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Abstract

Air pollution predictions for environmental impaassessments usually use
Gaussian  plume/puff models driven by observatigradised
meteorological inputs. An alternative approach @ use prognostic
meteorological and air pollution models, which havany advantages over
the Gaussian approach and have now become a v@dlléor performing
year-long simulations. Continuing rapid increagesamputing power have
brought this approach well within the reach of skdep PC. This paper
provides some verification studies of The Air Potln Model (TAPM) for
two US tracer experiments (Kincaid and Indianapalised internationally
for model inter-comparison studies, for several umhnUS dispersion
datasets (Bowline, Lovett and Westvaco), for anmaateorology and/or
dispersion in various regions throughout Austrgkenglesea, Kwinana,
Kalgoorlie, Melbourne, Sydney, Brisbane and Perth).

The meteorological results show that TAPM perforngdl in a variety of
regions (e.g., coastal, inland and generally comfeerain for sub-tropical
to mid-latitude conditions). The pollution resustsow that TAPM performs
well for a range of important phenomena (e.g. noetuinversion break-up
fumigation; stable, neutral, convective and buiidinvake dispersion;
shoreline fumigation; and general dispersion in gl@x rural and urban
conditions). In particular, TAPM performs very wédlr the prediction of
extreme pollution statistics, important for envinmental impact
assessments, for both non-reactive (tracer) anctivea(nitrogen dioxide,
ozone and particulate) pollutants for a varietysofirces (e.g. industrial
stacks and/or general surface or urban emissions).
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1 Introduction

Air pollution models that can be used to predidtytmn concentrations for periods of up to a
year are generally semi-empirical/analytic appreachased on Gaussian plumes or puffs.
These models typically use either a simple surfsased meteorological file or a diagnostic
wind field model based on available observationtse Rir Pollution Model (TAPM — see
Hurley et al., 2005a, for details on TAPM V2 andrldy et al., 2005b, for details on TAPM
V3) is different to these approaches in that itveslthe fundamental fluid dynamics and
scalar transport equations to predict meteorolagy pollutant concentration for a range of
pollutants important for air pollution applicationst consists of coupled prognostic
meteorological and air pollution concentration comgnts, eliminating the need to have site-
specific meteorological observations. Insteadnloelel predicts the flows important to local-
scale air pollution, such as sea breezes andndmdiiced flows, against a background of
larger-scale meteorology provided by synoptic asedy

This paper follows on from the technical descriptmf the model (TAPM V4) in part 1 of
this series (Hurley, 2008) and updates and sumesmasumber of model verification studies
presented previously in the literature using eaklarsions of the model. In Section 2 TAPM
is verified for two US tracer datasets (Kincaid dandianapolis) used for international model
inter-comparison. Sections 3, 4 and 5 show vetificastudies for annual meteorology and
point source dispersion for the US studies at Bosv(building wakes), Lovett and Westvaco
(complex terrain). Sections 6 and 7 present moedefivation for the Anglesea (Victoria) and
Kwinana (Western Australia) regions for annual dats of sulfur dioxide dispersion.
Section 8 examines the performance of the modeklforual upper-level meteorology, by
comparing wind predictions to SODAR data for Kaldgmoin Western Australia. Section 9
looks at annual meteorology and photochemicallctrea dispersion for urban sources in
Melbourne (Victoria). Section 10 examines modelfganance for annual meteorology in
urban regions of Australia (Perth, Brisbane, Sydsey Melbourne). All of these verification
datasets have well known emission characteristidsggod quality monitoring data with well
guantified uncertainties, allowing a meaningfulleesion of model performance to be made.
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2 International model inter-comparison datasets

In 1991, The Joint Research Centre of the Eurof@&anmission launched an initiative for
increased cooperation and standardisation of atnesgpdispersion models for regulatory
purposes. As part of the initiative, a series ohfeoences on “Harmonisation within
Atmospheric Dispersion Modelling for Regulatory poses” was organised to promote the
use of new-generation models within atmospherigpeatison modelling, and in general
improve "modelling culture” (for more details seéesen, 1995). A set of four short-range
field data sets, called the Model Validation Kitasvprepared to facilitate a standard and
uniform comparison of model results. The two mashprehensive of the four field datasets
on point-source plume dispersion are the 1980-8icad (rural) dataset, and the 1985
Indianapolis (urban) dataset, both taken in the dof widely used for model evaluation
purposes. These two datasets were taken in relatumple orography (i.e. flat terrain, no
coastal influences), where simple plume models Ishoei expected to perform well.

In this Section, the performance of TAPM V4 is exséd for the Kincaid and Indianapolis
datasets. In order to be consistent with otheredg@pn models used for these intercomparison
studies, here TAPM was run with wind data assimafat- for more detail, see Luhar and
Hurley (2003).

Since the above two data sets precede the globaptig meteorological data supplied with
TAPM, which are given from 1997, we used the Nadlo&enter for Environmental
Prediction (NCEP)/National Center for AtmospheriesBarch (NCAR) reanalysis data
(Kalnay et al., 1996) on horizontal wind componetgsperature and moisture, to obtain the
required synoptic fields for the model. These datae a horizontal resolution of 2.5° and a
temporal resolution of 6 h, while the vertical lsvare in a pressure coordinate system with
the lowest five levels being 1000, 925, 850, 708 @d0 hPa.

2.1 Kincaid

EPRI's (Electric Power Research Institute) Kincteld study was conducted in 1980 and
1981 (Bowne et al., 1983). It involved sulfur hduafide (Sk) tracer releases from the
187 m stack (with diameter 9 m) at the Kincaid poplant in lllinois, USA. The power plant
is surrounded by relatively flat farmland with sofakes (roughness length of about 0.1 m).

Most meteorological measurements were taken frorml&hd 100-m towers located on a
central site about 650 m east of the power plagetteer with solar and terrestrial radiation
measurement gear. The wind observations were takehe 10, 30, 50 and 100 m AGL

levels, while the temperature measurements weentakthe 10, 50 and 100 m levels. There
are also data from a National Weather Serviceoste80.6 km northwest of the source, and
profiles from routine radiosonde releases 120 knthnaof the source.

Hourly-averaged concentrations ofSkue to buoyant power station plumes were observed
by ground-level monitors on a maximum of 12 arcdistances 0.5, 1, 2, 3, 5, 7, 10, 15, 20,
30, 40 and 50 km from the stack. There are thresssarement periods: 20 Apr May 1980,
10-25 July 1980, and 16 May June 1981. Figure 2.1 shows the locations ofsthek,
meteorological sites and the tracer monitors ofM2% 1981. A total of 171 hours of tracer
data are available in the Model Validation Kit, regenting mostly daytime convective cases.
Arc-wise maxima were calculated from the crosswindcentration variation, and a quality
indicator was assigned to each value. It is recona®é that only the data with quality
indicator 2 (maxima identified) and 3 (maxima wadifined) be used for model comparison.
Out of a total of 1284 arc-hours of data, 585 arality 2 and 3, and 338 are quality 3.
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Figure 2.1. Concentration monitors (22 May 1981y aeteorological sites for the Kincaid
study.

