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PREFACE – A GUIDE TO THE GUIDE 
 
These guidelines are intended for the expert practitioner, but include portions for those who are  
novices, and information for those who use model output for decision-making. In order to 
navigate through these guidelines, the document is organized according to The 12 Steps to Good 
Modelling Practice (Section 3). Each section of the document provides supporting detail for 
these steps.  
 
For practitioners, the portions of interest would be Sections 2.3 and 2.4 (Recommended Models 
for Use in B.C.), Section 4 (Model Plan) and Sections 5-11 (Model Inputs, Model Specific 
Information, Model Output, and Special Topics). Detailed recommendations provided in these 
sections are to guide model selection and application.  The key portions are in bullet form, so 
practitioners can focus immediately on these portions without having to find them buried in the 
text. 
 
For newcomers to the field, a review of the complete document is recommended with particular 
focus on The 12 Steps to Good Modelling Practice (Section 3), the Model Plan (Section 4) and 
the discussion on Model Quality Assurance and Control (QA/QC) (Section 10). 
 
For managers who use model output to inform decision making, the recommended portions are 
related to introductory material on dispersion models, their use, the basic model types and their 
application in terms of Levels of Assessment (Sections 1, 2), the importance of the Model Plan 
(Section 4) and the discussion on Model Output (Section 10). 
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1. INTRODUCTION 
 
Air quality management has rapidly evolved from the control of a few contaminants emitted 
from industrial stacks to a complicated web of management approaches to address a host of new, 
inter-related air quality issues. These issues involve extremes in space (local to global) and time 
(instantaneous to decades) and involve multiple contaminants emitted from a variety of sources. 
In order to sort out these complexities, decision makers have increasingly relied on air quality 
dispersion models as they provide a way to evaluate different emission control policy scenarios that 
would be expensive, difficult, or destructive to do in the real world. Dispersion models are often the 
only cost-effective method to understand the interaction of existing or future emission sources, with 
meteorology, topography, and existing air quality. They generate quantitative answers to “what if” 
questions and inform decisions that govern many day-to-day activities. These answers are needed to 
support environmentally sound, and scientifically based air management decisions.  
 
More specifically, dispersion models are commonly used to determine permit emission limits 
and conditions where models are used to assess the air quality impacts of an existing or proposed 
source with respect to federal, provincial and regional ambient air quality objectives.  Other 
examples of their utility as a decision-making tool include: 
 

 identifying the main contributors to existing air contaminant problems 
 evaluating potential mitigation strategies 
 managing existing emissions in an airshed 
 planning new sources of emissions 
 optimizing the placement of emission sources to reduce their air quality impacts 
 designing ambient air monitoring networks 
 forecasting potential air quality episodes 
 assessing risk and developing response plans in the event of an accidental air emission 

 
Dozens of dispersion models are available, creating a “supermarket” of choice that includes a 
wide range of complexity and abilities.  There is also a large user community with a range of 
interests and modelling backgrounds that includes government, academia, consultants, regulators 
and the general public.  The combination of large model choice and a wide user community has 
led to the need for regulatory agencies to provide guidance on model selection and application.  
 
1.1 Purpose of the Modelling Guideline 
 
From a broad ministry perspective, the guidelines are intended to further progress toward one of the 
ministry’s goals: “Provide effective and efficient planning and support for ministry programs” 
through two identified strategies (Ministry Service Plan 2004):  

 continue to guide and support the integration of science and risk management in ministry 
decision making 

 effectively communicate expectations and results to staff, clients and the public 
 
The ministry has produced these guidelines to help insure that dispersion modelling studies, 
conducted for the ministry are: 
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 appropriate for the needs of the application 
 applied correctly and consistently using accepted scientific techniques 
 used to reliably inform air quality management decisions.  

 
The guidelines include:  

 the ministry’s expectations for air quality dispersion modelling  
 identification of the level-of-effort recommended for a modelling study  
 selection of an appropriate dispersion model  
 a stepwise approach to good modelling practice 
 a flexible approach that allows exceptions to guideline practice if justified. 

 
Following the guidelines will help minimize the possibility of: 
 

 professional disagreement on technical details (resulting in delays),  
 model misapplication,  
 errors in the technical details and resulting output 
 the absence of modelling in situations where it would provide valuable information, 
 inconsistency in model selection and application 

 
Finally, the guidelines:    
 

 are not a regulation or policy and thus there is no legal obligation to follow the 
recommendations included here.   

 recognize the importance of professional judgment in any modelling application, as it is 
impossible to provide detailed recipes for every situation.   Thus, departures from or 
additions to guideline practice are allowed as the situation warrants. 

 will be updated as modelling practice changes (as driven by advances in science and  user 
experience with the guidelines).  Users are reminded to register their copy of the 
guideline as per the instructions at the beginning of the document. 

 
1.2 Scope  
 
Other types of models, which are not included in these guidelines, can be used in situations where 
dispersion models have limited application or where more than one tool is needed to provide a 
weight of evidence. These include:  

 Receptor Oriented Models: sources of air pollution are inferred from measured 
concentrations at the receptor using back trajectories, sector analysis, receptor modelling 
for example. 

 Physical Models: scale models in a wind tunnel or water flume allow for an 
understanding of the flow and dispersion characteristics in very complex flow settings 
(for example the behaviour of contaminants in urban street canyons) 

 Statistical Models: statistical relationships between air quality and meteorology, based 
on historical measurements, are applied to forecast future air quality conditions.  
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The guidance provided in the document is intended for modelling applications submitted to the 
Greater Vancouver Regional District (GVRD), as well as the ministry. As such, the term “GVRD” 
can be used synonymously wherever the term “ministry” is used in the document.   
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2. AIR QUALITY DISPERSION MODELS AND THEIR 
APPLICATION IN B.C. 

 
2.1 Introduction 
 
This section provides an overview on model types, identifies the models that are recommended 
in British Columbia, and outlines different ways they can be applied. This sequence is illustrated 
in the schematic below. 

 
Figure 2-1 - Section 2 Outline: Air Quality Dispersion Models and Their Application in B.C. 

Air quality dispersion models are mathematical descriptions of the behaviour of air contaminants 
in the atmosphere.  There is an array of air dispersion models that have been used in different 
jurisdictions around the world to handle a wide range of modelling conditions.  One such 
condition that is unique to British Columbia is “complex” terrain (rolling hills, valleys, bowls, 
coastal areas, rugged mountains) and surfaces (water, open plains, forests, snow/ice, urban 
zones).  These geophysical characteristics result in “complex flow” and dispersion patterns and 
present many challenges to dispersion modelling. 
 
The most common air dispersion models are steady-state, straight-line, Gaussian plume models. 
They calculate contaminant concentrations for each hour assuming meteorological conditions are 
uniform across the modelling domain. Because of the steady-state, straight-line nature of these 
models, they do not explicitly account for curved plume trajectories and variable wind conditions 
that occur in complex flow situations. In addition, these models have a limited ability to handle 
low wind speeds, a frequent feature in the bowls and deep valleys in B.C For example, in the 
Prince George basin winds less than 1 m/s nearly 20% of the time (Ministry 2004). 
 

Dispersion Models: Three General Types 

 Screening 
 Refined  
 Advanced 

Recommended Models for British Columbia 
 Core Models 
 Special Circumstance Models 

Dispersion Model Application: Three Levels of Air 
Quality Assessments 

 Level 1: Screening 
 Level 2 and 3: More Detailed Information 
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In order to treat these complex flow situations, there are models that treat emissions as a series of 
puffs. Although these models require more computing power as they track puffs that represent 
discrete amounts of contaminants over time, they have the advantage of allowing meteorological 
conditions (winds, turbulence, vertical temperature structure) to vary across the modelling 
domain. In addition, they can address the accumulation of contaminants during calm conditions, 
the curved paths of plumes, and the effects of causality (where the previous position of the plume 
is accounted for in determining the current plume position).  
 
The straight-line (Gaussian) and curved trajectory (puff) models described above are only two 
examples of model types that exist in the models “supermarket.” Even with these two model 
types, there are several variants that are especially designed to account for unique situations, 
such as chemical transformations and heavier than air emissions.  The model supermarket 
includes simple models (which make simplifying assumptions on the underlying physics) and 
sophisticated models (which describe such processes in more detail). These models require more 
resources as well as expertise in the set-up, running and interpretation of the output.  
 
2.1.1 Classes of Models: Screening, Refined and Advanced 

The wide range of model complexity and types can be broken into three broad classes: screening, 
refined and advanced.  
 
Screening models are a simple and quick way to estimate a “worst case” concentration that may 
possibly occur for a given emission. They do not require hourly, site-specific meteorological data 
as input, but rather have a built-in, meteorological data matrix that represents a spectrum of 
different combinations of meteorological conditions that could possibly occur. A screening 
model calculates concentrations under these different combinations of meteorological conditions. 
From this output, the highest (worst-case) concentration is selected. Screening models are 
generally limited to providing the worst-case one-hour concentrations at a receptor and cannot be 
applied to long-term (eight-hour, daily, seasonal, annual) average concentrations unless a 
correction factor is applied (provided in Section 11.5). Screening models are considered to 
provide conservative concentration estimates, and as such are used as a flagging device that 
indicates the potential for unacceptable air quality. 
 
Refined models include a more detailed treatment of the atmospheric processes, require more 
detailed input data, and provide time and space concentration (or deposition) distributions. Refined 
models include more realism (physics and meteorological input) in order to make predictions that 
are specific to the site and closer to reality (in theory) than screening model predictions. Model input 
consists of geophysical data such as terrain and surface roughness, user-defined receptors, and a 
sequential, hourly time series of meteorological data that is representative of the conditions at the 
location of the source. In addition, hourly changes in source emissions can be input.  This level of 
detail of model input allows for a sequential hour-by-hour contaminants simulation for an array of 
receptor locations. Output can include both short-term (one hour) and long-term (multiple-hour, 
daily, seasonal, annual) average concentrations at every receptor location. Thus, it is possible to 
obtain the maximum concentration as well as details on the space and time variation of the 
concentrations — something that may be of importance to decision makers.  
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Advanced models include comprehensive treatments of meteorology, emissions and chemistry and 
require considerable expertise and computer resources to set-up, run and interpret the results. 
Examples include the regional scale photochemistry models such as CMAQ, where simulations of 
secondary contaminants (O3 and PM) over large domains are conducted. Input files are largely 
generated by other models that in turn are resource intensive (i.e., emissions models and weather 
forecast models). Due to the resources required to run such models, they are typically applied for 
select episode situations (i.e., hour-by-hour over a few days) and in situations that include large 
source areas.  Advanced models are not included in this guideline as they are typically not used for 
regulatory purposes. 
 
2.1.2 Guideline Model Types: Core Models 

The ministry recommends a number of core models to be used for air dispersion modelling in 
British Columbia given that no one single model is appropriate for all geophysical, source and 
application situations.  The core models are those recommended by the United States 
Environmental Protection Agency (U.S. EPA). The advantages to using these models (see EPA, 
2005) in B.C. include:  

 open source code that can be evaluated and technically critiqued by anyone 
 detailed user documentation 
 free availability through the Internet 
 extensive testing for coding errors and unrealistic behaviour 
 performance evaluations with observations 
 wide user community and experience in regulatory decision making  
 familiar to B.C. modellers in government, consulting and industry 

 
2.1.3 Guideline Model Types: Special Circumstance Models 

There are “special circumstances” where the recommended core models listed in Section 2.3 may 
not be the model of choice. Special circumstance models outlined in Section 2.4 can be 
considered for a particular application if:  

 a core model (because of its technical limitations for the application) cannot reasonably 
perform the job for the situation 

 the special circumstance model is simpler than a core model, but provides the required 
information (i.e., if it is easier to apply a special circumstance model and still meet the 
information needs, then a special circumstance model can be applied) 

 
These types of models listed here are those also listed as preferred models in EPA (2005). 
 
2.1.4 Guideline Model Types: Alternate Models  

Although the guideline models will handle the vast majority of applications, there may be some 
situations where an alternate model (i.e. one not listed in the guideline) would be better suited for the 
application.  One example of an alternate model would be a CFD (Computational Fluid Dynamics) 
model for flow and dispersion around building structures. The models listed in these guidelines do 
not have the capability to provide details of such flow situations. Before an alternate model is used it 
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is recommended that the rationale for an alternate model is provided to the Ministry.  The rationale 
should include: 
 

 the core or special circumstance models (as listed here) do not have the capability to 
handle a particular application 

 the alternate model performs better than the core or special circumstance model 
 the model meets the criteria listed in Section 2.1.2.  

 
Priority will be given to peer reviewed evidence that demonstrates better performance where the 
model has been applied in a similar situation using performance indicators relevant for this 
application (maximum hourly concentrations comparisons, exceedance threshold comparisons, 
spatial pattern comparisons, etc.)  
 
2.1.5 Modifications to Models 

Modifications to the model program are possible due to the open source code of the EPA models.  
However, due to the complicated links between different program components an apparently 
simple change can result in unexpected results.  If a model is modified, it is recommended that: 
 

 the justification for such a modification is provided  
 the modification is documented and testing results provided  
 the above information is to included in the Modelling Plan (Section 4) before accepted by 

the ministry  
 
2.2 Model Application: Levels of Assessment  
 

Model output is used to assess the air quality implications of an emission (an “Air Quality 
Assessment”). Assessments can vary in their level of detail and scope, which in turn is 
determined by three factors: 

 objectives of the modelling,  
 technical considerations and  
 the level of risk associated with the project emissions  

 
Modelling objectives are based on the information needs of the decision maker.   The 
identification of these needs in-turn will determine the choice of a specific model. For example, 
if only an estimate of the worst-case concentration is needed, then the air quality assessment is 
very simple and a screening model can be used.  If the air quality impacts that result from a 
source are required every hour over a period of a year at an array of receptors, then a more 
detailed air quality assessment is required and a refined model must be applied.   
Technical considerations involve a determination of the unique source, emissions and 
meteorological setting. For example, if the air quality impacts around the bend in a valley are of 
interest, then a more detailed assessment is required and an appropriate model that handles 
curved trajectories must be applied.    
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The level of risk associated with a project can determine the level of detail required in an air 
quality assessment as well as the selection of the model. The following factors help guide a 
distinction between high and low risk situations: 

 contaminant type  
 amounts emitted  
 current levels of air quality in the area (pristine or already degraded)  
 sensitivity of the surrounding area (environmental and human) 
 physical setting (sheltered valley vs. open area) 
 environmental footprint of the facility 
 future situation (land use, changes in sensitivity due to anticipated growth) 
 public interest/concern 
 consequences of decisions that will be made based on model output  

 
The following section describes three levels of assessment that span the range of possible 
outcomes when considering the three factors described above (modelling objectives, technical 
and risk level).  
 
2.2.1 Level 1 Assessment 

A Level 1 assessment provides an estimate of the worst-case air quality impacts. Therefore, 
screening models are appropriate for this level.  Despite the small amount of information 
provided in a Level 1 Assessment, it is recommended for a large number of situations: 

 identify those sources that need further analysis if they contribute to ambient 
concentrations in excess of short-term air quality objectives  

 “go, no-go” evaluations (a critical acceptance/rejection criteria is exceeded or not 
exceeded: typically for low-risk sources)  

 permit/approval decisions for single sources (typically for low-risk sources) 

 preliminary identification of air quality issues associated with proposed new sources or 
modifications to existing sources 

 planning purposes (internal resources required to conduct assessment, need to consider 
other studies to support the decision-making process, need to contact other agencies) 

 identification of the need for more detailed modelling using Level 2 or 3 assessment 
approaches (if exceedances of short-term objectives are predicted) 

 confirmation of refined model results that appear unusually high or low 

 defining the Modelling Plan (Section 4) for Level 2 or 3 assessments 
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2.2.2 Level 2 Assessment 

Although Level 1 assessments are useful in many situations, often the complete distribution of 
concentrations in time and space are of interest. This distribution provides the spatial pattern of 
maximum concentrations at different time averages surrounding the source area, and/or the 
identification of areas where certain specified concentration thresholds are exceeded as well as 
their exceedance frequencies. 
  

It is recommended that a Level 2 assessment is used for situations where:  

 a Level 1 assessment indicates the potential for an exceedance of ambient objectives 

 a distribution of the concentrations and/or depositions in time and space is required 

 contaminant can be reasonably treated by a straight-line, steady-state, Gaussian plume 
model with no chemical transformation. Although more complicated processes may be 
occurring (i.e., curved plume trajectory), a more complicated model that explicitly treats 
these processes may not be necessary depending on the purposes of the modelling and the 
zone of interest. For example, if the area of interest is within 100 m, then curvature 
effects and chemical transformations are likely not critical.  

 emissions are from small sources (i.e., compressor station stacks) where the greatest 
impacts are in the order of 100 m downwind 

 source is considered to be low risk 

 purpose is for a standard/generic permit or amendment process (such as an emissions 
reduction) 

 where the uncertainty in the input emissions does not warrant a Level 3 Assessment. 

 to support other air management related investigations such as: 

 identify potential contributing sources 
 identify worst-case meteorological conditions 
 identify areas of air quality concern 
 analyze historical air quality trends 
 design monitoring networks (locations, contaminants, sampling period, 

frequency) 
 
Models used for Level 2 assessments are of the refined straight-line, steady-state Gaussian models 
that require a time series of sequential, hourly meteorological data that represents the dispersion 
conditions at the source. 
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2.2.3 Level 3 Assessment  

In general, a Level 3 assessment is recommended in situations where: 

 a Level 1 or 2 assessment indicates predicted exceedances of ambient objectives 

 the purpose of the assessment requires detailed air quality impacts (time and space 
variation of the concentrations) 

 it is important to account for multiple source types, chemical transformations and effects 
associated with complex topography such as causality, calms, curvilinear plume 
trajectories, spatial variations in turbulent mixing,  

 a source is considered to be high risk (Section 2.2) 

More specifically, Level 3 assessments are recommended in situations where there is a need to: 

 evaluate air quality consequences under a permitting or Environmental Assessment 
process for large industrial developments that have considerable social, economic and 
environmental consequences 

 assess contaminants resulting from non-linear processes (e.g., deposition, ground-level 
ozone, particulate formation, visibility) 

 evaluate consequences of air quality management approaches that involve multi-source, 
multi-sector contributions from permitted and non-permitted sources in an airshed 

 provide information to support environmental, human and economic effects studies 

 examine specific receptors that may be sensitive or of special interest such as individual 
residences, sensitive ecosystem areas 

 assess contaminants in meteorologically complex situations (“complex flow” such as 
mountain valley flows, reversals, sea breeze, and fumigation) 

 assist in understanding of the underlying source and meteorological causes of episodes 

Level 3 assessments require more sophisticated models and corresponding input data, resources and 
model operator expertise to properly account for these factors. These models require detailed 
meteorological, geophysical and source input that may include: 

 one or more years of site-specific meteorological data (e.g., wind speed, wind direction, 
temperature, turbulence, and mixing height) at a number of sites in the domain of interest  

 detailed emission inventories for point, line, area and volume sources in an airshed that 
could vary in time and where there is a mix of urban, industrial and natural sources 

 the speciation, emissions and time variation of different contaminants (e.g., volatile 
organic compounds from vegetation) 
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Gaussian puff trajectory models and regional-scale, photochemical grid models are examples of 
models used for a Level 3 assessment. The latter type of model (considered to be an advanced 
model and not included in this guideline) is commonly used to examine episode situations due to 
emissions from a large urban area over a large distance (500 km). This model is appropriate for 
forecasting or planning purposes or to determine the effectiveness of large-scale source control 
measures. These situations demand modelling that is comprehensive and thoroughly tested, so users 
have confidence in their predictive capabilities given the complexity of the scenarios examined and 
the potential far-reaching implications of decisions that are informed by this type of modelling.  
 
