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Abstract MAQS is the Metropolitan Air Quality Study, a muli-million dollar scientific investigation of photochemical smog
and fine particle poflution in the major urban and fndustrial area of New South Wales on the east coast of Australia, extending
from Newcastie-Hunter Valley/Central Coast/Sydney/IHawarra-Wollongong. As part of a consultancy for MAQS, we have
extended and appled the detaifed prognostic numerical air poliution transport and dispersion model, LADM, to several
simolations of local and inter-regiona! air pollution events for the region. The investigation has highlighted (1) the large
uncertainty in specifying surface synoptic metecrological data on high poltution days, (i1} ‘Ehe ahility of LADM to predict well
the lacal winds and temperatures, even without agsinilation of observational data. (113) the need to incorporate observations of
surface and upper air winds © give sceuraie air frgjectories, (iv) that days conducive to $8a-breeze conditions are the key to the
meteorology of high pollution in the MAGS region, and (v) that poor dispersion in the Sydoey basin also implies nter-regional

wransport: from the Newcastle and Huanter Valley region to parts of Sydney, or from much of Sydney to the Hlawarra,

1. INTRODUCTION

Exacerbated by the recirculation of air in sea breezes, Aus-
tralia’s large coastal cities with sunny climates experience
the most intractable form of air pollution—photochemical
smog characterised by the presence in the air of excessive
concentrations of ozone gas, a respiratory irritant (Manins e
al., 1994). Figurc 1 shows that there has been some success
in reducing the problem in the largest cities of Sydney and
Melbourne, but that there is no cause for complacency,
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Figure 1. Number of days when peak 1-hour ozone concen-
trations exceeded 80 ppb in selected Australian cities,
1979-93 {courtesy S. Ahmet).

In 1993 the Envirowmen: Protection Aunthority (EPAN} of
New Scuth Wales {(NSW) initiated the Metropolitan Air
Quality Study (MAQS). EPAN was anticipating a big popu-
fation growth in the major urban and industrial area of
NSW, viz Newcastle-Hunter Valley/Central Coast/Sydney/
Hlawarra-Wollongong (shown in Figure 2), cognisant of
predictions that an expansion in the western part of the
Sydney basin could lead (0 a deterioration of air quality

{Hyde and Johnson, 1990). MAQS is a multt-million dollar
study of the present and expected future air quality in the
region. The study has involved the enhancement of existing
air guality measurement sites. establishment of additional
sites, funding of health smdies, and scientfic swudies of
pollution mechanisms including numerical modelling, This
last component of the stady was contracted out to a consul-
tancy team managed by Coffey Partners Imernational. The
tasks were 1o develop and validate an emissions invemory
and a set of modelling tools for the region. These tools
would be passed on o0 EPAN ar the end of the study to assist
in furure assessment of urban and industrial planning issues.

The MAQS consultancy consisted ot four major tasks:
1. Alr Emissions Invemory (done by EPA of Victoria),

2. Meteorology - Alr Movements (Macquarie University
and CSIRO Division of Atmospheric Research);

3. Air Chemistry (CSIRC Coal & Energy Techaology )

4. Development of Alrshed Models {(EPA of Victoria).

Here we describe the meteorological modelling component
of the Meteorolagy - Air Movements task. The Environmen-
tal Consulting and Research Unit of the CSIRG Division of
Ammospheric Research conductad  selected  numerical
meteorological simulations for the MAQS region based on
high pollution days categorised by Macquarie University
using bhistorical data. The meteorological predictions were
used as Input to other MAQS tasks: Air Chemistry, and
Development of Alrshed Models simulating smog formuation
and dispersion, In Section 2 we describe the modelling sys-
temy used for the study, the configuration of the model for
MAQS, and some resulis. Section 3 focuses on a dewailed
case study day for Sydney, and Sceron 4 summarises the
results from  various types of high pollution scenarios
identified in the study.
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Figure 2. (Top) One of the 10 km spaced grid domains used
by LADM (5.0, 2,5 km grid domains are marked inside i0),
showing the extent of the MAQS region (4G0 km across).
(Botom) A 2.3 km spaced grid domain for the Sydoey Basin
{100 km across).

