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Abstract. Regional ozone pollution has become one of theverse effect on the health of human being and ecosystem.
top environmental concerns in China, especially in those ecoAnthropogenic emissions have led to significant changes in
nomically vibrant and densely populated regions, such astmospheric ozone. These changes, including the increase
North China region including Beijing. To address this issue,in tropospheric ozone (Staehelin et al., 1994; Guicherit and
surface ozone and ancillary data over the period 2004—200&oemer, 2000; Vingarzan, 2004) and the depletion of strato-
from the Shangdianzi Regional Background Station in northspheric ozone (UNEP, 1989, 1994, 1998) have been impor-
China were analyzed. Due to the suitable location and valtant factors for climate change (Forster et al., 2007). In
ley topography of the site, transport of pollutants from the the troposphere, photolysis of ozone by solar UV radiation
North China Plain was easily observed and quantified acto electronically excited GD) and the subsequent reaction
cording to surface wind directions. Regional (polluted) andwith water vapor is the major source of OH radical. OH is
background (clean) ozone concentrations were obtained bgne of the key species for the chemical reactions in the atmo-
detailed statistic analysis. Contribution of pollutants from sphere and its abundance is an important index of oxidizing
North China Plain to surface ozone at SDZ was estimated byapacity of the atmosphere (Kley et al., 1999; Thompson,
comparing ozone concentrations observed under SW wind992; Jacob, 2003). At high pH value (pi3), ozone in
conditions and that under NE wind conditions. The aver-aqueous phase reacts rapidly with S(1V) to form sulfate and
age daily accumulated ozone contribution was estimated tdvence contributes to acid deposition (Tanner and Schorran,
be 240 ppkhr. The average regional contributions to surface 1995).

ozone at SDZ from the North China Plain were 21.8 ppb for  Ozone originates from in-situ photochemical production
the whole year, and 19.2, 28.9, 25.0, and 10.0 ppb for springin the reactions of its precursors (NGCO, VOCs) and from
summer, autumn, and winter, respectively. The strong ozongertical and horizontal transport. On the scale of 100 years,
contribution in summer led to disappearance of the springthe increasing trends of tropospheric ozone are qualitatively
ozone maximum phenomenon at SDZ under winds other tham agreement with emission trends of precursors and the in-
from the NNW to E sectors. The emissions of nitrogen oxidecrease in tropospheric ozone level has become one of the
in the North China plain cause a decrease in 0zone concermost crucial environmental problems to solve in the com-
trations in winter. ing decades (Finlayson-Pitts and Pitts, 1997; Guicherit and
Roemer, 2000). Ozone at ground level is usually much more
influenced by emissions. Because natural and anthropogenic
0zone precursor emissions vary strongly from region to re-
gion (Staehelin et al., 2001), photochemical sources of ozone
Being one of the greenhouse gases and a key oxidant, ozorf#8ve high regional variability. In many mega cities and pol-
plays important role in atmospheric energy budget and Cheml_ute.d areas (e.g., C|t3_/ clusters in China and other cour;tngs),
istry. Changes in atmospheric 0zone may contribute to cli-S€rous ozone pollution caused by large precursor emissions

mate change and high levels of surface ozone can cause af@s concerned civilians and decision-makers (Molina and
Molina, 2004; Shao et al., 2006).

) China has experienced unprecedented economic growth
Correspondence tddV. Lin over the past two decades, accompanied by the develop-
BY (linwl@cams.cma.gov.cn) ment of large-scale industries and services. However, the

Published by Copernicus Publications on behalf of the European Geosciences Union.

1 Introduction



http://creativecommons.org/licenses/by/3.0/

5890 W. Lin et al.: Contributions to surface ozone at shangdianzi GAW station

MiYun .