2.3 Recommended Core Models for Level 1, 2 and 3 Assessments 

 
Several core models recommended for use in British Columbia are listed in Table 2.1 along with 
recommendations on the situations for their application. The core screening models include 
SCREEN3 and ISC-PRIME/S; whereas the core refined models include ISC-PRIME, AERMOD, 
RTDM3.2, and CALPUFF. Only a sketch of each model is described here. More complete 
descriptions can be found in the model documentation (Section 12 under Model Resources). 
 
2.3.1 Screening Models 
 
2.3.1.1. SCREEN3 

SCREEN3 is a single-source Gaussian plume model that provides maximum ground-level 
concentration predictions for point, area, flare, and volume sources. SCREEN3 is able to account 
for a variety of effects including: building downwash for both the near-wake and far-wake 
regions, cavity recirculation, and flare releases. Simple-area sources can be modelled with 
SCREEN3. This model can incorporate the effects of terrain below stack height on maximum 
concentrations and can also estimate 24-hour average concentrations due to point-source plume 
impaction for terrain above stack height.  
 
Recommended use: 
 

 single point, area, volume sources 
 single building effects on point source 
 building wake cavity concentrations 
 flares  
 transport distances of less than 50 km (depends on terrain) 

 
For multiple point sources, a representative combined source method could be used (using the 
method described in Section 5.3). A better approach is to use ISC-PRIME/S where individual 
sources are treated explicitly. For multiple area and volume sources ISC-PRIME/S is the only 
option.  
 
For terrain that is greater than stack height, SCREEN3 produces a 24-hour average maximum 
concentration. To obtain a one-hour average, multiply the 24- hour average by four. 
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For terrain areas at elevations less than the stack height, SCREEN3 produces a maximum one-
hour concentration. Averaging time adjustment factors can be applied to estimate concentrations 
for longer averaging times. These are listed in Table 11.3 (Section 11.5). 
 
2.3.1.2. ISC-PRIME/S 

ISC-PRIME/S is the application of the Industrial Source Complex, Short-Term model (ISCST) 
with the PRIME algorithm (Plume Rise Model Enhancements) run in a screening mode (S). The 
PRIME algorithm refers to the building downwash treatment.  
 
The model is a straight-line, steady-state Gaussian plume model that is capable of handling 
multiple sources, including point, volume, area and open-pit source types. Line sources may also 
be modelled as a string of volume sources or as elongated area sources. The emission rates may 
be treated as constant throughout the modelling period, or may be varied by month, season, hour-
of-day, or other optional periods of variation. The model includes algorithms for modelling the 
settling and removal of large particulates (dry deposition) as well as algorithms to determine wet 
deposition of gases and particulates. The effects due to building downwash are also accounted 
for (through the PRIME downwash algorithm). There is a rudimentary treatment for the effects 
of elevated terrain. 
 
In the screening mode (S), the model uses a matrix of pre-determined combinations of 
meteorological conditions (similar to those in the SCREEN3 model) to find the maximum hourly 
concentration. The preparation for an appropriate screening meteorological data set is discussed 
in Appendix A. 
 
ISC-PRIME/S is more flexible than SCREEN3 as it is capable of explicitly handling multiple 
sources and types (point, area, and volume), building effects, particle deposition, and produces 
an hourly concentration for all terrain heights. For further guidance on ISC-PRIME/S (switch 
settings, etc.) see Section 9.1.   
 
Recommended use: 
 

 sources in an industrial complex (single or multiple point, area, line, volume sources) 
with either no buildings or single or multiple buildings 

 transport distances less than 50 km (depends on terrain) 
 hourly concentration estimates for all terrain heights (except in lee areas) 
 particle depositions 

 
Averaging time adjustment factors can be applied to estimate longer time-average concentrations 
from the hourly values produced by the model. These factors are listed in Table 11.3 (Special 
Topics, Section 11.5). 
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2.3.2 Refined Models 
 
2.3.2.1. ISC-PRIME 

There is no technical difference between the ISC-PRIME model and ISC-PRIME/S. However 
ISC-PRIME uses measured hour-by-hour meteorological data that represents the conditions 
experienced by the source emissions (site-specific data) in contrast to the generic screening 
meteorological data matrix used for ISC-PRIME/S. 

With hourly sequential meteorological input, ISC-PRIME can be used to estimate ambient 
concentrations for differing sequential averaging periods (e.g., a multiple of one hour — 2, 3, 4, 
6, 8, and 12 — daily, and annual) for an array of user-specified receptors. In addition, source 
emission rates can be treated as constant throughout the modelling period, or may vary by 
month, season, hour-of-day, or other time period. These variable emission rate factors may be 
specified for a single source or for a group of sources. For further guidance on ISC-PRIME, see 
Section 9.1 
 
ISC-PRIME is not listed as an EPA preferred model (EPA 2003) as it is based on an earlier 
version of ISCST3 (which is an EPA preferred model). However, the PRIME algorithm is 
recognized by the EPA to be an improvement over of the current treatment of building 
downwash in ISCST3. As such, ISC-PRIME is listed here as a core model.   
 
Recommended use: 
 

 sources in an industrial complex (single or multiple point, area, line, volume sources) 
with either no buildings or with single or multiple buildings with building downwash  

 constant or time-varying emissions 
 one-hour to annual averaging times at specified receptors 
 transport distances less than 50 km (depends on terrain) 
 concentration estimates for all terrain except in lee areas  
 particle depositions (however, not recommended for volume sources as unrealistic 

depositions have been reported). 
 
2.3.2.2. RTDM3.2 

The Rough Terrain Diffusion Model (RTDM3.2) is a straight-line, steady-state Gaussian plume 
model designed to estimate ground-level concentrations over a specified grid of receptors near 
one or more co-located point sources.  It is to be applied to rural areas where the terrain is above 
the stack height  
 
RTDM has features that are especially suited for simulating plume dispersion in terrain above 
stack height (Paine and Egan, 1987).  These features are technically superior to the method used 
in ISC-PRIME.  It provides concentrations at a grid of receptors in rural areas using a time series 
of hourly meteorological input data.  No building effects are accounted for, and area and volume 
sources are not treated. The model can account for hourly variations in source emissions. 
 
The hourly concentration output can be processed using different post-processors (TOPVAL, 
CUMFREQ, PEAK, AVERAGES, SEQADD) to obtain maximum concentrations, frequencies 
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of exceedance above any specified ambient objective, concentrations for any averaging time and 
contributions of multiple sources.  SEQADD can be used to combine the concentrations from 
individual runs of non co-located sources to produce a combined result.  
 
The EPA (2005) recommends RTDM3.2 for terrain areas that are at plume height or higher. It is 
available from the EPA website although the user’s guide is only available through NTIS (see 
Paine and Egan, 1987). RTDM3.2 is included in the guideline because it has a superior treatment 
than ISC-PRIME of terrain effects on plume behaviour for areas with elevations above stack 
height (where ISC-PRIME generally produces more conservative results for these areas). It is 
also used for well-test flaring situations (Special Topics, Section 11.1). For situations other than 
well-test flaring, if more realistic estimates of concentrations for areas above stack height 
elevation are desired, then RTDM3.2 can be applied.  For further guidance on running 
RTDM3.2, see Section 9.2.   
 
Recommended use: 
 

 single or multiple point source with no building downwash effects  
 terrain areas above stack height, except in lee areas 
 as an alternate to ISC-PRIME predictions in areas above stack height (except in lee areas) 
 transport distances of 50 km (preferred 15 km but depends on surrounding terrain) 
 constant or time varying source emissions 

 
2.3.2.3. AERMOD -  (Version 04300) 

AERMOD is a straight-line, steady-state plume model that is an improvement over ISC-PRIME 
in that it incorporates recent boundary layer theory and advanced methods for handling terrain. 
AERMOD has some Gaussian plume characteristics, but also contains new or improved 
algorithms for: dispersion under stable and unstable conditions; plume rise and buoyancy; plume 
penetration into elevated inversions; treatment of elevated, near-surface, and surface level 
sources; computation of vertical profiles of wind, turbulence, and temperature; terrain effects on 
plume behaviour. AERMOD also includes the PRIME building downwash algorithms. Model 
improvements and features are discussed in detail in Cimorelli et al. (1996). 
 
AERMOD performance was evaluated using a variety of comparison statistics against a variety 
of different data sets representing a range of source and terrain types (Paine et al. 1998). The 
results show that AERMOD is nearly unbiased in predicting the higher concentrations, on 
average, across all averaging times. For all averaging times and in general and in most cases, 
AERMOD’s model performance was better (closer to the observed) than that of ISC-PRIME.  
 
AERMOD is a modelling system that includes two preprocessors (AERMAP for terrain data, and 
AERMET for meteorological data). AERMOD is designed to handle the same source types 
currently addressed with ISC-PRIME (multiple point, area, line and volume sources, buildings, 
concentrations, depositions). Line sources can be modelled as a string of volume sources or as 
elongated area sources. For further guidance on running AERMOD, see Section 9.3. 
 
AERMOD was adopted as an EPA guideline model in late 2005, and will eventually replace 
ISC-PRIME for U.S. regulatory modelling by late 2006.   Although AERMOD has been subject 
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to extensive testing, the user community is still discovering its strengths, weaknesses and 
sensitivities.  Although this guideline lists AERMOD as one of the recommended models, until 
there is more user experience with the model, it is recommended that in situations where a 
straight-line trajectory plume model is to be applied, ISC-PRIME, RTDM3.2 and CALPUFF-
ISC should be considered before AERMOD.   
 
Recommended use: 
 

 sources in an industrial complex (single or multiple point, area, line, volume sources) 
with no buildings or single or multiple buildings with building downwash 

 gas and particle depositions 
 constant or time-varying emissions 
 rural or urban areas 
 transport distances less than 50 km (depends on terrain)  
 concentration estimates for all terrain locations, except in lee areas 
 only after considering ISC-PRIME, RTDM3.2 and CALPUFF-ISC     

 
2.3.2.4. CALPUFF/ CALPUFF-ISC (July 16, 2004: CALMET Version 5.53a, CALPUFF Version 5.711a 

or VISTAS version). 

CALPUFF is a Gaussian puff model that can account for time- and space-varying meteorological 
conditions, different source configurations and contaminants, and chemical transformations. The 
specific treatments include curved trajectories, building downwash, plume penetration into a 
capping inversion, fumigation, coastal interaction effects, terrain impingement, stagnation, and 
transformation-related effects (contaminant removal due to wet scavenging and dry deposition, 
chemical reactions) and visibility effects of particulates. It can be applied to model near field 
effects (in the order of tens of metres) to transport distances of hundreds of kilometres. 
 
CALPUFF is a modelling system comprised of three component submodels: CALMET 
(meteorological model), CALPUFF (calculates output), CALPOST (analysis and display of 
output). The meteorological fields used by CALPUFF are produced by CALMET — a 
meteorological model that includes a diagnostic wind field model. This model contains 
treatments of slope flows, valley flows, terrain blocking effects, kinematic terrain effects (i.e., 
speed up over hills), lake and sea breeze circulations, and a procedure to insure mass is 
conserved in the domain. CALMET inputs include surface and upper-air meteorological data as 
well as the option to use the gridded meteorological fields produced by mesoscale 
meteorological models. 
 
CALPUFF generates a variety of outputs that include concentrations, wet and dry depositions, 
and visibility parameters (extinction coefficients). It describes a continuous plume as a series of 
puffs, which in turn allows a better description of how a plume can curve, deform (squeeze as it 
passes through a narrowing in the valley) and even split apart in complex wind areas. 
Furthermore, unlike other straight-line Gaussian plume models, it can be applied under no-wind 
conditions.  Building downwash is accounted for using the PRIME algorithm however  in some 
cases chosing the PRIME algorithm in CALPUFF version 5.711a (the accepted regulatory 
version) can crash the program.  This can be rectified using the latest Beta-test version of 
CALPUFF, or by selecting the ISC treatment of building downwash. 
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The proper application of CALPUFF requires more care and expertise than the other straight-
line, steady-state Gaussian models recommended here. There are far more options and adjustable 
parameters, and establishing the right combination of these parameters requires expert 
understanding of large-scale and small-scale meteorological effects, especially when applied in 
complex flow situations.   
 
Recommended use for CALPUFF: 
 

 for local scale transport and dispersion in complex flow situations (<50 km) 
 long-range transport distances between 50 and 200 km  
 for complex, non-steady-state meteorological conditions such as found in complex terrain 

and coastal situations: “complex flow” (calms, time and space variability in wind and 
turbulence fields) 

 with detailed meteorological and geophysical inputs  
 for deposition and light extinction with long-range transport distances > 50 km 
 PM secondary formation with long-range transport distances > 50 km 
 multiple source (point, area, volume) and building(s) 

 
The most common technical reason for considering CALPUFF over straight-line, Gaussian 
models is related to its ability to handle complex flow situations. Determining whether a straight-
line Gaussian model or CALPUFF is appropriate for complex flow applications depends on the 
following considerations based on the CALPUFF FAQ’s (www.scr.com/calpuff/FAQ-
answers.htm): 

 the degree in which the flow is “complex“ (wind and turbulence patterns change over 
short distance, prolonged stagnations) 

 the area of interest (i.e., transport distance) — shorter transport distances are less 
influenced by complex flow and can be approximated by a straight line trajectory 

 the objectives of the application — even in a very complex flow situation, if only 
maximum concentrations are desired, then a straight line model may be appropriate, 
however if the distribution of concentrations experienced at receptors around the bend of 
a valley is required for example, then CALPUFF is the better choice providing the 
supporting meteorological data is available.    

 
CALPUFF-ISC (or CALPUFF-Lite as it is sometimes referred to) is CALPUFF run in ISC 
(single station) mode where CALMET is bypassed in the development of the meteorological 
fields.    In this mode a single meteorological data file suitable for ISC-PRIME is used as the 
meteorological input.  CALPUFF assigns the single value of each variable read from the 
ISCMET.DAT file to all grid points, resulting in a spatially uniform gridded field.   CALPUFF-
ISC should produce the same results as ISC-PRIME, however it can also treat the effects of 
causality and zero wind speed. 
 
 
 

http://www.scr.com/calpuff/FAQ-answers.htm):
http://www.scr.com/calpuff/FAQ-answers.htm):
http://www.scr.com/calpuff/FAQ-answers.htm):
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Recommended use of CALPUFF-ISC: 
  

 in areas with uniform terrain and land use when spatial variability of the meteorological 
fields is not significant. 

 an alternative to the core model ISC-PRIME and the special circumstance model: BLP.   

There are more recent versions of CALPUFF (Version 6 and the VISTAS version) than the EPA 
approved (July 16, 2004) version.  These have fixed earlier bugs and/or offer new features.  One 
problem with the EPA approved version occurs when the PRIME algorithm is used to treat 
building downwash (program crashes).  A recommended alternative to avoid this situation is the 
VISTAS version that is available from the official CALPUFF website.  

If Version 6 is considered for use because if offers a useful feature not in the EPA approved 
version or the VISTAS version, it should be identified in the model plan (Section 4) and 
accepted by the ministry prior to its application.   

 
2.4 Special Circumstance Models 
 
The core models are not well suited to handle some applications. As such, there are several special 
circumstance models recommended for use in British Columbia that can be used to deal with 
these situations. These models are listed in Table 2.1 along with recommendations on the 
situations for their application.  More complete descriptions of these models are found in the 
corresponding model documentation (found on the EPA SCRAM website — see Section 12 
under Model Resources).  
 
2.4.1 CALINE3 

CALINE3 is a Gaussian based, line-source, air quality model used to predict a single one-hour 
average of a non-reactive air contaminant near highways and arterial streets due to emissions 
from free-flowing motor vehicles. It can be applied to determine air contaminant concentrations 
at receptor locations downwind of “at-grade,” “fill” “bridge” and “cut section” highways located 
in relatively flat terrain. The model has adjustments for averaging time and surface roughness 
and can handle particle depositions. Given source strength, meteorology, site geometry, and site 
characteristics, the model can reliably predict contaminant concentrations for receptors located 
within 150 m of the roadway, although distances up to 500 m are acceptable (Bensen et al. 
1989). The model produces a concentration given a user-specified meteorological condition. 
There are no options for different dispersion treatments (switch settings) that are common in 
other models.   
 
Recommended use: 
 

 inert contaminants from free-flow highway (line) sources 
 urban or rural areas 
 meteorology spatially uniform (no terrain influences) 
 transport distances less than 500 m of roadway 
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 one-hour averaging times under user-specified meteorology 
 
2.4.2 CAL3QHC/CAL3QHCR 

CAL3QHC includes the CALINE-3 line-source dispersion model for free-flowing traffic with an 
additional traffic algorithm for estimating vehicular queue lengths at signal intersections. This 
model is able to estimate the total air contaminant concentrations from both moving and idling 
vehicles. It is a reliable tool for predicting concentrations of inert air contaminants near signal 
intersections. Because idle emissions account for a substantial portion of the total emissions at an 
intersection, the model is relatively insensitive to traffic speed, a parameter difficult to predict 
with a high degree of accuracy on congested urban roadways without a substantial data 
collection effort. 
 
CAL3QHC uses all the inputs required for CALINE-3 including: roadway geometries, receptor 
locations, meteorological conditions, and vehicular emission rates. In addition, several other 
parameters are necessary, including signal timing data and information describing the 
configuration of the intersection.    
 
Recommended use: 
 

 inert contaminants from free-flow highway (line) sources and intersections 
 urban or rural areas 
 meteorologically and spatially uniform (no terrain influences) 
 transport distances less than 500 m of roadway 
 one-hour averaging times under user-specified meteorology 

 
CAL3QHCR is an enhanced version of CAL3QHC. The most significant enhancements provide the 
model with the capability of 1) processing a year of hourly meteorological, carbon monoxide (CO) or 
particulate matter (PM) emissions, traffic, and signalization data, 2) varying traffic-related input 
variables by hour of the week, and 3) producing a variety of concentration time averages.  
 