TAPM was run for the above three data periods seelgrwith an extra spin-up day at the
start in each run. Three nested domains of 31 kdBizontal grid points at 16-km, 4-km, and
1-km spacing for the meteorology, and 61 x 61 tal grid points at 8-km, 2-km, and
0.5-km spacing for the pollution, both centred be stack coordinates, were used. There
were 25 vertical levels: 10, 25, 50, 100, 150, 2281, 300, 400, 500, 600, 750, 1000, 1250,
1500, 1750, 2000, 2500, 3000, 3500, 4000, 50000,60@00 and 8000 m. The model was run
in Lagrangian mode to capture the near-source digge more accurately. Given that no
advice based on local measurements was given abofaice moisture availability, we used
the model default deep soil moisture content o6 &g kg*. The wind speeds and directions
observed at the tower site at four levels, namély3D, 50 and 100 m AGL, were assimilated
in model calculations. The hourly average pollutpmedictions on the 0.5 km spaced grid
were processed to obtain ground-level concentratiarima at the 0.5, 1, 2, 3, 5, 7, 10 and
15 km arcs while those on the 2-km spaced pollugad were processed to obtain the
maxima at the 20, 30, 40 and 50 km arcs.

Table 2.1 lists model performance statistics, idicly RHG and MAXz that indicate
performance for the extreme end of the concentratistribution. The results show that
TAPM performs well for both the mean and for thdreme performance statistics for the
Kincaid dataset.

Figure 2.2 shows TAPM Quantile-Quantile (Q-Q) plofsthe (sorted) predicted versus the
(sorted) observed concentrations for both Qual& 2nd Quality 3 data. These plots again
illustrate that TAPM performs well for extreme centrations, and does slightly better for the
higher quality data, except for the maximum conGeian.
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Table 2.1. Model performance statistics for Kincgia) for Quality 2&3 data and
(b) for Quality 3 data.

(a) Q2&3 MEAN STD NMSE | COR | IOA | RHCRr | MAXR
OBSERVED 41.0 39.3 0.00 1.000 1.00 1.0 1.00
TAPM 53.2 48.8 1.40 0.27, 050 1.17% 1.08
(b) Q3 MEAN | STD NMSE | COR | IOA | RHCr | MAX R
OBSERVED 54.3 40.3 0.00 1.000 1.00 1.0 1.00
TAPM 56.6 44.7 0.86 027, 058 0.91 0.7y

Key: MEAN = Arithmetic Mean (ng M(gsY)™), STD = Standard Deviation (nghig s)™?), NMSE =
normalised mean square error, COR = correlatiorfficamt, IOA = Index of Agreement; RHC= Ratio
(Predicted/Observed) of Robust Highest ConcenmmaBHC); MAXgz = Ratio (Predicted/Observed) of
Maximum Concentration.
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Figure 2.2. Kincaid Quantile-Quantile plots of szhtoncentration for Quality 2&3 (left) and
Quality 3 (right) data.

2.2 Indianapolis

A full description of EPRI's Indianapolis field sty, conducted during 16 September to
12 October, 1985, is given in TRC (1986). It invedvSFk tracer releases from the 83.8-m
stack (with diameter 4.72 m) at the Perry K powdanp on the southwest edge of
Indianapolis, Indiana, USA. The stack is locatedairtypical industrial/commercial/urban
complex with many buildings within one or two kiletnes (roughness length of about 1 m),
and relatively flat local terrain.

Meteorological observations were taken from a 94eight at the top of a bank building in
the middle of the urban area, from two 10-m towersuburban and rural areas, and an 11-m

© CSIRO 2008 6



tower at an urban location. In addition, verticagéteorological profiles were also taken.
Hourly-averaged concentrations were observed oretwank of up to 160 ground-level
monitors on 12 arcs at distances 0.25, 0.5, 0.15,115, 2, 3, 4, 6, 8, 10 and 12 km from the
stack. To sample the plume, the network of monitess moved so that it was downwind of
the source. Data were taken in 8 or 9 hour testkislavith 19 such blocks altogether.
Figure 2.3 shows the locations of the stack, metegical sites and the tracer monitors
corresponding to the test block 9. A total of 10Qif$ of tracer data is available, representing
all stability classes and most wind speed ranggs-wise maxima were calculated from the
crosswind concentration variation, and a qualityicgator was assigned to each value. It is
recommended that only the data with quality indic& (maxima identified) and 3 (maxima
well defined) be used for model comparison. Ow tdtal of 1511 arc-hours of data, 1216 are
quality 2 and 3, and 469 are quality 3.

TAPM was run for the period 15 September to 12 @etp1985, with four nested domains of
30" 30 horizontal grid points at 30-km, 10-km, 3-knddirkm spacing for the meteorology,
and 101 101 horizontal grid points at 7.5-km, 2.5-km, Okfd and 0.25-km spacing for the
pollution, both centred on the stack coordinaté® Z5 vertical levels were the same as in the
Kincaid case. The model was run in Lagrangian ntodeapture the near-source dispersion
more accurately. For Indianapolis data, a value).&fis recommended for the moisture
availability factor, which is defined as the rabtb the surface latent heat flux to the total
surface heat flux. To match this value, we use@epdsoil moisture content of 0.3 kgkg
The wind speeds and directions observed at therUtbaer (10 m AGL) and the Bank
building (94 m) were assimilated into model caltiolas. The hourly average pollution
predictions on the 0.25-km spaced grid were prazke$s obtain ground-level concentration
maxima at the 12 arcs.
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Figure 2.3. Tracer monitors (Test 9), and mete@iold sites for the Indianapolis study.

Table 2.2 lists model performance statistics forPMA The results show that for the
Indianapolis dataset, TAPM performs well for mead axtreme performance statistics, with
little bias shown by TAPM for extreme statistics.
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Table 2.2. Model performance statistics for Ind@ois (a) for Quality 2&3 data and
(b) for Quality 3 data.

(a) Q2&3 MEAN STD NMSE | COR | IOA | RHCRr | MAX R
Observed 258 222 0.00 1.00f 1.00 1.00 1.00
TAPM 207 256 1.16 0.49] 0.70 0.91 0.97
(b) Q3 MEAN STD NMSE | COR | IOA | RHCg | MAX R
Observed 352 221 0.00 1.000 1.00 1.00 1.00
TAPM 324 286 0.62 0.49] 0.6 0.93 1.05

Key: MEAN = Arithmetic Mean (ng m(gs)™), STD = Standard Deviation (nghig s)™?), NMSE =
normalised mean square error, COR = correlatiorfficamt, IOA = Index of Agreement; RHC= Ratio
(Predicted/Observed) of Robust Highest ConcentraBHC); MAXgz = Ratio (Predicted/Observed) of
Maximum Concentration.