Beijing

Fig. 1. Map showing the location of the SDZ station (white cross), topography and land use in the surrounding area. NLT landsat7 pseudo
color map is fromhttp://worldwind.arc.nasa.goWertical exaggeration is by a factor of 10.

economic boom has led to a general decline in environmen2 Site and observations
tal quality, especially in urban city and in city cluster regions
(Zhang et al., 1998; Hao and Wang, 2005; Shao et al., 20_06)Shangdianzi (SDZ; 4BIN, 11707E, 293.9m a.s.l.) sta-
More and more concerns have been focused on the regiongl, is one of the regional Global Atmosphere Watch (GAW)
pollutions in those leading economic regions, for example,giations in China. The station is located in the northern part
the Yangtze River delta (Wang et aI:.,_ 2005_), the Pearl _Rlverof North China Plain and in the Miyun County of Beijing.
delta (Wang etal., 2003), and the Beijing—Tianjin—Bohai Bay | js about 100 km and 55 km northeasterly to the urban area
(Xu et al., 2005; Ding et al., 2008). In Chl'na, most measureé-and Miyun Township of Beijing, respectively (see Fig. 1).
ments of surface ozone have been done in urban areas. Singgithin 30km of the site, there are only small villages in
a few years, instruments for surface ozone and other polluz,qyntainous areas with sparse population and thus insignif-
tants have been set up at China’s background stations to MoRe4nt anthropogenic emission sources. The instrument build-
itor the long-term changes in these pollutants over a regionaj,q of the station is situated on the south slope of a hill, on
scale. Some data obtained have been used to study the longyg north hill side of a valley with a northeast-southwest ori-
term trends of surface ozone at a regional background statiogntation. The southwest mouth of the valley is open to Bei-
in eastern China (Xu et aI:, 2008). onne and related 9as€fg and the south plain. Due to the valley topography, the
have been measured continuously since 2004 at Shangdiangieyailing winds are northeasterly and southwesterly along
(SDZ) regional background station. In this paper, we presenine valley trends as shown in Fig. 2 and Fig. 1. On average,
analysis of surface ozone data from this station and focugne winds have strong diurnal variation with SW in the after-
on the contributions of pollutants from North China Plain to nq0n and NE from midnight to the morning. Similar wind
background level of surface ozone at the site. A more ge”er%atterns (figures not shown here) are observed also in many
analysis of the reactive gases data from the station is given igjier places to the south of SDZ in the North China plain, e.g.
another paper (Meng et al., 2008). Miyun County (40.38N, 116.87 E, 71.8m a.s.l.), Beijing
City(39.8 N, 116.47 E, 31.3m), Gucheng site (398N.
115°40E, 15.2m a.s.l.), Baoding City (38.8Bl, 115.52 E,
17.2m), and Bazhou (39.18, 116.38 E, 9m a.s.l.), indi-
cating that the wind direction distribution at SDZ is rather
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typical of the larger-scale situation in the North China plain. 0
Therefore, polluted air masses from urban areas and satellite 5000
towns of Beijing, and even those regions in south of Beijing 4000 4
at North China Plain, can be easily transported to SDZ under ]
southwesterly winds, while relatively clean air masses are 30009 300
transported to the site with winds from other directions. 2000 -

A set of commercial instruments from Thermo Environ-
mental Instruments, Inc., USA has been used to measure
O3 (TE 49C), NO/NGQ/NOy (TE 42CTL), CO (TE 48C), ]
and SQ (TE 43CTL) since January, 2004. Daily zero/span g 1000
checks are automatically done using a dynamic gas calibra-t ,q |
tor (TE 146C) in combination with a zero air supply (TE

t

1000 +

0270

equency coun

111) and a set of standard reference gas mixtures (Chemi- 30907 240

cal Metrology & Analytical Science Division, National In- 4000

stitute of Metrology, Beijing, China). All instruments are 5000

housed in an air-conditioned room. Measurement signals are 180

acquired every 6s and recorded as 5-min averages. Multi-

point calibrations are made every 3—6 months. For ozoneFig. 2. Wind direction rose of SDZ (from year 2000 to 2006).

the standards are traceable to the Standard Reference Pho-

tometer (SRP) maintained by WMO World Calibration Cen-

tre in Switzerland (EMPA) The national standard gases OfSigniﬁcant than those in other seasons. The hlghest diurnal

SO, NO, and CO are compared against NIST-traceable stan@mplitude of ozone appears in June.

