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Abstract. Data obtained in Hong Kong during the Hong 1 Introduction
Kong and the Pearl River Delta (PRD) Pilot Air Monitor-

ing Study in autumn 2002 are analyzed to unravel the rela-The pearl River Delta and adjoining Hong Kong metropoli-
tionship between ground-level ozones{(Opollution precur-  tan area of China, like virtually all other major urban-
sors, and cross-border transport. Ten ozone episodes, duringqystrialized regions of the world, suffers from photochem-
which the hourly @ concentration exceeded 100 ppbv in 9 jcal smog characterized by the unhealthily high concentra-
cases and 90 ppbv in one case, are subject to detailed anglpns of ozone (®) and fine particles (Kok et al., 1997; Wang
ysis, including one case with hourlys®@f 203 ppbv, which et g1., 2001a; CH2M Hill, 2002: Wang, 2003). To design an
is the highest concentration on record to date in Hong Kong gffective strategy for controlling ground-leveg@ollution,
Combined with high-resolution back trajectories, dCO/gNO it s critical to understand the £precursor relationships, i.e.,
(the ratio of enhancement of CO concentration above backhe relative contributions of anthropogenic volatile organic
ground to that of N@) is used to define whethers@s locally compounds (VOCs) and nitrogen oxides (NOIO+NO,)

or regionally produced. Five out of the ten Hong Kong-O  emissions to @ production in Hong Kong, as well as local
episodes studied show a “pollution signature” that is indica-and regional contribution to ozone.

tive of impact from Guangdong Province. Examination of
speciated volatile organic compounds (VOCs) shows that th
reactivity of VOCs is dominated by anthropogenic VOCs, of
which the reactive aromatics dominate, in particular xylene
and toluene. Calculations using a photochemical box mode

N 0N )
indicate that between 50—-100% of the iDcrease observed pects of EBMs (National Academy of Sciences (NAS), 1991

thton?] Ko_ngldurmg t?e @e_fr;_so?ﬁs l(_:|an biexplamed by Oreske et al., 1994) including the emission inventories used
photochemical generation within the Hong 1ong area, pro~, yaine the sources of{recursors (Pierson et al., 1990;

e e ot e Cneert ™ Geron et l, 1904 Smpson, 1995 Gueriher et . 2000
. ) g X Tan et al.,, 2004), the meteorological fields (Hanna et al.,
(OBM) is used to calculate the sensitivity of thg froduc- ) g I (

: X . 1996; Kumar and Russell, 1996) and parameterizations used
tion to changes in the concentrations of the precursor com;

. to simulate boundary layer dynamics (Kuklin and Seinfeld,
pounds. Generally the production of @roughout much of . . L
the Hong Kong area is limited by VOCs, while high nitric 1995; Hanna et al., 1996). Further uncertainties may arise in

ide (NO trati @ trati the case of grid-based or Eulerian models for the assumption
oxide (NO) concentrations suppress €dncentration. that point source emissions are dispersed throughout a grid

instantaneously (Sillman et al., 1990).

A complementary approach to the use of EBMs is the ap-
Correspondence tof. Wang plication of observation-based analyses and/or models (Hidy,
(cetwang@polyu.edu.hk) 2000), which uses measurements of ambient concentrations

Traditionally, sophisticated air quality simulation models
?AQMS, i.e. Emission Based Models — EBMs) have been
used to determine whether a given airshed is VOC og NO
imited (Russell and Dennis, 2000, and papers cited therein).

owever, there are significant uncertainties in many as-
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Mainland 2 Experimental data
Our analyses are based on data collected during an intensive
herzhen sampling period from 1 October to 31 December, 2002 at five

Pang[T; hau

locations in Hong Kong: Central Western (CW), Yuen Long
(YL), Tung Chung (TC), Tai O (TO), and Tap Mun (TM)
. (Plate 1). TO was operated by the Hong Kong Polytechnic
: University and the other four are monitoring sites operated
by Hong Kong Environmental Protection Department (HK
EPD).

Mirs Bay
Deep BAy

New
Territories

2.1 Meteorological conditions

Hong Kong is situated on the South China coast and has
a subtropical climate. The fall season is characterized by
moderate temperatures, light winds out of the northeast and
little precipitation. These conditions favor the transport of
polluted air from the Asian continent to Hong Kong, as
well as the accumulation of locally emitted pollutants in
Hong Kong (Wang et al., 2001a). A detailed discussion of
Plate 1. Map of the Hong Kong area showing the location of the the meteorological conditions during the intensive 3-month
sampling sites (TO = Tai O, TC = Tung Chung, CW = Central West- field campaign of the Pilot Study is presented by Zhang et
ern, YL = Yuen Long, TM = Tap Mun). A description of the site al. (2004). Compared to the long-term (1968-1990) mean,
characteristics is presented in the text. The arrow points in the diQctober 2002 was cloudier and wetter with dry air arriv-
rection of the major mainland source region. ing occasionally which dispersed the clouds and brought on
multiple-day periods conducive to the accumulation of air
pollution in Hong Kong; the month of November was drier
of the chemical composition to check the applicability with fine weather and occasional strengthening of the north-
of physical/chemical mechanisms for the atmospheric proeast monsoon; the December was again cloudier and wetter
cesses (Calvert, 1976; Parrish et al., 1986; Chameides et athan the long-term mean condition. During the whole study
1990; McKeen et al., 1997) and for assessing the relativgyeriod there was usually a depression behind a high-pressure
benefits of various proposed emission control strategies fosystem over the South China Sea. The sunny and stagnant
regulatory purposes (Chameides et al., 1992; Cardelino andonditions associated with such high-pressure systems are
Chameides, 1995, 2000; Sillman, 1995; Sillman et al., 1997favorable to the occurrence and accumulation of photochem-
Blanchard et al., 1999). Since the observation-based methodsal smog.
do not use emission inventories and often do not require the
simulation of boundary layer dynamics, they avoid some of2 2  Sites description
the uncertainties inherent in EBMs and thus provide a useful
independent verification on the results obtained using EBMsTaj O (22.28 N, 113.85 E) is the Supersite for the study,

