sorted by the

10 min.

5
aerosol size distribution

Influence of the traffic restriction measures on the

local wind speeds. Mean values and their standard deviations
are given, too. Obvious discrepancies between these two data
populations (Summit and non-Summit) can be seen. The sta-
tistical significance of the discrepancies between the means
of the entire size distributions in each pair of subgroups were
tested by a multivariate analysis of variance. The differences

Local wind speed is one of the most important meteorologyof the entire mean values of patrticle size distributions for the
parameters controlling the level of air pollution. Therefore, wind speed ranges of 0-3 msand 3—-6 ms? (cf. Fig. 3a—
for both Summit and non-Summit periods, we segregated thel) were statistically significant at 99% confidence level with

Atmos. Chem. Phys., 8, 7583594 2008
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Table 2. Number of data points in each wind speed subgroup during When the wind speeds were 3 to 6nts particle num-

Summit and non-Summit periods. ber size distributions were significantly different from those
of the lower wind speed class (0-3 mi$, not only in terms
Total 0-3ms! 36ms! -6ms? of the shape of the distributions but also in absolute num-
ber concentrations. Accompanied by a substantial decrease
Summit 376 100 130 146 of particle number and surface in Aitken and accumulation
non-Summit 443 253 180 10 modes, a sharp increase of nucleation mode particles was

found during both Summit and non-Summit periods. Nev-

ertheless a constant ratio of the particles concentrations from

40 to 500 nm between Summit and non-Summit periods ex-
dimension of the group means as 1. When the wind speegsted (~40%), as shown in Fig. 3c—d. Also the particle num-
was larger than 6 nTs, the differences between Summitand per concentrations in the nucleation mode during Summit
non-Summit periods were not statistically significant due towere about 40% of those during non-Summit period, while
the large variances and too few data points in non-Summithe condensational sinks decreased from 0.068 to 0:026 s
subgroup (cf. Table 2 and Fig. 3e—f). Thus the following dis- This might be explained by a reduction of gas phase emis-
cussion will mainly focus on the subgroups with wind speedsjons of vehicles, which were part of the precursors and es-
lower than 6 ms?. sential for the atmospheric photochemical and particle for-

As can be seen in Fig. 3a—d, within each different wind mation, condensation and Coagu|ation processes.

Sp66d class, the Shape of particle number size distributions Comparing F|g 3b—c and a—b, obvious increases of coarse
of Summit and non-Summit periods were generally simi- mode particle numbers with increasing wind speed have been
|ar, eSpeCially for the sub-micrometer partiCles. The Windfound both during Summit and non-Summit periods_ This
speed class of 0-3m$ was the most important, because s consistent with the variations of coarse mode particles
it best represented the Beijing local emissions and was lesgiscussed in Sect. aerosol. However, the concentrations of
influenced by regional or long-range transport. The num-coarse mode particles were higher during Summit than dur-
ber size distributions of Summit and non-Summit periodsing non-Summit periods. The time series of particle size dis-
both peaked around 60-100 nm, whereas the maxima of volributions were checked, and it was found that significantly
ume size distributions were at around 400-500 nm. Partihigher particle concentrations in coarse mode occurred only
cles with diameters from 40 to 500 nm were considered to an the late night and very early morning during Summit.
most strongly influenced by the traffic emissions, due to bOthThiS m|ght be caused by some Changes in the regiona] or
primary emissions and secondary photochemical formationjong-range transports. In the wind class of 3—67h dur-
condensation and coagulation. In Fig. 3a, the diameter ranggg the Summit period, the higher particle concentration in
of 40 to 500 nm, the ratio of particle numbers during Sum- the coarse mode mostly occurred during nighttime. During
mit and non-Summit periods varied from about 40% to 80%.those periods, the air masses more originated from the north-

This means that with similar other emissions (except vehiclegrn direction from Beijing and subsided from about 2000 m
emissions) and under similar meteorology conditions, parti-yithin 40 h.

