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Monitoring ozone concentrations along an urban to rural gradient of Beijing with

a mobile vehicle
ZHANG Hongxing, HAN Lijian, REN Yufen, YAO Yuhui, SUN Xu, WANG Xiaoke " , ZHOU Weiqi, ZHENG Hua

Beijing Urban Ecosystem Research Station, State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-environmental Sciences, Chinese

Academy of Sciences

Abstract: The increase of surface ozone concentrations in summer is raising the risk on ecosystem health. Site sampling
based near-surface ozone concentration has been well analyzed in Beijing. However, very scant work has been done to reveal
the continuous changing pattern at urban and rural gradient. Thus, in this research, using mobile vehicle equipped with
ozone analyzer,we monitored the ozone concentrations in a typical urban-rural gradient, from central urban to north-west
rural gradient of Beijing on typical ozone polluted days in summer, meanwhile, ozone concentrations at Beijing Teaching
Botanical Garden which worked as the control was monitored and applied. The location including longitude and latitude of
mobile vehicle, the ozone concentrations of the samplers and control sites were obtained at the same start time and
frequency. Mean NDVI within each site’s 50 meters’ buffer was correlated with the ozone concentration. Additionally, to
discern the climatic mechanism of ozone distribution pattern of the monitoring days, we did synoptic type analysis using

GrADS 2.1 and analyzed the backward air mass trajectories using HYSPLIT model. Results followed: (1) the ozone
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concentrations were significant higher in north-west mountains than those in other urban and suburban areas. The sequence
is: North-west mountain region(254.68wg/m’) >control site, Beijing Teaching Botanical Garden (220.89pg/m’) >branch
urban road ( 162.84 pg/m’) >urban main road and freeway ( 103.24 pg/m’) ; The landmark is Min tomb and the ozone
concentrations north-west to this break point, where is mountains, were about 2.00 times than those measured at the urban
and suburban regions. (2) the distribution of plants affects surface ozone pattern. In the same time, ozone concentrations
increase with NDVI with a significant Logistic relationship. (3) the spatial variability coefficients of ozone concentrations in
mountain regions were lower than those in free way, urban motor road and branch road; the coefficients in mountain area is
0.11, on branch road of urban is 0.28, on main motor road of urban is 0.26, on free way is 0.36; (4) The precursors of
ozone in the north-west Mountains were partly from the urban region due to wind. Large scale uniform pressure field, the
background of high pressure field, and the forward of low pressure easily lead to weak south or south-east air flow, which
pushed air from urban to north-west rural region, and might partly explain the cause of the ozone pollution pattern in

summer in Beijing urban and rural region.

Key Words: Beijing; ozone concentrations ; urban to rural gradient; NDVI
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Table 2 The relationship between ozone concentrations and meteorological factors

SR RLEE TRE p v
Ozone concentrations Air temperature Air humidity Photosynthetic active radiation
R Ozone concentrations 1 0.754** -0.802"" 0.404 "
IR Air temperature 1 -0.697 ** 0.598 "
BJE Air Humidity 1 0.594 **
JE:58 Photosynthetic active radiation 1

# % e i 3 Significant ( P<0.0001)
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Fig.4 Surface ozone concentrations gradient between urban and rural region of Beijing
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Table 3 The ground-level ozone concentrations in urban and rural area of Beijing in different sites
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Fig.6 The relationship between ozone concentrations and NDVI around monitoring sites
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5 | 7 ) 22 S ) SR DA

F4 BPUENREKXEZALERRZHMEMEEENRRREREFEERRY

Table 4 The coefficients of spatial variation of ozone monitored using mobile vehicle and the coefficients of variation in control point at the same