dards from Scott Specialty Gases, USA. After the correction The diurnal amplitudes of surface ozone at SDZ are much

of data on the basis of multipoint calibration, hourly aver- more pronounced than those at the Waliguan (3880

age data are calculated and are used for further analysis i00.90 E, 3810m a.s.l) Global Baseline Station, a Chi-

this paper. It should be mentioned that the measuring princi.nese GAW station at a remote mountain site, where the ozone

p|e used for measurements of NO‘IOZ is converted to NO level is closer to natural background, with small diurnal vari-

by a molybdenum N@to-NO converter heated to about 325 ations (Ma et al., 2002a; Wang et al., 2006). The diurnal pat-

°) at the site suffers from interference of other J,\]Cbm- tern and variability of surface ozone depend very much on

pounds such as PAN and HN@Steinbacher et al., 2007). the intensity of UV radiation, level and variations of ozone

This implies that the measured M®@oncentrations have to Precursors, and vertical and horizontal transport of ozone.

be viewed as an upper limit, particularly in aged air massedn situ photochemical production does not significantly con-

such as in summer. Meteorological data, including wind, tribute to the diurnal variation of surface ozone at Waliguan

temperature, relative humidity, and etc., are also obtainedecause of the extremely low levels of ozone precursors,

from the site, with a resolution of 1 h. while at Linan and Longfengshan, the regional GAW stations
in eastern and northeastern China, photochemistry plays a
key role in diurnal variation of surface ozone (Ma et al.,
2002b; Wang et al., 2001). Since SDZ is relatively close to

3 Results and discussion large cities like Beijing and hence larger emission sources of
. o ozone precursors, photochemistry at this site should be much
3.1 Diurnal and seasonal variations more intensive than at Waliguan. This can explain the differ-

ence in the diurnal variability of surface ozone between the
Figure 3 shows the average diurnal variations in each monttwo stations.
and monthly variations of surfaces@nd G (O3 + NOy) The curve of meanly mean ozone of SDZ shows two
concentrations at SDZ. Some detailed statistics gfadd peaks, with the primary and secondary peaks in June and
Oy, including the monthly-averaged diurnal maxima/minima September, respectively. Observation at Mt. Tai (365
with their appearing time, diurnal amplitudes, and the 117.10 E, 1533 ma.s.l.) in the North China Plain found a
monthly mean concentrations in each month are listed in Tasimilar seasonal cycle of surface ozone (Li et al., 2007). Sea-
ble 1. As can be seen in Fig. 3, botly @nd G, concen-  sonal cycles of surface ozone with double peaks were also
trations show typical diurnal cycles related to photochem-observed at Lin’an (Wang et al., 2001; Xu et al., 2008) and
istry, with maxima in the afternoon and minima in the early Mt. Huang (Li et al., 2007) in central-east China. How-
morning. The ozone maxima were in late afternoon (15:00-ever, the primary peak at these sites appeared a month earlier
18:00) and the minima were in the morning (05:00-07:00).and the secondary peak a month later at SDZ and Mt. Tai,
The higher the ozone maxima, the later they appear. Thée., the valley between the two peaks is broader at sites in
diurnal variations of both quantities in winter are much lesscentral-east China. This can be explained by stronger impact
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Table 1. The average diurnal maxima/minima with their appeared time, the diurnal ranges, and monthly means of ozone at SDZ.