Figure 2.4 shows TAPM Quantile-Quantile (Q-Q) plofsthe (sorted) predicted versus the
(sorted) observed concentrations for both Qual&d 2nd Quality 3 data. These plots again
illustrate that TAPM shows good performance forrexte concentrations, although there is
some underprediction of the frequency of low cotiadions that occur mostly at night.
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Figure 2.4. Indianapolis Quantile-Quantile plotsoéled concentration for Quality 2&3 (left)
and Quality 3 (right) data.
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3 Bowline

The Bowline 1981 annual dataset consists op §@asurements at four monitoring sites
situated to the south of a power station in a rixaley in New York (U.S.) (Schulman and
Hanna, 1986). The plant consists of two 87 m higlcks, separated by a distance of 90 m,
and situated about 27 m to the east of the maildibgi which is about 66 m high, 140 m
wide and 76 m deep. Peak concentrations due tdibgidownwash effects occurred mainly
at the two monitoring sites situated to the sowtheéthe plant (see the caption in Figure 3.1
for site location details). Source characteristiesjission data, building information and
monitoring data were obtained from the Bowline dataon the AERMOD evaluation web
site.

TAPM was configured for the Bowline dataset usirgsted grids of 25 x 25 x 25 points
down to a resolution of 1000 m for meteorology, arsihg nested grids of 21 x 21 x 21
points down to a resolution of 100 m for polluti@efault model settings and databases, with
the exception of the NCEP synoptic reanalyses daése used. The Lagrangian particle
module was used to represent near-source disper3iAPM was run without local
meteorological observations (i.e. meteorologicabdassimilation was not used). Building
dimensions and characteristics for five buildingdids were used by TAPM.

Wind and temperature data from the 100 m level néarby (on-site) tower are compared to
TAPM predicted meteorology in Table 3.1, with satial results (see the Appendix)
showing little bias, low RMSE, and high IOA for wis (averaged over wind speed and the
horizontal wind components) and temperature of @&¥ 0.98 respectively.

Table 3.1. Statistics for TAPM simulation of Bowdirl981 tower data at 100 m for wind
speed at 100 m above the ground (WS); the westeeagbonent of the wind (U); the south-
north-component of the wind (V); and temperaturge (T

< z 0 %) ) Pl P P 5 %) %) %)
S E g |5 |32 |3 o 2 2 2 Q = = =
X < > > o o ) 0 n ) - — -
> 2 |2 |9 |k - m " i I L 5
F—D % @] E< W O wn c m < by}
m W o) n w)
n w)
WS 8294 4.7 4.6 2.8 2.2 0.7( 2.04 1.29 1.8 0.82 560, 0.78 0.72
U 8294 1.7 2.0 3.6 2.9 0.81 2.11 1.26 1.170 0.89 8044 0.81 0.59
\Y 8294 -1.0| -0.7 3.7 3.7 0.83 2.14 0.78 2.03 0.91 .550| 0.99 0.58
T 8086 11.4| 11.0 9.9 10.0 0.97 2.51 0.45 2.47 0.980.25 1.01 0.25

KEY: OBS = Observations, MOD = Model Predictions, MNBER = Number of hourly-averaged values used for the
statistics, MEAN = Arithmetic mean, STD = Standdbeéviation, CORR = Pearson Correlation Coefficient (®=n
correlation, 1 = exact correlation), RMSE = Root Mesquare Error, RMSE_S = Systematic Root Mean Squenar,E
RMSE_U = Unsystematic Root Mean Square Error, I0Adek of Agreement (0 = no agreement, 1 = perfeteagent),
SKILL_E = (RMSE_U)/(STD_OBS) (<1 shows skill), SKILV_= (STD_MOD)/(STD_OBS) (near to 1 shows skill),
SKILL_R = (RMSE)/(STD_OBS) (<1 shows skill).

Figure 3.1 summarises the extreme concentratiotrdC(Rind MAX) for each of the
monitoring sites, and for the average (AVG) and FAMiver all sites, for observations versus
TAPM. The results show that TAPM performs acceptabith good prediction of AVG, and
moderately low RMSE, although the model shows ghslunder-prediction (~20%), mainly
as a result of some under-prediction at site 1giteefurthest from the facility).
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Figure 3.1. Bowline annual extreme concentratian rjf) at each of the monitoring sites for
the observed (OBS — white bars) concentrationstlaosk predicted by TAPM for RHC (top)
and MAX (bottom). Note that AVG is an average oa#rsites and RMSE is the root mean
square error over all sites. The monitoring sitesraumbered from 1 to 4, with approximate
locations relative to the mid-point of the two #sicSite 1 850 m to the southeast; Site 2
250 m to the south; Site 3 400 m to the southeast;Site 4 850 m to the west-southwest.
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4 Lovett

The Lovett 1988 annual dataset consists of ®@asurements at a number of monitoring sites
situated mainly on Dunderberg Mountain to the nooththe Lovett power station in
southeastern New York state (U.S.) (Paumier etl@92). The difference in terrain height
between the base of the Lovett stack and the higites on the mountain was approximately
300 m, and the monitoring sites ranged in distaftoen 2—4 km from the stack. Peak
concentrations at the monitoring sites occurredeursbutherly winds and mainly during
stable conditions at night, although some daytiments were also observed. Source
characteristics, emission data and monitoring dagee obtained from the Lovett dataset on
the AERMOD evaluation web site.

TAPM was run for the Lovett dataset using nestadsgof 25 x 25 x 25 points down to a
resolution of 300 m for both meteorology and padin using default model settings and
databases, with the exception of 3-second resolWi8GS terrain data and NCEP synoptic
reanalyses data. The Lagrangian particle module wsed to represent near-source
dispersion. Note that the simulation of these ddtasvas performed without using local
meteorological observations (i.e. meteorologicahdssimilation was not used).

Wind and temperature data from the 100 m level oéarby (on-site) tower are statistically
compared to TAPM predicted meteorology in Table #ith acceptable results considering
the complexity of the local terrain — the indexagfreement for winds (averaged over wind
speed and the horizontal wind components) and teatyre was 0.77 and 0.98 respectively.
Interestingly, the mean model wind speed was ovedipted by 1.3 m% but this hasn't
translated to poor performance for extreme conagofrs (see below).

Table 4.1. Statistics for TAPM simulation of Lov&888 tower data at 100 m for wind speed
at 100 m above the ground (WS); the west-east-capmgoof the wind (U); the south-
north-component of the wind (V); and temperaturge (T

< pd =z =z %) n 0 o) T o) o) o) %) o
> c i m = = o < < ES 5 2 = =
X < > > O O py) » %) » = = =
> o] z z 'O lZ Pyl m m m o~ o~ o~
F_U % e} = W ) wn c m < Py}
m W o) » w)
n W)
WS 8665 3.5 4.8 2.2 2.3 0.5( 2.61 1.7 2.00 0.67 910, 1.05 1.19
U 8665 1.3 2.5 2.7 2.9 0.66 2.61 1.40 2.15 0.Yy8 9047 1.05 0.96
\Y 8665 -0.4| -0.6 2.8 3.7 0.76 2.42 0.1 2.42 0.85 .860| 1.31 0.86
T 8694 10.4| 10.8 10.2 10.f 0.96 2.8[7 0.37 2.84 0/980.28 1.05 0.28

KEY: OBS = Observations, MOD = Model Predictions, MNBER = Number of hourly-averaged values used for the
statistics, MEAN = Arithmetic mean, STD = Standdbéviation, CORR = Pearson Correlation Coefficient (®b=n
correlation, 1 = exact correlation), RMSE = Root Me&quare Error, RMSE_S = Systematic Root Mean SqHarmar,
RMSE_U = Unsystematic Root Mean Square Error, I0Adek of Agreement (0 = no agreement, 1 = perfeteagent),
SKILL_E = (RMSE_U)/(STD_OBS) (<1 shows skill), SKILMW = (STD_MOD)/(STD_OBS) (near to 1 shows skill),
SKILL_R = (RMSE)/(STD_OBS) (<1 shows skill).