In this study, a variety of observation-based analyses anadvhere more intensive observations were performed than at
models are used to analyze data collected during an interthe other sites. It is located in a sparsely populated coastal
sive field campaign in the Hong Kong and the Pearl Riverarea with light local emissions, on northwestern Lantau Is-
Delta (PRD) Pilot Air Monitoring Study. The project was land roughly in the north-south centerline of the Pearl Es-
initiated in May 2002 and implemented over a 2-year periodtuary with Hong Kong’s urban center of 32km to the east
to better elucidate the emissions and processes responsibéed Macau/Zhuhai to the west at about the same distance
for the formation and accumulation of ground-levej @ (Plate 1). The area is surrounded by major urban centers in
this area. Here we present the results of various observatiorthe PRD region, making it a good location to characterize
based analyses that were carried out (1) to identify the spelocal and regional emissions and the photochemical evolu-
cific VOCs and VOC sources that contribute most to the for-tion of urban plumes. TO was selected as the location for the
mation of photochemical smog in Hong Kong, (2) to quantify Supersite because available air quality data revealed that the
the relative contributions of local production and pollutant highest ozone concentrations during air pollution episodes
import from other locations to the presence of photochemicalare generally found in the western part of Hong Kong with
smog, and (3) to assess, in a preliminary fashion, the relativérequent occurrences of ozone episodes in autumn (Kok et
benefits of various emission-control strategies for reducingal., 1997; Wang et al., 2001a). The measurement site is lo-
the severity of photochemical smog. cated inside an inactive barracks, at an elevation-80 m

TO Cw
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above sea level. Longer term (15-month) data from this siteracers of specific types of pollution and thus can provide
show that various trace gases had maximum concentrationgaluable insights into the specific sources of pollutants that
in winter (autumn for @) and lowest mean values in summer contribute to concentrations measured at the site (e.g. pol-
(Wang et al., 2005; Simpson et al., 2006). Fine aerosol datdution from Hong Kong versus pollution from Guangdong).
in December 2002 was analyzed to show the impact of aiHowever, among the species needed for the OBM, CO was
masses from Hong Kong and the inner PRD on the particlenot measured at CW and YL, NO was not measured at YL,
levels at this site (Cheung et al., 2005). Pollution episodesand CO measurements at TC and TM were made using in-
observed in the earlier periods were examined by Wang andtrumentation that lacked sensitivity to quantify CO concen-
Kok (2003) and Wang et al. (2003), which revealed rapidtrations when these concentrations are relatively low (i.e.,
changes in air-mass characteristics and different CQ/fid© <1 ppmv), because the EPD CO instruments were designed
tios in air from Hong Kong and the inner PRD. to monitor for compliance with the Hong Kong ambient air
The Central-Western site (222NM, 114.13E) is located  quality standard for CO (8-h average of 8.7 ppmv). In or-
in a residential area on the northern western part of Hongder to carry out the OBM analysis for these sites, the re-
Kong Island and near Hong Kong’s busy “downtown” area quired data were extrapolated from related measurements as
(Plate 1). Yuen Long (22.4%\, 114.02 E) is located in a  described below. In the case of CO, sufficiently sensitive de-
new town in the northwestern part of New Territory Island terminations of the 24-h averaged CO concentrations at CW,
in Hong Kong. It is about 15 km southwest of Shenzhen, aYL, TC, and TM were made using whole air samples col-
large and developing industrial city in Guangdong Provincelected from these sites (see Sect. 2.4 below). These 24-h
in South China. Tung Chung (2230, 113.93 E) islocated  averaged CO measurements were used to set the magnitude
on north Lantau Island about 10 km to the east of TO andof the CO concentration that was input into the OBM, and
about 3 km south of Hong Kong International airport on Chekthe local continuous CO measurements were used to estab-
Lap Kok. TC is located within a residential area in a new lish the diurnal variations. At CW, where local, continuous
town, but adjacent to the highway and to railway lines that CO measurements were not available, continuous CO mea-
connect the airport to the other islands of Hong Kong. Tapsurements made at a neighboring site (Central, located about
Mun (22.47 N, 114.33 E) is located on a remote island just 1km to the southeast of CW) were used to set the diurnal
off the northeast coast of Hong Kong. The surrounding areavariations. For YL, continuous CO measurements made at

is rural and sparsely populated. Tsuen Wan (located about 10 km to the south of YL) were
used for the diurnal variations. Sensitivity calculations using
2.3 Continuous measurements constant CO concentrations at each of these sites throughout

the diurnal cycle, based on the whole air sample analysis,
Ozone, NO, N@, CO, and S@ were measured continu- indicate that the results of the OBM analyses were not sig-
ously, together with particulate matter and meteorologicalnificantly affected by these approximations.
parameters, at the HKEPD stations using instruments and At y| the NO concentrations required in the OBM were
quality assurance and control protocols which are very sim-ggtimated from the N©and related data obtained for YL us-
llar to those in US air-quality monitoring programit(p:  jng the chemical mechanism and iterative algorithms already
[hww.epd-asg.gov.hk/english/backgd/backgd)pi#pmore  contained in the OBM. Sensitivity calculations in which the
extensive list of species and parameters measured at TO €ag concentrations were allowed to vary within reasonable
be found in Zhang et al. (2004), and the techniques for meagmits at YL indicate that the conclusions reached using the

suring &, CO, NO, N@, and SQ have been described in - o\ calculations were again not substantively affected by
Wang et al. (2003). Given the importance of measuring lowpese approximations.

concentrations of NO in determining N&/OC chemistry . . L o

. . . . In addition, aerosol optical properties including light scat-
regime (Cardelino and Chameides, 2000), we briefly sum-,_ . . . !

. : - -~ . tering and light absorption were measured during most of
marize here the techniques for NO. A sensitive chemilumi-
nescence instrument (with a limit of detection of 0.05 ppbv)
was used at the Tai O supersite, while EPD stations adopte
NO analyzers with a higher limit of detection of 0.4 ppbv.
As shown later, these instruments were adequate to measure
the afternoon low NO concentrations at the respective siteg-4 Collection of whole air samples and analysis for VOCs
during the episode days. and CO

Among these species/parameterg, 8O, CO, and tem-
perature, together with organic compounds, are the criticalThe ambient concentrations ofi<{19 hydrocarbons, CO,
inputs to the Observation Based Model (OBM) used to as-and G-C; halocarbons at each of the sites were determined
sess the sensitivity of local{photochemical production to on selected days using whole air sampling canisters with
changes in the concentrations/emissions ofyN@d VOC  subsequent analysis using gas chromatography. The sam-
(Sect. 3.2). In addition, CO, SCand NG, can be used as ples were then shipped to and analyzed at the University of

the measurement period at Tai O. These measurements were
Hsed to identify whether significant statistical correlations
existed between ozone and particulate matter pollution.
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Fig. 1. Time series of measuredzPCO, NO, NG, SO, temperature, total UV, wind direction and speed, and light absorption from 1
October to 31 December 2002.