2. MAQS METEQROLOGICAL MODELLING
While extensive surface wind and temperature data are avail-
able in MAQS from 20 or more sations throughout the
region, the only upper air data arg from the airports on the
coust at Mascot and north of Newcastle (Figure 2). For air-
shed modelling of inter-region transport and smog dispersion
10 be successful, it is essential to have detailed dat on the
apper-air winds, the height of twbulent mixing in the
atmosphere, and on the winds between the population
centres. The approach adopted for the meteorological mod-
elling for MAQS was the only one possible in the circum-
stances—we used the Lagrangian Atmospheric Dispersion
Maodel (LADM), & complete air poliution modelling system
described by Physick er al., (1994) and Physick (1993),

LADM has taken over 10 vears to develop and has heen
applied o numercus alr pollution studies across Augsralia.

2.1 LADM
LADM is a two-part prognostic model:

1. The first part is a mesoscale meteorological mode! which
solves the primitive equations for fluid flow, prediceing
the three-dimensional local winds, turbulence, tempera-
ture and mixing heights on a grid in a complex geo-
graphic region using terrain data from Hutchinson er af.
{1991). This semi-implicit model uses Lagrangian tech-
nigues; it is a fast (hydrostatic assumprion) weather-fore-
casting moedel with long- and short-wave radiation
schemes and a full vegetated surface scheme. The mod-
elled region must be so large as to include all relevanc
terrain that causes the local wind o deviaie from the
farge-scale (synoptic) wind. The predicted winds and
mrbuience parameters for every grid point are saved at
frequent imervals for amalysis or use by the second
component of LADM.

2. The second part is a Lagrangiau particle dispersion
model. This predicts the transporr and  diffusion
{including plume dse for hot emissions) from the
pollutan: sources wsing the wind data and turbulence
characteristics predicted by the meteorclogical model. A
stream of particles is released from each source at & rate
proportional to the specified emissions. Fach particle is
tracked as it is moved in the wind and by random
perturbations  simulating  the wrbulence. To  predict
ground level concentrations the number of patticles in
surface-located boxes i3 counted over an averaging time,

2.2 Rupning LADM in MAGSH

For MAQS two sets of gested grids were used: one set
covering the Sydney and THawarra sub-regions, and one set
covering the Syduey and Newcastle sub-regions. The grids
had horizontal dimensions of 40x40 points and 20 points n
the vertical. The horizontal grid spacing was 40 km, 20 km,
10 kan, Skm, and 2.5 k. Figure 2 shows 10 km, Skm and
2.5 km spaced grid domains. Nofe that 40 km and 20 km
spaced grids weve run merely 10 s&t up realisuc boundary
conditions for the 10 km grid, thereby reducing the effects
of impased boundary conditions on the outer nest.

The modst was geperally started at 0300 hr on simulation
day 1 and run for 63 hours through to 1800 hr on simulation
day 3. Results from simufation days 2 and 3 are taken to
correspond to 2 48 hour period of interest. Two kinds of
invesdgations were performed in MAGS:

s ‘Generic’ modelling imposes the large-scale (*geostroph-
ic’y winds to drive the simulation without much concemn
with accuracy in reproducing local observatdons. This is
done w help identify the mechapisms which characterise
the type of days being modelied {(2g: summer poor dis-
persion days in Sydney). The results are used 10 enhance
understanding of available data and the general character-
istics of the category of day being considered.



v Cuase study” modelling s performed in order o deseribe
as much deiall abour a particular day as possible. It
lnvolves first using the generic modelling approach, and
then refining the imposed conditions (usually 0 a much
greater degree than the accuracy of the available geostro-
phic wind measurements), until good agreement i3
obtained in dewiled comparisons berween predicied and
locally observed mereorological variables.

13 Feb "93

1.3 A Summertime Pollution Day in Sydaey:

A COMMON summer p(?“ufii?ﬂ situarion in the weseern Td“il‘m

of Sydney has a broad area of high pressure off the east
coast leading o large-scale portherly winds. Nighttime

drainage flows in the Sydney basin and from the high slopes
move cold air to the nonth towards Richmond (Figure 2) in
the lee of the Blug Mountaing and (o the east towards the
cenire of Sydney, As the alr travels over densely seteled and
industrial areas in the inper western suburbs, 1t accumulares
pollurams. The air then flows out o sea during the morning.
With the onset of the sea breezz the same air is frequendy
rerurned, travelling westward and reaching the wesern Basin
pear Penrith or Campbelltgwn in the afternoon,