The recommended use for CAL3QHCR is the same as CAL3QHC although the following 
additional features are offered with CAL3QHC:    

 hourly variations in emissions, traffic and signalization  
 time and space concentration distributions 
 one-hour to annual average concentrations 

 
2.4.3 VISCREEN  

VISCREEN calculates the potential visibility reduction due to primary emissions from a plume 
for specific transport and dispersion conditions. The model is designed to calculate the contrast 
against the sky and terrain for Class 1 areas (National Parks and Monuments in the U.S.) under 
worst-case meteorological conditions.  VISCREEN can be run as a screening analysis (for a 
Level 1 assessment) in which default values for stability class and particulate size are used. It can 
also be run as a Level 2 assessment where a time series of site-specific meteorology and 
particulate size information (primary particulates, soot, and sulphate particles) can be input.  
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VISCREEN determines the visibility degradation due to the plume relative to a baseline 
visibility condition. The VISCREEN manual provides a map of these baseline conditions (in 
terms of visual range) for the continental U.S.. Although the map can be extended so that 
baseline conditions can be established for B.C. border areas, establishing baseline conditions for 
the rest of the province is problematic and will involve assumptions. Such uncertainty in the 
baseline condition will lead to an additional level of uncertainty in the model predictions.   
 
Recommended use: 
 

 visibility degradation due to a plume primary emissions for the near field (<10 km) 
 baseline visibility can be reasonably estimated for B.C. locations 
 with regulatory default options and switches (specified the user guide) 

 
Cautionary Note: Although there is no formal visibility criteria in B.C., visibility effects of an 
emission source are often of interest.  Although VISCREEN provides a screening level 
calculation of maximum light extinction associated with the plume, the reduction in visibility 
associated with this extinction depends on a variety of factors such as the existing background 
visibility, the observer eye, the background vista, etc. Thus, the interpretation of the VISCREEN 
results as they relate to visibility impacts must be viewed with considerable uncertainty.  
 
2.4.4 BLP 

The Buoyant Line and Point Source Mode (BLP) is a Gaussian plume dispersion model designed 
to handle unique modelling problems associated with aluminum smelters where plume rise and 
downwash effects from stationary line sources are important. The model can also account for 
building downwash effects, buoyancy associated with line-source plume rise, plume rise 
enhancement due to multiple line sources, and vertical wind shear in plume rise for both point 
and line sources. Terrain effects are incorporated along with a time- dependent pollutant decay to 
account for pollutant removal. 
 
The model requires hourly meteorological data, and will produce time- and space-varying 
concentrations for a receptor grid surrounding the facility. 
 
Recommended use: 

 aluminum reduction plants that contain buoyant, elevated line sources 
 rural areas 
 terrain heights less than the source height 
 with default options and switches (specified in the user guide) 
 a simple alternative to CALPUFF where a straight-line, steady-state Gaussian model can 

be applied 
 
2.4.5 OCD 

The Offshore and Coastal Dispersion Model (OCD) is a straight-line, Gaussian model for flat terrain 
developed to determine the impact of offshore emissions from point, area or line sources on the air 
quality of coastal regions. OCD incorporates over-water plume transport and dispersion as well as 
changes that occur as the plume crosses the shoreline. Hourly meteorological data is required for 
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both over-water and overland locations. The over-water measurements include wind direction and 
speed, mixing height, over-water air temperature and relative humidity, and the sea surface 
requirements. This model incorporates over-water and overland turbulence intensities.  
 
The model features drilling platform building downwash, partial plume penetration into elevated 
inversions, direct use of turbulence intensities for plume dispersions, interaction with overland 
internal boundary layer, and continuous shoreline fumigation.  
 
Recommended use: 

 over-water sources where onshore receptors are below the lowest stack height 
 flat terrain 
 hourly meteorological data over land and water is available 
 transport distances < 50 km  
 with default switch and options (specified in user guide) 
 a simple alternative to CALPUFF where a straight-line, steady state Gaussian model can 

be applied 
 
2.4.6 SLAB 

The SLAB model was developed to simulate the atmospheric dispersion of denser-than-air 
releases over flat terrain. The model treats continuous, finite duration, and instantaneous releases 
from four types of sources: an evaporating pool, an elevated horizontal jet, a stack or vertical jet, 
and an instantaneous-volume source. While SLAB is designed to treat denser-than-air releases, it 
will also simulate cloud dispersion of neutrally buoyant releases. Consequently, a typical SLAB 
simulation covers both the near-field, dense-gas phase and the far-field, passive-gas phase. 
SLAB can also be used to model multi-phase releases. Calculations are performed for a user-
specified meteorological condition and concentrations represent time averages as specified by 
the user. Although considerable detailed information is required regarding the source properties 
and spill parameters, there are no options for different dispersion treatments available. 
 
Recommended use: 
 

 denser-than-air releases (source types: evaporating pool, elevated horizontal jet, a 
stack/vertical jet, instantaneous volume source) 

 flat terrain 
 concentration estimates for a user-specified meteorological condition 
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Table 2.1 - Recommended Model Application. 
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CORE  Screening SCREEN3 √   √*   √          √  

  ISC-PRIME/S √  √ √   √            

  Refined ISC-PRIME √ √ √ √ √  √   √**       √#  

   AERMOD √ √ √ √ √  √   √         

   CALPUFF √ √ √ √ √ √++ √ √++ √ √ √++ √ √ √    √ 

  CALPUFF-ISC √ √ √ √ √  √   √        √ 

  RTDM3.2 √+ √ √##  √            √#  

Screening VISCREEN        √           SPECIAL 
CIRCUM-
STANCE 
 Refined CALINE3 

 √   
 

     
 

   √  
  

    CAL3QHCR  √             √    

    BLP  √ √ √   √            

    OCD  √   √       √       

    SLAB                √   
 
*   no line-source treatment,  ** deposition of particles only,  +      for RTDM3.2, terrain above stack height only, 
++   for distances >50 km,  #    for well-test flaring under Section 11.1, 
##   single or co-located multiple stacks in single run but can use SEQADD to account for multiple non co-located point sources. 
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3. THE 12 STEPS TO GOOD MODELLING PRACTICE  
 
The steps involved in Good Modelling Practice are illustrated in Figure 3.1. A discussion of each 
of these steps is provided below. Although the level of detail in each of these steps will vary for 
different assessment levels, this flow chart provides a useful guide for every modelling 
application. 
 
3.1 Step 1: Set the Context 
 
Defining the purpose and objectives of the air dispersion modelling under consideration is 
critical. Objectives that are determined at an early stage will define the scope of the study and 
identify modelling requirements before allocating resources. At this stage, schedules and the 
roles of all parties can be identified and reviewed by the ministry (if required) in a timeframe that 
is acceptable to all parties.  
 
3.2 Step 2: Characterize Sources / Contaminants 
 
Based on the objectives of the study identified in Step 1, the modeller must gather information 
on the sources of emissions to conduct the air dispersion modelling and provide the ministry with 
sufficient knowledge of the project for its review and assessment. Section 5 provides detailed 
guidance that can be used to characterize sources, including methods to determine appropriate 
emission rates for modelling. 
 
3.3 Step 3: Characterize Physical and Meteorological Setting 
 
Modelling assessments require the identification of the domain where air quality impacts will be 
assessed. The size of the modelling domain is dependent on the source of emissions and any 
overlapping effects from other sources. For Level 1 assessments in flat terrain, it may be 
sufficient to define the domain on the basis of the distance from the sources of concern to the 
receptors of interest. Level 2 and Level 3 assessments normally use a grid of receptors over a 
wide domain. Guidelines for determining the size of the modelling domain and the density of 
receptors are provided in Section 6. 
 
The geophysical characteristics (buildings, terrain and land use) in the model domain and the 
attendant atmospheric behaviour (flow deflection, thermally driven flows, stagnations and wind 
direction variability) must be assessed in terms of how these characteristics affect flow 
complexity. This can determine the model selection especially for Level 2 and 3 assessments.  
 
3.4 Step 4: Determine Assessment Level  
 
The information gathered in Steps 1-3 are needed to determine the assessment level required to 
meet the objectives of the modelling study. The considerations discussed in Section 2.2 
(information requirements, technical factors, and level of risk) help determine the level of effort 
required and the corresponding level of assessment. 
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Figure 3-1 - The 12 Steps to Good Modelling Practice 
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3.5  Step 5: Select a Model(s) 
 
Although it is difficult to provide specific recommendations on models for every conceivable 
situation, the guidance in Section 2 provides a balance between direction on appropriate models 
and the flexibility that is needed for real-life situations. After Steps 1-4, the modeller is in a 
position to select the model(s) by reviewing the technical capabilities of the models (Table 2.1) 
and their recommended use.  

 first consider the core models (Section 2.3)  

 if a core model is not adequate, then consider a special circumstance model 

 if more than one model is appropriate (meets the technical requirements, and provides the 
required information for the level of assessment), select the model that is easier to apply 

 if no models are appropriate, consider an alternate model (see Section 2.1.4) 
 
3.6 Step 6: Talk to the Ministry: Conceptual Plan 
 
In certain circumstances (as outlined in Section 4) it is recommended that a “conceptual” model 
plan (consisting of a summary of Steps 1-5) be submitted to the ministry for review and 
acceptance.  This provides an overview of the planned air quality assessment so that the general 
modelling approach is agreed to before work is started.  Such a plan is especially important when 
an extensive air quality assessment is planned and considerable resources are required for 
collecting the input data, running the models, and organizing the output in a way that will be 
meaningful to both the public and decision makers.    
 
The conceptual plan is discussed in Section 4 and a template is provided in Appendix B.   The 
plan is simply a tool to facilitate early communication between those preparing the air quality 
assessment and the ministry at a critical point in the modelling process.  The small effort 
required to prepare such a plan can go along way to avoid errors, misdirected focus, rejection of 
modelling results, and delays.  
 
3.7 Step 7: Determine Inputs – Source, Meteorological and Geophysical 

Information 
 
For source data, the parameters for the different sources must be defined (point, area, line or 
volume), their locations and emission situation (elevated, sideways, etc.) must be determined, 
and the emission rates need to be estimated. Characterizing the emissions is a critical part of 
modelling (see Section 5). 
 
The level of assessment and model selected determine the requirements for meteorological data. 
Level 1 assessments do not require representative or “site-specific” meteorological data, but use 
a “built-in” set of screening meteorological data. Level 2 and 3 assessments require hourly 
meteorological data that is “representative” of the site. The data may come from established 
sources such as a nearby airport, a ministry meteorological station, and other agencies (i.e., 
Ministry of Forests). It may also be supplemented with mesoscale meteorological models.  If 
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such data is not available, a new meteorological monitoring program may be needed. Section 7 
provides guidance on measurements, parameters, data treatments and sources of data in B.C. 
 
The level of assessment and model selected determine the requirements for geophysical data. 
Such data can include terrain information, building dimensions as well as surface conditions, 
roughness heights, Albedo and Bowen ratios, and distinctions between rural and urban land use. 
For Level 2 and 3 assessments, the geophysical data requirements can be quite detailed and 
require some manipulation to prepare the data for the specific models. The data preparation 
process, as well as the sources of geophysical data for B.C., is discussed in Section 8. 
 
3.8 Step 8: Determine Background Air Quality  
 
All levels of assessments must consider the background concentrations of air contaminants. The 
intent is to compare the ambient air quality to the cumulative impact of new emissions and 
existing baseline conditions. A process to select the background concentrations is provided in 
Section 10.1. 
 
3.9 Step 9: Talk to the Ministry (Again): Detailed Model Plan   
 
When sources of input data and background air quality have been determined, prior to preparing 
input files, a detailed model plan for ministry review and acceptance may be appropriate.  Such a 
plan provides detailed information on the anticipated approach used to determine different 
sources, meteorological and geophysical data, the corresponding data treatments, and the 
different outputs (tables and figures) that address the information requirements for the level of 
assessment. Section 4 outlines when a detailed plan is recommended and a plan template is 
provided in Appendix B.   The template is designed with user ease in mind by providing tables 
and checklists that reflect guideline practice.  Any approaches that are exceptions to the 
guideline will require more effort to describe.   
 
The intent of the plan is not to provide an unnecessary burden on those preparing and reviewing 
the air quality assessment but rather it is a tool to facilitate communication between the different 
parties in order to avoid misunderstandings and delays.   It is recognized that such a plan is 
dynamic, and can evolve as the air quality assessment progresses.   
 
3.10 Step 10: Prepare Input Files, Run Models  
 
Each model has options for specific features or treatments. In order to provide consistency, 
recommended options for each model are provided in Section 9. 
 
Each model has its own data input and formatting requirements. Models that are based on U.S. 
formats will require data processing and reformatting. Sections 7 and 8 address the 
meteorological and geophysical data sources that can be used for model inputs and include 
recommended treatments of data.  
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3.11 Step 11: Exercise Quality Assurance and Quality Control (QA/QC) 
 

The preparation of input files involves the manipulation of thousands of pieces of information. 
For all levels of assessment, modellers must exercise a QA/QC procedure to confirm the 
accuracy of the input source, receptor, and meteorological data and the proper behaviour of the 
models. A general approach on this is provided in Section 10.2.1. Specific attention is given to 
CALPUFF, given the number of user-defined physics options, adjustable parameters, and data 
input files that are required to run the model. 
 
3.12 Step 12: Prepare Output and Submit Documentation 
 
The model output should be presented and interpreted in a way that addresses the objectives and 
information needs of the modelling effort as identified in Step 1. In order for the ministry and 
other interested parties to conduct a thorough review of the air quality assessment, various input 
and output files may be required. Recommendations on documentation are in Section 10.4.  
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4. A SPECIAL FOCUS ON STEP 6 AND STEP 9: MODEL PLANS 
(CONCEPTUAL AND DETAILED) 

 
A model plan provides an outline of the intended modelling approach and articulates the 12 
Steps to Good Modelling Practice for the particular application. It allows ministry staff and the 
modeller to come to an agreement on the approach given the objectives (model choice, inputs, 
options, data treatments, etc.). The development of such a plan has specific benefits: 

 it forces decisions on the details thereby minimizing the risk of surprises, omissions, 
disagreements and modelling re-analysis 

 it helps ensure that modelling is applied correctly using appropriate methods and inputs 

 if the air quality assessment is part of the Environmental Assessment process, it ensures 
that the mandated review periods are met as specified in the Act 

 
The details of the modelling approach including data sources, user defined options/switches and 
model outputs may not be known in the early stages of an air quality assessment. As such, 
development of a detailed model plan for ministry review and acceptance may be premature.  For 
situations where the air quality assessment may be quite involved (such as a Level 3 
Assessment), a two-stage process may be appropriate consisting of: 

 a Conceptual Plan (Step 6) that outlines the approach in broad terms early in the process  

 a Detailed Plan (Step 10) is submitted at a later date that specifies all the components 
involved in the modelling effort  

 
A template for these plans is provided in Appendix B. It is recommended that a model plan be 
developed for review and acceptance by the ministry in the following situations:    
 
Level 1 assessments 

 provide a Conceptual Plan only when the modelling involves a deviation from the 
guidelines (i.e., alternate model, non-regulatory model settings, model modifications, 
application outside of recommended uses) 

 
Level 2 assessments  

 talk to the ministry first, however in general provide a Conceptual Plan only when the 
modelling involves a deviation from the guidelines (i.e., alternate model, non-regulatory 
model settings, model modifications, application outside of recommended uses)                

 
Level 3 assessments 

 talk to the ministry first, however in general develop a Conceptual and Detailed Plan. 
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The templates in Appendix B for these plans are available as Word documents from the Ministry 
website at: www.env.gov.bc.ca/air/airquality/index.html#modelling.  This allows them to be 
filled in and submitted electronically. 

 
4.1 The Dynamic Nature of the Detailed Model Plan 
 
It is recognized that the preparation of an air quality assessment can be an evolving process, with 
changes in inputs (emissions, meteorology and geophysical data) occurring as the modelling 
progresses.  Such changes would require constant updates to the detailed model plan which may 
create a heavy administrative burden on both the modeller and ministry staff.   
 
In order to provide flexibility on detailed plans, the onus is on those preparing the air quality 
assessment to determine whether there is a significant change from the original detailed plan.  
For example, this would include changes associated with: 
 

 the dispersion model,  
 the sources of meteorological data 
 the emission sources 
 the definition of background  
 departures from guideline practice 

 
Since the plan is a tool to facilitate communication with the ministry, significant changes may be 
agreed upon through follow up discussions with the ministry rather than resubmitting a 
completely new detailed model plan.   Such follow up discussions with amendments can be 
noted on the original detailed model plan (the template includes a table to record such changes as 
the plan develops).  Previous detailed model plans and air quality assessments which have 
already been accepted by the ministry can also be referenced for the sake of efficiency.  It would 
be in the best interest for those preparing the air quality assessment to minimize the risk of 
delays and/or model re-analysis by providing as much critical information on the modelling 
approach as early as possible through the initial submission of a detailed plan that is as complete 
as possible and to keep the ministry informed of significant changes to the plan as the modelling 
progresses.   

http://www.env.gov.bc.ca/air/airquality/index.html#modelling
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5.  MODEL INPUTS – SOURCE PROPERTIES 
 
Air dispersion models require emission information in order to predict downwind concentrations of 
the contaminant. It follows that uncertainties and errors in the emissions estimates will be reflected 
in the modelling results (i.e. the model will not magically correct errors or reduce uncertainty) so 
considerable effort is required to determine the following source information: source type (point, 
area, volume, line) and dimensions, physical height above ground where the emission occurs (stack, 
roof vent, road); exit temperature and speed of the effluent; and the mass emission rate.  
 
Source parameters, such as exit temperature, exit velocity and emission rate tend to vary over time. 
These variations may be due to normal process changes or abnormal conditions such as start-up, 
shutdown and upset conditions. Although the latter situation may occur very infrequently, the 
resulting emission rates could lead to serious air quality problems. These variations, whether under 
normal or abnormal operations, should be considered as part of the air quality assessment.  
 
Given the importance of the source information, the following sections provide guidance on 
determining source types and establishing source parameters and emission rates as required for 
dispersion modelling.   
 
5.1 Point, Area, Volume and Line Sources 
 
Emission sources can be simplified into four types based on geometry: point, area, volume and 
line sources. All of the core air dispersion models listed in Section 2.3 can be used for point, 
area, and volume source types with the exception of RTDM3.2, only treats point sources.  With 
some core models (SCREEN3 and RTDM3.2), there are some limitations on how multiple 
sources are handled.  
 
A point source is a stationary, specific point of origin where contaminants are emitted into the 
atmosphere (such as a stack, exhaust vent, etc.)  The source parameters normally required for 
point sources include the UTM or grid coordinates, release height (i.e., stack height), exit 
velocity, stack diameter, exit temperature and mass emission rates of the contaminants of 
concern. A flare is considered to be a point source, but special treatment is required as discussed 
in Section 11.1. 
 
An area source is an emission into the atmosphere that is distributed over a stationary spatial 
area.  Examples of area sources include settling ponds, feedlots, and even urban regions that 
include multiple point sources (which combined together act as an area source) and smaller area 
sources. Parameters normally required for area sources include the coordinates of the area 
perimeter, the release height, and the mass emission flux rate of the pollutants of concern (i.e., 
mass emission rate per unit of area, g/s⋅m2).  
 