time
SH10H 7H24H 8H24H e
X4k WEB 51000 7H24H 8240 Ty B B X B Moan of
Region Sites May 10th  July 24th August 24th  Mean Control of  Control of  Control of )ea:l.cl'
May 10th  July 24th August 24th """
B{X Urban region I 0.32 0.29 0.12 0.24 0.03 0.06 0.02 0.04
B X. Urban region 1 0.33 0.21 0.23 0.26 0.04 0.05 0.01 0.03
B Free way Il 0.39 0.28 0.27 0.31 0.02 0.04 0.01 0.02
X. North-w
P North-west v 0.14 0.12 0.07 0.11 0.03 0.09 0.02 0.05
mountain region
[X. North-west
PAIEI X North-wes A 0.10 0.11 0.1 0.11 0.03 0.05 0.03 0.04
mountain reglon
= Free way Vi 0.40 0.40 0.43 0.41 0.02 0.05 0.02 0.03
X Urban region VI 0.34 0.26 0.37 0.32 0.01 0.04 0.02 0.02
oty 0.44 0.37 0.43 0.41 0.06 0.08 0.04 0.06
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W37 A 24 HATS H 24 B AR5 YL kAR A6ttt 5 DO T 8 15 38, AR RS, oh 55 & o (R
7)

3 e

31 REHRIEENA

TR R OGREILRIR e SR A N A, AT SY & B, B AR Mk B LR IR A 5%, M 5 R 8 0.75,
FEH TSRO RIS R PR, SRR R W A OGO R BUA R 0.74, AR A A, FEE, EATR
BB AR R A R R G MG AR 8 0.80 , X AR 45 (i & BUAIAL, ASHIF 5 rb B 4200k B2 A o
IR E IEADC I RECH 0.40,

RUE A TN A 5L R ARG TE AR 5 (B 240 3 B A R ( <3.00m/s ) Je 1 AT b 2 B 41
W R R LERAE, ERGERRAE DL T, RRZEWEE, L FRAYS, REWRE R ERLR R,
ABFFEH, 3 WIS P KA Y K 12 B3 20 B, i 3R W 21 5 &8 R F- 24 KGR AR T 1.20m/s BRI 2) . 5
H 10 BRI AR ,7 A 24 HACHR RS ,8 H 24 HESRPER MR (K 7). 18T 1.2m/s 955
AR = R ML BL AR5 Y RS SR R g 440

ARFTEH 5 A 10 H RSIEH KA EGEH,7 A 24 HA 8 H 24 H R G ARERTH., 985N,
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SRR RRESEE T I E R BLR A MR H M SRR B RS RS RS 16%,36%,
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PRI RE SRS R ds il T, K2 S Rase , WG AR, AN F 45 Fh 5 e 1085, 2 SO BE /N IR g, ek
S ISERIZN 3 F R T 5 Xl A B AR v B v
3.2 dbEUTT S X R A A ] S A R

W RN AL T B BOF AEPK B LIRS B 8 M A 3 3 ol 340 XL g G A v kX ) R
SR T, A6 T B i 0k B ot B AR B i TR IX KB X T X, 3 X e T A T e W a5 AR & PR, ARV
AT L DX AR DI 1) R AR 8 A = B T iy S 40V JEE B R T30, DA s BRI I AR U2 PR IR X (IV V)
>X RS AR e > IR S (1 VD) S Pk g A sl i ( I0 I VL) o KT 5, L XK F Ik
X, X K T A2 UYLk, X FRT AT e — 3, ARG, B AT ek 7 45 X daf SR 48025 1) AR A L A B 2 7
TRl S TRAF AR A KA S AR IR S b R 40 Bl A e T 0 RS A AR 100, 0 B o5 o Bt A e T L X R ALY
THOL(ELS) .

AR ARIFSE A SR 5 P A0 1L DX R S0P 2400 v 1 D X5 o 1 D X, 2 Dl v ) R 4 B o
Tl e A = A 5 b A SR R T T A R I X AE H L AR B R R TR IX Y 1.01 £ 1.56 5
AELASASE AT %) T AN B 2 BRI T P R 2 ) AR AR B R AE  FRATT IS 2 Wl Ay I ik 2% B PG b L XA S 241
JEYR XX E Y 2.00 £, 30 O RS IE I HEEAE Y TE (4 1. 10 A%, L X R AR 3R X0 380 A 5 /IMEL Y 11
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Fig.7 The synoptic types and backward trajectories in typical ozone pollution weather
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