Month O3 (ppb) & (ppb)
Mean Diurnal Max Diurnal Min Diurnal Mean Diurnal Max Diurnal Min Diurnal
(appearing time)  (appearing time) amplitude (appearing time)  (appearing time) amplitude
Jan 20.3  29.4(16:00) 14.6 (07:00) 14.8 35.9  40.9(17:00) 30.0 (09:00) 10.9
Feb 27.0  35.7 (15:00) 20.5 (02:00) 15.2 | 37.6  44.5(17:00) 31.3 (08:00) 13.1
Mar 35.0  45.8(17:00) 23.3 (07:00) 225 441  53.6 (17:00) 34.7 (07:00) 18.9
Apr 40.1  54.8(16:00) 24.3 (06:00) 30.5 48.7  62.4(16:00) 35.5 (07:00) 26.8
May 414  58.6 (18:00) 23.9 (06:00) 34.7 49.1  65.5(18:00) 34.1 (06:00) 314
Jun 465  69.2 (18:00) 23.7 (06:00) 455 | 51.7 73.5(18:00) 31.2 (06:00) 42.3
Jul 33.6  50.3(16:00) 15.0 (06:00) 35.4 39.2  54.6(18:00) 22.1 (06:00) 325
Aug 30.9  49.5(17:00) 13.1 (06:00) 36.4 37.7 54.5(17:00) 21.5 (06:00) 33.0
Sep 347  57.4(17:00) 15.7 (06:00) 417 | 478  67.2(17:00) 31.0 (07:00) 36.2
Oct 28.3  46.6 (16:00) 13.5 (06:00) 331 | 462 61.5(17:00) 32.4 (07:00) 29.1
Nov 19.4  31.9(15:00) 11.0 (06:00) 20.9 36.5  43.4(17:00) 27.6 (08:00) 15.8
Dec 17.7  24.9 (15:00) 13.5 (06:00) 114 36.9  41.9(17:00) 30.1 (09:00) 11.8
90.0
80.0
70.0
g 60.0
3 50.0
S 400
30.0
20.0
10.0

0:00 0:00 0:00 0:00 0:00 000 000 000 0:00 000 0:00 0:00 0:00
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Fig. 3. Average diurnal variations in each month and variations of monthly mean surfaaedX concentrations at SDZ.

of the Asian summer monsoon on surface ozone at the siteszone concentration. This is becauseJ\NOntributed about
(Wang et al., 2001; Li et al., 2007). 48% to Q in winter (52% in December) and only 10% in

As shown in Table 1, the monthly mean ozone concentra-‘]une'

tion is much lower in the winter months than in the other The year round and summertime average diurnal varia-
months. For example, the monthly mean ozone concentrations of ozone and the primary pollutant gases are shown in
tion in December is only 17.7 ppb compared to 46.5 ppb inFig. 4. The ozone concentration increases from its minimum
June. Although the monthly mean,@oncentration is also in early morning to its maximum in late afternoon and then

low in winter months, the summer-winter difference in the decreases till next morning. In recent years, ozone in Bei-
Oy concentration is by far not as large as that in the ozonging city peaks around noon because of photochemical pro-
concentration. In other words, from summer to winter, theduction under the daily strong solar radiation and abundant
total oxidant, as estimated bys®NO», drops less than the precursors (Shao et al., 2006). However, as shown in Fig. 4,
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18.0 50 P .
5 NO _A-NO? -4 NOX —6-80? — CO ——03 Table 2. The annual and seasonal statistics of ozone concentrations

15 and the corresponding appearing sectors.

140 Period [Max} [Min] * [CW]*  [Max]-[Min] [Max]-[CW]

Year 43.7 SW 219 NEE 20.2 21.8 23.5
MAM 484 SW 28.2 NEE 227 20.2 25.8
JIA 52.1 SWW 232 NEE 229 28.9 29.2
& 125 SON 43.0 Sww 18.0 NEE 20.8 25.0 222
DJF 283 N 183 W 124 10.0 15.9

435

430

NO*5, NQ, NOX, SOz (ppb)
CO0/20, O3 (ppb)

420

20 e 15 *: [Max] means the maximum average value among the 16 sec-
120 o 5 o7 o —os 65 tors; [Min] means the minimum average value among the 16 sec-
—=-N NO2 NOx —o— —_— — . .

TR A 160 tors; [CW] means the average value under calm wind conditions.

100 r
1 55

4 50

»