cle numbers in Aitken and accumulation modes went down As indicated before, the difference of particle numbers
by 20-40% during Summit period. Another interesting fea- during Summit and non-Summit periods when the wind
ture in Fig. 3a—b is that the number of coarse mode particlegpeed higher than 6 m$ was not statistically significant.
was also much lower during Summit compared with the non-However, shape and concentration level for coarse mode par-
Summit period. There might be two reasons for this phe-ticles were very similar. This may indicate similar character-
nomenon. First, since the wind speed was relatively lowistics of regional or long-range air mass transport. Moreover,
(<83ms™), coarse mode particles were mainly due to lo- very high numbers of nucleation mode particles (mainly with
cal dust resuspension. During Summit, approximately 30%diameters smaller than 10 nm) were found during the Sum-
(’\’800 000) of the cities’ 2.8 million vehicles were taken off mit period (cf. Fig. 3e) when the wind speed was higher
the roads. This of course would result in a reduction of thethan 6msl. The Corresponding condensational sink was
resuspended road/street dust in Beijing. On the other handsnly about 0.0123!, i.e., lower than 0.02, the threshold
the idea of the Summit traffic restrictions was not only a re- for significant new particle formation events in Beijing when
hearsal for the Olympics but also as a logistical support tonortherly wind dominated, suggested by Wehner et al. (2004)
make it easier for Summit participants to get around Beijing.and Wu et al. (2007).
It can be expected that for the latter purpose, the municipality The reduction of partide emission and formation, espe-
would have made more efforts on the road/street cleaning agjally in the Aitken and accumulation mode ranges, result-
well as watering the road/street and the plants. These effortfyg from the decrease in vehicular traffic during the Sum-
would also contribute to reducing the resuspension of roadnit (4-6 November 2006) provides an obvious explanation
dust. for the difference between the two data populations during
Summit and non-Summit periods. The number concentration
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of the particles in Aitken and accumulation modes was re-

[%]

(2

duced by 20-60% during the Summit period. However, there 120 ws0 'Samis;e 1
was no comparable number of strong wind speed data points 100 Nigyltmime

in the non-Summit period. We inspected the complete data
sets from Novembers of 2004, 2005 and 2006. Except for
Summit period, strong winds with wind speeds higher than
6ms ! did not occur often. On the other hand, we tried to

pick up continuous weather process. However, not enough
strong winds £6ms™1) data points occurred and could be

further included into the non-Summit period. Therefore, it

is worth to notice that the reduction of 60% might overes- 10 100 1000
timate the effect of the measures of traffic control, due to 250
the inherent data shortage with very high wind speeds during

Ratio of Summit and non-Summit
D
(=]
1

. . . . . -1
the non-Summit period. As mentioned before in the moti- 2004 WS3'§ i |
. . . . aytime
vation, in the urban area of Beijing, the primary emissions Nighttime

by vehicle sources contribute 6—7% of PMmass while the

secondary inorganic salts (secondary ammonium, sulfate and

nitrate) contribute over 35% of PM, and secondary partic-

ulate organic matter contributes over 50% toNh Beijing

during winter time. Vehicle emissions are one of the most

important sources contributing the precursors of the gas-to-

particle conversion process. Therefore, any traffic restriction . .

in Beijing would reduce not only the primary particle emis- 10 100 1000

sions from vehicles, but also the secondary particle sources D, [nm]

since the precursors of secondary particles would be reduced

too. Moreover, the contribution of secondary particles to theFig. 4. Ratio of particle number concentrations between Summit

total fine particles is not linearly correlated with the source and non-Summit time periods in daytime and nighttime for two

strength of the precursors. However, when the concentrationwind classes ofa) 0-3ms ! and(b) 3-6 ms™L.