A volume source is an emission to the atmosphere that has an initial width and depth at a 
stationary release point. An example of a volume source is dust emission from an aggregate 
storage pile. Parameters normally required for volume sources include the coordinates of the 
volume dimensions and the mass emission rates.  
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A line source is an emission to the atmosphere that is distributed over a line. Examples of line 
sources include conveyor belts, roadways and rail lines. Parameters normally required for line 
sources include the dimensions of the line and the mass emission rates. 
 
5.2 Multiple Sources, Grouping 

 
If the facility under study has more than one source of the contaminant to be modelled, then it is 
a multi-source situation. There may also be other sources (Section 10.1) nearby that contribute to 
the contaminant load in the area. Deciding which sources should be included is largely dictated 
by the source size (i.e., a large source has a large area of influence). For example, the evaluation 
of NOx impacts from a five-metre-high exhaust, where the maximum ground-level impacts are 
expected to be within a 50 m, may not have to consider the influence of an adjacent 100 m stack 
where the maximum ground-level concentration occurs 1000 m downwind. Decisions regarding 
the inclusion of nearby sources in the modelling effort may involve an iterative process, where 
subsequent model runs will indicate which sources are important.  
 
For Level 1 screening assessments with multiple sources, ISC-PRIME/S is the preferred 
screening model as it can explicitly handle multiple sources.  Since SCREEN3 can only account 
for one source at a time, for multiple-source situations estimating the concentration by direct 
addition of the predicted worst-case concentrations for each source will produce a conservative 
estimate. Alternatively, a group of closely spaced stacks can be modeled with SCREEN3 as a 
single source. Stacks located less than one-stack diameter apart and with the same release height 
and similar exit velocities and flow rates can be treated as a single source. A pseudo diameter for 
the single source is calculated based on the total volume flow rate and exit velocity of the stacks. 
Section 2.2 of EPA (1992) provides an acceptable method to merge multiple stacks into a single 
stack for SCREEN3 modelling.  
 
For Level 2 and 3 assessments, the core refined models are all capable of handling multiple 
sources although RTDM3.2 requires either co-location for point sources, or separate runs for 
each source which are subsequently combined for a cumulative assessment using the SEQADD 
post processor. 
 
5.3 Establishing Source Emission Rates 
 
Selecting an emission rate depends on the purpose of the modelling application. If it is to assess 
the air quality consequences of a new or modified existing source, then the recommended 
methods to establish emission rate are the following:  

 approved/proposed emission limits 
 continuous stack monitoring  
 manufacturer specifications  
 published emission factors 
 modelled emissions 
 stack sampling survey (limited use) 

 
If the model is used to reconstruct a past air quality event, then actual emissions that correspond 
to that event should be used. An hourly emissions file can be input into the core models listed 
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here, and variations in the emissions can be accounted for explicitly if the data is available. In 
this case, continuous emission monitoring data is the preferred data source. Alternatively, 
equipment manufacturer emission specifications can be used (although the confidence in these 
values is reduced depending on a number of factors in Section 5.3.3) and if specific events are of 
interest, then stack sampling data can be used if it corresponds to the time of the event.  
 
5.3.1 Approved Maximum Emission Rates (Limits) 

Maximum emissions limits for authorized discharges are often set in permits under the provision 
of the Environmental Management Act and reflect emissions associated with the process and 
control technology.  Emission mass-rate limits and volume-flow limits may be set for sources of 
emissions that include particulate matter, sulphur oxides, nitrogen oxides or other air 
contaminants of concern. The averaging time associated with these approved emission rates may 
not be specified in the permit, so it is important to establish with the ministry whether the permit 
levels correspond to a one-hour emission rate. If not, appropriate adjustments for other time 
averages are required based on the other methods listed here to establish emission rates.  
 
5.3.2 Continuous Stack Monitoring  

Large stacks at industrial facilities that emit a significant amount of air contaminants are often 
equipped with continuous emission monitoring systems (CEMS) that measure exit temperature, 
exit flow rate and mass emission rates. The data can be analyzed to develop appropriate 
maximum, average or upper percentile (e.g., 95th or 98th) operating conditions of the stack. 
Furthermore, the sequential time series of hourly average exit velocity, exit temperature, and 
emission rate data can be used by many of the core models to assess the effect of variations in 
emission parameters on predicted ambient air quality.  
 
5.3.3 Equipment Manufacturer Emission Specifications 

For new facilities or in cases where measurements are not available, manufacturer specifications 
of emission rates can be used.  Emission rates may be provided for different load capacities and 
operating conditions. Confidence in manufacturer’s ratings is reduced if the equipment: 

 is old  
 has been retrofitted or modified 
 is not operating under optimum conditions  
 is operated in substantially different conditions than the emission test (i.e., climatic 

conditions, altitude, process changes) 
 
In such cases, the original manufacturer’s specifications can be modified if there is evidence  
(i.e., stack samples, data from other studies) that support a different value. 
 
5.3.4 Published Emission Factors 

When no appropriate measured emission rates are available, published emission factors can be 
used (see the U.S. EPA’s AP-42 emission factors - www.epa.gov/ttn/chief/). These emission 
factors provide the mass of contaminants discharged per mass of fuel consumed, product 
processed or activity rate and are rated (i.e., from A to E) to reflect their uncertainty.  This rating 
and the applicability of the AP-42 emission factors to conditions in British Columbia must be 

http://www.epa.gov/ttn/chief
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considered before they are used.  For example, emission factors associated with dust from 
mineral crushing have a rating of E (poor).   Modelling for this type of source using these factors 
will be limited in its value as it is subject to large uncertainty (see Section 5.6).  
 
5.3.5 Emissions Models 

There are various models available that estimate emissions using a calculation methodology that 
is specific to a source type.  For example the EPA TANKS model is designed to estimate VOC 
and HAPs emissions from fixed and floating roof storage tanks.  Emission models for 
wastewater treatment plants and landfills and other sources are available from  
http://www.epa.gov/ttn/chief/efpac/efsoftware.html.  In addition, for on-road and non-road 
mobile sources, the EPA has methods for estimating emissions for these types of sources through 
the use of software available from:  http://www.epa.gov/otaq/models.htm. 
 
5.3.6 Stack Sampling Survey Data 

Stack sampling survey data provides a snapshot in time of the emissions and is normally 
conducted for permit compliance reasons, rather than to characterize the emissions for modelling 
purposes. Unless sufficient survey data (based on expert judgement) is available to determine the 
range of possible emissions from a source, they should only be used in situations where the air 
quality at the time of the survey is of interest or when there is no or little reliable data from other 
sources of information on emissions listed here. Stack survey information may also be useful to 
estimate emission rates under reduced operation/production rates (discussed in the following 
section), if the corresponding production rate was recorded when the survey was conducted. 
 
5.4 Emission Rate Variability: Model Input and Air Quality Considerations 
 
Most sources of air emissions will exhibit variability in the emission rates over short or long-
term periods.   This variability can be due to changes in operating/production capacity and 
abnormal/upset conditions.  Although many dispersion models have the ability to handle time-
varying emission rates, many model applications are for proposed sources (sources yet to be 
built).  In these cases a single emission value is assumed to apply for the entire simulation 
period.  The following provides guidance on selecting the appropriate emission rate, and how to 
examine the air quality consequences of this variability. 
 
5.4.1 Emissions Under Normal Operating Conditions: Input for Refined Modelling 

Emission rates may vary when a process is not operated continuously 24 hours per day or when 
the process rate (i.e., loading capacity, fuel consumption) varies with time. This variability 
means that the maximum short-term emission rate experienced over a period of a year can be 
much greater than the annual average emission rate.   
 
If modelling is conducted to assess air quality that results from a future emission scenario, it is 
desirable to use the maximum emissions under normal operating conditions in order to determine 
compliance with ambient air quality objectives. Given that many ambient air quality objectives 
are one-hour averages, this will mean using the maximum expected one-hour emission for the 
dispersion modelling. If this maximum one-hour emission rate is used for longer-term average 
simulations (8 hour, 24 hour, annual), the predictions for these longer-term averages will be 

http://www.epa.gov/ttn/chief/efpac/efsoftware.html
http://www.epa.gov/otaq/models.htm
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biased high. Thus, it is acceptable to use the maximum emission rates (expected under normal 
operations) that correspond to the averaging time of the ambient predictions.   The recommended 
emission rates are as follows:  

 for one-hour average concentrations, use the maximum one hour emission rate over the 
complete period of simulation. 

 for longer term averages (8 hour, 24 hour, annual) the modeller has the option to use the 
emission rate that corresponds to the concentration averaging period (i.e. annual average 
emission rate for annual average predictions) over the complete period of simulation. 

 
5.4.2 Emissions Under Maximum vs Reduced Operation: Air Quality Considerations 

Maximum predicted ambient concentrations may not necessarily occur under maximum normal 
operating conditions. Even though the contaminant emission rates may be lower at a reduced 
capacity, there is also a corresponding reduction in plume rise due to the lower gas effluent volumes 
and temperatures.  Higher concentrations could result under the reduced operation scenario than 
under maximum capacity emissions. Furthermore, some contaminants, such as NOx, may have 
higher emission rates when a combustion source is not operating at full load due to lower operating 
efficiencies. Therefore it is recommended: 
 

 for elevated sources, examine the air quality consequences of the 25, 50 and 75% capacity 
scenarios (if such scenarios could occur) to insure that the source conditions causing the 
highest concentration are captured  

 use a screening model as a quick way to assess whether these lower capacity scenarios 
are in fact important to consider in the modelling scenarios.  

 
5.4.3 Emissions Under Abnormal Operation: Air Quality Considerations 

Ambient concentrations should also be predicted for abnormal operating conditions, since it is these 
situations that can result in the poorest air quality. “Abnormal operation” conditions are predictable 
based on operational history, anticipated scheduled maintenance of control equipment, by-pass 
operations for plant safety, and start-up/shut-down situations.  “Upset conditions” on the other hand 
are unanticipated emissions (i.e., accidents) that result from unexpected equipment/process failure. 
Modelling the air quality impacts for these accident scenarios is not part of these guidelines. 
 
Even though abnormal emissions are anticipated, it is not known whether they will occur when the 
dispersion conditions are good or poor. Although the probability of abnormal emissions occurring at 
the same time as poor dispersion conditions may be very small, decision makers are often interested 
in the worst-case air quality scenario. The guidelines recommend the following: 

 Establish the realistic emission scenarios associated with abnormal emissions (based on 
the physics/chemistry of the industrial process) and their anticipated frequency of 
occurrence (start-up, shut-down, bag-house maintenance, etc.). 

 Apply a screening model to determine the potential worst-case air quality and the 
associated meteorology under these scenarios. 
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 Estimate the likelihood of the abnormal emission occurring at the same time as the worst-
case meteorology.   

 Whether the abnormal emission scenario is an important factor in management decisions 
regarding the source depends on an assessment of both the probability of the maximum 
concentration occurring and the air quality consequences if it does occur. 

 
5.5 PM Emissions  
 
Particulate matter originating from both natural and human-caused sources includes a wide range 
of sizes varying from greater than 100 µm to less than 0.1 µm in diameter. Particles greater than 10 
µm in diameter typically consist of dust, grit, fly ash and visible smoke. Because of their weight, 
they tend to settle to the ground close to the source. Particles with aerodynamic diameters less than 
10 µm (PM10) remain suspended for longer periods before they are deposited whereas particles less 
than 1 µm may remain in the air for several days. Particles with aerodynamic diameters less than or 
equal to 2.5 µm (PM2.5) typically consist of primary particles formed during combustion and 
secondary particles transformed in nature from gases while in the atmosphere.  
 
Although CALPUFF includes a rudimentary treatment for secondary PM, it is only for purposes of 
sulphate and nitrate deposition for long-range transport (> 50 km). Models that include a 
comprehensive treatment of secondary aerosol formation are not included in these guidelines.  
 
Stack sampling for particulate matter can include a filterable portion of various sizes (directly 
emitted “primary” solid and liquid particles) and a condensable portion (gases or vapours). The 
latter portion is assumed to be a measure of PM2.5 emissions, since these gases and vapours are 
assumed to ultimately transform into PM2.5.  Some sources, such as veneer dryers, may have a 
condensable fraction 5 – 10 times greater than the filterable portion.   
 
Although cascade impactors can be used in stack sampling to distinguish particulate size 
distributions (i.e., Total PM, PM10, PM2.5), the information available on PM emissions may not 
be size specific (i.e., may only provide total filterable PM) and may not include the condensable 
fraction. For example, if emission factors or manufacturer’s specifications are used, the 
distinction between sizes and/or condensables may not be available.  
 
Given this situation, the following is recommended: 

 If size speciation information that distinguishes PM10 and PM2.5 is available, then the 
corresponding emission rates should be used as model emissions input to determine PM10 
and PM2.5  concentrations.  

 If the filterable and condensable fractions of the PM emissions are specified, then the 
inclusion of the condensables depends on whether the permit includes the condensable 
fraction. 

 If there is no information available on whether the emission rates include the condensable 
portion, then use the rate as is.   
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5.6 Fugitive Sources 
 
Fugitive sources can be defined as: “emissions that do not pass through a stack or functionally 
equivalent opening where the source can be collected or reduced by emission control 
equipment.” Examples of fugitive emission sources include bulk material transport terminals, in-
transit coal cars, cement batch plants and odorous gases from sewage treatment plants and sour 
gas processing.  
 
Fugitive sources are often difficult to characterize since their emissions may vary with wind 
speed and time of day (for particle emissions) or process changes, and the control efficiency of 
mitigation measures applied to reduce emissions can be only crudely estimated with attendant 
large uncertainties. Any industrial operation has fugitive emissions, which typically are near the 
ground and have their greatest impact in the area near the source. Whether they need to be 
considered in the assessment starts with an identification of these sources and the potential for 
any sensitive receptors to be in the affected area.  The emissions estimates for fugitives are 
frequently based on AP-42 emission factors, which in turn have a rating of E (poor, i.e. large 
uncertainty). 
 
The core models ISC-PRIME, AERMOD and CALPUFF are suitable for modelling fugitive 
emissions as they can handle various source configurations often associated with such emissions. 
ISC-PRIME, AERMOD and CALPUFF have algorithms to account for the deposition of fugitive 
dust (with particle-size distributions and settling velocities) from areas such as gravel parking 
lots.  
 
Due to the large uncertainties associated with establishing fugitive emissions and the difficulties 
in modelling them, consider: 

 an emphasis on ambient monitoring to establish the fugitive emission contribution to air 
quality. 

 dispersion modelling to assess the effectiveness of mitigation plans (relative changes) 
with less emphasis on the absolute results  

 reporting the modelling results of fugitive sources separately from the modelling results 
associated with sources where there is greater certainty in the emissions (point sources 
for example). 
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6.  MODEL INPUTS – DOMAIN AND RECEPTORS 
 
The modeller needs to define the area (the domain) and specific locations (receptors) where ambient 
concentrations/depositions are to be calculated. The objective in selecting the appropriate domain and 
receptor locations is to ensure that the area of interest is adequately identified (i.e., the domain is 
sufficiently large) and that the maximum value and gradients are identified (i.e., the spacing of the 
receptors in the domain is sufficiently dense). 
 
6.1 Size of Domain 
 
The model domain is the area within which model predictions are made. The domain will generally 
be greater for large buoyant sources (e.g., tall stacks with buoyant emissions) where a domain of 50 
by 50 km centred on the stack may be required for a flat terrain area. For shorter stacks, a smaller 
domain may be appropriate (e.g., 10 km by 10 km).  Some recommended ways to establish the 
domain are: 

 as a starting point,  establish the domain on the basis of the isopleth are that represents 
10% of the ambient air quality objective.   However, other factors listed in the following 
bullets need to be considered. 

 for straight-line, steady-state Gaussian models such as ISC-PRIME, RTDM3.2 and 
AERMOD, consider the size and shape of the model domain to accommodate terrain 
features (e.g., elongated domain for valleys or truncated domain at bounding mountain 
tops or ridges) since these models are unable to accurately predict in the lee of elevated 
terrain. 

 consider sensitive receptor areas (e.g., a community or recreation area) or areas of interest 
to the decision maker.  Although the concentrations in these areas may be expected to be 
very low, their inclusion can answer questions about the air quality effects of the 
modelled source in these high interest areas.  

 consider other emission sources that need to be included in the modelling.  These may be 
sources that contribute to background (see Section 10), or sources that could be built in 
the future, or sources that are eligible for control actions. 

 
6.2 Receptor Spacing 
 
Receptors are the locations within the model domain where the concentration/deposition predictions are 
calculated.  Some models allow the user to select polar or Cartesian receptor grids. A polar grid is most 
applicable when evaluating a single source (i.e., a single stack). The polar grid is typically selected to 
correspond to 36 equally spaced radials with a 10-degree separation. A Cartesian grid is better for 
evaluating multiple source facilities, area sources or for evaluating multiple facilities.  

Since the number of receptors is limited, modellers typically select receptors that are more densely 
located in areas where the maximum concentrations are expected. As a starting point to determine 
whether maximum concentrations are resolved, consider the following receptor spacing as a starting 
point: 
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 20 m receptor spacing along the plant boundary (as defined in Section 6.3) 
 50 m spacing within 500 m of source  
 250 m spacing within 2 km of source 
 500 m spacing within 5 km of source 
 1000 m spacing beyond 5 km of source  

 
The above are for general guidance for a single point source or for multiple sources in close proximity. 
The final receptor spacing will depend on a number of factors such as plume release characteristics, 
buildings and terrain.  An iterative approach is recommended as the location of the maximum 
concentrations may dictate a finer grid resolution in order to ensure the maximum is resolved. For 
example, terrain elevations can have a large effect on the dispersion modelling results and must be 
considered when selecting receptor locations. A mountain a few kilometres away may experience 
very high concentrations in a limited area and would need a higher density of receptors in that area to 
insure that the maximum concentration is captured.  
 
For area sources such as an open pit mine or a lagoon, the “source” may cover a large irregularly 
shaped area so the initial receptor spacing as recommended above may have to be adjusted based on 
the facility boundary and the shape of the area source.   
 
For SCREEN3, the automated distances, as determined by the model, beyond 100 m are generally 
sufficient. If the maximum concentration is predicted to occur at 100 m, the user is recommended to 
rerun the model with a receptor spacing of 10 m for distances less than 100 m. 
 
It is recommended that locations of emission sources, receptors and grid boundaries be provided in 
Universal Transverse Mercator (UTM) coordinates (NAD83 datum) to allow a precise definition of 
location. If the need arises, site-specific coordinate systems can be used if enough information is 
provided to identify exact locations.  
 
6.3 Plant Boundary 
 
Models are typically used to predict ambient concentrations, which in turn are compared to ambient 
air quality objectives. Although the areas of applicability of the B.C. ambient air quality objectives 
are not defined, often they are applied to areas where there is public access (i.e., beyond the plant 
boundary). Within the plant boundary, meeting occupational health and safety criteria are of 
primary importance.  For the purposes of these guidelines, the plant boundary is determined to be: 

 the facility fenceline or the perimeter of disturbed area that defines where public access is 
restricted, 

 if a facility is located within another larger facility boundary, the plant boundary is the 
boundary of the encompassing facility,  

 if a public access road passes through the plant, the plant boundary is the perimeter along 
the road allowance. 