Figure 4.1 summarises the extreme concentrationrdC(Rind MAX) for each of the
monitoring sites, and for the average (AVG) and BAMfver all sites, for observations versus
TAPM. It is clear from these plots that TAPM perfr well with good average (AVG) and
small RMSE for each of the statistics.
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Figure 4.1. Lovett annual extreme concentration r(jfy of sulfur dioxide at each of the
monitoring sites for the observed (OBS — white pamncentrations and those predicted by
TAPM (black bars) for RHC (top) and MAX (bottom)ob¢ that AVG is an average over all
sites and RMSE is the root mean square error ollesitas. The monitoring sites are
numbered from 3 to 11, with TIMP3 located on Thenpiand DD4-DD11 located on
Dunderberg Mountain.
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5 Westvaco

The Westvaco December 1980 — November 1981 anna#dsetl consists of SO
measurements at a number of monitoring sites situatainly on a mountain range to the
southeast of the Westvaco power station in Maryktate (U.S.) (Strimaitis et al., 1987). The
difference in terrain height between the base efWestvaco stack and the highest sites on
the mountain was approximately 350 m, and theseitororg sites ranged in distance from
0.8-1.6 km from the stack. Peak concentrationshat rmonitoring sites occurred under
northwesterly winds and stable conditions at nigtitere were three other monitoring sites
(S02, S10 and S11 — see the key in Figure 5.litthnames) that were at varying distances to
the north, northeast and northwest of the powerostaespectively. Source characteristics,
emission data and monitoring data were obtainedn fithe Westvaco dataset on the
AERMOD evaluation web site.

TAPM was run for the Westvaco dataset using negtield of 25 x 25 x 25 points down to a
resolution of 300 m for both meteorology and padinf using default model settings and
databases, with the exception of 3-second resolWi8GS terrain data and NCEP synoptic
reanalyses data. The Lagrangian particle module wsed to represent near-source
dispersion. Note that the simulation of these ddtasvas performed without using local
meteorological observations (i.e. meteorologicaa@ssimilation was not used).

Wind and temperature data from the 100 m level oéarby (on-site) tower are statistically
compared to TAPM predicted meteorology in Table, 5Mth good results, especially
considering the complexity of the local terrainhe index of agreement for winds (averaged
over wind speed and the horizontal wind componeats) temperature was 0.87 and 0.98
respectively.

Table 5.1. Statistics for TAPM simulation of Westeagower data at 100 m for wind speed at
100 m above the ground (WS); the west-east-compgonénthe wind (U); the south-
north-component of the wind (V); and temperaturge (T

< pd = = % 0 9) T T T o %) %) o
> S |@|@ |2 |2 o Z S Z g = = =
Y < > > © © X 0 %) %) = = =
> g F |2 o |z v m o i Im L 5
o T o |z |® | O » c m < Py
m W o) n w)
» O
WS 8568 6.3 6.8 3.7 3.4 0.75 2.56 1.2 2.25 B6 610, 0.92 0.69

V 8568 | -0.1| 0.0 2.4 2.8 0.74 1.93 0.3 1.91 85 790 1.19 0.80

3 0.

U 8568 3.9 5.5 5.7 4.5 0.87 3.23 2.3b 2.2 090 9043 0.79 0.57
4 0.
6

T 7787 9.2 | 10.6f 104 10.8 0.94 2.6p 1.3 2.7 0.980.22 1.03 0.25

KEY: OBS = Observations, MOD = Model Predictions, MBER = Number of hourly-averaged values used for the
statistics, MEAN = Arithmetic mean, STD = Standdbéviation, CORR = Pearson Correlation Coefficient (o=
correlation, 1 = exact correlation), RMSE = Root Me&gquare Error, RMSE_S = Systematic Root Mean Squena,E
RMSE_U = Unsystematic Root Mean Square Error, I0Adek of Agreement (0 = no agreement, 1 = perfeteagent),
SKILL_E = (RMSE_U)/(STD_OBS) (<1 shows skill), SKILMV = (STD_MOD)/(STD_OBS) (near to 1 shows skill),
SKILL_R = (RMSE)/(STD_OBS) (<1 shows skill).

Figure 5.1 summarises the extreme concentratiotrdC(Rind MAX) for each of the

monitoring sites, and for the average (AVG) and FMfver all sites, for observations versus
TAPM. It is clear from these plots that TAPM ungbeedicts the AVG by about 45% for the
RHC, while the model performs better for the MAXthvigood average (AVG) and small
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RMSE for each of the statistics, although therstiis an overall under-prediction by about
25%. The level of model underprediction shown byPM\is typical of other dispersion
models for the Westvaco dataset when site-by-sitissgcs (as opposed to site-independent
statistics that are commonly used) are considered.

WESTVACO ROBUST HIGHEST CONCENTRATION
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Figure 5.1. Westvaco annual extreme concentrafignn{®) of sulfur dioxide at each of the
monitoring sites for the observed (OBS — white pamncentrations and those predicted by
TAPM (black bars) for RHC (top) and MAX (bottom)olé that AVG is an average over all
sites and RMSE is the root mean square error d/eit@s. The monitoring sites are: MET
TOWER (S01), LUKE HILL (S02), FOLLY (S03), TREEHOWES(S04), SLIPPERY HILL
(S05), RIDGE END (S06), OVERLOOK (S07), SOUTH SI¥E08), COW PASTURE
(S09), STONY RUN (S10) and BLOOMINGTON (S11).
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6 Anglesea

Alcoa of Australia operates a 160 MW power statathin the Anglesea Heath in Victoria.
This area comprises the catchment of two creeksf@mnas a large basin mostly surrounded
by higher ground. It is well used for recreatiorddmas high conservation value due to
outstanding botanical diversity. The station hasnba significant point source of sulfur
emissions and a potential source of acidic deptsitse surrounding ecosystems since 1968.
The power station is located at an elevation oml@ithin the naturally vegetated Anglesea
River catchment. It sits, in effect, near a bramathe side of a sloping 8,500 ha basin mostly
surrounded by higher ground. Stack height is 11@iach puts the point of emission roughly
on a level with the edge of the basin, 3 km tortbgh and south. The sea is 3 km to the east.
This Section summarises the performance of TAPMnfrte latter study, compared to
monitoring data at two sites: School — locatedhe $south of the power station; and Mt.
Ingoldsby — located south-west of the power station

TAPM was run for the Anglesea dataset using negtiel$ of 25 x 25 x 25 points down to a
resolution of 300 m for both meteorology and padin using default model settings and
databases, with the exception of local high resmiutiatabases of terrain and land use. The
Lagrangian particle module was used to represeat-smurce dispersion. Note that the
simulation of these datasets was performed witlhisutg local meteorological observations
(i.e. meteorological data assimilation was not uséthe power station stack emission
characteristics input into the model included tivaeying exit velocity, exit temperature and
sulfur dioxide emission rate (calculated from cosé, moisture, ash and sulphur content and
hourly load). The load-based emission techniquel disethis study has been verified to be
accurate to within approximately 10% compared tetatk emission measurements.