of Aitken and accumulation mode particles decreased, the

condensational sink of particles also decreased. This would

favor the new particle formation (Wu et al., 2007). But at urnal variation of aerosol particle concentrations which usu-

the same time, condensation and heterogeneous reactions afly accumulate during nighttime due to the lower boundary

existing particle would be reduced leading in total to reduc-layer and reduced vertical mixing at night. Concerning the

tion in secondary particle contribution to the sub-micrometereffect of the traffic restriction measures during Summit, we

aerosol during the traffic restrictions. Therefore, we attributealso calculated the ratio of particle number concentration at

the 20-60% reduction in Aitken and accumulation mode par-each diameter between Summit and non-Summit for daytime

ticles during Summit period mainly to this reduction of sec- and nighttime for each wind class. The results are shown in

ondary particle contributions. Fig. 4. As expected, we do see a relatively stronger reduction
As discussed above, if the reduction of particle num-in the Aitken and accumulation modes during daytime than

ber concentrations in Aitken and accumulation modes werghat during nighttime in the wind class of 3-6 m's In the

mainly due to the reduction of the secondary particle con-low wind speed class (0-3 m¥), stronger reduction during

tributions, this effect should be strong during the daytime.daytime was found for particles with diameters larger than

We separated the Summit and non-Summit data sets intabout 90 nm.

daytime (7:00 to 19:00) and nighttime (19:00 to 07:00 of

the following day) for the wind classes of 0-3 m'sand 3—

6ms L. There were not enough data in the wind class of _ o o
~6ms to do the same analysis. In each wind class, theb Influence of the traffic restriction measures on visibil-

1504

1004

50+

Ratio of Summit and non-Summit [ % ]

shapes of fine particle number concentrations were similar 1ty

during daytime and nighttime, whereas the fraction of coarse

mode particles to the total particulate volume concentrationPollution by particulate matter is considered to be one of the
was higher during nighttime, especially in the wind class of most formidable air quality and public health issue in Bei-
3-6ms! during Summit period. Interestingly, during both jing. The public expresses strong concerns about a decrease
Summit and non-Summit period the fine particle concentra-in “blue sky” days. “Blue sky” is closely related to the vi-
tions were similarly lower during nighttime compared to day- sual range, which is also one of the thorniest issues for the
time. This is opposite to the general understanding of the di-Olympics in Beijing 2008.
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Table 3. Simulated optical parameters of particle and gas phases at 550 nm, as well as the visual ranges during Summit and non-Summit
periods.

0-3ms1? 36mst
Summit  non-Summit  Summit  non-Summit

Extinction of particle Phase [Mm]

Sub-1pum 340 410 19 53
Super-1um 11 18 5.5 35
Total 350 430 24 57

Extinction of gas phase [Mmt]

Rayleigh scattering 12 12 12 12
NO, absorption 9.2 13 9.2 13
Total 21 25 21 25

Visual Range [km] 5.2 4.2 42 23

Since no qualified visibility observation was available, absorption spectrometer (Qin et al., 2006) in the intensive
the improvement of visibility due to the traffic restriction measurement at the PKU site during January and February
measures has been estimated based on the light extinction @07 (Zhang and Su, 2007). Therefosg, at 550 nm was
particle and gas phases. The average relative humidities afalculated to be about 13 Mm for non-Summit period with
Summit and non-Summit periods were about 21% and 34%g ,,=0.33x[NO>] (Groblicki et al., 1981). For the Summit
respectively. Particle hygroscopic growth factor at RH 40% period, a 40% reduction of NQwas reported by Wang et
in Beijing could only reach up to 1.01 in the winter time and al (2007), associated with the 30% vehicles taking off the
the particles did not show obvious growth below RH 60% road. If we assume that there was also about 30% reduc-
(J. Meiett, personal communication, 2005). So particle num-tion of NO, concentration during Summit, compared with
ber size distributions under dry conditions (RB0%) were  the concentration of 40 ppb during non-Summit period, the
used to simulate the particle extinction coefficients{ absorption of N@ at 550 nm during Summit would be about
with a spherical Mie model (Bohren and Huffman, 1998). 9.2 Mm~. The calculated optical parameters of particle and
An effective medium refractive index was assumed as 1.52-gas phases are summarized in Table 3. It is worth noticing
0.025. A time series of the optical equilibrium effective that when wind speed lower than 3 m's over 95% particle
refractive indices was derived from an aerosol optical clo-extinction was contributed by the subgdn particles. Still,
sure study based on in-situ intensive observations in Januaryith the wind speed within the range of 3—-6 s submi-
2005 at the PKU site. 1.52-0.02%as an average of the crometer particles contributed about 78% and 93% to the to-
retrieved values which resulted in an optimum fit betweental particle extinctions during Summit and non-Summit peri-
the measured and simulated particle scattering and absormds, respectively.
tion cpefficients. According to the fo_rmulae introduced by Consequently, an upper limit to the visibility.{, km)
Zrc;h:;c; ﬁari]dhsshc?;vugia%g:enfﬁ(;Ii—g:qugsc;fet:;e(zg?\?s’ tg‘:eiver'can be estimated, using the total light extinction of particle
egtimatgd t% be aboutgleriH for both géumjr%wit and non- and gas phases(=oc,+oys+oag, MM™) and a modified