 
The plant boundary will not be defined as the plant property unless it meets the preceding criteria.  
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6.4 Sensitive Receptors 
 
In some cases, it may be desirable to identify sensitive receptors that should be included as discrete 
receptors. Sensitive receptors may include individual residences, residential areas, schools, 
hospitals, campgrounds, parks, recreational areas, commercial day care and seniors’ centres, 
sensitive ecosystems, etc. In some cases, it may be desirable to provide a frequency distribution of 
expected concentrations at selected sensitive receptor locations in addition to supplying the 
maximum predicted concentrations at these locations. 
 
6.5 Receptor Height and Flag Pole Receptors 
 
Many models allow the user to select the receptor height, called flagpole receptors. Under most 
conditions, ground-level (i.e., a receptor height of 0 m) concentration predictions are sufficient 
since the concentration profile within the first few metres of the ground is expected to be fairly 
homogeneous due to mechanical mixing. For very short stacks (i.e., on the order of a few 
metres),  the difference in flagpole receptor height between 0 and 1.5 m may lead to large 
differences in the predicted concentrations in areas near the source. In this situation a flag-pole 
receptor may be required if it is important to know the changes in the concentrations within the 
range of heights.  
 
Elevated flagpole receptors may be required to determine concentrations for treetop 
concentrations (e.g., SO2) in order to assess the potential for adverse vegetation effects (see also 
flaring in Section 11.1). Elevated receptors could also be used to represent elevated locations 
such as apartment building balconies although the use of a physical model may be more 
appropriate. 
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7.  MODEL INPUTS – METEOROLOGICAL DATA  
 
All air quality dispersion models require meteorological data as input, whether it is in the form of 
hourly observations or a specified matrix of different combinations of meteorological conditions. 
Modellers must insure that the meteorological data is appropriate for the model chosen and fit 
the purposes of the modelling assessment.  
 
Screening models estimate worst-case concentrations by using a standard meteorological data set 
that represents all possible realistic combinations of wind speed, stability class and mixing 
heights. As such, the data may not reflect the actual meteorological conditions at the location of 
interest, and can only be used to model one-hour averages (unless averaging time adjustments 
are made for longer time-averages, Section 11.5). For SCREEN3, this standard meteorological 
data set is built into the model. Screening data sets for the ISC-PRIME/S can be developed 
according to the guidance provided in Appendix A. 
 
Refined models require a time series of hourly sequential meteorological data. The ideal 
meteorological input data would come from a specially designed and sited meteorological 
collection program and would represent the conditions that determine the behaviour of the 
modelled emissions. However, such data is not always available, and sometimes not practical to 
collect. Thus, other sources of data must be relied upon.  
 
In order of preference (as discussed in the following sections), these guidelines recommend the 
following: 

 a site-specific collection program  
 measurements at a different location that represent the key features of the conditions at 

the site 
 data produced by a prognostic, mesoscale meteorological model  
 screening meteorological data (Level 1 assessment) 

 
7.1 Meteorological Data Sources 
 
7.1.1 Site-Specific Meteorological Data 

The best source of meteorological data for Level 2 and 3 assessments is from a meteorological 
station that has been designed specifically for air quality assessment purposes for the emission 
source(s) modelled. The term “site-specific” refers to measurements that represent the 
meteorological conditions of the source being modelled. The site may or may not be within the legal 
boundary of the facility.  
 
The location of the site and the vertical level(s) of measurements require consideration of how 
representative the measurements would be of the conditions that determine the behaviour of the 
emissions.  In some cases, depending on the model used and the purposes of the modelling study, 
multiple stations and/or measurements at different vertical levels would be required to 
adequately characterize the meteorology.  
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The ministry and GVRD meteorological stations are specifically designed for air quality data 
interpretation and for dispersion modelling purposes. Locations and descriptions of these 
monitoring programs throughout B.C. are provided in Appendix C, Tables C.2 to C.4.  
 
If there is no site-specific meteorological program, then instituting a meteorological collection 
program would depend on the purposes of the air quality assessment and whether other sources 
of data, as described below, would be sufficient. For meteorological monitoring it is critical to 
start as early as possible in order to collect as much data as possible. Rules on siting, quality 
assurance, parameters, data processing and instrumentation requirements are found in EPA 
(2000).  If a new site-specific data collection program is proposed, ministry acceptance is 
recommended as there are specific ministry instrumentation and data treatment requirements.  
 
If there is no site-specific data, then other data sources can be considered as discussed in the 
following sections.  
 
7.1.2 Data from Another Location: Assessment of Adequately Representative 

Meteorological Data  

The use of data from a program at a different location as a substitute for a site-specific program 
depends on the judgment of experienced dispersion meteorologists. An assessment to determine 
whether this data is adequately representative will involve an examination of the surrounding 
terrain, surface characteristics, and the height of the source versus the height of the measurements. 
Meteorological data should be considered representative only when the monitoring site and the 
facility site are in climatologically similar regimes. For example, observations from a coastal 
location will not be applicable for an inland mountain valley. 
 

Before meteorological data from another site is used, the following is recommended (based on 
EPA 2000):  

 first consider the establishment of a site-specific meteorological measurement program.  
This would be especially important for projects that potentially have a large societal and 
environmental impact.  

 determine whether the data collected at an alternate site characterizes the meteorological 
conditions at the site under consideration. In British Columbia, the meteorological 
conditions can significantly change over a short distance, thus data from another location 
can be limited in its use for modelling at different locations. 

 determine whether the geophysical situation at an alternative site characterizes the 
geophysical conditions at the site under consideration. The following terrain features 
should be considered: (a) aspect ratio of terrain (height of valley walls to width of valley, 
height of ridge to length of ridge, and height of isolated hill to width of hill at base); (b) 
slope of terrain; (c) ratio of terrain height to stack/plume height; (d) distance of source 
from terrain; and (e) correlation of terrain feature to prevailing meteorological conditions 
(e.g., the orientation of the valleys); and (f) surface roughness. 

 determine the purpose of the alternate site collection program and the measured 
parameters, the type of instrumentation and data collection, and the height of the 
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measurements. Certain parameters may be missing or not suitable for modelling. For 
example, the Ministry of Forests operates a number of weather stations throughout the 
province but the instrumentation type, data treatment, and site locations are suited for fire 
weather/forest management purposes, and may not provide measurements suited for air 
quality models. 

 determine the instrument specifications, siting criteria and data treatment (response 
thresholds, data collection and handling protocols, special data entry flags). This will 
indicate the limitations and quality of the data. Background documentation on these 
alternate programs is often not available. In such cases, vigilance is required to determine 
whether such data is appropriate for modelling purposes by scrutinizing the hourly data 
files for low wind speed thresholds, consistency with expected behaviour for the given 
location, range checks, and hour-to-hour changes. 

 when CALPUFF is applied in a complicated geophysical setting, it is better to have data 
from a number of meteorological stations within the modelling domain. Thus, the 
determination of “adequately representative” involves an assessment of whether 
CALMET is able to adequately represent the complete meteorological field using the 
available data.  

 
Although certain meteorological variables may be considered unrepresentative of another site 
(i.e., wind direction, wind speed), other variables may be representative (temperature, cloud 
cover). Exclusion of one variable does not necessarily exclude all.  
 
A list of meteorological monitoring stations in the province is presented in Appendix C. 
 
7.1.3 Mesoscale Meteorological (“MM”) Model Output 

Given that the meteorological monitoring network in B.C. is sparse with limited spatial 
applicability due to the complex terrain, there is growing interest in the use of MM weather 
forecast models as a means to produce meteorological data in areas where no observations exist. 
Such models include sophisticated physics and can produce meteorological fields at horizontal 
grid resolutions in the order of a kilometre and in multiple vertical levels over a large domain.  
 
Given that air quality assessments typically use historical meteorological data, MM models can 
be run in hindcast mode to produce a hourly historical output at each grid point in the domain. In 
theory, the hindcast mode should produce more accurate fields than the forecast mode since 
actual observations are used to “nudge” the model toward what was actually observed.   An 
example of this is the CALMET-ready meteorological fields produced by MM5 in hindcast 
mode for western Canada. These hindcast fields were generated for every hour of 1995 at a 20-
kilometre grid resolution and 18 vertical levels (Earth-Tech, 1999).  
 
MM models offer an alternative to meteorological measurements as input for straight-line 
Gaussian models such as ISC-PRIME and trajectory models such as CALPUFF. This approach 
offers many advantages: 

 provides data for any location (avoiding the cost to set up a new meteorological station)  
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 in hindcast mode (where past conditions are generated), can take less time to generate a 
data set than a monitoring program (in forecast mode, it takes the same time)  

 avoids subjective decisions regarding the use of quasi-representative meteorological data 
(for example, adjusting/rotating winds to account for different terrain orientations) 

 provides details of the space and time variability of the meteorology in three dimensions 
within a modelling domain, especially important for B.C. given the complex geophysical 
setting  

 
While MM models offer many advantages, they require considerable expertise and 
computational resources (processing, storage) which escalate rapidly with domain size, grid 
resolution and simulation duration. Thus, it is impractical to apply these models for dispersion 
modelling in situations where it is required to simulate one or multiple years of hourly 
meteorology at a fine enough grid scale (on the order of 100 m) and vertical levels in order to 
resolve the effects of small-scale terrain features.  
 
An alternative approach to the generation of detailed meteorological fields is through the use of a 
diagnostic model (such as CALMET). This type of model contains simplified physics (e.g., no 
ability to forecast and the treatments of processes are parameterized) so that the computational 
resource demands are greatly reduced. However, even with these simplifications, they can 
efficiently account for very fine scale terrain effects in a dynamically consistent framework.   
 
Finally, there is a combined MM and diagnostic model approach, where coarse spatial resolution 
MM model output is used as an initial guess field for a fine spatial resolution diagnostic model 
(such as CALMET). The diagnostic model further applies dynamically consistent diagnostic 
algorithms in concert with available observed data to develop terrain effects adjustments on a 
fine scale. This hybrid approach uses the strengths of both models and makes it practical to 
produce fine-scale meteorological fields for simulation periods of a year. CALMET also has an 
option to use MM output without any surface or upper-air measurements (i.e. “no obs” option).  
 
In order to assess the value of the hybrid MM/diagnostic model approach for fine-scale 
meteorological fields, Schutte and Lundgren (2002) conducted a test in northeast B.C. using the 
20-kilometre grid resolution MM5 data and CALMET to generate fine-scale (1 km) 
meteorological data. The study concluded that this combination “significantly improves 
resolution of the local scale wind system in complex terrain.” Furthermore, the study found that 
this combination of models is an objective means to produce meteorological data at a site for 
straight-line, Gaussian models that is at least as representative for that site as applying and 
adapting data from other locales.  
 
The concern with using these models to simulate hour-by-hour meteorology on a fine spatial 
scale is related to performance (i.e., how well do these models simulate the boundary layer, 
especially in geophysically demanding conditions?). Performance evaluation is challenging as 
comparing model grid output to observations (that represent a value at a single point) can be like 
comparing “apples” with “oranges”.  For example paired in space and time comparisons (specific 
hour-by-hour comparisons to observations taken at a specific location) may be poor even though 
the long-term statistics (i.e., wind rose) could be reproduced quite well.  
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McEwan and Murphy (2004) tested two MM models (RAMS and MC2) run in forecast mode at 
one- and two-kilometre grid resolution over the Kamloops, B.C. area. The testing involved the 
effectiveness of the hybrid approach (with CALMET) to produce meteorological fields at a grid 
resolution of 250 m. The study concluded that: “numerical simulations can be a highly useful 
source of data for regulatory dispersion modelling, although modelling outcomes may 
substantially differ depending on the MM model used and the choice of MM model options. 
Some initial analysis of the boundary layer characteristics or a mesoscale simulation would help 
select a model, or modelling configuration that adequately characterizes a region of interest.” 
 
Given that MM models are evolving and experience on their use for dispersion modelling is 
relatively recent, the guidelines recommend the following: 

 MM model output as either a replacement for upper-air or surface observations (when no 
observations exist in the domain) or an enhancement to observations for dispersion 
modelling applications can be applied only if model choice (and options) have been 
carefully determined based on an initial analysis of the simulations, especially within the 
boundary layer. This would involve model testing in the domain of interest to determine 
whether it produces realistic meteorological fields in a qualitative sense, as well as 
comparing model output to observations using quantifiable performance measures such 
as those described in McEwan and Murphy (2004). These include an assessment of: 

 wind roses produced at key locations  
• do they make qualitative sense?  
• how well do they compare to windroses based on actual data? 

 thermally generated flows and diurnal variations  
• do the meteorological fields under clear sky conditions reflect the expected 

day and night flow fields for the terrain situations? 
 vertical profiles of wind and temperature (and diurnal variations)  

• do these vertical profiles make qualitative sense, especially as the 
temperature profile varies diurnally? 

• how well do they compare to nearby upper air soundings? 
 assess the different levels of wind fields over the domain (and diurnal variations) 

• is there evidence of unrealistic wind jets at low elevations (this has occurred 
in some MM output)? 

 if MM model output is used in conjunction with CALMET (either as an initial guess 
field, Step 1 fields, or as observations), the CALMET output from this hybrid approach 
should be assessed using the above criteria. 

 MM model output may not be necessary or may offer marginal benefit in situations 
where: 

 relatively flat areas with representative upper air soundings and a network of 
surface observing stations 

 where the modelled sources are near the surface (<50 m) and the domain is 
limited (on the order of a few km),  the surface observing station(s) in the domain 
may provide data representative of the conditions that affect the behaviour of the 
emissions.  
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7.2 Sources of Meteorological Data 
 
7.2.1 B.C. Ministry of Environment and Greater Vancouver Regional District 

Meteorological Data 

The ministry downloads and archives hourly meteorological data at various stations across the 
province, including the GVRD. Some sites are operated by the Ministry or GVRD, and some are 
operated by industry under permit to these agencies.  The sites typically consist of a 10 m tower 
where meteorological variables that are suited for air quality applications. Some parameters such 
as the standard deviation of the wind direction fluctuations (sigma theta, σθ) are specifically for 
dispersion analysis and the determination of stability class. The instrumentation reflects 
performance standards (i.e., low starting threshold of 0.5 m/s and fast response) that are suited 
for air quality purposes. The data quality is maintained to ministry standard through a 
maintenance/siting program, numerous data quality checks, and secure storage. The parameters 
available vary for each site and specific measures are designated by the different codes. Full 
descriptions of each site and the locations are provided in Appendix C.  Data are available online 
for current and historical sites from: www.elp.gov.bc.ca:8000/pls/aqiis/archive.report.   
 
Access to the data via this website requires a password that is available from the Ministry 
Quality Assurance Scientist (250-387-9940).  
 
7.2.2 Environment Canada (Meteorological Service of Canada: MSC) Meteorological 

Data 

MSC has archives of meteorological data collected throughout the province. These include data 
collected at reporting airports, climate stations, buoys, lighthouses, and special studies. 
Typically, airport data is the most complete for dispersion modelling purposes, having detailed 
information and key modelling parameters (cloud cover and ceiling height). Data from non-
airport stations can also be of use, providing temperatures and winds within the modelling 
domain that can be used to assess space and time variability of the meteorological fields and as 
important input into models such as CALPUFF. Data is available to download from: 
www.climate.weatheroffice.ec.gc.ca/Welcome_e.html. 
 
The web available data may not provide all the necessary data (i.e., cloud cover). In such cases, 
for locations in B.C., contact Environment Canada for customized requests at: (604) 664-9067, 
ClimatePYR@ec.gc.ca.   
 
When hourly airport observation data is considered for modelling purposes it is recommended 
that the following is accounted for:  

 MSC observations are primarily designed to generate long-term statistics and to satisfy  
weather forecast requirements. In particular, it is important to note that:  

 wind measurement is not a true hourly average, but typically an observer 
estimated average over only a few minutes  

 wind directions are reported to the nearest 10˚  
 the wind direction is assigned a zero when the wind speed is zero  

http://www.elp.gov.bc.ca:8000/pls/aqiis/archive.report
http://www.climate.weatheroffice.ec.gc.ca/Welcome_e.html
mailto:ClimatePYR@ec.gc.ca
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Using this quasi-instantaneous measure of wind speed/direction to predict the hourly 
average concentrations at a specific location increases the uncertainty of the individual 
hourly predictions.   

 the anemometers used at reporting airports have a low threshold of 2 knots (or 
approximately 1 m/s) so any wind less than the low threshold is reported as zero (speed 
and direction).  If there are frequent periods where the wind speeds are less than this low 
threshold (which commonly occurs in valleys/basins), the airport data will report an 
unrealistically high frequency of calms (zero wind speed).   

 the location of the airport may not adequately represent the meteorological conditions at 
the site under consideration 

 
Despite these issues, airport data is valuable for modelling purposes. Cloud amounts and heights 
— parameters that unattended site-specific programs cannot measure — are required for 
Turner’s method to determine stability classes and for input to AERMOD (cloud cover only) for 
turbulence parameterization under stable conditions. Models using airport data have been shown 
to perform well in providing the maximum concentrations.  
 
The EPA has developed meteorological data processors (MPRM and PCRAMMET) that prepare 
and process airport data for different models (Section 7.8). For example, these processors treat 
the coarse wind direction reporting (nearest 10°) by randomizing the wind direction within a 10-
degree sector. Low wind speed situations (calms processing) are treated according to EPA 
protocols and stability classes are determined based on the cloud information.  
 
Given the different steps required to process airport data into formats and data suitable for 
dispersion modelling, for airport data the following is recommended: 

 using MPRM or PCRAMMET (Section 7.8) for the processing and preparation of airport 
data for ISC-PRIME, RTDM3.2 and CALPUFF-ISC 

 if these are not used, wind directions for each 10° sector must be randomized to 1° and 
the low wind speed conditions must be treated according to calms protocols as described 
in Section 7.5 

 for use in AERMOD, select the secondary keyword RANDOM so the meteorological 
processor AERMET randomizes the wind direction within a 10 ° sector. 

 
Finally, some private consulting companies provide the same MSC data with additional 
customization to address the user’s needs (i.e., formatted for specific models). 
 
7.2.3 Other Sources of Surface Meteorological Data 

Other sources of data include the Ministry of Forests (fire weather network program), the 
Ministry of Transportation and Highways (road maintenance and avalanche forecast programs), 
university research programs, and programs operated within national parks. In data-sparse areas, 
or areas where a network of meteorological data is needed to characterize complex  
meteorological fields (for areas where CALMET is applied), such data can be useful. The 
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instrument siting, type, maintenance and data type are very important given that these stations 
are set up for purposes other than air quality. For example, many B.C. Ministry of Transportation 
and Highways stations are located along roadways and wind directions may be severely 
influenced by tree canopies that border the roads. Other factors to consider include the units of 
measurement. For example, wind speed data may be in km/h whereas the model may require 
wind speeds in m/s. Often information on the siting, instrumentation and data treatments may be 
lacking, so considerable care is required before using the data from these sources for dispersion 
modelling purposes. Data can be obtained by contacting the respective agencies.  
 