8.0

dian of 29.4ppb, 25% percentile of 17.7 ppb, 75% per-
centile of 41.0 ppb, maximum of 155.7 ppb, and minimum
of Oppb. The meahSD (median) values of surface ozone
for spring, summer, autumn, and winter are 3818.2
(38.3) ppb, 36.2-22.9 (33.5) ppb, 27:520.3 (24.6) ppb, and
21.7411.6 (23.0) ppb, respectively. Surface ozone frequency
StasacotaAS distributions (4 ppb per bin) with Lorentz distribution curve
0.00:00 200 400 600 800 1000 1200 1400 1600 1800 2000 22:00 01)015 fitting for all seasons are shown in Fig- 5. All the distri-
Beijing Time butions can be composed of two Lorentzian curves peaking
at different ozone concentrations. Since the concentration
Fig. 4. Average diurnal variations of £ NO/NO,/NOyx, SO,, and  Of surface ozone at any site and any time depends on the
CO at SDZ: the whole year (top), summer (bottom). dynamic balance between ozone producing and destroying
processes and transport conditions, to some extent, the peak
concentration of the ozone frequency distribution, which ap-
the ozone concentration in SDZ peaks near dusk and continpears at the highest probability, represents well certain back-
ues its increase in the afternoon, accompanied with the inground level of surface ozone. The two Lorentzian curves for
crease of N@Q and CO concentrations.s@nd CO observed each season indicate that SDZ is influenced by two contrast
at Miyun county in June and July, 2006 by Wang et al. (2008)types of airflow, in which ozone is dominated by different
show similar diurnal variations of §£)but ozone peaking ap- processes.
peared at about 16:00 in June and about 17:00 in July, which
was earlier than that in SDZ (about 18:00 in June and July3.3 Dependence of surface ozone level on wind direction
2006). These indicate transport of ozone and other pollutants
from urban area to SDZ. The strong influence of air quality in Since wind direction gives an insight into the first order ad-
rural area by urban plume of Beijing has been also observedection processes, its correlation with observed ozone data
by Wang et al. (2006) and Zheng et al. (2005). The diurnalcan provide the information about the impact of air-mass
variation of SQ concentrations shows a distinctly different transport on the surface ozone variability. In this analysis,
pattern, with S@ concentration peaking at 16:00 (average the wind direction is divided into 16 standard sectors (clock-
over the year) or 11:00 (in summer) when the PBL is ex-wise from North) and ozone andx@oncentrations in the
pected to be well mixed. This may indicate the existence ofcorresponding sectors are averaged. Figure 6 shows the rose
a higher SQ layer above the nighttime and early morning distributions of the averagezCand Q concentrations and
inversion. Possible sources of this higher,S@yer may be ~ Os concentration under calm wind conditions (wind speed
high chimneys in factories and power plants, the majog SO 0.3 m/s). The rose distributions of 0zone angdi@licate that
emission sources in North China. This explanation can beaverage ozone and@oncentrations were higher in the SW-
tested by measurements of S@ertical profiles and model- WSW-W sectors than in other sectors. The lowest ozone and

4 45
6.0 r 1 40

435

C0/20, O3 (ppb)

40 ¢

NO, NOz, NOX, SOz (ppb)

130

125
20 r

-

420

ing studies in the future. Oy levels were in the ENE sector. The average ozone concen-
tration in the ENE sector was close to that under calm wind
3.2 Ozone frequency distribution conditions (with a difference of less than 2 ppb) and 21.8 ppb

lower than that in the WSW sector.
In the ozone dataset, the total number of hourly average Figure 7 shows the average; @istribution in different
data is 25356, with the mea$SD of 31.5:19.9 ppb, me-  wind direction sectors in four seasons. Except in winter, the
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Fig. 5. Surface ozone frequency distribution (4 ppb for each bin) with Lorentzian distribution curve fitting at SDZ.

mOx 103 OO03-CW 0 —A— SON
0.0 60.0 —0—JJA
3375 60 225 - %[?IM
50 40.04
292.5 675 20.0
o)
o
£ 0.0
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247.5 112.5
40.04
202.5 157.5 60.0-

180

Fig. 6. Average @ and G distributions according to wind di- Fig. 7. Seasonal average ozone concentrations in different wind
rections and averagez@oncentration under calm wind conditions direction sectors.
(O3-CW). Unit: ppb.

mum is a northern hemispheric phenomenon (Monks, 2000;
average @ concentrations in the SW-WSW-W sectors were Vingarzan, 2004). At SDZ, however, the springtime ozone
significantly higher than in other sectors. The lowest concen-maximum appeared only in the NNW to E sectors. For the
tration was in the ENE sector. The highest €ncentration  other sectors, highest ozone concentrations appeared in sum-
in winter appeared in the N sector. The spring ozone maxi-mer and the ozone levels in spring were a little lower than