. ) : . Koschmieder relation of.,=1.9x10%0, (Griffing, 1980;
Summit periods according to the recorded ambient temper

ture and pressure. Absorption of visible light by gases [ %usar et al., 2000; Schichtel et al., 2001; Carrico et al.,
. ap ' - ght by gases 2003). The Koschmieder constant of 1.9 is about half of the
is considered to be essentially due to N@@roblicki et al.,

1081). The average concentration level of Ni© Beijing standard value (3.92) (Seinfeld and Pandis, 1998). The fac-

during winter time was estimated to about 40 oob accord-tor of two reduction considers the fact that real visual targets
. 9 . ~UPp are not black, that they are frequently too small in size, and
ing to the NQ concentrations measured with a long-path

that they are located only at quantized distances away from

the observer (Griffing, 1980). Since the comparison of size
13. Meier, Modeling Department of Leibniz-Institute for Tropo- distributions when wind speed higher than 6 svas not

spheric Research, 04318 Leipzig, Germany, jmeier@tropos.de  statistically significant, we only discuss here the influence
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% ' ' ' The influence of traffic restrictions in Beijing on the par-

[__Summit ] ticle concentrations differs for different particle sizes. More
40+ EE non-Summit T significant effects on fine particles with diameters ranging
from 40 to 500 nm have been found. Based on statistical
30 1 analysis of long-term observation, under certain weather con-
45% : ditions, the source strength of the particles in Aitken and
4 accumulation modes was reduced by 20—-60% during the pe-
riod of 4 to 6 November 2006, when the traffic restrictions
were in place. This may be mainly due to the reduction of
the secondary particle contributions to the fine aerosol parti-
cles. However, it is worth to notice that the reduction of 60%
might overestimate the effect of the measures of traffic con-
Wind Speed [ ms” | trol, due to.the inherent data.shor.tage with very high wipd
speeds during the non-Summit period. We note that our size-
Fig. 5. Estimated visual range due to the extinction of particle and depen_dent _aeroso_l data |nd|cate that (?urrent me_asures led to
gas phases during Summit and non-Summit periods. _reductlons in particulate air pollution in t_he 0pt|c§llly most
important size range, whereas further vehicle restriction mea-
sures may lead to an increase in ultrafine particle formation
if the condensational sink decreased further. Because other
when wind speed was lower than 6 m-s than_ northerly _Wind specific discussed _in the pre;ent study,
n(;j'>art|cle formation events can happen with much higher con-

The estimated average visual ranges during Summit a . . . . .
non-Summit periods are presented in Table 3 and Fig. fansanonal sink (0.02-0.08% and lower wind speed if the

for the wind classes of 0-3 and 3-6 ks Compared with air mass is mainly coming from the south of Beijing (Wu et

. . . o ; al., 2007).
non-Summit periods, improvements of visibilities during the ' - .
: : . ) . If we assume that there were no traffic restrictions taking
Summit period were found. According to the estimate in

Fig. 5, if no traffic restrictions had been in place during the Placﬁ and Wlth nor_m;l Ihevel_ Qg.lt.h.e v§h|_cle emissions (kzl)ur-
Summit period, the average visual range during 4-6 Novem—'J the Summit period, the visibilities during 4-6 November
ber 2006 would have been lower by about 20% and 45% for2006 would have been lower by about 20-45%. The fact that

wind ¢l f0-3m4 and 3-6msL r tively. W over 95% cases with visibility range lower than 5km during
note tch:?SeevSer? wit_h normaal tra;fic on t’hee‘c;ggg vir?/én V\(/ain q 2004 to 2007 occurred when the local wind speed was lower