To simulate these conditions, LADM was run by imposing a
steady S m 57 northe erly geostropbic wind at the surcface,
backing to westerly by 2,300 m above sea level, A4l the fea-
tures discussed above are shown in Figure 3 and compare
well with observed data: the 1500 hr surface wind arrows
show the presence of the sea brecze: the heavy lines show
the paths followed by selected air parcels—the numbers
indicate the parcel positions at the marked times. One path
line shows that overnight there is a light northward drift in
the western basin. Further to the east, the other path line
shows polluted air that flows offshore in the early mr)minﬂ
is returned in the sea breeze to the western suburbs, by ther
transformed in the sunlight to photochemical smog,
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Figure 3. LADM predictions for a commion summertime
pollution day in the Sydney region {100 km east-west):
1500 tir on 13 February 1991, Also: selected air parcel

erajectories wids time marks.
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2.4 Extensions of LADM for MAOS

The dam from the predicred windfields were required for the
airshied smog modelling of days with extensive surface
observations. necassizating the following important capabili-
ties of LADM being completed during MAQS:

e incorporation of time varying synoptic winds:
s accounting for cloud cover effecis on surface radiadon:
o assimilation of wind observations.

2.4.1 Time-Varying Synoptic Winds

To account for the variation of synoptic condidons over the
three day simulation periods used for MAGS. LADM was
modified 0 incorporate  tme-varylng  synoptic  winds,
potentially allowing a more accurale soludon w0 be
generated. Usoally, sypoptic conditions change on time
scales of the order of several hours: for MAQS the imposed
geosirophic conditions were changed approximately every
six hours. Note thar the mode! cannot presentdy account for
horizontal variations of the synoptic conditions across the
modelling domain, such as occurs during the passage of a
cold front.

An example of the effect of die variation of synoptic winds
with time s given in Figwe 4: it shows the predicied
movement at 0000 hr on 3 and 4 January 1993 of tracer
particles from elevated point sources in the Upper Hunter
Valley west of Newcastle, as well ag from sources oun the
coast. These davs were similar to that discussed in Section
2.3 but the modelled synoptic winds were stronger {10 m 57
and were ar first from 30°, backing 10 be from 0° by
0000 hr on 4 January.
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figure 4. Predicred particle positions for two 500 m high
point spurce relesses from the Upper Hunter ¢, and Central
Coast 4, and d 200 m high release from near Newcastie 4
at 0600 br on 3 January (top) and 4 January (bottom) 1993

With a change of ondy 307 i synoptic wind direction over
the periad, the winds channelled by the Humnter Valley have
changed from being up-valley {towards the west) w belng
down-valley (out to sea). Indesd, lnvestigation showed that



as little as a 10° changs in synoptic forcing could give the
same resulr on dhese kinds of days—so long as the synoptic
forcing has 1o easterly compunent, the predicred winds 1o a
deep layer in the Hanter are down-valley, otherwise they are
ap-valiey. The predicdon is suppored by qualitative analy-
ses of data on surface winds, but thess arg oo subject ©
channeliing for this o be a definitive wst of wind direcrions

at upper levels.

2.4.2 Cioud Cover Effects of Burface Hadiation

Some of the days studied in MAQS were chavacrerised by
the presence of clouds, Regional pradicive models ge nerally
either cannot account for effeces of cloud ar all, or eat them
in such great derail that the model performance is compro-
mised. In LADM the effect of cloud cover has been included
only insofar as it affects surface radiation. This was done by
fiwing simple formulee o predictions from & detailed
radiation model {Boers and Michell, 1994) for two cloud
types and three heighe levels. The formulae account for the
increase in net longpwave radiation and decrease in net
shortwave radiation at the ground due o cloud cover, The
figed data were obtained from Australian observer informa-
Homn at nine almpors averaged OVEr SEVEN YEars.

As demonstration of the effect of using the new formulae, a
test using LADM for three specific cases of cloud cover was
performed:

t. Mo cloud cover

2. Full cover of mixed cumulus/stratus

3. Full cover of stratus cloud

The results show that for both cases 2 and 3 the near-surface
temperature MURima at night are up to +3.4 K greaer than
in the no-cloud case. The daytime temperature maximum for
case 2 (mixed cumulus/sirarus) was minimally affeceed {due
to increased longwave bur decreased shortwave of approx-
imately the same osder). However, for the case of siratus
cloud, the difference in daytime mazimume (emperaiure was
as much a5 4.4 B These changes could significantly affect
predictions of three-dimensional local winds in complex
errain, including a reduction in the ‘:p&r‘:d of drainage winds
overnight in valleys, and a reduction of sea-brecze mrww{h
during the day for coastal sites. Purther detalls are given n
Hurley and Boers {1995).