California — Irvine. The detailed descriptions of the analyti- campaign, 9 @ episode days were encountered. Of these
cal techniques are given in Colman et al. (2001). 9, 4 occurred during a multiple-day episode spanning 9—
As noted above, hourly speciated VOC and CO concen-12 October (@ maximum = 149 ppbv), 3 occurred during a

trations are needed as input to the OBM for a given site.multiple-day episode spanning 5—7 Novembes (@ximum
However, the VOC analyses made for the 4 EPD sites were= 203 ppbv). The 7 November episode day was especially in-
based on ambient whole air samples gathered over a 24-h péeresting as the peaks@n that day of 203 ppbv is the high-
riod, and thus their use in the OBM required that estimatesest G concentration ever reported for the Hong Kong/PRD
of hourly VOC concentrations at each site be derived. Theregion to date. The two other individualz@pisode days
derivation of diurnal VOC profile is presented in Sect. 3.2.2. occurred on 25 October and 12 November.
In the case of the VOC concentrations at TO, while individ-  Fyrther inspection of Fig. 1 reveals that the Episode
ual samples were generally collected at several times durgays occurred when the total UV was high, the wind speed
ing the day, the frequency of collection was not hourly (seyas |ow, and the wind direction was generally from the
above). For this site, hourly VOC concentrations were esti-north/northeast/northwest, which is consistent with previous
mated through a simple linear interpolation. observations in the area (Wang and Kwok, 2003; Wang et
al., 2003). On some episode days S@ NGO, was high

. . (with concentrations higher than 80% of observation during
3 Results and discussions the whole season) (e.g. 11 October and 7 November), but not
on others (e.g. 9 October). CO was also generally high on
episode days, for example 9-11 October, 25 October, and
5—-7 November. Aerosol absorption was high on 10-11 Oc-
tober and 7 November. On 7 November, wheyr€ached its

Figure 1 illustrates the time series of measurements made &8¢0rd high of 203 ppbv, SONGy, CO, TUV and light ab-

TO during the field measurement period. For the purposes ofOrption were all relatively high. By contrast, note that on 30
the analyses discussed here, we define aepisode day as November, CO, S@) NG, and aerosol absorption were all

a day when the peak one-hour averagedcGncentration at high and the vylnd direction was favorable for the import of
TO (the site where @was generally the highest) exceeded O3 Precursors into the Hong Kong area, and yet, probably be-
100 ppbv. (There were not any days during the measuremerff2use of low tempgraturgs and overcast conditions (i.e., low
campaign when @exceeded 100 ppbv at one of the other total UV), an G episode did not occur.

four sites but did not exceed 100 ppbv at TO, so this defini- In the analyses presented here, we will focus on the afore-
tion is inclusive.) Inspection of Fig. 1 reveals that during the mentioned 9 @episode days as well as an additional negr-O

3.1 Data and diagnostic analysis

3.1.1  pollution episodes

Atmos. Chem. Phys., 7, 553%3 2007 www.atmos-chem-phys.net/7/557/2007/
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Fig. 2. Diurnal variations of @ concentrationsfa) Observed at Tai . ) o
O during episode daygb) Observed at all five sites on 7 November Fig. 3. Diurnal variations ofa) nonmethane hydrocarbons aff
2002. NO observed at Tai O on the episode days.

iFtJLSOde day (8 N?\_/Embg_?fwherg Oeaktiﬁ_atdgl Ppbv to see d‘norning coinciding very high levels of NO (see Fig. 3b) in-
It there are any striking direrences on this day as compare dicating a strong titration of by NO. There are some no-

to the actual episode days. Relevant episode characteristi%ble features of the ©variation at TO. First, @ does not

on each of these days are listed in Table 1. For example, . : ; . :
: begin to increase until late in the morning, and secondty, O
VOC data were obtained at TO on all days but 12 OCtOber’appears to peak early and begins to decline early in the af-

and 7 November was the only day when VOC data were Ob'ternoon, which is similar with the observations of Wang and

et bocarat rasseomt s o s o Kl (200) Ths b coud e bt oighcon

' . centrations of NO (see later discussion), a short period of in-
Rnse sunlight (the episodes are occurring well after the fall
equinox), and transport of air masses of different chemical
characteristics to the site (e.g. the afternoon transport pat-

terns tend to bring air from the mainland).

Figure 2a shows the diurnak@ariations on the episode days  Figure 2b shows the £concentrations at all five sites on
at TO. As is typical of urban areasz@ low at night and in 7 November. As is typical of the area and of all episodes
the morning and peaks during the afternoon. On 25 Octo-encountered during the field campaigrns @as highest on
ber and 7 November, £is almost zero at night and in early Lantau Island (TC, TO), and higher at TO than at TC. The

are subjected to the most comprehensive analysis.

3.1.2 Diurnal variations of ®@and related species

www.atmos-chem-phys.net/7/557/2007/ Atmos. Chem. Phys., 755372007
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Table 1. Days during the field campaign that were subjected to ourin Hong Kong. To address this quest?on, we attempted to
analyses. characterize the degree to which the air masses encountered

in Hong Kong on the @ episode days were impacted by air
transported from Guangdong Province. Each day was as-

DateD Daily maximum 1-h @  Categorizatiof® ~Comment signed one of three possible categories: “L", indicating that
(ppbv) at TO the episode was largely local in character; “L, r”, indicating a
9 October 134 L VOC at TO local episode with some impact from Guangdong Province;
10 October 149 L,r VOC at TO «pY A : . s :
11 October 144 Ly VoG at TO and “R”, |nd|cateq an episode vylth significant |r_npact from
12 October 124 Lr No VOC data Guangdong Province. As described below, two independent
250October 114 L VOCatTO analyses were carried out to determine the appropriate cate-
5 November 104 L VOC at TO f hd onl fth isode d 7N
6 November 129 L VOO at TO gory for each day. Only one of the episode days ( ovem-
7 November 203 R voc atallsites  ber, the most severe episode) received an “R” categorization;
8 November 91 L.r vocatTo 4 days (10, 11, 12 October, and 8 November) received an
12 November 108 L VOC at TO

“L, r" categorization; and the remaining 5 days received an
“L" categorization (Table 1). Thus it would appear that both

(1) All days except 8 November aregg@ollution episode days when

the 1-h averaged §at TO exceeded 100 ppbv. local and transported pollutants can act independently or in
(2) L = local episode concert to bring about ©pollution in the Hong Kong area,
L, r = Local episode with some impact from the mainland although the days with the highest Nonmethane Hydrocar-

R = Regional episode with significant impact from the mainland  bon (NMHC) and NO levels (7 November and 11 October;
Fig. 3) were associated with some degree of regional influ-
ence.