Figure 6.1 summarises the extreme concentratiansafch of the monitoring sites and years,
and for the average (ALL) and RMSE over all sifes,observations versus TAPM. It is clear
from these plots that TAPM performs well with goaderage (ALL) and small RMSE for
RHC, although the model over-predicts the RHC amgeeially the MAX for the
Mt. Ingoldsby site in 2002 (ING02).
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Figure 6.1: Anglesea annual extreme concentratiogng®) at the School (SCH) and
Mt. Ingoldsby (ING) monitoring sites for 2002 and(3 for the observed (OBS — white bars)
concentrations and those predicted by TAPM (blaaispfor RHC (top), and MAX (bottom).
Note that ALL is an average over all sites and RMSHEe root mean square error over all
sites.
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7 Kwinana

Kwinana is a major heavy industrial area 30 km Isauit Perth, Western Australia. It is a
coastal area with sea to the west (Indian Oceath)aard to the east, an approximately north-
south coastline, and relatively flat local terraiine Kwinana region includes industries such
as power generation, refineries (oil, alumina aruket), iron smelting, cement works, and
titanium dioxide and fertilizer plants. Most of theenty point sources are on the coast, and
they have plume heights that vary from tens of eseuwp to a few hundred metres. The
plumes generally fumigate to ground in the stromgtls-westerly sea-breeze flow, resulting in
relatively high concentrations at distances ofapédveral kilometres from the coast.

The Kwinana Industries Council (KIC) was establishe the course of Policy development
to provide a forum for negotiations between indastand to form a single body to represent
industry’s viewpoint. The strong regulatory frameiyoand government and industry
cooperation, have produced a high quality hour-byrlemissions inventory for the industrial
sources in the region. The Kwinana air monitoriregwork, measuring both near-surface
meteorology and air pollution, was designed to wagptthe maximum ground level
concentrations outside of the industrial zone bawed, and near local towns, under sea-
breeze fumigation conditions. The detailed emissientory, coupled with the extensive
monitoring network data, provide an excellent frarak for model development and/or
verification.

Table 7.1. Statistics for TAPM simulation of 199¥Kwinana (Hope Valley) for 10 m wind
speed (WS), the west-east-component of the windtfid)south-north-component of the wind
(V) and temperature (T).

< pd = = 0 0 0 o) byl gyl o w n o
> c m m = = o] = < < > P P =
Y < > > O O py) » %) n = — =
> o5} z z 'o 'Z ! m m m N I -
,@ % e} = w @) n cC m < py)
m W o) n w)
n o
WS 8482 4.0 3.7 1.7 1.7 0.72 1.29 0.55 1.17 0.84 690/ 1.00 0.76
U 8482 -0.2 -0.5 3.2 3.1 0.87 1.64 0.5¢4 1.55 0.93 .490| 0.99 0.52
\Y 8482 1.1 0.5 2.8 2.5 0.83 1.6 0.88 1.37 0.90 005 0.90 0.59
T 8728 18.2| 18.2 5.2 5.0 0.94 1.79 0.53 1.71 0.7 .330[ 0.96 0.34

KEY: OBS = Observations, MOD = Model Predictions, MBER = Number of hourly-averaged values used for the
statistics, MEAN = Arithmetic mean, STD = Standdbéviation, CORR = Pearson Correlation Coefficient (®d=n
correlation, 1 = exact correlation), RMSE = Root Me&gquare Error, RMSE_S = Systematic Root Mean Squena, E
RMSE_U = Unsystematic Root Mean Square Error, I0Adek of Agreement (0 = no agreement, 1 = perfeteagent),
SKILL_E = (RMSE_U)/(STD_OBS) (<1 shows skill), SKILMV = (STD_MOD)/(STD_OBS) (near to 1 shows skill),
SKILL_R = (RMSE)/(STD_OBS) (<1 shows skill).

TAPM was used to model 1997 meteorology in Kwinasang nested grids of 25 x 25 x 25
points at 30-km, 10-km, 3-km and 1-km spacing fatenrology, and 41 x 41 x 25 points at
15-km, 5-km, 1.5-km and 500-m spacing for polluti@efault model options were used.
Tracer mode was used for sulfur dioxide, with tberfdominant point sources (of the twenty
point sources in the region) run in Lagrangian (DP&bde. More detail on the Kwinana
region can be found in Hurley et al. (2001).

Model predictions were extracted at the nearesit gpint to the Hope Valley monitoring site
on the inner grid (1-km grid spacing) at the lowestdel level (10 m above the ground) for
winds and temperature. Performance statisticsigengn Table 7.1. The statistics used were
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based on the recommendations of Willmott (1981 Jexcribed in the Appendix. The results
suggest that both winds and temperature are peetiveell.

Figure 7.1 summarises the extreme concentratiotldC(Rind MAX) for each of the
monitoring sites and years, and for the averageLjAdnd RMSE over all sites, for
observations versus TAPM. It is clear from thes#gpthat TAPM performs well with very
good average (ALL) and small RMSE for each of tiaistics.
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Figure 7.1; Kwinana annual extreme concentratianr(jf) at all monitoring sites for 1997

for the observed (OBS) concentrations and thosdiqgiesl by TAPM for RHC (top), and

MAX (bottom). Note that ALL is an average over sites and RMSE is the root mean square
error over all sites.
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8 Upper-Air Meteorology in Kalgoorlie

The Kalgoorlie region of southern Western Austraiaan inland industrial region with
sparsely vegetated, relatively flat terrain. Westdining Corporation (WMC) has a SODAR
system in the region, which is used as part ofatiee pollution control strategy to minimise
the impact of industrial emissions on the localriehip. Edwards et al. (2004) modelled year-
long meteorology in this region for 2000, and comeplaresults with upper-level winds from a
tower and a SODAR. Results were presented for dnsaasonal and diurnal statistics, as
well as for a case study when a cold front paskeaugh the region. A summary of the
updated annual results for Kalgoorlie using theentrversion of TAPM are presented here.

TAPM was used to model the meteorology of the Y40 in the Kalgoorlie region using a
nested grid of 25 x 25 x 25 points at 30-km, 10-Bakm and 1-km horizontal grid spacing,
and 25 vertical levels. Default model options werged. Model predictions of hourly-
averaged winds at model levels closest to the SOR&EIs were extracted at the nearest grid
point to the site for the 1-km spaced inner gride Torresponding SODAR levels were at 50,
110, 140, 200, 260, 290, 410, 500 and 590 m, and @k within 10 m of the nearest model
level. Note that the number of valid data pointsweduced by almost a factor of two by the
590-m height level, and by even more above thiglleshere the data were thought to be
outside the valid range of the instrument, and scewiot used. Typically, this instrument is
less reliable at heights above 400 m.

Tables 11.1a—c show statistics for observed (OBS3us model predicted (MOD) winds
compared to the SODAR data. The results show ti@atSIODAR winds are modelled very
well at all heights. The RMSE increases from 1.8'nfor the 50-m level to 2.9 ni‘sat the
600-m level for wind speed (slightly higher for thnd components), and the average IOA
are 0.88 for wind speed, 0.97 for the west-e@stgmponent and 0.94 for the south-noxth (
component.

