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1.0

INTRODUCTION

The report, Airshed Modelling of Exposure to Particulates in the Hawke’s Bay Region – Urban Airshed Model
and Meteorological Data Sets, was submitted to the Hawke’s Bay Regional Council (HBRC) by Golder
Associates (NZ) Limited in July 2012 (Golder 2012). As part of that project, CALMET and AUSPLUME
meteorological data sets were developed for use by air quality consultants as a basis for air dispersion
modelling components of industrial assessments. The reader is referred to Appendix D of Golder (2012) for
a full description of the CALMET and AUSPLUME data sets themselves, and is strongly advised to read this
report in conjunction with Appendix D of that report.
This report is provided subject to the report limitations in Appendix A.
The CALMET data sets covered the industrial areas of Napier (Onekawa), Hastings, Awatoto, Whirinaki and
Wairoa, and were prepared for use with the CALPUFF dispersion model (see Scire et al. 1999 and
TRC 2011). Meteorological files were extracted from CALMET at one location in each area and re-formatted
for use with AUSPLUME (see EPA 2000). Modelled years were 2006 and 2010, selected in consultation
with HBRC.
The dispersion model AERMOD (Cimorelli et al. 2004) has been a regulatory model in the United States
(US) since 2005. It is not widely used in New Zealand, but it is anticipated that it will become more common.
AERMOD has been adopted as a regulatory model by Environment Protection Authority Victoria (EPAVic) for
air assessments carried out from 2014 onwards, in place of AUSPLUME. Recognizing the potential shift
from AUSPLUME to AERMOD in New Zealand, HBRC has contracted Golder to provide AERMOD-ready
meteorological files, for the same locations and years as the AUSPLUME files. The meteorological files
were produced using AERMOD’s pre-processor, AERMET, for the locations shown in Figure 1. Details of
the site locations are given in Table 1. The AERMET meteorological files are based on the original CALMET
outputs produced in 2012, and have been developed using methods consistent with the AUSPLUME data
sets. Therefore the surface wind and temperature should have the same values in the AERMET and
AUSPLUME data sets as extracted from CALMET. Other parameters such as mixing height may differ, as
the models each derive them differently.

Table 1: Locations of meteorological data sets for AERMOD.
Filename&

Location

X (m, NZTM)%

Y (m, NZTM)

OnekawaNN.ABC

Industrial zone in Onekawa West CAU.
St John's College monitoring site
(Mayfair CAU).
Representative location in the Awatoto
CAU.
Representative location in the Whirinaki
industrial area (Eskdale CAU).
Industrial zone to the north of the
residential area.

1933695

5620252

1931162

5605203

1936625

5614923

1934933

5633946

1982450

5670950

HastingsNN.ABC
AwatotoNN.ABC
WhirinakiNN.ABC
WairoaNN.ABC
&

NN refers to the year, 06 or 10; file suffix ABC refers to AERMET .sfc and .pfl files.

%

Coordinates are New Zealand Transverse Mercator (NZTM).

This report describes the development of the AERMOD-ready meteorological files. Section 2.0 outlines the
methods used to create the meteorological files. Section 3.0 provides guidance on relevant settings for
AERMOD. Section 4.0 contains some concluding remarks. Section 5.0 introduces the report limitations
statement. Section 6.0 contains a list of references. Appendix A contains Golder’s full report limitations
statement. Wind roses for the data sets are shown in Appendix B.

June 2014
Report No. 1478704164

1

1920000

1940000

1960000

1980000

2000000

¯

Wairoa

Whirinaki
Whirinaki

Napier
5620000

Onekawa

5620000

Awatoto

Hastings

Legend
(
!