diurnal variations of @ observed at the EPD-operated sites Chemical Tracers: The ratio of the enhancement of CO

are similar to that observed at TO in that thg f@crease  over background values to the enhancement of, Ni2.,

begins late in the morning. However, unlike TO, only the YL dCO/dNG)) in an air mass is a useful diagnostic indica-
site also showed an{peak early in the afternoon; the TC, tor of the relative influence of pollution from South Main-

CW and TM sites showed peaks closer to 18:00. This mightand China versus Hong Kong (Kok et al., 1997; Wang et

be attributed to the different characteristics of the sites. al., 2001a, 2003), because the emission ratio of CO-tQ-NO

Figure 3 illustrates the diurnal variations of total non- from Guangdong and Hong Kong are so different; ielb

methane hydrocarbons and NO at TO on thg épisode  in Guangdong and-1 in Hong Kong (Streets et al., 2003).

days. There are two aspects of Fig. 3 that bear noting. Th&herefore high ratios are generally indicative of air masses

firstis the generally large concentrations of NO that were en{from Mainland China and low ratios of air masses impacted
countered; daytime NO concentrations of several ppbv werdy local Hong Kong emissions.

the norm. Similarly high NO concentrations were also en- In the analysis presented here, dCO/dN&s calculated

countered at the other sites. As later discussion and anafrom the 1-h averaged CO and N@easurements recorded

yses will show, these high NO concentrations directly leadat TO and subtracting the background CO and,NGncen-

to two important conclusions: (1) HONO concentrations in trations from the observed concentrations. The background

the early morning hours may be quite high and may signif-CO and NQ concentrations were estimated in two ways. A

icantly enhance @production; and (2) photochemicalkO “seasonal” dCO/dNQwas calculated using constant back-

production in the area during the episode days was stronglground CO and N concentrations of 211 and 3.37 ppbv,

VOC-limited. respectively. These concentrations are the mean values ob-

The second feature of note is the anomalously high earlyserved for marine air advecting over Hong Kong in the fall
morning concentrations of NO and VOCs (as well as CO andseason (Wang et al., 2001b). A “24 hourly” dCO/dN@as
aerosol absorption, not shown) on 11 October and 7 Novemealculated using the minimum CO and N@oncentrations
ber. These high concentrations suggest that TO was subjeebserved on that day. Figure 4 illustrates the diurnal vari-

to an unusually large amount of pollution during the early ation in the “24 hourly” ratios of dCO/dNpfor each Q

morning on these two days due to unusual weather condiepisode day. (The “seasonal” ratios of dCO/dN@ve the

tions preventing dispersion of air pollutants and/or unusualsame results.) Note that 7 November is the only day with
nighttime transport patterns that brought more urban pollu-consistently high ratios during the late morning and early af-

tants to TO. ternoon (consistent with its “R” categorization). The days
10 October, 11 October, 12 October and 8 November have
3.1.3 Transport characteristics of ©pisode days transient spikes of high ratios and thus have “L, r" catego-

rizations. On the other episode days, the ratios remained low
One of the key questions to be addressed in this study ishroughout the photochemically important period and thus
the relative roles of local emissions and emissions transhave “L’ categorizations.
ported from Guangdong Province in producing gdllution

Atmos. Chem. Phys., 7, 553%3 2007 www.atmos-chem-phys.net/7/557/2007/



J. Zhang et al.: Ozone production and hydrocarbon reactivity in Hong Kong 563

324
Oct 10, 2002

——9-Oct L, T

—a— 10-Oct 2350
11-Oct
—#— 12-Oct
—#— 25-Oct
—a— 5-Nov
—&— 6-Nov
—=— 7-Nov
—+— 8-Nov
12-Nov 23r

9
=
)

-
@
)

Latitude (Deg N)

dCO/dNOQy (ppbv/ppbv)

@
)

0 T T T T T T
11 12 13 14 15 16 , , , , , ,
112.5 113.0 113.5 114.0 114.5 115.0 115.5

Time of Day (hr) (a) Longitude (Deg E)

Fig. 4. Diurnal variations of “24 hourly” ratio dCO/dNgat Tai O Nov 7, 2002
on ozone episode days. See the text for the method how “24 hourly”
ratio dCO/ANG is derived. 1l R

Back trajectories: As an independent check on the results
obtained from the dCO/dNgratios, back trajectories for
air masses at TO during each of thg €pisode days were
calculated. Figure 5 shows the trajectories for 10 October,
7 November, and 12 November illustrating a case of “L,
r’, “R”, and “L”, respectively. The back trajectories were
calculated using the NOAA/ARL HYSPLIT4 model (Hy-
brid Single-Particle Lagrangian Integrated Trajectory model, 140
version 4.6) driven by wind data with a 3-km resolution (P) ol Pee )
calculated by NCAR/PSU Mesoscale Meteorological Model o
(MMS5 version 3.6) (Ding et al., 2004). These plots generally
corroborate the results from the ratio dCO/dNO L

Latitude (Deg N)

Nov 12, 2002

3.1.4 Distribution and speciation of VOCs during the 7
November episode

23.0f

Latitude (Deg N)

To facilitate the analysis of the distribution and speciation

of VOCs observed at the various sites during the 7 Novem-

ber Qs pollution episode, we have grouped the 40+ species

measured at each site into three major types: CO, anthro-

pogenic hydrocarbons (AHC), and biogenic hydrocarbons 20

(BHC), with BHC defined as isoprene and the pinenes. AHC : . : . . .

are further divided into five sub-types according to their e e B eown e "

structure and reactivity with the OH radical in the atmo- (©)

sphere: reactive aromatics (R-AROM) encompassing all aro-

matics except benzene; reactive olefins (R-OLE), comprisingig 5. gack trajectory clusters of air masses arriving at Tai O at dif-

all olefins except ethylene; alkanes with four or more car-ferent times orfa) 10 October(b) 7 November, angc) 12 Novem-

bons (=C4), ethylene (ETH); and the low reactivity hydro- per 2002. The number represent the arrival time of each trajectory

carbons (LRHC) which include methane, ethane, propaneand the open circles show hourly locations. L = local episode; L, r

acetylene and benzene. = local episode with some impact from the mainland; R = regional
Based on the 24-h averaged concentrations of the majogpisode with significant impact from the mainland.