Atmos. Chem. Phys., 8, 5889898 2008 www.atmos-chem-phys.net/8/5889/2008/
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those in summer. We believe that air masses transported ovéine clean background ozone for SDZ. Therefore, the contri-
the polluted North China Plain had produced more ozone inbution of pollutants from the North China Plain to the ozone
summer than in any other seasons, leading to the disappealevel at SDZ can be estimated to be the difference between
ance of the spring ozone maximum in the other sectors. Tabl¢he regional background and the clean background ozone for
2 summarizes the maximum ([Max]) and minimum ([Min]) the site.
values of the annual and seasonal average ozone concen-Figure 9 shows the year round average diurnal variations
trations and the corresponding appearing sectors. Averagef ozone concentrations corresponding to the NE and SW
ozone concentrations under calm wind conditions ([CW]) wind direction sectors. The difference between the SW and
and the differences between [Max] and [Min] and betweenNE curves is also shown as bars in Fig. 9. Although the two
[Max] and [CW] are also shown in the table. The ozone dif- diurnal variation curves look similar in terms of their general
ference between [Max] and [Min] was 21.8 ppb for the whole patterns, they differ at points. The first and profound differ-
year, and was 19.2, 28.9, 25.0, and 10.0 ppb in spring, sumence is that the SW curve shows higher ozone concentrations
mer, autumn, and in winter, respectively. than the NE curve at all time of the day, particularly in the af-
Figure 8 shows the rose distributions of seasonal averagéernoon. The second difference is the timing of the maximum
SOy, NOy, CO, temperature, relative humidity (RH), and and minimum ozone concentrations, with the maximum and
wind speed. As can be seen in Fig. 8a, 8b, and 8c, in alminimum in the SW curve being 1-2h later than those in
seasons except summer, the levels 0§ 3@y, and CO con-  the NE curve. The SW curve has the typical features of the
centrations in the S—W sectors are much higher than in othediurnal ozone variation in aged air masses, e.g., enhanced
sectors, while those in the N-ENE sectors much lower than inozone level and later ozone daily maximum. This supports
other sectors, indicating that polluted air masses are mainlyhe idea that ozone concentration at SDZ under the south-
from the S—W sectors (i.e., the North China Plain) and cleanwesterly wind condition is very strongly influenced by the
air masses are mainly from the N-ENE sectors. The rose distransport of polluted air masses from the North China Plain
tribution of RHshown in Fig. 8d, indicates that except in sum- and photochemical production during the transport of the air
mer, air masses from the N sector are significantly drier tharmasses. Assuming that the SW and NE curves represent the
from other sectors. Because air masses from the N sector amverage diurnal variations of the regional background ozone
characterized as having low humidity, relatively high ozone,and the clean background ozone at SDZ, respectively, we can
and lower SQ, NOy, and CO concentrations, it is likely that estimate the net contribution of the North China Plain to sur-
they contain more air from the free troposphere than thosdace ozone at SDZ using the difference between the SW and
from other sectors. The rose distributions of temperature andNE curves. As shown in Fig. 9, the difference between the
wind speed, as shown in Figs. 8e and 8f, respectively, sugtwo curves is at highest 20 ppb (17:00) and at lowest 1.6 ppb
gest that air masses from the North China Plain are warme(07:00). The daily average of the difference is 10 ppb, and the
and are transported to SDZ under higher local wind speedum of the daily average of the difference is up to 240 ppb
conditions. The ozone contribution of the North China Plain depends
Observed ozone concentrations in air from different sec-highly on season. Figure 10 shows the seasonal variations
tors (clean and polluted) should stand for the levels of differ-of ozone concentrations corresponding to the SW and NE
ent background ozone. To simplify the situation concernedwind direction sectors and their difference. Similar to diur-
here, we differentiate two kinds of background ozone, cleamal variation in Fig. 9, the seasonal variations of the ozone
background ozone and regional background ozone, follow-difference between the SW and NE curves in Fig. 10 can be
ing the definitions by Kourtidis et al. (1997) and Bronni- used to estimate the net contribution of the North China Plain
mann et al. (1998). Clean background ozone means théo surface ozone at SDZ for the time scale of month, season,
ozone level in the air from the relatively clean sectors. Re-and year. There are two peaks in the seasonal variation of the
gional background ozone is the ozone level over a large areazone difference, with the primary one (about 34 ppb) being
(1000%x 1000 kn?) produced by the mixing of air masses of in September and the secondary one (about 29 ppb) being in
different origin outside and inside the defined area. The def-June. In winter, the ozone difference is negative, suggesting
inition of regional background is made under the ideal statughat air masses from the North China Plain contain less ozone
of “well mixing”. So far, it is difficult to recognize the exact than those from the NE sector. This does not mean that the
regional background ozone for a certain moment. In view ofwinter air in the North China Plain is cleaner than the clean
the fact that SDZ is quite distant from major sources, we as-background at all. Rather it is caused by the pollution in the
sume that air masses from the North China Plain have beeiorth China Plain. Photochemical ozone production in the
well mixed before arriving at SDZ. Under this assumption, planetary boundary layer is very small in winter and there-
the average of the surface ozone concentration in the soutHere higher NQ concentration in the SW sector (see Fig. 8c)
west sector for a given period can be considered as the typileads to chemical ozone destruction (gas titration, i.e., re-
cal value of the regional (polluted) background ozone of theaction of NO with @), explaining lower ozone concentra-
North China Plain for this period. Ozone in air masses fromtion in the polluted sector than in the clean background air
the clean sectors, i.e., the N-ENE sectors can be treated gsee Fig. 10). To prove this, the seasonal variations of O
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corresponding to the SW and NE wind direction sectors andluenced by meso- to large-scale airflows than by the local
their difference are plotted in Fig. 11. Obviously, thg @¥- topography (Lin et al., 2008). The orientation of the valley
ference is positive in all seasons, suggesting that even in theear SDZ, which is nearly parallel to the prevailing winds in
cold season the total oxidant is not reduced by the pollutantshe north of the North China Plain, may have helped to re-
from the North China Plain, but enhanced. duce the influences from the local topography. Therefore, it