AERMETd at
as e tloc at
ions
CALMETd om ain

0

Hastings/Awatoto
1920000
TI
TLE

10

20

25

Coord inat
e Sys t
e m :NZGD 2000Ne w Ze aland Trans ve rs e Me rc at
or
1940000

1960000

1980000

CALMETDOMAI
NSANDAERMETDATASETLOCATI
ONSI
NTHEHAWKE’SBAYREGI
ON

S:
\GI
S\P roj
ect
sNum be re d \2014\14787\04\1478704_ 164_ AERMETDat
aSe t
s \MapDoc um e nt
s \Fig1_ Calm e t
Dom ains inHBRC_ GI
S.
m xd

15

Kilom e t
e rs

1.Sc he m at
ic only
,nott
o be int
e rpre t
e d as an e ngine e ring d e s ign or c ons t
ruc t
ion d rawing.
2.Drawn by:NP .Re vie we d by:HG.
1900000

5

5600000

5600000

5640000

5640000

5660000

Wairoa

5660000

I
nf
orm at
ion c ont
aine d in t
his d rawing is t
he c opyrightofGold e r As s oc iat
es (
NZ)Lt
d .Unaut
horis e d us e or re prod uc t
ion oft
his plan e it
he r whollyor in partwit
houtwrit
t
e n pe rm is s ion inf
ringe s c opyright
. © Gold e r As s oc iat
es (
NZ)Lt
d.

1900000

2000000

JUNE 2014
P ROJECT

1478704164

1

AERMET DATA SETS

2.0
2.1

METHODS
Approach to the AERMOD Meteorological File Production

AERMOD’s meteorological inputs consist of an hourly time series of parameters from a single location,
representative of the area to be modelled using AERMOD. The time series includes observable parameters
such as surface wind, temperature, pressure, humidity, rainfall, and derived boundary layer parameters such
as heat fluxes and mixing heights. These are contained in a ‘surface’ file and a ‘profile’ file, which are
generated by the pre-processor AERMET. The meteorological files provided by this project have therefore
been created using AERMET.
AERMET was designed to be run based on observations from weather stations, and requires the following
inputs:



Hourly surface observations.



Twice-daily upper-air soundings.



Terrain and land-use parameters.

The CALMET data sets mentioned above were based on hourly three-dimensional outputs from the
meteorological component of The Air Pollution Model (TAPM, see Hurley, Physick & Luhar 2005), in
combination with surface-based observations from weather stations run by HBRC, MetService and NIWA.
The hourly surface information required by AERMET was extracted from CALMET outputs, and AERMET
files at the locations of the weather stations contain the observed wind, temperature and other parameters
where available. Cloud cover information is not output by CALMET, but was calculated from TAPM’s relative
humidity and input to CALMET. The same cloud information was also used in AERMET.
The upper-air information for AERMET was extracted from TAPM as an hourly, vertical profile at each site
location. The information was extracted from TAPM, rather than CALMET, as some upper-air parameters
required by AERMET are not contained in CALMET’s outputs. Note that AERMET only incorporates twicedaily soundings, so that most of the hourly profiles from TAPM were ignored by AERMET.
In summary, the meteorological inputs to AERMET were largely based on model outputs, rather than
observations. However, if the model locations coincide with weather station sites whose data were used by
CALMET, then the data from those sites are passed through CALMET and output by AERMET.
The following sections provide more details on the use of meteorological information in AERMET, and on
other aspects of its configuration.

2.2
2.2.1

AERMET Configuration
Surface-based meteorological information

For each site and year, an hourly time series of meteorological parameters was extracted from the CALMET
outputs at the lowest model level (10 m above ground). The parameters comprised wind speed, wind
direction, temperature, relative humidity, pressure and precipitation amount1. These were merged with the
cloud cover information used by CALMET, and input to AERMET as “on-site” data.
Light-wind conditions must be treated carefully. If the wind speed input to AERMOD is too low, there is a risk
of unrealistically high concentrations. A threshold wind speed may be specified in AERMET, below which
data are treated as calm. In this work, a threshold wind speed of 0.5 m/s has been chosen.