Table 11.1a. Wind speed (i)sstatistics for TAPM simulation of 2000 at the S&® site.

n a
m @) wn [a)]
— e o = il @) 2 - w > o
e L | Il o] = I I | | |
m zZ zZ I I 0 ] L L — — —
Qo = < < la) a) 14 0 0 0 = - -
m 5 W W = = o) S s s g < < <
T Pz = = 0 0 (@) o [a [a =~ (7p] (7] (7]
50 m 7846 5.6 4.8 2.1 19 0783 149 106 1,32 082 0.6892| 0.80
100 m 7850 6.7 6.1 2.6 22| 075 185 111 148 0|85 0.3¥86| 0.71
150 m 7713 7.1 7.1 2.9 27/ 077 188 0.9 1,770 0[88 0.3894 | 0.65
200 m 7263 7.8 8.0 3.3 3.2l 078 214 083 197 088 (.64097 | 0.65
250 m 6762 8.3 8.6 3.7 36/ 081l 225 0.6 202 090 0.3899 | 0.61
300 m 6486 8.5 9.1 3.8 4,0 082 244 0.Y7 2B1 090 0.68004| 0.63
400 m 5514 9.1 9.6 4.2 45 082 262 0.68 253 090 0.6006| 0.62
500 m 4935 9.6 9.9 4.4 47 082 274 059 268 090 0.68006| 0.62
600 m 4483 10.2| 10.00 4.6 4.9 081 293 0.66 285 090 2 (0.6.06| 0.64

KEY: OBS = Observations, MOD = Model Predictions, M = Arithmetic mean, STD = Standard Deviation, COR
Pearson Correlation Coefficient (0=no correlationyset correlation), RMSE = Root Mean Square Error, RMSE
Systematic Root Mean Square Error, RMSE_U = UnsysterRmot Mean Square Error, IOA = Index of Agreement
(0O=no agreement, l1=perfect agreement), SKILL_E = @EMU)/(STD_OBS) (<1 shows skill), SKILL_V =
(STD_MOD)/(STD_OBS) (near to 1 shows skill), SKILL=RRMSE)/(STD_OBS) (<1 shows skill).
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Table 11.1b. West-east)(component of the wind (m'} statistics for TAPM simulation of
2000 at the SODAR site.

n [a]
m @] wn [a)
5 O = M ®) n > w > @
e | | @) s | | | | |
=z =z | | o L L L | — —
A I IR I IR
b = = % % 8] x x x ® ) n n
50 m 7846 -1.1| -0.8 4.6 4.1 098 1.47 0.89 1p3 0[96 30.3.88| 0.39
100 m 7850 -1.3| -1.1 5.5 5.0 0983 203 082 186 0[96 40.3.92| 0.37
150 m 7713 14| -14 5.8 5.8 0983 211 0.86 2pP8 097 60.3L.00| 0.36
200 m 7263 -1.1| -1.6 6.4 6.6 094 233 052 2p7 097 60.3..04| 0.37
250 m 6762 -1.5| -1.8 6.9 7.2 094 240 0.81 2888 097 50.3..05| 0.35
300 m 6486 -1.5| -1.9 7.1 7.7 095 254 089 2pH1 097 50.3..08| 0.36
400 m 5514 -1.5| -1.8 7.8 8.3 095 272 0.83 20 097 50.3..07| 0.35
500 m 4935 -1.4| -15 8.3 8.7 095 281 0.17 281 097 40.3L.05| 0.34
600 m 4483 1.2 -1.2 8.8 9.0 094 297 0.83 2pP6 097 40.31.02| 0.34

KEY: Same as for Table 11.1a.

Table 11.1c. South-nortlv)(component of the wind (m*} statistics for TAPM simulation of
2000 at the SODAR site.

n [a)
m @] wn [a)]
— e o = @ @) 2 - w > o
= W [ [ o = [ [ [ I [
m zZ zZ I I @ Ll AN} L — — -
o = < < la) o) 14 0 %) 0 = - -
m ) w w = e o) = = = < < < <
I b4 s s n n 8] x @ @ o n n n
50m 7846 0.6 0.6 3.6 3.1 0.8f 1.81 097 13 092 0.4284 | 0.50
100 m 7850 0.7 0.6 4.4 3.9 0.8f 221 1.05 1pP4 093 0.4488 | 0.50
150 m 7713 0.7 0.5 4.8 4.6 0.8f 241 083 2p6 093 0.4¥96 | 0.50
200 m 7263 0.9 0.3 5.3 5.2 0.88 2.7 094 249 093 0.4¥97 | 0.50
250 m 6762 0.5 0.2 5.8 5.6 0.8 2.7 0.79 2p5 094 0Q.4498 | 0.46
300 m 6486 0.5 0.1 5.9 6.0 090 2793 0.67 2BK4 095 0.4601| 0.46
400 m 5514 0.6 0.1 6.2 6.2 090 284 0.7 23 095 0.4401 | 0.46
500 m 4935 0.7 0.0 6.5 6.4 0.8p 3.03 098 286 094 0Q.4499 | 0.47
600 m 4483 0.7 0.0 6.7 6.5 0.88 331 1.23 307 093 0.46897 | 0.49

KEY: Same as for Table 11.1a.
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9 Annual urban meteorology and air pollution in Mel bourne

Melbourne is a coastal city in the southern pawNicforia, Australia, with ocean to the south
and mountains to the north. The EPA Victoria opEgan air monitoring network covering
the urban region of Melbourne, and measures botir-siwface meteorology and air
pollution. This Section summarises the results fioh®M modelling of year-long (July 1997
to June 1998) meteorology and photochemical aitupoh in Melbourne (Hurleyet al,
2003a), which was an update/extension of the watitn component of the work performed
as part of the EPA Victoria Air Quality Improveme®ian.

TAPM was configured with three (nested) grids of285 x 25 points at 30-km, 10-km and
3-km spacing for meteorology, and 41 x 41 x 25 goat 15-km, 5-km and 1.5-km spacing
for pollution. Default model options were used. darse was dominated by urban
characteristics for most of the nine Melbourne rtarimg sites.

The emissions inventory covered Melbourne and Geglas well as major point sources in
the Latrobe Valley about 100 km east of Melboutheepresents emissions for all pollutants
on approximately a 1-km spaced grid for vehiclenowercial and domestic emissions, as well
as a point-source inventory, and a biogenic-emissitventory on a 3-km spaced grid
(nitrogen oxides and hydrocarbons only). The emrssnventory was developed for the
Melbourne region by EPA Victoria for both gener&A-use, and for use by the Australian
Air Quality Forecasting System (AAQFS). Non-zerackground concentrations were used
for ozone (15 ppb), smog reactivity (Rsmog = 0.5)pgnd particles (10 pgrfor PM;o and

5 ug m® for PMys, to account for dust and sea salt emissions nthdrinventory), and the
standard reactivity coefficient for Rsmog of 0.0@%%s used for all VOC emissions.