2.4.3 BData Nadging

Since an extensive nerwork of wind ohservation stations was

available in MAQS. a four-dimensional daw assimilation
method was employed to Improve the predictions from
LADM. One way is to assimilate measursments as an extia
torcing term io the horizontal momentum egoaiions, The
model solutdon near these sites is thereby ‘nudged’ towards
the measured winds, This wechnique has been used in vartous
forms 18 the past, particuiardy for synoptic scale predictions
by weather forecasting models. For the MAQS case sy,
we implemented in LADM an assimilation rechmaue used by
Stauffer and Seaman {19943, The approach was applied
the horizontal velocity variables (¢, V), but not 1 temperaure
due to the detrimental effect it can have on the structure of

the convectdve boundary laver (Swmuffer er afl., 1991). An
example of the method in operation is given in Section 3.

Far a varabie & at grid polnt {(i/ 4 the prognostc
momenum eguation fakes the form:
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where the frst werm (7 on the right hand side of the
equation i3 the normal forcing won for u, and the second
erm s an additional daia nudging acceleration term, where:

= weirhting function made up of hordzontal {wy, },

vertical (4w, 1, and ime () weights:
for O, 2 R_;

for D, = A,

s

es lnearly with height from a value of 1
t the ohservation height 1o a value of 0 at another

’ncig‘nt (eg 50 m);

w,, = piecewlse linear function within a specified tme

w0
window (eg ¢+ + 30 min), ranging from a maximum

of 1 in the middle of the window o O outside:

= model value of « interpolated to observadon point

i, = measured staion value of variable u;

&, = nudging coeflicient (5™

¥, = data confidence factor [0,.. 15

7, = station horizonad rading of influence (m);

£, = distance from grid polnt w sttion location {m),

Ao the mumber of siation observanons.

3. MAQE CASE STUDY DAY (9-10 FEBRUARY 19%4)

The period 9-10 February 1994 was selectzd as a case study
‘day’ because of the abservations of high ozone levels in the
southwest of the Sydaey Basin and the completeness of
monitoring data. The days were characeerised by a high
pressure system off the NSW coast divecting northerly gradi-
ent winds over the Svdney region. Profiles of wind at
hasco: show thar north-northeasterly flow ocourred in the
lorwest 1,000 m throughout the period, backing with height

he westerly By 2,000-3.000 m. In the period, the high
drifted slowly eastward but for modelling purposes, was
considered to be statonary.

Overnighs surface winds were Hight, and increased during the
day with the passage of the sea breeze across the region
Winds at the coast were stronger than av infand sites.
particularly overnight. Wind direction at the coust remained
north-northeasterly thronghout the day, while a light scuth-
erty flow was apparent in the western hatf of the basin



avernight, with northeasterly to easterly winds in the after
noon sea breeze.

3.1 The Geostrophic Winds and Initial Conditions

Inital conditions and the geostrophic wind forcing are given
in Table 1. Sea surface temperature was specified as 293 K,
and the mean sea level pressure was 1LOLS hPa. A surface
roughness leogth of 1m was nsed, and 2 soil moisture
content of .20 was taken, based on an analysis of rainfall
data for the previous 12 months at Mascot Airport.

Tabie 1. Profiles of geosuophic {and initialy wind speed
and direction, and initial potential emperature and mizing
ratio for 9-10 FPebruary 1994,

Height Wind Wind Potential Liixing
{1} Spead Direction Temperature Ratio
(ms") () () (gkg’
i} 13 ] 298 150
300 13 20 303 [3.0
1,000 I3 20 306 5.5
1,300 13 330 309 5.5
3,000 13 240 313 4.0
3,000 13 210 323 0.1
3.2 Data for Nudging

Surface {10 m) ansmometers provided wind speed and
direction throughout the study area: data from 17 sites were
used. Temperature and solar radiation measurements were
also available from eight sites.

The simulation with data nudging required the ioput of the
hourly average measured wind data and associated variables.
The other main nputs were a 10 km radivs of influence (£),
a mudging coefficient (G,) of 0.002 57, and an assumed data
confidence factor {v,) of 1. Oy surface winds were nudged,
due to the lack of detailed wind profiles in the region.