. : ' than 3ms?! may suggest that the importance of the emis-
speed was higher than 3m's the visual range was over sion restrictions is highest when the wind speed is lower than
20 km (cf. Fig. 5). We also applied this rough visibility esti-

1 . . B . . .
. ; o ms =, concerning the improvement of serious low visibil-
mate to the long-term particle number size distributions and’3 . . 9 P
S ity situations in Beijing.
found that over 95% cases with visual range lower than 5 km : oo )
. . This case study focused on ttedativeinfluence of traffic
during 2004 to 2007 occurred when the local wind speedwas_ . .~ . . o N
1 : restrictions on particle size distribution and visibility, thus
lower than 3 ms-+. This may suggest that the importance of - o
o . e : . the uncertainties of the quantified effects are not expected to
the emission restrictions is highest when the wind speed is I :
1 : . : influence significantly conclusions drawn from the present
lower than 3ms+, concerning the improvement of serious

low visibility situations in Beijing statistical ana_l)_/sis. We emphgsize,_ how_ever., that specific
' weather conditions (a dominating wind direction from the
north and northwest) governed the Summit period. Under
these conditions, the local source of the Beijing city domi-
7 Conclusion and remarks nates, since air masses imported from the north are relatively
clean (Wehner et al., 2008); whereas when air masses from
We conclude that traffic restrictions implemented during thethe south or southeast carrying regional pollution have much
Sino-African Summit were successful in reducing the num-stronger influence on the air quality in Beijing (Garland et
ber concentration of aerosol particles, in particular Aitkenal., 2008; Wehner et al., 2008).
and accumulation mode particles, and in improving the vis- The vehicle emission standard is improving in Beijing, and
ibility. Concerning the important roles of atmospheric par- the new National IV standard implemented on 1 March 2008
ticles in public health, atmospheric heterogeneous chemistrys similar to Euro IV standard (XINHUA-NEWS, 2008).
and radiative forcing, as well as the emissions of,N{Dd However, new car registrations in Beijing keep growing by
volatile organic compounds which are essential controllers ofabout 11-12% annually since 2000. A continuation of this
lower tropospheric ozone, traffic restrictions could be effec-increase may still cause intractable air quality problem in
tive in improving the air quality in Beijing and surrounding Beijing and its surrounding area in the near future. Multi-
areas. ple measures have been applied during the Olympic Game

204

Visual Range [ km ]

|
L |

0-3

on the visibility by traffic restriction measures for the cases
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in 2008 to improve the air quality in Beijing, including con-  flow and outflow of Beijing city air, J. Geophys. Res., in review,
trols on traffic and other sources. Coordinated observations 2008. _ o

of multiple atmospheric species combined with satellite re-Griffing, G. W.: Relations between the prevailing visibility, neph-
mote sensing, and modeling studies during the Olympic may elometer scattering coefficient and sunphotometer turbidity coef-

provide unique opportunities to further validate and improveG ﬂ‘k:)il‘?”ktj A;mgs. 5\;“1;0% 1_?' 577(1_5084’ 138852' R. 3 Visibiity
: , : . Groblicki, P. J., Wolff, G. T., and Countess, R. J.: -
our understanding of atmospheric chemistry and physics reduction species in the Denver “Brown Cloud” — I. Relation-

not only for Be”.mg area but alsg for the large region of ships between extinction and chemical composition, Atmos. En-
northeastern China even East Asia (Wang et al., 2007), and viron., 12, 2437-2484, 1981,

it will support implementing strategies to cope with the air e K vang, F., Ma, Y., Zhang, Q., Yao, X., Chan, C. K., Cadle,

pollution in Beijing. S., Chan, T., and Mulawa, P.: The characteristics of,BNh
Beijing, China, Atmos. Environ., 35, 4959-4970, 2001.
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