VOC groups and AHC subgroups measured at the five sites

on 7 November, AHC clearly dominates over BHC at all

sites (Fig. 6). Note in the figure that methane is not in-its high concentration. The AHC levels occur in the order

cluded in AHC since its reactivity is extremely low despite YL>TO>TC>CW>TM. Although TC and TO are located

22.5F
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Fig. 6. VOC distribution (in unit of ppbC) at all five sites on 7 ﬂ rlii
November 2002(a) Total VOCs grouped into AHC, BHC, and CO; 0 T T T T T T T T

YL TC

(b) AHC subgroups R-AROM, R-OLE, and=C4. Note for CW,
YL, TC and TM, the values are 24-h averages; for TO, the values
are averages of hourly measurements.
Fig. 7. Propy-equivalents (in unit of ppbC) of different VOC groups
at all five sites on 7 November 200@a) Total VOCs grouped into
i the dosuind ditection of CW and YL, the ANC levels A", C, 01 COL0) A1C sbirows FArOl LE
at thes_e two sites are higher than at C,W’ and the AHC IeveE)r TO, the values are averages of hourly measurements.
at TO is comparable to that at YL. This suggests that there
must be some other significant source of VOCs at TC and
TO other than simply transport from the urban/industrial ar-5¢ each VOC into account, we use a reactivity scale called
eas surrounding CW/YL. Within the AHC group, R-AROM propy-equivalents (Chameides et al., 1992).
is the dominant subgroup, which in turn is richest in xylenes
and toluene, and to a lesser extent tri-methylbenzenes angd,; (propy—equiv)=C; (observedl x [kon(i)/kon(CzHe)] (1)
ethyl-benzene. As was the case with AHC, R-AROM is high-
est at YL and TO followed by TC, CW and TM. The ETH where G (propy-equiv) propy-equivalents (ppbC) of any
levels (not shown in Fig. 6) occur in the same order as theVOC species,
AHC levels, but only contribute about 3% of the AHC con-  C; (observed) observed concentration (ppbC) of species
centrations. kow(i) reaction rate coefficient (molec/éfs) of species i
with radical OH, and
kon(C3Heg) reaction rate coefficient (molec/fs) of
C3Hg with radical OH.
Not all VOCs react at the same rate. In general the rate of re- In this formulation, the concentration (weighted by the
activity among VOCs can vary as much as or even more thamumber of carbons) of each VOC species is re-normalized by
the concentrations of the VOCs in the atmosphere. To take factor that is proportional to its reactivity with OH. The re-
both the concentration (on a C atom basis) and OH-reactivitysulting reactivity is referred to as propy-equivalents because

3.1.5 VOC reactivity
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Fig. 8. Propy-equivalent reactivity fractions of different species to
the total reactivity of anthropogenic VOCs and CO on 7 Novmeber

2002: Toluene, Ethylbenzene, Xylenes and Trimethylbenzene. Fig. 9. Total propy-equivalent reactivity at Tai O on all episode days

in which VOC data were available.

the normalization factor used is the rate constant for propy- ) ) )

lene with OH. The choice of propylene is arbitrary and an- thropogenic VOCs (including CO) at TC and TO and over
other normalization factor could be used with the same re-18% Of that at CW and YL. Toluene follows the xylenes in
sults. the R-AROM group (Fig. 8). At YL, R-OLE also made a

significant contribution to the total reactivity from anthro-

Distribution of Reactivities on 7 November: Fig. 7a—b . ds (about 18%). AtCW. YL TC. and TO
shows the propy-equivalents of different VOC groups at thePO9ENIC cOMpounds (about ). AL » YL, 1L, an !
the contributions from==C4 were also high (about 14%).

five sites on 7 November, and Fig. 8 shows the relative con- .
tributions of different species to the total reactivity of an- ETH apd LRH,C, contrlbuted much I.ess to the total anthro-
thropogenic VOCs and CO. In general the reactivity analysesp()gemC reactivity, with ETH contributed only 2-3% and
reinforce the conclusions reached earlier on the basis of th&RHC 2-4% (not shown).
VOC concentrations; i.e., AHC dominated over BHC, and R-  The results from TM are interesting because even though
AROM was the most important AHC Subgroup_ The above TM is a rural site, the influence of anthropogenic Compounds
result is based on 24-h average measurements of VOC at th@Ppears to have been significant. While the contribution of
four EPD sites and hourly measurements at TO during theBHC to the total anthropogenic reactivity was highest at TM
daytime on 7 November 2002. Since BHC genera”y peaks afabOUt 19%), AHC and CO still dominated. The fraction of
noon, to better compare the contribution of AHC and BHC to CO reactivity to the total anthropogenic reactivity was high-
the reactivity during the daytime, we also used the derived di-€st at TM; i.e.~17% as compared to about 6-9% at other
urnal VOC profile described in Sect. 3.2.2. The results showfour sites. This might be due to the fact that CO has a much
that even at noon, AHC still dominated over BHC with the longer lifetime than most VOCs. As more reactive VOCs are
highest contribution of 30% of BHC to the reactivity at TM. consumed by photochemistry, the relative importance of CO
At other sites, BHC contributes less than 12% (not shown). Will tend to rise. Since TM is a rural site, one might expect
There are a number of additional insights that can be gar€O would account for a higher fraction than at other sites.
nered from the propy-equivalents analysis. For example,on the other hand, the contribution from R-OLE was rela-
even though the CO concentrations were greater than the tdively high at TM (about 10%), and given the relative short
tal VOC concentrations at all sites (Fig. 6a), the total AHC lifetimes of R-OLE, this would appear to suggest that TM
reactivity was greater than that of CO at all sites (Fig. 7a).Wwas directly influenced by local anthropogenic emissions.
This suggests that AHC played a greater role in generating Reactivity at Tai O: Fig. 9 shows the total propy-equivalent
local O3 than CO though CO might have an impact og O reactivity at Tai O on all episode days with VOC data. 11 Oc-
formation on a regional scale because of its longer lifetime.tober and 7 November are similar in that the early morning
Among the AHCs, R-AROM contributed most to the total total propy-equivalent reactivity is much higher than that ob-
anthropogenic reactivity at all sites, accounting for over 50%served later during the day. As the morning progresses, how-
at CW, YL, TC and TO and close to 40% at TM. Of the ever, the total propy-equivalent reactivity decreases rapidly
species included in the R-AROM group the xylenes domi-and by noon the total reactivity on these two days was close
nated, accounting for over 25% of the total reactivity of an- to that on other episode days. As noted earlier, the anomalous
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behavior on 11 October and 7 November may reflect the3.2.2 Deduction of hourly VOC profiles

presence of unusual meteorological conditions that caused

the early-morning accumulation of pollutants at the TO site. Since the VOC data at the four EPD sites are 24-h averages, it
Similar to the situation for 7 November, AHC dominated the Was necessary to derive time-dependent concentrations from
total reactivity on all the episode days, and R-AROM was these averages for use in the OBM. The method for accom-
the most important subgroup of AHC (not shown). The 8 plishing this is based on the entraining Eulerian box model
November episode is not significantly different from other (Seinfeld and Pandis, 1997). Assuming the atmosphere in the

episode days with regard to the characteristics of NO andirea of interest is well-mixed, the concentration of a SDECieS
VOCs. is determined by its emissions, chemical reactions, deposi-

tion (dry/wet), advection, and vertical entrainment. Equa-

. o ... tions (2a-b) give the resulting rate of change with time in the
3.2 Ozone production and relative incremental reactivity concentration of specigs