3.3 Predictions of Winds and Temperatures at biles

Scatter plots of predicted vs observed u- and v-components
of the wind and temperature (T} for the final case smdy run,
without and with data nudging wers prepared. The results
without nudging give R® correlation measures of .48, 0,34,
and 0.89 for u, v, and T respectively: there Is an over-pre-
diction of low wind speeds. an under-prediction of high
wind speeds, and an under-prediction of minimum mpera-
tures, As would be expected, the changes in the solution due
to nudging were most prooounced at the observation sites.
The results, shown 1 Figure 3, give improved 7% valuss of
(.73 and 0.68 for u and v respectively. and a slight deterio-
ration in the temperatures with an R value of 0.79.

It the constraint of exact time matching was relaxed (allow-
ing the predicions to be shifted by one hour from the
measurements), the degree of scatter reduced, resuliing in R
rahues of 0.65, 0.55, and 0.93 withour nudging. and 0,84,
0.75, ant 0.91 with nudging, for u, v, and T respectively,
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Figure 5. Scatter plots of () u-component, (b) v-component
and (c) temperature at 17 monitoring sites in the Sydney Basin
nudged for every hour of 9 and 10 February 1994,

Figure 6 shows z comparison of predicted versus measured
wind speeds and directons for the case study withour and
with data nadging for the inland site of Liverpool. Gener-
ally, results on a site-by-site basis show a trend of lght
winds overnight angd stronger nordieasterly o easterly sea
bregze flow during the afterncon, The sorengths of the winds



were predicied well at nearly all sites except for an overnighe
over-prediction on the western slopes of the basin, and a
daytime overprediction at some central basin sites. The wind
direction was generally prediced well when the wind spead
was significant. Some of the differences may be explained
by examining site locations and determining the importance
of Iocal effects wot resolved by the model, such as channel-
{ing by small scale focal terrain, and building effects.
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Figure 6. Comparison of observed wind speed and dizrection
at the Liverpool air monitor with predictions from LADM.

3.4 Wind and Trajectory Predictions

Figure 7 shows an example of the predictions of winds at
1300 hr for the whole Sydney hasin. By this time the sea
breeze, which had formed at the coast by mid-moring, has
travetled across much of the grid area producing northeaster-
Hes at the coast and gasterlies inland. The lighter north-cast-
erly winds in the north of the western basin and the stronger
easterlies to the south are a consistent feature of the predic-
tions on many of the modelled days.

Three-dimensional dispersion calculations were performed
for notional sources for the case study day to assist the lnter-
pretation of wind flow patterns and indicate pollutant trajec-
tories from these sources. Trajectories were caleulated using
data from the nudged run with the Lagrangian particle model
component of LADM.
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Figure 7. Predicted 10 m winds at 1500 hr in & siroulation
of 9 February 1994 in the Sydney Basin,

For'the Sydney study region, particle releases from three
notional sources were made {locatons shown in Figure 2):

=  Sydney central business district (CBID) area source;

s Infand Stlverwater 200 w1 high point source;

e Southern Kurnel! 200 m high polot source.

Predictions of particle positions at 0600 v on 9 Pebruary
19%4 are shown in Figure 8. Overnight surface epnssions
from the CBD wers caugly in light northeasterly flow near
the coast, travelled inland in an easterly flow, and then in
light southerly flow in the western part of the basin: a
consequence of terrain blocking of the winds (see ¢g Manins
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Figure 8. Predicted particle positions for an area source
release from Sydoey CBD ¢, and 200 m high point source
releages from Silverwater THand Kumell A at 0600 hrina

simulation of 9 February 1994,
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and Sawford, 1982), By sunrise. CBD pollutants are spread

over most of the Sydney basin floor, covering the south-
gorth extent of the grid domain and the west-east gxient in

southern Sydney; a broad L-shape pattern was formed. Even
s0, the majoriey of the particles are in the
the basin. Pollutants from the notional source at Si
followed a @imilar path to the surface CBD emi
throughouwt the period. Particles from the source located at
Kurnell travelled down the coast throughourt the simulation,

Iverwarer
s

Particles released from elevated sources on the Central Coast
are pradicted also 1o have sniered the basin on 16 February,
Qvernight panicles drifted over Sydney CTBD and then
followed the Silverwater particles notthward in the western
basin to Richmond and beyond. Later in the day they were
predicted w have mken a more direct route to Richmond.
The presence of emissions from either source could be the
explapation of elevated sulfur dioxide readings recorded at
Richmond at different times on that day.