For any meteorological data that is not from ministry, GVRD or Environment Canada stations, 
the following is recommended: 

 review siting to determine whether the data is influenced by obstacles or terrain features 

 review instrument types for thresholds 

 review maintenance and data quality assurance protocols 

 review sampling frequencies 

 determine the measurement units (i.e. m/s or km/hr), and whether they are compatible 
with the measurement units required for the model 

 assess the validity of the data for the purposes of modelling through the generation of 
wind roses, frequency of calms 

 if no documentation on the data is available, do not use the data or use it with caution 
 
7.2.4 Upper-Air Data 

Upper-air data is required in some models to determine mixing heights (which in turn are input into 
the models) or input directly as profiles of wind and temperature (as required in AERMOD and 
CALPUFF). In British Columbia, there are few upper-air stations and the applicability of using this 
data (especially at lower levels) is questionable, unless the site in question is very near the sounding 
site and at approximately the same elevation.  
 
Upper-air (Radiosonde Ascent) data for upper-air sites in North America (including those 
locations in B.C. and the surrounding areas as indicated in Table 7.1) is available on a CD for 
historical data (National Climatic Data Center called “Radiosonde Data of North America” see 
www5.ncdc.noaa.gov/cgi-bin/script/webcat.pl?action=ALL) , and online for more recent data 
(1998 – present) in FSL format. (raob.fsl.noaa.gov/) 
 
A list of upper-air stations that could have some applicability for modelling applications in British 
Columbia is provided in Table 7.1.  
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Table 7.1 - Upper-Air (Radiosonde) Stations in the Western/Pacific Region 

Station, Location Latitude,  
Longitude (°) 

Yakukat, Alaska 59.51, -139.66 

Whitehorse, Yukon 60.70, -135.06 

Fort Nelson, British Columbia 58.83, -122.60 

Edmonton-Stony Plain, Alberta 53.53, -114.10 

Prince George, British Columbia 53.90, -122.80 

Kelowna, British Columbia 49.97, -119.38 

Spokane, Washington 47.68, -117.63 

Quillayute, Washington 47.95, -127.36 

Port Hardy, British Columbia 50.68, -127.36 

Annette Island, Alaska 55.03, - 131.56 
 
 
7.3 Meteorological Monitoring Data Quality 
 
7.3.1 Length of Record 

Predicting the air quality impacts of a yet-to-be-built emission source raises a fundamental question: 
what will the atmosphere be like in the future? Although this cannot be answered with absolute 
certainty, it is possible to get a good idea of the future conditions, given measurements taken over a 
number of years in the past. 
 
The measurement period required to obtain a stable distribution of conditions depends on the 
variable being measured. Landsberg and Jacobs (1951) indicate that greater than 10 years may be 
required to achieve stability in the frequency distributions of some meteorological variables. Burton 
et al. (1983) indicate that five years of data collection would be a minimum period to obtain a 
representative long-term average. Unfortunately in many situations there are no site-specific data of 
five years’ duration available. 
 
For Level 2 or Level 3 assessments, the following is recommended: 

 minimum period of data is one year with up to five years preferred  

 one year of data is acceptable if meteorological data is produced from an MM model 
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7.3.2 Missing Data 

The refined models recommended in these guidelines require an hour-by-hour sequential time 
series. Some, such as CALMET, will not run with gaps in the data series, while others 
(AERMOD, ISC-PRIME) skip over missing data periods.  
Based on EPA (2000), protocols to “fill” missing data gaps are provided.  When missing values 
arise the following approaches are recommended:  

 if the missing period is two hours or less, use linear interpolation and do not use 
persistence. Caution is needed for transition periods (e.g., sunrise/sunset). 

 for periods greater than two hours, first determine if data from a nearby representative 
site is available to substitute for the missing hours.  Use the criteria listed in Section 7.1.2 
to determine if a station is adequately representative.   If such data is not available, use 
interpolation techniques based on how the parameter typically changes during this period. 

 if there are multiple measurements at different levels on a tower, or upper-air sounding 
data, then missing data for one level can be replaced by data from an alternative level. If 
the data is available, this method is the preferred approach to fill longer missing data 
periods.  

 flag any substituted data due to missing periods. This will assist in the interpretation of 
model output and the uncertainty associated with the concentrations predicted during 
periods of substituted data. The greater the missing data period, the greater the potential 
for error in the filled data. 

 
Other data filling approaches can be used but introduce greater uncertainty in the predictions. These 
methods include:  

 substitution from measurements at nearby locations with dissimilar meteorological 
characteristics 

 substitution of a climatological value for a particular time period 

 substitution of simulated meteorology using a mesoscale weather (MM) model, 
depending on its performance (Section 7.1.3) 

 
The recommended limit for missing data is: 

 90% (i.e., “data completeness”: if more than 10% of data is missing, more data should be 
collected before running the model). If the data completeness recommendation of 90% 
cannot be met, the consequences of a lesser amount of data need to be described within 
the context of the purposes of the modelling and outlined in the modelling plan.  

The following is a guide to define “data completeness”: 

 lost data due to calibrations or other quality assurance procedures is considered missing data 
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 site-specific measurements for use in stability classification are considered equivalent 
such that the 90% recommendation applies to stability and not to the measurements (e.g. 
sigma theta, σθ) used for estimating stability class 

 the 90% recommendation applies on a monthly basis such that 12 consecutive months 
with 90% recovery are required for an acceptable one-year database 

 the 90% recommendation applies to each of the variables wind direction, wind speed, stability, 
and temperature and to the joint recovery of wind direction, wind speed, and stability 

 the 90% recommendation for temperature may be relaxed as model results are typically 
not sensitive to variations in temperature  

 a variable is not missing if data from a backup, collocated sensor is available 
 
7.4 Ministry Data: Wind speed and Direction for Use in Models 
 
The list of parameters collected at ministry meteorological stations include a variety of different 
types of wind speeds, directions and measures of wind direction fluctuations. These parameters 
are available by virtue of the built-in processing capability in the dataloggers and each provides 
some insight into the characteristics of the meteorological conditions as they relate to air quality. 
For more information on how each of these parameters is calculated and why they are important, 
see EPA (2000). 
 
These guidelines recommend the following:  

 for all models listed in these guidelines, use the hourly scalar mean wind speed and wind 
direction  

 alternatively, a unit vector wind direction can be used instead of the hourly scalar mean 
wind direction 

 
7.5 Light and No Wind Conditions – Models and Calms Data Treatment  
 
The term “calm” is defined here as a period of time where the wind speed is recorded as zero.  
The zero values can be due to:  

 a “meteorological” calm which refers to the condition of no movement of air (no wind)  

 an “instrument” calm, where there may be wind, but it is below the anemometer starting 
threshold (AST)  

 
This section focuses on how to treat the input wind data in situations of light or calm wind 
conditions.  The treatments are model dependent.  Recommendations on methods to model 
prolonged periods of calms (“stagnation events”) are provided in Section 11.2 
 
Light wind conditions pose a challenge to models as the wind direction can become highly 
variable and difficult to specify.  Furthermore, steady-state Gaussian models have an inverse 
dependency on wind speed — a zero wind speed will result in an infinitely large concentration. 
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Thus, steady-state Gaussian models have a low wind speed limit (or threshold) that is intended to 
avoid this problem.  This lower threshold was traditionally considered to be 1 m/s (for ISC-PRIME 
and RTDM3.2) and based in part on the AST of the anemometers used for wind observations at 
airports (2 knots).   However, new models such as AERMOD are able to handle wind speeds to 0.5 
m/s and CALPUFF can explicitly handle zero wind speeds. 
 
The frequency of calms is instrument dependent.  For example airport observations of wind for many 
locations in B.C. indicate a very high frequency of calms (for example 30% at Kelowna airport) due 
to the relatively high threshold of the anemometers (about 1 m/s).   However, ministry anemometers 
have an AST of around 0.5 m/s so the frequency of calm periods will accordingly be lower.   
 
The core models use different methodologies to identify and treat periods where the wind speeds are 
less than the lower threshold.   The meteorological data file is pre-processed in a way to first 
identify these periods (called “model” calm periods), and then the wind speeds and directions for 
these periods are adjusted.  These treatments are discussed here and summarized in Table 7.2.   
These treatments do not apply for modelling applications related to well-test flaring (see Section 
11.1 for guidance under these situations). 
 
ISC-PRIME has a calms processing option (a regulatory default option) where any calm hour (as 
specified as a wind speed of 0.0 in the ASCII input file is skipped (see Table 7.2 ).  For ISC-PRIME, 
a multiple-hour average concentration that includes a calm (or missing hour) is flagged. While this is 
an acceptable treatment for occasional model calm periods, it is inappropriate if model calms occur 
frequently and when they occur for long durations (a common feature of B.C. valleys and especially 
when airport observations are used). As a result, the maximum hourly concentrations may be missed 
and multiple-hour average concentrations (e.g., 24-hour average) may be biased. For example, if 
there are fewer than 18 valid hours in a 24-hour period, ISC-PRIME will calculate the 24-hour 
average by dividing by 18 (EPA calms protocol correction technique for multiple-hour averages).  
 
For RTDM3.2, any wind speed below 1 m/s is set to 1 m/s and the corresponding wind direction for 
that hour is used to calculate the concentration (no hours are skipped). Given that the calm period 
could last for several hours especially if airport observation data is used, the wind direction 
would remain the same for the calm period and the pollutant concentrations can be overestimated 
for multiple-hour averaging times.  
 
For AERMOD, the meteorological data processor (AERMET) will assign the reference wind 
speed as 0.0 m/s in the surface meteorological file if the wind speeds are less than a user-
specified AST (typically around 0.5 m/s for ministry and GVRD stations). AERMET treats these 
calm hours in the same way as ISC-PRIME (skip any model calm periods). AERMET flags those 
multiple-hour average concentrations that include a model calm period in the output file.  Again, 
while this is an acceptable treatment for occasional model calm periods, it is inappropriate if model 
calms occur frequently and when they occur for long durations.  
 
CALPUFF can explicitly handle zero wind speeds and thus there is no “calms” treatment.   For 
CALPUFF-ISC, although in theory it can handle zero wind speeds and calculate a concentration, it 
is not recommended for these situations.  Thus meteorological data preparation (and calms 
treatment) for CALPUFF-ISC should be the same way as for ISC-PRIME as described in Table 7.2   
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Table 7.2 - Calms Treatment Recommendation (for Well-Test Flaring see Section 11.1)  

Model or 
Processor 

Calms Treatment - Meteorological Data 

ISC-PRIME  

 

If the anemometer starting threshold (AST) is <1 m/s, and 

 if wind speed > = AST but <1 m/s, then set wind speed = 1 m/s and use the wind 
direction as is for that hour 

 if hourly wind speed <AST, then set wind speed = 0 m/s. ISC-PRIME recognizes this 
as a calm hour and skips the calculation 

Select the calms processing option (regulatory default option). 
 
Determine the frequency of hours where wind speeds were <AST and assess modelling 
results based on this frequency.   Consider the alternatives discussed earlier if the frequency of 
calms is unacceptable.  

RTDM3.2 If the AST is <1 m/s, and 

 if wind speed > = AST but <1 m/s, then set wind speed = 1.1 m/s and use the wind 
direction as is for that hour  

 if hourly wind speed <AST, then set wind speed = 1.1 m/s and use the wind direction 
from the last valid non-calm hour. RTDM3.2 does not skip this hour 

Determine the frequency of hours where winds speeds were <AST and assess modelling 
results based on this frequency.  Consider the alternatives discussed earlier if the frequency of 
calms is unacceptable.  See Section 9.2.1.1 for rationale on minimum wind speed of 1.1 m/s 

AERMOD Specify the AST in the AERMET input file. No special calms treatment of the meteorological 
data is required. AERMET will identify the calm periods (those hours where the wind speed 
is <AST) and skip these hours. 
 
Determine the frequency of hours where wind speeds were <AST and assess modelling 
results based on this frequency.  Consider the alternatives discussed earlier if the frequency of 
calms is unacceptable.   

CALPUFF  and 
CALPUFF ISC 

For CALPUFF, no special calms treatment is required as wind speeds = 0.0 are handled.  For 
CALPUFF-ISC, follow the calms treatment for ISC-PRIME   

Special 
Circumstance 
Models 

Refer to the model documentation regarding calms processing to insure that the 
meteorological data is treated correctly to accommodate any limitations regarding model calm 
periods.  

MPRM (for both 
ISC-PRIME and 
RTDM3.2) and 
PCRAMMET 
(ISC-PRIME 
only) 

If MPRM is used to develop input files from site-specific meteorological data for ISC-PRIME 
and RTDM3.2, specify the AST (a required input). MPRM treats the data according to the 
rules specified above for ISC-PRIME and RTDM3.2 respectively when the AST is <1 m/s. 
 
Calms are designated as wind speed and direction = 0 for MSC hourly reporting airport data.  
If MPRM or PCRAMMET is used to develop input files from airport data, they set wind 
speeds = 0.0 for calm periods.  ISC-PRIME recognizes this as a calm hour and skips the 
calculation.  When MPRM generates a meteorological input files suitable for RTDM3.2.it sets 
wind speeds = 1.0 and the wind direction equal to the direction of the last non-calm hour. 
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7.6 Stability Class 
 
The transport dispersion of an airborne substance depends on the wind flow and atmospheric 
mixing, or turbulence. Although the turbulent conditions in the atmosphere is a continuum, some 
Gaussian type models require the definition of discrete classes of turbulent “states” which are 
referred to as “P-G” stability classes.  They are a key input requirement into ISC-PRIME, 
CALPUFF-ISC and RTDM3.2. The following sections provide guidance on how to determine P-
G classes.   
 
7.6.1 Turner’s Method 

This method was developed by Turner (1964) in the early years of regulatory model application, 
and it is used as the stability method in the performance evaluations of ISC-PRIME and 
RTDM3.2.  It is based on routine airport observations of hourly wind speed, cloud cover, time of 
day (EPA 1995). Since the method requires hourly cloud observations, this technique cannot be 
applied using data from unattended, data collection stations. Other P-G stability class approaches 
were developed as instrumentation and data logging capability increased (SRDT and turbulent 
fluctuation methods).  
 
A modified Turner’s method may also be used to determine stability where a combination of 
site-specific and nearby airport data can be used. A wind speed measured at a site-specific station 
and the cloud amount and height data as estimated at the nearest hourly reporting airport can be 
combined using Turner’s method to determine stability. This assumes that the cloud cover as 
observed at another location applies to the site.  
 
7.6.2 The SRDT Method 

EPA (2000) describes a stability classification method based on solar radiation and temperature 
gradient (the SRDT method). SRDT was developed as an alternative to the Turner method to 
determine P-G stability class, eliminating the need for an observer to estimate cloud amounts and 
allowing the use of data collected from unattended meteorological monitoring stations 
 
7.6.3 Methods Based on Turbulent Fluctuation Measures (σθ and σE) 

A turbulence-based stability classification method uses the horizontal fluctuations of wind 
direction, σθ, as described in EPA (2000). Modern dataloggers are able to measure this parameter 
as well and produce a “de-trended” parameter called the pseudo-hourly σθ. When used in 
combination with scalar wind speed and time of day, the P-G stability class can be determined. 
The pseudo-hourly σθ reduces the longer-term meander component in the wind direction data — 
a component that is moving the plume laterally, rather than causing the plume to disperse.  
 
If stability is determined using the σθ method, the following is recommended: 

 use the pseudo-hourly value if available 
 if not available, then the hourly average σθ is acceptable  
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If σθ is not available, the standard deviation of the vertical wind direction fluctuations, σE, can 
also be used in combination with the scalar wind speed to determine stability based on the 
methodology given in EPA (2000).   
 
7.6.4 Bulk Richardson Number Scheme – AERMOD Specific 

Although this scheme is not intended to determine P-G classes, it is used to as an alternative 
turbulence characterization approach to overcome the need for cloud-cover observations under 
stable conditions in AERMOD.   Since these observations are not available from site-specific 
monitoring programs, using cloud cover measurements from the nearest airport may present an 
obstacle to the application of AERMOD (they may not represent the site conditions).  The 
scheme uses temperature gradient measures (between 2 and 10 m). 
 
7.6.5 Recommended Stability Classification – Core Models  

By virtue of its historic precedence, widespread use and performance evaluations of Gaussian-
based models such as ISC-PRIME, based on EPA (2005) the following is recommended: 

 for ISC-PRIME, CALPUFF-ISC and RTDM3.2, Turner’s method is the preferred method 
used in determining P-G stability if the hourly airport observations used to generate 
Turner stability are applicable to the site. For principal station data from MSC, see 
Section 7.2.2 or for the modified Turner’s method, see Section 7.6.1. 

 if these methods cannot be applied, then SRDT or the σ methods should be used. 
Evaluations performed on the SRDT method indicate that it can identify the same P-G 
stability category as the Turner method about 60% of the time and is within one category 
about 90% of the time. The σ methods are expected to estimate the same Turner stability 
category about 50% of the time and will be within one category about 90% of the time. 
This performance is based on site-specific tuning.  

 for AERMOD, if the airport observations of cloud cover are not representative of the site, 
then collect temperature difference measures from a site-specific meteorological station 
and use the Bulk Richardson Number scheme option.   

 
7.7 Mixing Height and Upper-Air Sounding Profiles 
 
The mixing height is defined by the layer adjacent to the surface through which mixing due to 
turbulent motion occurs. Above this height turbulent motion is suppressed due to a capping 
stable layer.   From an air quality perspective, the mixing height is important as it defines a layer 
where emissions can be trapped.  For example, if the mixed layer is shallow, the trapped 
emissions can result in high concentrations.  

 
Refined models require hourly measures of mixing height or a sounding (in the case of AERMOD 
and CALPUFF).  EPA (2000) recommends use of the nearest upper-air site in conjunction with an 
hourly dry bulb temperature measured on site. Hourly mixing heights can be generated by using a 
meteorological preprocessor program and raw sounding data or extracted twice-daily mixing 
heights corresponding to each sounding.  For Canadian upper-air sites, the U.S. National Climatic 
Data Center (www.ncdc.noaa.gov/oa/ncdc.html) and some private Canadian air quality consultants 

http://www.ncdc.noaa.gov/oa/ncdc.html
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can provide this service. Once the twice-daily mixing heights are obtained, hourly values (required 
by refined models) can be generated using the utility programs: PCRAMMET and MPRM (EPA 
meteorological processing programs, discussed in Section 7.8).  
 
In British Columbia the density of upper-air stations is very coarse and applicability of this 
technique to different mountain valleys is questionable unless the site in question is very near the 
sounding site. A list of upper-air stations that could have some applicability for modelling 
applications in British Columbia is given in Table 7.1. For most cases in B.C., the nearest upper-
air station data is not applicable to the site in question. In such cases, for hourly mixing heights 
the following is recommended:  

 assess the importance of mixing height using SCREEN3 or ISC-PRIME/S. If the hourly 
maximum concentrations are far below the ambient air quality objectives, then hourly 
mixing height may not be important from the perspective of determining short-term 
maximum concentrations and the level of effort to obtain them could be limited to 
simpler approaches, such as the screening mixing height model described below. 

 generate hourly screening mixing heights using a mixing height model as discussed in 
Appendix A where the mixing height is: 

 the greater of the mechanically mixed layer height (see Appendix A) OR the 
effective plume height plus 1 m 

 if the mixing height is less than 50 m, set the mixing height equal to 50 m 
 for simplicity, the calculation of the mechanically mixed height can be ignored. In 

this case, use the greater of the effective plume height plus 1 m OR 50 m. 