1

Precipitation information allows the assessment of wet deposition in AERMOD. Precipitation data were available representative of all
sites except Wairoa.
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2.2.2

Upper-air profiles

Hourly profiles at the site locations were extracted from TAPM and converted into the Forecast Systems
Laboratory (FSL) format for input to AERMET. The profiles contain height, pressure, dry bulb temperature,
dew-point temperature, wind speed and wind direction. The upper-air profiles are used to provide an
estimate of mixing height.
AERMET expects twice-daily upper-air soundings, which are taken routinely around the world at 0000 UTC
and 1200 UTC (midday and midnight in New Zealand). To initialize the growth of the daytime boundary
layer, the model uses the nearest available sounding before sunrise. In New Zealand this would be the
sounding taken at midnight. However, as a modelled sounding is available for every hour, the option is
taken in AERMET to use the modelled sounding closest to sunrise 2. As mentioned above, AERMET does
not use all 24 soundings.

2.2.3

Land-use sectors

AERMET requires site surface parameters, namely, surface roughness length, midday Albedo and Bowen
ratio. These parameters depend on land use type, and if there are a number of land use types in the vicinity
of the meteorological site, the parameters are averaged. This is done automatically by AERSURFACE,
which uses high resolution land use data from the US. AERMET also allows the parameters to vary with
direction from the meteorological site, allowing sectors of differing land use. The surface-layer and
boundary-layer characteristics calculated by AERMET can therefore depend on wind direction, and this
follows through to the plume dispersion characteristics modelled by AERMOD. The surface characteristics
are also allowed to vary by season or by month.
For the Hawke’s Bay region, Golder has examined the land-use classes used in CALMET within 1 km of the
meteorological site location and averaging their parameter values. The parameter values used are taken
from the AERSURFACE manual (USEPA 2013), averaged over all seasons. In built-up areas, suburban
parameter values were used, rather than urban. Inland locations (Onekawa, Hastings and Wairoa) were
given a single set of parameter values, whereas as coastal locations (Awatoto and Whirinaki) were each
divided into two sectors – land and sea – with a set of surface parameters for each. The parameters used by
AERMET for each data set location are summarized in Table 2.

Table 2: AERMET data set surface characteristics.
Location

Elevation$

Sectors%

Description

Awatoto

1m

Hastings
Onekawa
Wairoa
Whirinaki

9m
1m
7m
9m

1:
2:
All
All
All
1:
2:

Agricultural
Water
Suburban
Suburban
Suburban
Water
Agricultural

%

165°–355°
355°–165°
directions
directions
directions
25°–200°
200°–25°

&

Albedo

Bowen ratio

Roughness length

0.18
0.1
0.18
0.18
0.17
0.1
0.18

0.98
0.1
0.93
0.98
0.84
0.1
0.68

0.24 m
0.001 m
0.41 m
0.42 m
0.32 m
0.001 m
0.19 m

The direction ranges are defined with 0° northward, 90° eastward, 180° southward and 270° westward. For example, a range from 0°

to 90° is in the direction of the northeast quadrant.
$

The elevation is that used by CALMET at the site.

&

The description indicates the majority of the land use around each site.

2

To do this in AERMET, include the method “UASELECT SUNRISE” in the METPREP pathway.
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2.2.4

Other AERMET configuration parameters

This section outlines further aspects of the AERMET configuration, with the options and parameter values
used shown in Table 3. They are shown here for completeness, and do not have to be implemented by the
user. Parameters related to meteorology that are required by the user in the configuration of AERMOD are
described in Section 3.0,

Table 3: AERMET options and parameter values.
Description

Option or value(s)

Time step

1 Jan 2006 00:00 to 1 Jan 2007
00:00;
1 Jan 2010 00:00 to 1 Jan 2011
00:00 (NZST)
Hourly

Anemometer height

10 m

Critical wind speed

0.5 m/s

Randomization of wind direction

Off

Interpolation of temperature data

On

Interpolation of cloud cover values

On

Upper-air profile option

Use a sunrise profile

Dates

2.2.5

Notes

Two years have been modelled.