3.5 Sensitivity of results

The specification of nital profiles of synoptic winds is only
acourate to within approximately 2w s and 25°. This is
due to the difficuliy in interpreting synoptic pressure charts
in slack gradiemt situations, and the nesd to eliminate any
mesoscale effects from available measurements. The case
study simulation was the result of & multinude of modet runs,
made in order to refine the inital and geostwophic conditions
to produce model predictions in fine with the detailed struc-
ture of the observed flow conditions. Geostrophic and initial
wind directions below 1,000 m were varied between 10 and
30° with wind speeds ‘varyme between 7 and 15 m 5" —final

values used were 13 m s and 15-207 in the lowest 1,000 o,

A major reason for choosing the selected run over the rest of

the sensitivity rung was that the slightly more nordierly wind
direction in the lowest 300 m produced more northerly drift
at around sunrise. This was a critical feature for the
positioning of the urban plume o the south of the CBD.
This cnabled the sea breeze fo transport the plume to the
observed southern region by mid-afternoon. Alrcraft ascent
data from Mascot confirmead that the winds besween the sur-
face and 500 m showsd significant north-northwesterly to
northerly components. Such observatons were more consist-
ent with the selected run. These westerly component winds
were ot seen in the north-northeasterly surface winds both
measured and predicted at the coast,

4, MECHANISMS LEADING TO HIGH POLLUTION

The following describes some of the major findings from the
Metenrology - Air Movements task, determined by a
combination of LADM modelling and data analysis.

4.1
Poor dispersion days in Sydney also end 1o be conducive 10

inter-regmonal transport, either o Sydney from the Newcastle
region, o from Sydney o the [Hawarra,

Inter-regional transport

southern half of

L]

~3

wastle and Sydney emissions

Southward cransport of Ne

¢ During the afternoon. surface and elevated emissions
within north-northeasterly synopric winds and north-
gasterly sea breezes can travel overland from Neweastle
and the Ceniral Coast into the Sydney reglon. Pollutants
could be mapped in stable lavers over the basin over-
night and be fumigated o the surface nexs moming.

= Under snorth-nortiwesterly syooptic flow  condidons
slevated emissions from Newcastle and the Cc:mrgl
Coast, transpored out 0 s2a 1o offshore drainage flo

can be carried onshore over Sydney in the gea breeze.

»  Elevared releases in the Upper Humeer Valley can travel
to Newcastle under northerly synoptic winds if there i3 a
westerly component 0 the synoptic flow (but not when
there 1s an easterly component 0 the synoptic flow).
Poliutants can be then carried into the Sydney basin
within a northeasterly sea breeze, Gr they can be trans-
ported directly v Sydney overnight, fumigating to e
surface on the m iowuw mOIming.

e If there is a westerly component to the synoptic wind,
Sydney surface and upper level emissions can be trans-
ported out to sea overnight and in the morning. Carmed
alnwn the coast as a wide plume, the emissions can
s rive off the Hiawarra coast dwoughow the morniong

and afternoon. The sea breeze then brings this bread

plume of pollutants ashore over several bours.

Northoward traasport of Sydnev and Hlawarra emissions

s Surface and elevated pollutant releases can travel from

the Mawarra w the Sydney basin under nightime con-
divions  when  syvoptic  winds  bhave  a  southerly
COMponent.

ce and elevated pollintant releases can travel over-
southwesterly
Newceastle by

»  Surfa
night from Sydney to Newcastle under
symptic winds, and can he broughi inio
the dayime sea breeze,

«  Southerly synoptic change conditions can also transport

Sydney or Hlawarra emissions northwared,

4.2 Locally peor dispersion

Svdney sunmersime conditions

= The maovermnent of the sea breeze across the Sydney basin
is cousistent with the afternoon peaks of ozone observed
in the sea-breeze front in the west and soudnwest pars of
the Sydney basin.

Sed

e [ there is no westerly component to the synoptic winds,
Sydney emissions siay within the basin, spreading out
from the coast t0 the western edge of the basin where

drainage flows and

build-up of czone.

they can be caught in southerly
comribute to the observed morning

e« The combined effect of overmght southerly drainsge
flows in western Sydney and northerly synoptc winds
a closed north-south vertical rotor

aloft, can induce



circulation. Sydney emissions caughe in this circuladon
could be fumigated to the surface in the morning.