) . N is likely that the uncertainty caused by the local topography
In this section, we have classified the ozone data at SDZs ot gs large as it seems to be.

into clean and polluted backgrounds using surface winds and

further quantified the regional contribution from the North

China Plain. The method applied may cause larger uncertain4 Conclusions

ties in the results because the surface winds at SDZ may be

strongly influenced by the local topography. However, care-Measurements of surface ozone at SDZ from the period
ful analysis using both wind data from the sites in the North 2004—2006, together with ancillary data, were summarized
China Plain and NCEP/NCAR reanalysis data suggests thatnd used to study the impact of pollutants from the North
the surface wind observed at SDZ seemed to be more inChina Plain on surface ozone at the background site. Surface
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of pollutants from North China Plain to surface ozone at
SDZ can be estimated by comparing ozone concentrations
observed under SW wind conditions and that under NE wind
conditions. On the average, the daily accumulated ozone
contribution amounts to 240 pgly. The average regional
e
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contributions to surface ozone at SDZ from the North China
Plain are estimated to be 21.8 ppb for the whole year, and
L 3 4 s 6 7 8 9 10 1 19.2, 28.9, 25.0, and 10.0 ppb for spring, summer, autumn,
Month and winter, respectively. From May to September, the esti-
mated ozone contributions are all above 20 ppb with the most
Fig. 10. Seasonal variations of averagg Concentrations corre-  significant contribution (34 ppb) being in September. Caused
sponding to the S-W and N—E wind direction sectors and their dif-py the strong ozone contribution in summer, the spring ozone
ference. maximum phenomenon disappears at SDZ under winds other
than from the WNN to E sectors. The emissions of nitrogen
. . ._oxide in the North China plain cause a decrease in ozone
ozone concentrations at SDZ show some unique properties . S
. . : concentrations in winter.
because of its location and the surrounding topography. The
seasonal variation of surface ozone at SDZ shows a double- o
peak pattern, with the primary and secondary peaks being if\cknowledgementsie thank the staff of the Shangdianzi
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