If more realistic hourly mixing heights are required, then the following is recommended: 

 conduct a site-specific, short-term temperature profiling study using: 
 tethersonde/pilot balloons where mixing heights would have to be extracted from 

the temperature profiles, or 
 Doppler Sounder systems which may have software to extract mixing heights 

from the wind/turbulence/sounder parameters).  

 apply a meteorological model to produce sounding profiles and mixing heights.  This 
could be through the use of mesoscale weather (MM) model run at high enough spatial 
resolution or in combination with CALMET or with CALMET alone (see Senes, 1977)  
to resolve the important terrain effects to produce a “pseudo temperature profile.” A 
mixing height can be extracted or the pseudo profile can be used for input to AERMOD 
and CALPUFF. See Section 7.2.4 for conditions on the use of such an approach.  

 calculate a simple mixing height using surface wind speed data and the method below 
(New South Wales, 2006): 

 for unstable and neutral stability hours, assign a mechanical mixing height value 
based on the method described in Appendix A 

 for stable conditions, assign a value of 5,000 m (unlimited mixing) 
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7.8 Preparing Meteorological Data for Model Input – Data Preprocessing 
 
The core models listed in this guide, as well as many special circumstance models require a 
sequential time series of hourly meteorological data. Creation of these meteorological input files is 
not a trivial undertaking as input formats can be unique to each model. The process may be further 
complicated by the availability, or rather non-availability, of suitable site-specific meteorology, 
resulting in the need to merge data from differing locales into one file in order to supply all 
necessary parameters. Finally, Canadian airport data is in formats and units that require processing 
before they can be used with the models. 
 
The U.S. EPA SCRAM (Support Center for Regulatory Air Modelling) website 
(www.epa.gov/scram001) contains both data and an array of utility programs for meteorological 
data processing. Meteorological data includes twice-daily mixing height and hourly surface 
weather data from numerous airport-reporting stations for U.S. stations only. Some Canadian 
data in formats suitable for the core models is also freely available from consultants.  
 
For preparing and QA of meteorological data for ISC-PRIME, CALPUFF-ISC and RTDM3.2, 
the following utility programs (available from the SCRAM website) are recommended:  

 MPRM for both airport observation data and site-specific data 
 PCRAMMET for airport observation data (ISC-PRIME, CALPUFF-ISC only). 

 
7.8.1 MPRM – A Meteorological Data Processor and a QA/QC Tool for ISC-PRIME, 

CALPUFF-ISC and RTDM3.2 

MPRM is a general-purpose meteorological processor and data QA/QC utility with the capability for 
processing site-specific meteorological data as well as U.S. National Weather Service format surface 
and upper-air data (EPA 1996). Output files provided by MPRM are produced in the unique formats 
specific to each EPA dispersion model (ISC-PRIME, CALPUFF-ISC, RTDM3.2 and others) 
 
MPRM consists of a three-stage processing system: 

 the first stage involves an extraction and review of the data where initial QA checks are 
done. Missing data and data failing the QA conditions are flagged and a report file 
produced. This allows the user to review the input and make corrections and 
modifications in the data set, prior to further processing. 

 stage two involves merging the data from different data streams. Upper-air and surface 
data are combined and output into a file for stage-three processing. 

 stage three involves the tabulation of hourly variables into an output file of suitable 
format for the dispersion model of interest. This includes the calculation of hourly mixing 
heights from either upper-air data or twice-daily mixing heights, and the determination of 
stability class for each hour of the record. 

 
MPRM has features related both to the calculation and QA of hourly variables and can 
accommodate time intervals of less than one hour.  QA checks are accomplished by using either 
user-specified or default upper and lower bounds defined for each variable. At each step in the 

http://www.epa.gov/scram001
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processing, error and report files are written (hours with missing data, the number of records 
extracted, the specific variables flagged and any action MPRM took to correct missing data or 
data problems).  
 
For wind and temperature data, if measurements are available for more than one height, the user 
specifies the height relevant to the modelling exercise. Missing data at this height is substituted 
with data from alternate heights or from alternate data sets. The wind is also checked for model 
calms and applies the EPA calms protocol (EPA 2003) for wind speed and direction under these 
conditions. For airport wind direction data, MPRM randomizes the wind directions within a 10-
degree wind sector, given that the data is reported to the nearest 10˚. 
 
MPRM will determine hourly stability class depending on the specifics of the input data and the 
preferred method, as specified by the user. If there are periods where data for the preferred 
method is not available, then alternate methods are used, depending on data availability.  A 
smoothing algorithm is also applied so the stability class does not change by more than one 
stability category from one hour to the next, e.g., 5 to 6 is acceptable, 4 to 6 is not.  MPRM 
allows the user to specify a direction dependent, surface roughness length for up to 12 wind 
direction sectors. These roughness length values can also be varied by month of year. The 
roughness lengths are used to determine stability, if the σθ or σE methods are employed. 
 
MPRM determines hourly mixing heights by two methods — via upper-air data and pre-extracted 
twice-daily values. The twice-daily approach uses an ASCII time sequential file containing mixing 
heights that have already been extracted from the corresponding twice-daily upper-air data. The user 
can specify the column format of the file using a FORTRAN-style format statement. 
 
MPRM will also determine wet and dry particle deposition parameters. These are required inputs 
to ISC-PRIME for particle deposition calculations. 
 
In order to use MPRM with Canadian airport data, the data must be transformed into the CD-144 
format and corresponding units (see Section 7.10).  
 
7.8.2 PCRAMMET -  A Meteorological Data Processor (Airport Observation Data Only) 

and AQ/QC Tool for ISC-PRIME and CALPUFF-ISC  

PCRAMMET is a meteorological preprocessor used for preparing airport observation data for 
use in with specific models.  It is more limited than MPRM in that it can only process airport 
report observation data (data obtained site-specific tower programs cannot be processed). 
Specifically, PCRAMMET produces a sequential, hourly file of wind speed, randomized wind 
direction (within a 10° sector), stability class, and mixing heights for different EPA models 
including the guideline core models: ISC-PRIME and CALPUFF-ISC (EPA 1995a). As with 
MPRM, the operations performed by PCRAMMET include: 

 calculation of atmospheric stability from meteorological surface observations 
 interpolating twice-daily mixing heights to hourly values 
 calculation of parameters for dry and wet deposition processes (optional) 
 preparing output data in the standard (PCRAMMET unformatted) or ASCII format 

required by ISC-PRIME and CALPUFF-ISC 
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The input requirements for PCRAMMET depend on the dispersion model and the model options 
for which the data is being prepared. The minimum input requirements are the twice-daily 
mixing heights and hourly surface observations of wind speed, wind direction, dry bulb 
temperature, opaque cloud cover and ceiling height. For dry deposition estimates, station 
pressure is recommended, and for wet deposition estimates, the precipitation type and the 
amount are required for those periods during which precipitation was observed. 
 
7.9 Preparing Meteorological Data Without MPRM or PCRAMMET 
 
If these utilities are not used in the preparation of meteorological input data for the core models, it is 
recommended that modellers consider the following: 

 data files unique to these models are in the proper formats and units. 

 if MSC airport data is used, for wind directions, randomizing the wind direction within 
the 10-degree sector is recommended, otherwise the plume positions will be in 10-degree 
increments (resulting in over-predictions along these increments, and under-predictions 
between them). 

 for ISC-PRIME and CALPUFF-ISC the input wind directions are “flow vectors” where 
the wind directions are specified as “winds to” rather than the standard meteorological 
convention as “winds from”.  ISC-PRIME has an option to input the wind directions in 
standard meteorological convention if the parameter WROTATE is specified.  
CALPUFF-ISC does not have this option.   

 
7.10 Format Considerations – Canadian Airport Observation Data and the 

U.S. NWS CD-144 Format 
 
In order for MPRM and/or PCRAMMET and the meteorological preprocessors for AERMOD 
(AERMET) and CALPUFF (METSCAN and SMERGE) to process Canadian hourly airport 
observation data, the file must be in U.S. National Weather Service CD-144 format. The CD-144 
format is composed of one record/hour, with all weather elements reported in an 80-column card 
image. MPRM and PCRAMMET can also accommodate SCRAM data format, which is similar 
to CD-144 except that the data columns are compressed (they do not cover the full 80 columns).  
 
The elements required in the CD-144 format data are: 

 surface station number 
 year, month and day of record  
 hour (local standard time) 
 wind direction (degrees, wind blowing from), for calms, the direction = 0.0 
 ceiling height (in hundreds of feet) 
 wind speed (knots): for calms, the wind speed = 0.0 
 dry bulb temperature (degrees F) 
 cloud cover (tenths) 

 
For hourly, sequential surface observation data from hourly reporting airports in British 
Columbia it is recommended that: 
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 data from reporting airports in British Columbia  be obtained from the Regional climate 
data group at ClimatePYR@ec.gc.ca (604) 664-9067 of MSC.  Some stations are full 24-
hour reporting stations and others operate only 12–16 hours/day.  

 data include elements 71 (ceiling height – 30’s of m), 76 (wind speed – km/h), 77 (station 
pressure – 0.01 kPa), 78 (dry bulb temp – 0.1 °C), 80 (RH - %), 81 (cloud opacity - 
tenths), 82 (cloud amount - tenths), and 156 (wind direction – 10’s deg). Each line in the 
element file has 24 values of that element (representing 24 hourly observations). 

 request that the GRP118 (V3.1) utility be applied to the archived data so that the data is 
provided in column oriented format (where each line represents an hour and the various 
parameters provided in specific columns). This will ease conversion of the MSC data to 
the CD-144 formats (and units) that are required by the Guideline recommended models. 

 convert the data into CD144 or SCRAM format and consistent with the units as specified 
above.   

 
There are private consultants that can access this data and provide a conversion the format and 
parameter units that are consistent with the CD-144 format.   
 
 

mailto:ClimatePYR@ec.gc.ca
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Figure 7.3  Model Input – Meteorological Data Preparation Flowchart (Level 2 and 3 Assessments) 
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8. MODEL INPUT – GEOPHYSICAL DATA  
 
The core and special circumstance models require the geophysical setting of the source(s) to be 
modelled. Depending on the model, this can be a simple switch to indicate whether the 
surrounding area is urban or rural, or can include detailed topographical and land use information 
with corresponding values of surface roughness, Albedo and Bowen ratios.  
 
8.1 Terrain Data and Processing 
 
ISC-PRIME and RTDM3.2 require specific elevations at specific points.  This is normally done 
manually through the use of contour maps, or with the use of software that can use gridded 
terrain data and assigns terrain heights at specific points. 
 
The AERMOD terrain processor (AERMAP) requires terrain data exclusively in USGS DEM 
(one-degree and 7.5-minute resolution) format.  The CALPUFF terrain processor (TERREL) can 
use this data, as well as other formats including the GTOPO30, SRTM30 and the ARM3 digital 
terrain data.  Although the GTOPO30 and SRTM30 format data covers Canada, the resolution is 
at a 1 km grid, likely too coarse for many CALPUFF applications in B.C.   
 
Recommended sources of terrain data suitable for AERMOD and/or CALPUFF are:  

 Natural Resources Canada provides terrain data in USGS DEM type data (Canadian 
Digital Elevation Data – CDED) for a 1:50,000 and a 1:250,000 map scale (NAD83).  It 
is freely available to download from:www.geobase.ca/geobase/en/data/cded1.html.  For 
this data note the following: 

 the 250,000 map scale data has a grid resolution range of 3 to 12 arc-seconds, 
depending on latitude. For data south of 68˚ N latitude, the grid resolution is 
roughly 90 m, depending on latitude.  The data sheets are directly readable by 
AERMAP and TERREL and are equivalent to the one-degree USGS DEM data. 

 
 the 1:50,000 map scale data has a grid resolution range of 0.75 to 3 arc-seconds. 

For data south of 68° N latitude, the grid resolution is roughly 20 m, depending on 
latitude.   This data is not directly readable by AERMAP and TERREL, and must 
be converted to equivalent 7.5-minute USGS DEM data.  A converter utility is 
available in the ISC-AERMOD View TM software from Lakes Environmental that 
will perform this conversion.  

 LandData BC provides gridded terrain data for British Columbia (NAD83) at 
approximately 25-metre resolution is available from 
srmwww.gov.bc.ca/bmgs/trim/index.html.  

 Request the MOEP “d” layer map in MOEP binary compressed format. In order 
to convert the binary format to ASCII MOEP format, a utility (EXPAND2) can be 
downloaded from: srmwww.gov.bc.ca/bmgs/freestuff.html.   Using the 
EXPAND2 utility only provides a means to convert the binary file into an ASCII 
file. This file must be further converted into the required format for the specific 
models.  

http://www.geobase.ca/geobase/en/data/cded1.html
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 For CALPUFF only, SRTM3 terrain data for North America at a resolution of three arc-
seconds (~90 m) up to 60° N can be freely downloaded from: 
www.src.com/datasets/datasets_terrain.html#SRTM_DATA.  TERREL can read and 
process this data.  Note that this data needs to be checked to make sure that the elevations 
are ground level and not tree top elevations. 

 Other sources of terrain data are: 

 terrain heights extracted from a 1:50,000 contour map.    
 site specific survey data 

 
Before the terrain data is used as input into the models it is recommended that: 

 the data is checked by plotting the terrain surface and visually scanning for any 
anomalous points that are not consistent with the observed topography.   

  
8.2 Land Use Data and Processing  
 
Refined models, such as ISC-PRIME and AERMOD, require the specification of surface 
roughness (rural or urban designation, or specific roughness height values that correspond to 
different land use types).   These are assigned based on the surrounding land use.   For 
CALPUFF (CALMET), a file of land use data in the form of gridded land use types is required 
by the utility land use processing program CTGPROG or it can be input directly into the 
GEO.DAT input file.   In order to do this, the following sources of data are recommended: 

 Geographic Data BC provides land use data (BTM – Baseline Thematic Mapping) 
(srmwww.gov.bc.ca/dss/initiatives/ias/btm/index.htm).   This data cannot be read directly by 
CTGPROG. Since the BTM is in polygonized format (with areas of minimum size of 
about 15 hectares) the files must be translated into a raster image in order to provide a 
land use code for a grid of x, y locations.  Such a raster file must be further processed into 
a format that corresponds to the GEO.DAT requirements. Furthermore, if the BTM data 
is used the B.C. land use codes must be translated into the equivalent USGS land use 
codes used in GEO.DAT. A translation matrix is provided in Section 9.4.5. 

 USGS Global Land Use Characterization data (edcsns17.cr.usgs.gov/glcc/).  Select the 
data file for North America.  This provides land use in USGS land use codes at a 1 km 
grid resolution that can be read and processed directly by CTGPROG.    

 extract land use by hand using either 1:50,000 contour maps or the BTM land use maps.  
Although this is time consuming, it may take less time than manipulating all the 
electronic files as previously described. 

 
8.3 Buildings and Building Downwash Effects 
 
There are some source/building and stack configurations where the plume behaviour is affected 
by flow distortion and enhanced turbulence due to a building. The plume (or part of it) may be 
caught in the building cavity (a low pressure zone of re-circulation in the lee of the building) 
and/or may be brought to the surface rapidly due the enhanced turbulence in the downwind 

http://www.src.com/datasets/datasets_terrain.html#SRTM_DATA
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building wake (building downwash).  These conditions can result in high ground-level 
concentrations near an emission source. 
 
Core models that include an explicit treatment of building wake effects are the screening models 
SCREEN3 (includes cavity concentrations as well) and ISC-PRIME/S, and the refined models 
ISC-PRIME, AERMOD and CALPUFF (and CALPUFF-ISC).   With the exception of 
SCREEN3, all of these core models use the Plume Rise Model Enhancements (PRIME) 
algorithms.  
 
In order to determine whether building effects need to be accounted for in the modelling 
assessment, the following criteria are recommended: 

 a simple test to assess whether a plume is high enough above a building to avoid building 
effects is given by: 

s b bh h +1.5 L≥  

Where:  hs  =  stack height  

  hb =  nearby building height 

Lb        =  lesser of either building height or maximum projected 
building width 

 If the above equation holds, then the building will not affect the plume behaviour and the 
building effects do not have to be accounted for by the model. In the case where the stack 
and building are separated, hb includes any building where the distance between the stack 
and part of the building which is nearest the stack is less than or equal to 5 x Lb but not 
greater than 0.8 km.  

 If there is more than one stack at a given facility, the above 1.5 rule must be successively 
applied to each stack. If more than one building is involved, the rule must be successively 
applied to each building.  

 The parameter Lb (used to determine the vertical and horizontal extent of building wake 
effects), can be tedious to determine by hand for complicated building structures (for 
example, “L” shaped buildings with multiple tiers) thus the BPIPPRM building 
preprocessor as described in the following section is recommended.   

 
8.3.1 Building Input Processing: BPIPPRM  

Building downwash information for the core models can be generated automatically by running 
building input utility program or BPIPPRM (produces parameters required by the PRIME 
building downwash algorithm).  Using building dimensions and the stack height information 
BPIPPRM can  determine whether a stack is subjected to wake effects from a structure(s), and 
calculate building heights (BH) and projected building widths (PBW) for cases when the plume is 
affected by building wakes. The output is formatted to be consistent with the dispersion model 
input requirements.   
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Often, more than one building affects a given stack plume. BPIPPRM determines building 
separation distances and will fill in the gap between the buildings under specific circumstances if 
they are “sufficiently close.” With the addition of more buildings and stacks, a maze of influence 
zones results. BPPPRM was developed to automate the calculations for these complicated 
situations.  
 
As with any computer program, it is recommended to review the output for reasonableness, 
especially when processing a complex arrangement of buildings with multiple tiers. If unrealistic 
downwash parameters are evident, merging tiers and combining buildings may be required.  
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9.  MODEL SPECIFIC GUIDANCE: CORE MODELS 
 
9.1 ISC-PRIME and ISC-PRIME/S 
 
9.1.1 Meteorological Screening Data for ISC-PRIME/S 

For ISC-PRIME/S, screening meteorological data is required in order to determine the “worst-
case” meteorology and the resulting potential “worst-case concentration.”  The following method 
is recommended for ISC-PRIME/S meteorological data: 

 use the procedure outline in Appendix A to generate screening meteorological data, 
complete with mixing heights for ISC-PRIME/S, using inputs of latitude, stack 
parameters and direction increments  

 for multi-stack situations where there are different plume rise values, for the Appendix A 
procedure choose the stack that is the dominant contributor to air quality. For example, 
although the plume height for stack A is higher than stack B, it only emits 1% of the 
stack B emissions. Thus, stack B plume rise should be used for mixing height 
calculations. SCREEN3 can be used to assist in determining the appropriate stack to use 
in multi-stack situations. 