¢ In north-gortheasterly syooptic winds, overnight block-
ing of stable tflow by the wpography of the Sydaey basin
leads 1o a clockwise circulation. The result i3 southerly
flow up o 1,000 m deep in the western halt of the
hasin., However, there are no upper level measurements
available in the wesiern region to confirm this sffect,
and winds ar the coast give no indication, showing
northeasterly flow ar the coast.

Svdney wintersime condifons

s Winer poor dispersion days in Sydney with light
westerly synoptic winds were shown to be prone to the

accumulation of fine haze parbicles as a result of

overnight trapping within light synoptic winds, late
afternoon sea breezes, and cold-alr drainage flow
overnight.

Hawarra in peor dispersion conditions

s The observation of high readings of sulfr dioxide
around Wollongong are consistent with Port Kembla
emissions fumigadng w0 the ground there i the late
morning, as south-southiwesterly offshore winds are
digptaced by an onshote southeasterly sea breeze.

Newcastle in poor dispersion conditions

+  When northwesterly synoptic winds changs to a
southerly direction, emissions from Newcastle can be
returned onshore as a result of the combined effect of
southerly synoptic flow and & northeasterly sea bregze.

5. CONCLUSIONS ON PROGMNOSTH. MODELLING

e The pocentzingy in specifying surface synoptic meworo-
logical data on high polution days is very large (no
better that approximately 2m s and 25%)—ir is even
targer aloft,

= While verification of LADM performance has been
nossible, absence of upper air data n key reglons has
left major predicrions unvalidaied.

e BEven withour assimilation of observational data, the
ability of LADM to predict local winds and tempera-
tures must be rated as very good,

s For smog modeliing, where prediction of majectories s
required, it may weil be that the necessary accuracy can
only be achieved by incorporating observed surface and
upper-air winds.

§. ACENOWLEDGMENTS

This work was done as part of the MAGS consuliancy led by
Coffey Parmners Internatonal, and was funded by EPAN.
LADM modelling was performed in close association with,
and depended on, dara analvsis and characterisation of event
days by D, Robert Hyde and Ms. Margaret Young of
Macquarie University, as part of the Meworology - Adr
bovements Task.

7. HEFEREMNCES

Boers, R.E, and R.M. Michell, Absorpdon feedback in
stratocumulous clouds: influgnce on cloud wp albedo.
Tellus, 464, 220-241, 1994,

Hurley, P.J. and R.E. Boers, The effect of cloud cover on
surface ner madiadon: simple fomulac for use din
mesoscale models, Submitted to J. Appl. Mereorol., Fuly
1995,

Huichinson, M.F. and T.I. Dowling, A costinental
hydrological assessment of a new grid-based digital
elevation model of Australia, Hedrological Processes. 5,
45.38, 1991,

Hyde, R, and G0 Johnson, Pilot Stady: Evaluation of air
gquality issues for the development of Macarthur South
and South Creek Valley regions of Sydoey, CSIRG MRL
Investigarion Repors RIR [885R, 182 pp, 1990,

Mamins, P.C., Physick, W.L., Hurley, P.J. and LA,
Moouan, The role of coastal terrain in the dispersion of
polutanes from Australia’'s major cities, In Clean Air
Q4 proceedings of the Clean Air Society of Auwstrafia
and New Zealand 12th farernational Conference & 6th
Regional Conference of the [UAFFA, 2, Perth. 179188,
Canning Bridge, W. A Promaco Conveutions for the
Society, 1994,

Maning P.C. and B.L. Sawford, Mesoscale ohservations of
upstream blocking, Quare. J. K. Mer. Soc., 188, 427-
434, 1982,

Physick W.L., LADM (Lagrangian Atmospheric Dispersion
Model), Clean Air (Australic). 27, 172-175, 1993,

Physick W.1., JLA, Noonan, JL. McGregor, P.J. Hurley,
3. Abbs and P.C. Manins, LADM: A Lagrangian
Aunospheric Dispersion Model, CSIRO Division of
Atmospheric Research Technical Report No. 24, 137 pp,
1994,

Stauffer DR, and N.L.  Seaman, Muliscale four
dimensional dam assimilation, J. Appl. Meteorol., 33,
416-434, 1994,

Stautfer D.R,, Searmman N.L. and F.5. Binkowski, Use of
four dmensional daia assimilation in a limhed area
mesoseate model, Part I Effects of dat assimilation
within the planetary boundary layer. Monthly Weather
Review, T1%, 734754 1991,