In this section we present the results of our application of the@ 4 . — ﬂci + _c? — i for d_H <0 (2a)
Observation Based Model (OBM, Cardelino and Chameides,dt  H (1) H(t) T dt
1995) to the data collected at each of the five sites on the 7
November episode and at TO on all episode days. We begin;, gi Va.i C,Q —¢ & —cidH
with a brief overview of the OBM. - m + R — H(t)Ci . H0) I
dH
3.2.1 Introduction to OBM for —->0 (2b)

) ) wherec; concentration (mol m®) of species,
The OBM uses the concentrations of primary hydrocarbons, g emission rate (mol m? s~1) of species per unit area,

NO, CO and @, as well as meteorological data measured H () mixing height (m) as a function of time

as a function of time at a given location as input for a cou- R: chemical production/destruction rate (mot#s1) of
pled set of photochemical box models that calculates the togpacieg

tal amount of ozone that is photochemically produced during va.; dry/wet deposition rate (nT$) of species (assumed
the daytime at that location based on Carbon-Bond IV mechsq pe zero for all the hydrocarbons),

anism (Cardelino a_n_d_Chame|des, 199_5). The model_also C? background concentration (molT#) of species,
calculates the sensitivity of thes(production to changes in 7, residence time (s) of air over the area (which is the ratio
the concentrations. Qf the precursor compoundsj i.e. Relativ%f the length of the box to the prevailing wind speed), and
Incremental Reactivity (RIR). Since thg production of © ¢ concentration (mol m?) of species above the bound-
relgted to the concen_tratlon ofg(at the site, and the concen- 4rylayer (assumed to be zero for all the hydrocarbons).
tration of a precursor is essentially linearly related to its emis-  '£q, gur purposes, the advection teer—C,')/‘L'r in
sions, RIR can be used to assess a given emission reductigfy,g. (2a-b) is combined with the emissionl teym! H (1)

on O3 concentrations at a site without detailed knowledge Oquuations (2a-b) are solved using Gear's backward differen-
the emissions. tiation formula (e.g., see Jacobson, 1999).

Internal tests can be carried out to confirm that the appli- Since emission rates for the different VOCs and their
cation of the OBM to a given dataset is appropriate. Onechemical destruction rates are unknown (in the latter case
test is to assess the consistency of the RIRs across multipleecause OH is unknown), we adopt an iterative approach to
sites and/or multiple days. For example, if the standard erdetermine the hourly variations in the VOC species, along
ror of the mean for the area-averaged RIRs defined in thewvith their emission and destruction rates on the basis of their
OBM is relatively small, the calculated RIRs are more likely 24-h averaged concentrations and other inputs. We begin by
to be robust. Another test is to consider the magnitude ofassuming an initial OH profile and an emission rate for the
the ozone production calculated by the OBM at each siteVOCs, then calculate the time variation in the VOC species.
and compare it to the increment o @bserved at the site The resulting 24-h averaged VOC concentrations thus calcu-
during the episode. If the calculated Production is simi-  lated are compared to the observed 24-h average concentra-
lar in magnitude to the observed increment, it suggests thations, and the emission rates are appropriately scaled to bring
the RIR explains a significant portion of the amount of O the calculated 24-h averages in line with the observed aver-
that appeared at the site and is therefore relevant to policyages. A new OH profile is calculated on the basis of the VOC
making decisions with regard to emission control strategiesconcentrations, and the process is repeated until convergence
As noted earlier, because the OBM uses observed concentrés obtained. In the results presented a 2% agreement is used
tions, it is an observation-based as opposed to an emissioras the basis for establishing consistency.
based model. It complements emission-based models as part In addition to calculating the diurnal VOC profiles, this ap-
of a weight-of-evidence approach to air quality control. proach is also used to calculate the diurnal profiles in HONO,
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formaldehyde and higher aldehydes — species that were no
observed during the field campaign but can impact the OBM 250 |
results. These calculations and their implications are dis-
cussed in Sect. 3.2.3.

Emission Rates: The annual emissions of speciated
anthropogenic VOCs from the NASA TRACE-P project
(Streets et al., 2003) were used to set the initial VOC emis-
sion rates of the VOCs. The diurnal variations in the anthro-
pogenic VOC emissions were estimated on the basis of the
source type: industry and power generation were assumed t¢
have no diurnal variation; domestic sources were kept con-
stant during the daytime and set to O at night (09:00 p.m.—
05:00 a.m.); and mobile emissions were assigned a diur-
nal variation that differed as a function of day of the week
(Cardelino, 1998). The diurnal variations of biogenic VOCs 0
(isoprenep-pinene angs-pinene) were estimated consider- Time of Day (hr)
ing the temperature and solar radiation.

Mixing Height Profile: The mixing height was estimated Fig. 10. Inferred diurnal profile of total reactivity from VOCs at
based on the principle that heat transferred from the surcw, YL, TC and TM and the measured reactivity profile of VOC at
face to the atmosphere results in convection, vigorous verTO on 7 November 2002.
tical mixing, and establishment of a dry-adiabatic lapse rate
(Holzworth, 1967). Here upper air soundings and hourly
temperature were used to compute morning and afternoofhey represent estimates of the sensitivity of thep@duced
mixing heights. The upper air soundings are reported bylocally to changes in precursor concentration/emissions, and
National Climate Data Center (NCDC) and available at thenot of the Q that had been transported to the site. If lo-
NOAA website fttp:/raob.fsl.noaa.go}/ We followed the  cal production represents a significant portion of the total O
approach of Holzworth (1967) with the exception tha€2  increase (or increment) experienced in the area, then this fea-
instead of BC was used to account for the temperature dif- ture of the OBM does not represent a significant limitation.
ference between rural and urban environments and for som@n the other hand, if local production is much smaller than
initial surface heating just after sunrise while calculating thethe O3 increment, then the RIR functions calculated by the
morning mixing height, since Hong Kong has a latitude of OBM are of limited Utility. In this section we examine this
22.32 N and the daily temperature difference between dif- iSsue by comparing the net photochemical productige&-
ferent areas is probably not as much as that at mid-latitudegulated by the OBM at each site with the actugli@crement
The hourly mixing height profiles were obtained by interpo- 0bserved at each site over the course of the episode day.
lating between the morning and afternoon mixing heights, The observed @increment is defined here as the differ-
considering that the mixing height increases rapidly afterence between the pealg@oncentration and the early morn-
sunrise and slowly in early afternoon until it reaches the af-ing Oz concentration. Figure 1la—b illustrates the model-
ternoon mixing height. calculated net @ production and the observedsQncre-