Table 9.1. Statistics for TAPM simulation withoueteorological data assimilation of July
1996 — June 1997 in Melbourne (averaged over aitgs) for wind speed at 10 m above the
ground (WS); the west-east-component of the winy} (be south-north-component of the
wind (V); and screen-level temperature (T).

< pd = = 0 0 0 T T gyl o %) n o
> S |@|@ |2 |2 o) 2 Z 2 ~ = = =
X < > > O o py) 0 %) n — — =
> o5} z z 'o 'Z ! m m m N I -
e % o < w O ) c m < py]
m W o) n w)
w o
WS 8295 3.3 2.7 1.9 1.4 0.75 1.37 1.00 0.93 0.81 0/490.74 0.74
U 8295 0.8 0.9 2.1 1.8 0.77 1.3¢ 0.7p 1.14 0.86 0.,560.87 0.66
V 8295 0.3 0.0 3.0 2.3 0.87 1.54 1.06 1.12 0.91 0,370.76 0.52
T 8621 14.6| 14.9 5.9 5.5 0.94 2.1 0.90 1.96 0.p6 3 0{3 0.94 0.37

KEY: OBS = Observations, MOD = Model Predictions, MBER = Number of hourly-averaged values used for the
statistics, MEAN = Arithmetic mean, STD = Standdbéviation, CORR = Pearson Correlation Coefficient (®d=n
correlation, 1 = exact correlation), RMSE = Root Me&gquare Error, RMSE_S = Systematic Root Mean Squena, E
RMSE_U = Unsystematic Root Mean Square Error, I0Adek of Agreement (0 = no agreement, 1 = perfeteagent),
SKILL_E = (RMSE_U)/(STD_OBS) (<1 shows skill), SKILMV = (STD_MOD)/(STD_OBS) (near to 1 shows skill),
SKILL_R = (RMSE)/(STD_OBS) (<1 shows skill).

In order to examine the sensitivity of pollutiorsuéis to predicted winds when simulating
urban air pollution, the model was run twice in leyret al. (2003a). The first run was in
normal mode without meteorological data assimitatiand the second run was in data
assimilation mode using Melbourne and Geelong manig site 10-m level wind speed and
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direction data. The second run used data assiomlgite characteristics with a 20-km radius
of influence, and assimilated the observed windgHe lowest two model levels (10 m and
25 m). The results showed that the inclusion ofdadata assimilation for Melbourne did not
improve annual statistics of pollution (e.g. mea®.9 percentile, robust highest concentration
or maximum concentration). The results summarisddvb are for TAPM without wind data
assimilation.

Model predictions of meteorology were extractethatnearest grid point to each of the eight
meteorological monitoring sites on the inner gi@dk( spacing) at 10 m above the ground
for winds and at screen-level for temperature.iStes of observations and model predictions
are shown in Table 9.1, and are based on the reeodstions of Willmott (1981) — see the
Appendix for details. The results suggest that atids and temperature are predicted well,
with small biases, low RMSE and high IOA. The ager&RMSE and IOA for winds are
1.4 m &' and 0.86, and for temperature are 2.2 C and @&8igh are very good results.
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Figure 9.1. Nitrogen dioxide (top) and ozone (bmftdrobust Highest Concentration (RHC)
values for each monitoring site and for the averager all sites, for TAPM. The EPAV
monitoring sites correspond to: Alphington (ALP)oxB Hill (BOX), Brighton (BRI),
Dandenong (DAN), Footscray (FOO), Mt. Cottrell (M)f®aisley (PAI), Pt. Cook (PTC) and
RMIT (RMI).
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Ground-level pollution results for hourly averagMNand Q, and for daily average Piyland
PM, s were extracted from the nearest grid point tchezfcthe monitoring sites on the inner
grid (1.5-km spacing), and are summarised for Rbllighest Concentration (RHC) in
Figures 9.1 and 9.2 respectively. These resultsvshat TAPM simulations of the extreme
concentrations are very good for all species, alghodata at only three sites were available
for PM,s.
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Figure 9.2. PMb (top) and PM5s (bottom) Robust Highest Concentration (RHC) valtas
each monitoring site and for the average overita$ sfor TAPM. The EPAV monitoring sites
correspond to: Alphington (ALP), Box Hill (BOX), Byton (BRI), Dandenong (DAN),
Footscray (FOO), Mt. Cottrell (MTC), Paisley (PABt. Cook (PTC) and RMIT (RMI).
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10 Urban Meteorology

In order to explore the variation of TAPM perfornsanin predicting urban meteorology,
TAPM has been used to model the annual meteordimgyrban sites is several Australian
capital cities where data is available: Perth 1®8bane 2001, Sydney 2003 and Melbourne
2003. For each region, the model was configureth witee (nested) grids of 25 x 25 x 25
points at 30-km, 10-km and 3-km spacing for metegy Default model options were used.

Model predictions of meteorology were extractedhst nearest grid point to each of the
meteorological monitoring sites on the 3-km spaged at 10 m above the ground for winds
and at screen-level for temperature. Statisticolufervations and model predictions are
shown in Table 10.1-10.4 for each city, and arethas the recommendations of Willmott
(1981) — see the Appendix for details. The ressiliggest that the model predicts the winds
and temperatures well for each of the cities, witkrall results shown in Table 10.5 for the
average over all cities indicating that both wirathsl temperature are predicted well, with no
significant biases, low RMSE and high IOA. The aggr RMSE and IOA for winds are
1.4 m &' and 0.85, and for temperature are 2.2 C and @&8igh are very good results.

The contribution of the urban scheme in TAPM to itegults for Perth, Brisbane, Melbourne
and Sydney, along with potential problems in sgpresentation of monitors (especially for
anemometers) and variability of urban charactessthot accounted for in the model
resolution and input datasets in TAPM, contribat@imcertainty in wind predictions, and to a
lesser extent for temperature predictions. In paldr, AS2923 (1987) says that an
anemometer (at 10 m) should be distant from anyrettson by at least 10 times the height of
the obstruction, which can be difficult to achigmeurban areas. Given this complexity and
uncertainty, we are encouraged by the results,cespe given that the RMSE and IOA

values for these urban regions are comparabledsetiobtained for non-urban regions for
both winds and temperature.

Table 10.1. Statistics for TAPM simulation of 1980Perth (two sites) for wind speed at
10 m above the ground (WS); the west-east-compowénthe wind (U); the south-
north-component of the wind (V); and screen-leeehperature (T).

< z % % 9) X T T 5 %) %) %)
S E g |5 |32 |3 o 2 2 2 Q = = =
X Z > > o o Py 0 %) ) - — -
> W3 z z 'o lz Py m m m i I -
F—D % @] E< W O wn c m < by}
m W o) n w)
n w)
WS 8301 3.9 3.5 1.9 1.6 0.72 1.44 0.8 1.13 B3 590, 0.85 0.75

9 0.
U 8301 | -05| -0.6] 35 2.9 0.87 1.67 0.94 1.38 0.93 .400| 0.84 0.49
D 0.