Wind data are extracted from
CALMET; this is the mid-level of
CALMET’s surface layer.
A few hours per year output by
CALMET are therefore treated as
calm by AERMET. The
percentage of calms is shown on
the wind rose for each site, in
Appendix A.
This is used when wind direction
data are only available to the
nearest ten degrees.
By default, AERMET interpolates
missing temperatures between
hours. This will not happen here,
as a full time series of
temperatures has been extracted
from CALMET.
By default, AERMET interpolates
missing cloud cover values
between hours. This will not
happen here, as a full time series
of cloud cover is used.
The upper-air profile nearest to
the sunrise hour is used to
initialize the day-time mixing
height development.

AERMET runs and AERMOD testing

The meteorological data sets were produced using AERMET and tested using AERMOD, version 14134.
The version number denotes the release year and Julian day, with 14134 being 14 May 2014. AERMET was
run to produce ten pairs of files – surface and upper air files for two years at the five locations shown in
Figure 1. All reports and messages output by AERMET were examined to ensure no errors occurred, and
the wind roses for each site and year checked to ensure they matched the wind speeds and directions
produced by CALMET. For reference, the CALMET wind roses have been taken from Golder (2012) and
shown in Appendix B of this report. Testing was done in AERMOD with idealized sources to ensure that the
AERMET meteorological files are compatible with the dispersion model.
June 2014
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3.0

AERMOD CONFIGURATION

In this project, AERMET runs and AERMOD tests were carried out within the AERMODView package
(version 8.5.1), developed by Lakes Environmental Software 3. These create the standard input files required
by the models. The following describes the meteorology-related options which should be selected within
AERMODView, and also the pathways, keywords and options that should be used if the run is created
manually. It is assumed that the reader has experience with AERMOD in general and is familiar with the
format of its input files and the meaning of the options described here.

In AERMODView:
1)

Under Meteorology Pathway, Met Input Data, browse folders for the AERMET output surface and profile
files (file suffices .sfc and .pfl) and select these.

2)

Under Meteorology Pathway, Data Period, select “No” for “Read Entire Met Data File”. Then tick
“Specify Data Period to Process”, with Start Date January 1, Hour 1, and End Date December 31, Hour
24. The year is either 2006 or 2010.

Manual set-up of AERMOD runs:
The AERMOD input file contains the pathway details as a text file. The following options are required in the
Meteorology Pathway:
1)

The keywords SURFFILE and PROFFILE point to the AERMET output surface and profile data.

2)

The keyword STARTEND specifies the start and end hours of the run (1 January, hour 1, to 31
December, hour 24).

3)

Site information is found in the AERMET output files, and entered as options for the keywords
SURFDATA, UAIRDATA, SITEDATA and PROFBASE.

For example, an AERMOD run using the Onekawa 2006 meteorological data set would contain the following
input information (assuming the AERMET files are in the AERMOD working directory).

ME STARTING
SURFFILE .\onekawa06.sfc
PROFFILE .\onekawa06.pfl
SURFDATA 0 2006
UAIRDATA 42032 2006
SITEDATA 2001 2006
PROFBASE 1.0 METERS
STARTEND 2006 1 1 1 2006 12 31 24
ME FINISHED

3

See http://www.weblakes.com/products/aermod/ (accessed 28 May 2014).
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4.0

CONCLUSION

This report describes the creation of meteorological data sets for use in air dispersion modelling
assessments with AERMOD at locations in the Hawke’s Bay region. These data sets are based on CALMET
modelling carried out for HBRC as part of project on airshed modelling of exposure to airborne particulates in
the region (Golder 2012), and are therefore expected to be consistent with previous meteorological data sets
produced for the region. This report should be read in conjunction with the Golder (2012) report, particularly
Appendix D, which details the creation of the CALMET data sets. Note that the guidance given in Section
4.0 of Appendix D on the choice between the Gaussian-plume model AUSPLUME and the puff model
CALPUFF also applies to the Gaussian-plume model AERMOD.