The diurnal variations in the total VOC reactivity at the 4 ment at each of the sites on 7 November and at TO for all
EPD sites on 7 November were therefore derived through th@pisode days, with and without early morning HONO and
above method and illustrated in Fig. 10. Encouraging simi-aldehydes (see discussions below). In general then©
larity is found between the calculated profile at YL and the crement calculated by the OBM agreed well with observa-
observed profile at TO (two sites with similar average reac-tions (within 22%) at all sites on 7 November, with the ex-
tivities), and the inferred VOC diurnal profiles are utilized ception of TC (Fig. 11a). At TO, the agreement between

200 1

150

100

Total propy-equivalent reactivity (pphC)
3
1

for OBM calculations presented below. the OBM and observations ranged from excelleal %)
during the 11 October and 7 November episodes to much
3.2.3 OBM-calculated net£production poorer (58%—75%) during the 6 and 12 November episodes

(Fig. 11b). Generally between 50-100% of thg iGcrease

In principle, the @ that appears at a given site during a observed in Hong Kong during thes@pisodes can be ex-
pollution episode is due to local photochemical productionplained by photochemical generation within the Hong Kong
plus the transport of ©that has been produced elsewhere. area. When HONO and aldehydes were omitted from the
However, the OBM only calculates thes@roduced locally OBM the agreement with observations significantly deteri-
and/or in air masses with similar chemical compositions asorated (Figs. 11a—b). These latter results suggest that early
that found locally. As a result the RIR functions calculated morning HONO and aldehydes concentrations were signif-
by the OBM only pertain to the §produced locally; i.e., icant (as estimated by the OBM), and as a result of the
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0, production on 7 November al., 2003). HONO and aldehydes are fairly reactive and as
a result their concentrations are usually fairly small during
0 % gg?\n 1] i most of the daylight hours. However, at night, in the absence
] OBM w/o HONO and ALD of sunlight and OH, their concentrations can accumulate if
sufficient sources of these compounds are present. Then,
150 - ] in the early morning when the sun first appears, they can
be rapidly photolyzed; one product of this photolysis and
subsequent reactions is OH. Because other sources of OH
100 4 (e.g., @ photolysis) tend to be small in the early morning,
| HONO and aldehyde photolysis can represent a significant
- m early-morning source of OH, and this source can jump-start
50 — the photochemical reactions that lead tooduction. The
net result is more @production over the entire course of the
day.
§ L 7 ] HONO and aldehydes were not measured during the field
R R T ¢ campaign and thus could not be specified in the OBM. We
O, procuction at TO therefore carried out two sets of OBM calculations: in the
calculations labeled “OBM w/o HONO and ALD” the con-
200 - %gﬁfw o (b) centrations of HONO, KCO, and higher aldehydes in the
B OEM wio HONO and ALD morning were get tq zero and allowed to accumula_lte in the
model calculation; in the standard OBM calculations we
150 4 = ] allowed the OBM to estimate the early morning HONO,
I H,CO, and aldehyde concentrations using the iterative pro-

delta O, (ppbv)

% i (] cess described in Sect. 3.2.2. In these calculations, we as-
(‘? 1004 [ - sumed that HONO was produced at night via a heteroge-
P neous reaction involving NO
©
2NO; + H20 *Y™8°HONO 4 HNO; 3)
50 4
We further assumed a mixing height dependent rate constant
—H —H following Harrison et al. (1996):
0 . . . Rate Constant for HONO Productios

T T T T T T T T T T
10/9 10/11 10/25 11/6 17 11/8 1112 3.36 x 1072

(min™Y (4)

Mixing Height (m)
Fig. 11. Comparison of net photochemicag@roduction calcu-  Nighttime losses of HONO include dry deposition (with a
lated by the OBM with the observedsOncrements:(a) all sites  rate constant of 1.2/mixing height (m) in units of mi.
on 7 November; an¢b) Tai O on episode days. Results are shown  The resulting diurnal variations in HONO, formaldehyde
for OBM calculations with and without early morning HONO and and higher aldehydes calculated by the OBM at TO on 7
aldehydes (see text). November are shown in Fig. 12a. Note the high HONO
concentrations (0f~10 ppbv) just before sunrise. As the sun
comes out, however, HONO starts to photolyze and its con-
OH produced by these compounds in the early morning, theentration rapidly drops to sub-ppbv levels. However, as il-
OBM was able to account for much/most of the ozone incre-lustrated in Fig. 12b, the photolysis of HONO in the early
ments observed during episode days when HONO and aldenorning represents a major source of OH in the OBM cal-
hydes were included. Exceptions to the latter conclusion areulations, and, as a result, early morning OH concentrations
TC on 7 November and TO on 9 October, 6 November, andare significantly enhanced (Fig. 12c). Inspection of the fig-
12 November when the calculated; @roduction was sig- ures reveals that although the concentrations of formalde-
nificantly less than the observed increment even with earlyhyde and higher aldehydes are higher than HONO, their im-
morning HONO and aldehydes included. pact on OH production is relatively small. In addition, after
The Role of HONO and Aldehydes in Early Morning ~1100h, HONO concentrations have fallen sufficiently and
Chemistry: Previous investigators have found that the pres©Os photolysis takes over as the dominant source of OH. Al-
ence of HONO and/or aldehydes in the urban atmospherécke et al. (2002, 2003) also found a larger contribution of the
in the early morning hours can significantly enhance theHONO photolysis to the OH budget compared to the photol-
amount of @ produced over the course of the day (Jenkin ysis of formaldehyde (HCHO) ands0n the early hours of
et al., 1988; Alicke et al., 2002, 2003; Finlayson-Pitts et the morning based on studies in Milan and Berlin.
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Similar results are achieved at CW, YL, and TC on 7
November (not shown), suggesting that HONO played an
important role in the early morning chemistry provided that
HONO was present at the concentrations derived from the
OBM calculations. Early-morning HONO concentrations of
~10ppbv in the Hong Kong area do not seem unreason-
able given that Hu et al. (2002) observed peak early-morning
HONO levels approaching 12 ppbv in nearby Guangzhou in
June 2000. Nevertheless, because HONO was not measured
during the field campaign, future field experiments will be
needed to determine whether the OBM-based predictions of
high HONO concentrations in the early morning in Hong
Kong area and the resultant enhancement in early morning
OH production rates are appropriate.