Vv 8301 0.8 0.4 2.5 2.4 0.85 1.34 0.6 1.25 1 005 0.95 0.56

T 8601 | 18.7| 19.0 5.5 5.2 0.94 1.88 0.72 1.68 0.p7 .310] 0.93 0.33
KEY: OBS = Observations, MOD = Model Predictions, MNBER = Number of hourly-averaged values used for the
statistics, MEAN = Arithmetic mean, STD = Standdbeéviation, CORR = Pearson Correlation Coefficient (®=n
correlation, 1 = exact correlation), RMSE = Root Mesquare Error, RMSE_S = Systematic Root Mean Squenar,E
RMSE_U = Unsystematic Root Mean Square Error, I0Adek of Agreement (0 = no agreement, 1 = perfeteagent),
SKILL_E = (RMSE_U)/(STD_OBS) (<1 shows skill), SKILV_= (STD_MOD)/(STD_OBS) (near to 1 shows skill),
SKILL_R = (RMSE)/(STD_OBS) (<1 shows skill).
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Table 10.2. Statistics for TAPM simulation of 20@1Brisbane (three sites for wind and one
site for temperature) for wind speed at 10 m alibeeground (WS); the west-east-component
of the wind (U); the south-north-component of thmdv(V); and screen-level temperature

(M.
< pd %) %) 0 Py by T 5 %) %) o
> cE |5 |5 |32 |3 O < 2 < % = a a
X < > > O O Y| 0 %) » = = =
> o] Z Z 'O lZ Pyl m m m o~ o~ o~
,C—U % ®) = w @) wn cC m < py)
m W o) » w)
» O
WS 8497 2.2 2.4 1.6 1.2 0.67 1.26 0.86 0.91 0./8 570, 0.77 0.79
U 8497 -0.3| -0.3 2.0 1.9 0.80 1.29 0.58 1.16 0.89 .590| 0.98 0.65
\Y 8497 0.4 0.5 1.8 1.8 0.72 1.39 0.5b 1.25 0.84 00J7 1.01 0.77
T 8679 21.3| 21.4 5.0 4.7 0.94 1.75 0.1 1.64 0.7 .330] 0.94 0.35

KEY: As for Table above.

Table 10.3. Statistics for TAPM simulation of 203Sydney (ten sites) for wind speed at
10 m above the ground (WS); the west-east-compowénthe wind (U); the south-
north-component of the wind (V); and screen-leeehperature (T).

< pd =z =z %) 0 0 o) T o) o) o) %) o
> c i m = = o < < =z 5 pa = =
Y < > > O O Y| » %) » = = =
> o] Z Z 'O lZ ) m m m o~ o~ o~
,C—U % ®) = w @) wn cC m < py)
m W o) » w)
n W)
WS 8063 2.0 2.2 1.5 1.3 0.65 1.2y 0.82 0.94 0./7 640, 0.86 0.86
U 8063 0.1 0.3 1.8 1.9 0.73 1.46 0.5[1 1.33 0.83 8047 1.13 0.85
\Y 8063 0.2 0.1 1.8 1.6 0.74 1.26 0.64 1.05 0.84 206 0.92 0.73
T 8524 17.0{ 17.9 6.0 5.4 0.9¢ 2.76 1.29 2.42 0.4 410| 0.95 0.47

KEY: As for Table above.

Table 10.4. Statistics for TAPM simulation of 26@3Melbourne (eight sites) for wind speed
at 10 m above the ground (WS); the west-east-coemgonf the wind (U); the south-
north-component of the wind (V); and screen-leeehperature (T).

< b = = n n 9) ) ) X ) %) ) w
> c m m = = o} < < < 3 2 2 P
X < > > O O py) » %) » = = =
> o] Z Z 'O lZ Pyl m m m o~ o~ o~
,C—U % ®) = w e wn cC m < py)
m W o) » w)
n W)
WS 8419 3.4 2.9 1.9 1.5 0.77 1.37 0.93 0.98 0.84 500, 0.78 0.70
U 8419 0.6 0.7 2.1 2.0 0.78 1.37 0.6D 1.22 0.88 90J5 0.94 0.66
\% 8419 0.0 0.0 3.2 2.6 0.88 1.56 0.9 1.20 0.92 803 0.81 0.49
T 8509 | 14.9| 15.21 6.0 5.8 0.93 2.28 0.71 2.13 0.6 .36 0| 0.97 0.38
KEY: As for Table above.
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Table 10.5. Statistics for TAPM simulations of fodustralian cities for wind speed at 10 m
above the ground (WS); the west-east-componeniteoivind (U); the south-north-component
of the wind (V); and screen-level temperature (T).

< pd 0 0 o) Pl b P 5 n %) %)
S E g |5 |32 |3 o 2 2 2 Q = = =
X < > > o o Py » ) n - — -
> 2 |2 |o |k - m " m I B 5
't_n % @] E< W o wn c m < by}
m W o) 0 w)
n w)
WS 8320 2.9 2.8 1.7 1.4 0.7( 1.38 0.87 0.99 0.80 580, 0.81 0.77
U 8320 0.0 0.0 2.3 2.2, 0.80 1.44 0.64 1.27 0.88 905 0.97 0.66
\Y 8320 0.3 0.3 2.3 2.1 0.80 1.4( 0.6P 1.19 0.88 505 0.92 0.64
T 8578 18.0| 18.4 5.6 5.3 0.93 2.16 0.83 1.97 0.6 .350| 0.95 0.38

KEY: As for Table above.
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Appendix

The statistics used to measure meteorological moelébrmance in this paper are based on
those used by Willmott (1981) and Pielke (1984 )escribed below.

Predicted MearP

mean —

P, whereP; are the predictions.
i=1
N

Observed Mea®,.,,= O, , whereO; are the observations.
i=1
. o[ )
Predicted Standard Deviatid®, =~ P-P..).
- i=1
1 N
Observed Standard Deviati@y,, = N1 (0 -0,..).
1
N N N
N OPF - o} P
Pearson Correlation Coefficient= - = -
N N 2 N N 2
N OF - O, N PR* - P
i=1 i=1 =1 =1

N
Root Mean Square ErrfdRMSE= \/ 1 (P -

Systematic Root Mean Square ErRMSE, = \/

1
A
, 1 - 2
Unsystematic Root Mean Square ErRMSE, = \/N (R - R) .
2

N

(R-0

~—"

i=1

) qpl - Omearl +|Oi - Omean|)

i=1

RMSE,

Index of AgreementOA=1-

| SKILL, =459 and SKILL, = "MSE

std std std
Note thatN is the number of observations arlfﬁ: a+bQ is the linear regression fitted
formula with interceptd) and slopel).

The Robust Highest Concentrati®®HC = C(R) + (5- C(R))In((BR- 1)/2) pollution statistic
is from Cox and Tikvart (1990), wit(R) the R" highest concentration ar@ the mean of

the topR-1 concentrations. The value Bf= 11 is used here so thét is the average of the

top-ten concentrations, which is an accepted statisr evaluation of model performance
(Hanna, 1989). The RHC is preferred to the actwedkpvalue because it mitigates the
undesirable influence of unusual events, whilel sgpresenting the magnitude of the
maximum concentration (unlike percentiles or avesagver the top-percentiles). The
statistical performance measures used here foutpmil with the Kincaid and Indianapolis

datasets are the same as those used by Olesen) ({1899 Model Validation Kit.

Measures of SkillSKILL. =
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