5.0

LIMITATIONS

Your attention is drawn to the document, “Report Limitations”, in Appendix A. The statements presented in
that appendix are intended to advise you of what your realistic expectations of this report should be, and to
present you with recommendations on how to minimise the risks to which this report relates which are
associated with this project. The document is not intended to exclude or otherwise limit the obligations
necessarily imposed by law on Golder Associates (NZ) Limited, but rather to ensure that all parties who may
rely on this report are aware of the responsibilities each assumes in so doing.

6.0
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Report Limitations
This Report/Document has been provided by Golder Associates (NZ) Limited (“Golder”) subject to the
following limitations:
i)

This Report/Document has been prepared for the particular purpose outlined in Golder’s proposal and
no responsibility is accepted for the use of this Report/Document, in whole or in part, in other contexts
or for any other purpose.

ii)

The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the Report/Document. If a service is not
expressly indicated, do not assume it has been provided. If a matter is not addressed, do not assume
that any determination has been made by Golder in regards to it.

iii)

Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between investigatory
locations, and there may be special conditions pertaining to the site which have not been revealed by
the investigation and which have not therefore been taken into account in the Report/Document.
Accordingly, if information in addition to that contained in this report is sought, additional studies and
actions may be required.

iv)

The passage of time affects the information and assessment provided in this Report/Document.
Golder’s opinions are based upon information that existed at the time of the production of the
Report/Document. The Services provided allowed Golder to form no more than an opinion of the actual
conditions of the site at the time the site was visited and cannot be used to assess the effect of any
subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.

v)

Any assessments, designs and advice made in this Report/Document are based on the conditions
indicated from published sources and the investigation described. No warranty is included, either
express or implied, that the actual conditions will conform exactly to the assessments contained in this
Report/Document.

vi)

Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

vii) The Client acknowledges that Golder may have retained subconsultants affiliated with Golder to provide
Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services and
work done by all of its subconsultants and subcontractors. The Client agrees that it will only assert
claims against and seek to recover losses, damages or other liabilities from Golder and not Golder’s
affiliated companies. To the maximum extent allowed by law, the Client acknowledges and agrees it
will not have any legal recourse, and waives any expense, loss, claim, demand, or cause of action,
against Golder’s affiliated companies, and their employees, officers and directors.
viii) This Report/Document is provided for sole use by the Client and is confidential to it. No responsibility
whatsoever for the contents of this Report/Document will be accepted to any person other than the
Client. Any use which a third party makes of this Report/Document, or any reliance on or decisions to
be made based on it, is the responsibility of such third parties. Golder accepts no responsibility for
damages, if any, suffered by any third party as a result of decisions made or actions based on this
Report/Document.
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Wind Roses for the Meteorological Data Sets
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APPENDIX B
Wind Roses for the Meteorological Data Sets

This Appendix contains wind roses from the CALMET modelling in Golder (2012), Appendix D. Wind roses
from AERMET are the same as these.

Figure 1: Wind roses for Onekawa, years 2006 (left) and 2010 (right).

Figure 2: Wind roses for St John’s College, Hastings, years 2006 (left) and 2010 (right).
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Figure 3: Wind roses for Awatoto, years 2006 (left) and 2010 (right).

Figure 4: Wind roses for Whirinaki, years 2006 (left) and 2010 (right).
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Figure 5: Wind roses for Wairoa, years 2006 (left) and 2010 (right).

Reference
Golder 2012. Airshed Modelling of Exposure to Particulates in the Hawke’s Bay Region. Report prepared by
Golder Associates (NZ) Limited for the Hawke’s Bay Regional Council, June 2012.
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