3.2.4 Relative incremental reactivity

RIRs on 7 November: Fig. 13a—b shows the calculated RIRs
for AHC, BHC, CO, NQ, and each AHC subgroup at each
site on 7 November, and Fig. 14a—b shows the area-averaged
RIRs for each precursor group and subgroup. The AHC
group shows by far the highest RIR, meaning that AHC is the
most important group in producingsOBHC has a signifi-
cant RIR at TM, the most rural site, but even here AHC has
a much larger RIR. Not surprisingly (in light of the reactivity
analysis presented in Sect. 3.1) R-AROM has the largest RIR
among the AHC sub-groups.

The RIR for NQ is negative at all sites except TO where
it is essentially zero (Fig. 13a), and the area-averaged RIR
(the ozone-production weighted average at the five sites, see
Cardelino and Chameides (1995) for the method of its cal-
culation) for NQ is also negative (Fig. 14a). This negative
RIR for NOy is the result of titration and radical scaveng-
ing due to the relatively high NO concentrations that were
typically encountered at the sites during the field campaign.
The results suggest thag@hotochemistry is strongly VOC-
limited throughout the Hong Kong area, and that initial re-
ductions in NQ emissions in the area would actually lead to
local O3 enhancements. The standard ekroof the means
in the area-averaged RIRs tends to be relatively small when
compared to the RIRs themselves (Fig. 14a and b). This sug-
gests that, at least from a statistical point of view, the RIR
functions calculated here are robust.

OH production rates at TO (ppm/min) Concentrations at TO on 7 November (ppbv)

[OH] at TO (molec/em’)
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Fig. 12. (a)OBM-calculated concentrations of HONO, formalde-

RIRs at TO: The calculated RIRs for the majos recur-

hyde and higher aldehydes at Tai O on 7 November 2@bg;

sor groups at TO on the episode days with VOC data generopwm-calculated OH radical production rates from the photolysis
ally confirm the results obtained from the other sites for theof 05, HONO, formaldehyde and higher aldehydes at Tai O on 7

7 November episode. AHC is the dominant precursor groupNovember 2002(c): Comparison of OBM-calculated OH concen-
with largest RIRs, and, among the AHCs, R-AROM domi- trations at Tai O on 7 November 2002 with (black line) and without
nate (not shown). On all days except 9 October the RIR for(red line) inclusion of early-morning HONO and aldehydes. Note

NOy was negative, and thus N@ended to suppresss@ro-
duction on most of the episode days. The anomalous result
for 9 October can be attributed to the fact that the NO concen-

the different time scales for the x-axis.

trations were lower than on other episode days; the maximum It is worth noting that the conclusion of the VOC lim-
NO concentration on 9 October was only 5.5 ppbv, comparedted chemistry based on OBM calculations is also supported

to maxima of 7.6—-95.4 ppbv on other days (Fig. 1).

www.atmos-chem-phys.net/7/557/2007/
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Fig. 13. Calculated RIRs for various majorsrecursola) groups  of the means for various majorsOprecursor(a) groups andb)
and(b) subgroups at all five sites on 7 November 2002. The methodsybgroups on 7 November 2002.
by which RIR was estimated is shown in the text.

versus NQ at Tai O (figure not shown) which shows that the culations were obtained, the essential results are the same;
data points fall in the VOC-limited regime as suggested byi.e., the RIRs for AHC are large and positive and the RIRs
Sillman and He (2002). for NOy are negative at the four EPD sites and small at TO.
Sensitivity of RIRs to Model Uncertainties and Model In- However for a detailed examination of photochemical pro-
puts: there are a large number of input parameters and mod&€sses, hourly data on VOCs would be desirable.
formulations in the OBM that are uncertain and add uncer- We also examined the sensitivity of the OBM results to
tainty to the RIR-functions calculated by the OBM. However, the methods used to calculate both the inputs into the OBM
we have carried out sensitivity studies on the input concenand the RIR functions. In the standard model, the hourly-
trations of VOC, CO and NO. The formulations include both averaged concentrations input into the model are arithmetic
+10% and—10% of the change in the precursor’s concentra-means of the high-resolution data collected at the sites. The
tions in the calculation of RIRs. In all cases, the major re- RIRs were calculated from the difference in the ngtpo-
sults were essentially the same. For example, we compareduction for the observed concentrations and for20% of
the RIRs obtained with the standard version of the OBM us-change in a precursor's concentrations. Using geometric
ing diurnal profiles for VOC species (Sect. 3.2.2) with OBM means of high-resolution concentrations of CO and NO and
results obtained with constant VOC concentrations as a funcusing a +10% change in a precursor’s concentrations, our re-
tion of time of day. While differences between the two cal- sults were unchanged.

Atmos. Chem. Phys., 7, 553%3 2007 www.atmos-chem-phys.net/7/557/2007/



J. Zhang et al.: Ozone production and hydrocarbon reactivity in Hong Kong 571

Applicability of the Autumn Results: The findings thatthe  Our analyses were on measurements at certain locales and
O3 photochemistry in the Hong Kong area is strongly VOC- during certain time period. Therefore, the data that form the
limited and dominated by anthropogenic VOCs, especiallybasis for our analyses are spatially and temporally limited.
reactive aromatics, are robustly supported by data that wer&urther studies are needed to confirm and quantify the role
gathered during one autumn. A comparison with the resultof HONO in early morning chemistry. While a preliminary
from a similar analysis of summer episodes observed at Tacomparison with the results obtained during summer both in
O and at an inland PRD site (Wan Qing Sha) suggests thaitlong Kong and at a PRD inland site suggests that the conclu-
these conclusions generally hold for inland PRD sites duringsions obtained in the present study generally hold, analysis
a majority of summer episodes, although natural HCs couldof data collected from more areas in the PRD would be valu-
play animportant role during summer at Tai O (So and Wang,able to characterize additional areas of significagipOllu-
manuscript in preparation). Undoubtedly, analysis of datation and to determine the relative roles of anthropogenic and
from other areas in the PRD would provide more insightsnatural VOCs and the VOC- versus Kdmitations of the
into O3 photochemistry for the whole PRD region. O3 photochemistry.
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