 
9.1.2 Meteorological Data for ISC-PRIME 

The following hourly-average meteorological data is required: 

 scalar wind speed (m/s) 
 flow vector wind direction (wind blowing to),  hourly scalar can be used to define, unit 

vector is also acceptable  
 ambient dry bulb temperature (° K) 
 P-G stability category 
 urban and rural mixing height (m) 
 vertical potential temperature gradient (° K) 
 wind profile exponent 

 
The last two parameters in the list are not explicitly required in the hourly time series. Default 
values, as recommended in the ISC-PRIME user’s manual, can be substituted. 
 
The “flow vector” wind direction is not a real wind vector as defined in the mathematical sense, 
but is a term for direction as wind blowing to rather than the standard meteorological convention 
of wind blowing from. The user can modify all of the wind directions in the input file by 180˚ or 
can specify the optional WDROTATE keyword and input 180˚. This will allow the user to retain 
the standard direction convention in the meteorological input file but will internally change the 
input to the required flow vector wind direction (or “winds to”).  
 
The urban and rural mixing heights refer to the output automatically produced by the 
meteorological processor programs MPRM and PCRAMMET for ISC-PRIME. The programs 
generate hourly mixing heights that correspond to urban and rural areas. The choice of mixing 
height depends on whether the surrounding area is classed as rural or urban (Section 9.1.3). If 
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mixing heights are determined by methods other than MPRM or PCRAMMET (Section 7.7), 
then use the same hourly value for both rural and urban mixing heights. 
 
Although ISC-PRIME has a default format for the meteorological data file, there are a number of 
other format options available such as a user-specified format (specified columns or variables 
separated by blanks or commas), an unformatted file format (as generated by PCRAMMET or 
MPRM), and a format that includes hourly potential temperature profiles and wind profile exponents.  
 
If particle deposition is to be calculated, as series of additional meteorological and surface parameters 
are required (precipitation codes, rates, Monin-Obukov Length scales, etc.). Users are referred to the 
ISC-PRIME documentation available from the EPA modelling website at: www.epa.gov/scram001. 
 
Finally, there is a long-term version of the model, where seasonal and annual averages are 
calculated directly. If long-term concentrations/depositions are all that are required, then 
meteorological input requirements consist only of corresponding annual or seasonal averages of 
the different meteorological variables.  
 
9.1.3 Regulatory Default Settings  

There is some flexibility in the way ISC-PRIME can be run. The following are the recommended 
settings (regulatory default settings): 

 stack tip downwash 
 buoyancy-induced dispersion  
 final plume rise  
 calms processing (Section 7.5) 
 default winds speed profile exponents 
 default vertical potential temperature gradients 

 
If the parameter DFAULT is specified in the input file runstream, the above settings are 
automatically selected. If it is not specified, the regulatory default settings will still be used 
unless a non-default option is specified in the input runstream.  
 
Finally, the user must specify whether the dispersion is occurring over a rural or urban area. In 
order to determine this in situations of a multi-land use situation within the modelling domain, 
refer to Table 9.1. Classify the land use within the total area, Ao, circumscribed by a 3 km radius 
circle around the source using the meteorological land use typing scheme as shown in Table 9.1 
(Auer 1979). If land use types I1, I2, C1, R2, and R3 account for 50% or more of Ao, it is classed 
as urban; otherwise it is rural. 
 
 
 
 
 
 
 
 

http://www.epa.gov/scram001
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Table 9.1 - Identification and Classification to Land Use Types (Auer 1979) 

Type Use and Structures Vegetation 

I1 Heavy industrial 

Major chemical, steel and fabrication industries; 
generally 3- to 5-storey buildings, flat roofs 

Grass and tree growth 
extremely rare; <5% vegetation 

I2 Lightly to moderately industrial 

Rail yards, truck depots, warehouses, industrial parks, 
minor fabrications; generally 1- to 3-storey heights, flat 
roofs 

Very limited grass, trees almost 
total absent; <5% vegetation  

C1 Commercial 

Office and apartment buildings, hotels; >10-storey 
heights, flat roofs 

Limited grass and trees; <15% 
vegetation 

R1 Common residential 

Single family dwelling with normal easements; generally 
one-storey, pitched roof structures; frequent driveways 

Abundant grass lawns and 
lightly to moderately wooded; 
>70% vegetation 

R2 Compact residential 

Single, some multiple, family dwelling with close 
spacing; generally <2-storey, pitched roof structures; 
garages (via alley), no driveways 

Limited lawn size and shade 
trees; <30% vegetation 

R3 Compact residential 

Old multi-family dwellings with close (<2m) lateral 
spacing; generally 2-storey, flat roof structures; garages 
(via alley), and ashpits, no driveways 

Limited lawn sizes, old 
established shade trees, <35% 
vegetation 

R4 Estate residential 

Expansive family dwelling on multi-acre tracts 

Abundant grass lawns and 
lightly wooded; >80% veg 

A1 Metropolitan natural 

Major municipal, state, or federal parks, golf courses, 
cemeteries, campuses, occasional single-storey structures 

Nearly total grass and lightly 
wooded; >95% vegetation 

A2 Agricultural rural Local crops (e.g., corn, 
soybean); >95% vegetation 

A3 Undeveloped 

Uncultivated; wasteland 

Mostly wild grasses and weeds, 
lightly wooded; >90% 
vegetation 

A4 Undeveloped rural Heavily wooded; >95% 
vegetation 

A5 Water surfaces 

Rivers, lakes 
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9.2 RTDM3.2 
 
9.2.1 Meteorological Data  

The following meteorological data is required to run RTDM3.2: 

 scalar wind speed (recommended at stack height although not a necessary requirement) in 
user defined units 

 scalar wind direction (unit vector direction is an acceptable substitute), winds blowing 
from (degrees) 

 ambient dry bulb temperature (° F) 
 Pasquill stability category 
 mixing height (meters) 
 vertical potential temperature gradient at the source (°C/m) 
 vertical potential temperature gradient at the location of the hill to be included in the 

modelling study (°C/m) 
 the standard deviation of the wind direction fluctuations over an hour (σθ ) 
 the standard deviation of the wind elevation angle fluctuations over an hour (σE ) 
 wind speed profile exponent 
 alternate wind speed (in user defined units) 

 
The last six parameters in the above list are optional. RTDM3.2 will use default potential 
temperature gradients and wind speed profile exponents if none are determined from the 
meteorological database. Direct measures of σθ and σE can be used as an alternate to Pasquill 
stability category; however, the U.S. EPA does not recommend the use of this option for 
regulatory modelling.  
 
Data formats required for RTDM3.2 are found in the RTDM3.2 users’ guide. There is no 
flexibility in the format or the order of the variables in the hourly sequential meteorological data 
file.  
 
9.2.1.1. Wind Speed Adjustment (1 m/s) 

It has been reported that under neutral conditions with a wind speed of 1 m/s, RTDM3.2 will 
calculate a concentration of zero.  Although it would likely be rare to have neutral conditions 
occurring with a wind speed of 1 m/s (or may never occur depending on the stability scheme) the 
following is recommended: 

 adjust any wind speeds of 1 m/s to 1.1 m/s    
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9.2.2 RTDM3.2 Default Values 

The following Table provides the recommended switch/option settings for RTDM3.2 
 

Table 9.2 - Switch Settings for RTDM3.2 and Corresponding Default Values 

Parameter Variable Value Remarks 

PR001-003 SCALE  Default scale factors assume input horizontal 
distance is in km (convert to m), vertical distance is 
in ft (convert to m), and wind speed is in mph 
(convert to m/s).  Users can specify other 
conversion factors depending on input units. 

PR004 ZWIND1 
 
ZWIND2 
IDILUT 
 
ZA 

Wind measurement 
height 
Not used  
1 
 
0 (default) 

Wind measurement height of input meteorological 
data 
Height of second anemometer 
Dilution wind speed scaled to plume height above 
stack base 
Anemometer-terrain height above stack base 

PR005 EXPON 0.09, 0.11, 0.12, 
0.14, 0.2, 0.3 
(default) 

Wind profile exponents 

PR006 ICOEF 3 (default) Briggs Rural/ASME (1979) dispersion parameters 

PR009 IPPP 0 (default) Partial plume penetration; not used 

PR010 IBUOY 
ALPHA 

1 (default) 
3.162 (default) 

Buoyancy-enhanced dispersion is used 
Buoyancy-enhanced dispersion coefficient 

PR011 IDMX 1 (default) Unlimited mixing height for stable conditions 

PR012 ITRANS 1 (default) Transitional plume rise is used 

PR013 TERCOR 6*0.5 (default) Plume path correction factors 

PR014 RVPTG 0.02, 0.035 
(default) 

Vertical potential temperature gradient values for 
stability’s E and F 

PR015 ITIPD 1 Stack-tip downwash is used 

PR020 ISHEAR 0 (default) Wind shear; not used 

PR022 IREFL 1 (default) Partial surface reflection is used 

PR023 IHORIZ 
SECTOR 

2 (default) 
6*22.5 (default) 

Sector averaging 
Using 22.5 sectors 

PR016 to 
019, 021, 
and 024 

IY, IZ, 
IRVPTG, 
IHVPTG, 
IEPS, 
IEMIS 

0 Hourly values of turbulence, vertical potential 
temperature gradient, wind speed profile 
exponents, and stack emissions are not used (unless 
specified) 
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9.3 AERMOD 
 
9.3.1 Meteorological Data  

As a minimum, AERMET (the meteorological processor for AERMOD) requires hourly airport 
observations or appropriate data from a site-specific tower program and the morning upper-air 
sounding.  Based on Cimorelli et al. (1998), the following are recommendations on the minimum 
meteorological data requirements for AERMOD applications: 

 data must be horizontally and vertically representative. This should be judged 
independently for each variable. 

 surface characteristics around the meteorological site must be similar to the surface 
characteristics in the modelling domain 

 surface characteristics around the meteorological site should be input  
 
Adequately representative data for each of the following variables constitutes the minimum set of 
meteorological variables that AERMOD requires: 

 wind speed (at least one level between 7 times the surface roughness as defined in 
Section 9.3.2 and 100 m, scalar is acceptable)  

 wind direction (scalar, but unit vector is acceptable) – for airport observation data, 
AERMET randomizes the direction within the 10 degree reporting sector  

 ambient temperature (between the surface roughness height and 100 m) 
 cloud cover 
 morning upper-air sounding (12 UTC in TD6201 format). 

 
Although site-specific measurements can be used by AERMET (wind speed and direction, 
hourly mixing height, etc.), the requirement for cloud cover and the a.m. upper air sounding can 
limit the geographic applicability of AERMOD to areas near the airport observing station, and 
areas near an upper air sounding station.   Fortunately, cloud cover data can be superseded (but 
not substituted) if hourly delta T (temperature difference between two heights) is available from 
a site-specific tower measurement program.   This allows the calculated parameters to be more 
representative of the site conditions.  If delta T data is used, choose the bulk Richardson 
(BULKRN) option.   
 
There are no alternatives inputs for upper air sounding data (other than conducting soundings at 
the site).   The a.m. sounding is used to determine scaling parameters which in turn are used in 
the dispersion calculations.    In order to determine the importance of this parameter and whether 
this model should be used for the particular application, it is recommended that the sensitivity of 
the modelled maximum concentrations be examined using soundings from different locations.   
 
9.3.1.1. Precipitation Data 

AERMOD can handle both gaseous and particulate deposition (wet, dry).  For wet deposition, 
hourly precipitation data is required.  The required form of this data is not available from MSC 
reporting airport observations.  A recommended method to extract this parameter using other 
codes and parameters in the MSC data file is outlined in Section 9.4.2.3 
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9.3.2 Surface Characteristics  

Surface roughness, Bowen ratio and Albedo is required by AERMET.  A single value for the 
these variables can be chosen to represent the conditions over the modelling domain although the 
user can specify direction and season-dependent surface values as well.  

AERMOD can be sensitive to these variables so the selection of these parameters (especially 
surface roughness) is important.  They should be representative of the site where the 
meteorological data was collected which in turn should be representative of the source location.   
For further guidance on this, see the AERMOD Implementation Guide (EPA, 2005) 
 
9.3.2.1. Surface Roughness Height 

As wind moves past objects (ground, rocks, trees, etc) complex turbulence patterns result due to 
the “roughness” of the surface.  The roughness is characterized by a “surface roughness height”.    
 
AERMOD can account for seasonal and wind sector variations in surface roughness.  Although 
there is a default (0.15 m), the user can specify a more representative value by selecting the land 
use type (Table 9.3) within a three-kilometre radius of the input meteorological data and then 
selecting the corresponding roughness for the different seasons.  
 
 
Table 9.3 - Surface Roughness Heights (m), For Typical Land Use Types and Seasons (Paine 1987) 

Land Use Type Spring Summer Autumn Winter 

Water (fresh water and sea water) 0.0001 0.0001 0.0001 0.0001 

Deciduous Forest 1.00 1.30 0.80 0.50 

Coniferous Forest 1.30 1.30 1.30 1.30 

Swamp 0.20 0.20 0.20 0.05 

Cultivated Land 0.03 0.20 0.05 0.01 

Grassland 0.05 0.10 0.01 0.001 

Urban 1.00 1.00 1.00 1.00 

Desert Shrubland 0.30 0.30 0.30 0.15 
 
“Spring” refers to periods when vegetation is emerging or partially green. This is a transitional situation that applies 
for 1–2 months after the last killing frost in spring. 
 
“Summer” applies to the period when vegetation is lush and healthy, typical of midsummer, but also of other 
seasons where frost is less common. 
 
“Autumn” refers to a period when freezing conditions are common, deciduous trees are leafless, crops are not yet 
planted or are already harvested (bare soil exposed), grass surfaces are brown, and no snow is present. 
 
“Winter” conditions apply for snow-covered surfaces and subfreezing temperatures. 
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9.3.3 Albedo and Bowen Ratios 

In addition to surface roughness, AERMOD and ISC-PRIME (using the deposition option) 
requires noon-time Albedo (the fraction of incoming solar radiation that is reflected from the 
surface) and Bowen ratios (an indicator of moisture, it is the ratio of the sensible heat flux to 
latent heat flux). Although there are defaults specified for these values that correspond to 
cultivated land with average moisture content, the user can specify the values appropriate to the 
location so they represent the site area conditions.  Tables 9.4 and 9.5 lists typical Albedo and 
Bowen ratio values as a function of several land use types and season (Paine, 1987).   
 

Table 9.4 - Noon-Time Albedo For Typical Land Use Types and Seasons 

Land Use Type Spring Summer Autumn Winter**

Water (fresh water and sea water) 0.12 0.10 0.14 0.20 

Deciduous Forest 0.12 0.12 0.12 0.50 

Coniferous Forest 0.12 0.12 0.12 0.35 

Swamp 0.12 0.14 0.16 0.30 

Cultivated Land 0.14 0.20 0.18 0.60 

Grassland 0.18 0.18 0.20 0.60 

Urban 0.14 0.16 0.18 0.35 

Desert Shrubland 0.30 0.28 0.28 0.45 
 
 

Table 9.5 - Daytime Bowen Ratios, For Typical Land Use Types and Seasons  

(Average Moisture Conditions) 

Land Use Type Spring Summer Autumn Winter* 

Water (fresh water and sea water) 0.1 0.1 0.1 1.5** 

Deciduous Forest 0.7 0.3 1.0 1.5 

Coniferous Forest 0.7 0.3 0.8 1.5 

Swamp 0.1 0.1 0.1 1.5 

Cultivated Land 0.3 0.5 0.7 1.5 

Grassland 0.4 0.8 1.0 1.5 

Urban 1.0 2.0 2.0 1.5 

Desert Shrubland 3.0 4.0 6.0 6.0 
 
* Winter Bowen ratios depend on the frequency of when snow cover is present.  Bowen ratios for autumn 

assume rare snow covers.  For winter, continuous snow cover is assumed.   
 
**  If water body frozen over, use this value. 



Guidelines for Air Quality Dispersion Modelling in British Columbia  

Page 72  Version: October 2006  

 
The season definitions for Tables 9.4 and 9.5 are the same as given in Table 9.3 
 
Although the AERMOD user manual has daytime Bowen ratio tables for dry and wet moisture 
conditions, the values in Table 9.5 correspond to average moisture conditions.  The suggested 
Bowen rations listed are typical values appropriate for daytime use.   
 
9.3.4 Regulatory Default Settings 

The regulatory default option is controlled from the MODELOPT keyword on the CO pathway. 
As its name implies, this keyword controls the selection of modelling options. Unless specified 
otherwise through the available keyword options, it is recommended that the following 
AERMOD default options are selected: 

 use the elevated terrain algorithms requiring input of terrain height data 
 use stack-tip downwash (except for building downwash cases) 
 use the calms processing routines 
 use the missing data processing routines 
 use a four-hour half-life for exponential decay of SO2 for urban sources 

 
The parameters used to specify options on the MODELOPT keyword are character strings, called 
“secondary keywords,” that are descriptive of the option being selected. For example, to ensure 
that the regulatory default options are used for a particular run, the user would include the 
secondary keyword “DFAULT” on the MODELOPT input. The presence of this secondary 
keyword tells the model to override any attempt to use a non-regulatory default option. The 
model will warn the user if a non-regulatory option is selected along with the DFAULT option, 
but will not halt processing. For regulatory modelling applications, it is recommended that the 
DFAULT switch be set, even though the model defaults to the regulatory options without it.  
 
9.3.5 Further Recommendations Regarding the Use of AERMOD  

AERMOD was released in late 2005.  As such, it is anticipated that errors and sensitivities will 
be reported as it gains popularity in the user community.   Some of reported issues are: 

 limitations of use due to the requirement for cloud cover and an upper air sounding 
 wet deposition calculations are unrealistic when modelling emissions from area sources 
 results can be very sensitive to surface roughness.    

For the above reasons it is recommended that: 

 surface roughness assignment should be undertaken with care, and a sensitivity analysis 
of the results should be used assess the reasonableness of the results as per the 
recommendations in the AERMOD Implementation Guide (EPA, 2005). 

 if in an area of complex terrain, evaluate the applicability of cloud cover and especially 
upper-air sounding data to the site.  If it is questionable, obtain hourly delta-T measures 
(in addition to other meteorological parameters) from a site-specific meteorological tower 
program.  AERMOD, through the use of the Bulk Richardson algorithm can use delta T 
(in addition to the wind parameters) to provide more site-specific conditions.   
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Finally, there are commercially available software that are user-friendly interfaces for preparing 
the input data and running AERMOD. Sometimes these packages bundle models together, so the 
user should specify the particular model used when model results are submitted for review. 
 
9.4 CALPUFF and CALPUFF-ISC 
 
9.4.1 User Defined Switches, Options and Factors  

While it is generally agreed that CALPUFF offers superior treatment of dispersion and 
transformation than the straight-line Gaussian models, this increased capability brings additional 
complexity. Such complexity involves larger data input files and a higher degree of professional 
judgment in selecting the various switches/options.   This can be a source of model error and/or 
inconsistency in model application. 
 
In order to minimize such problems, guidance on the switches/options and user defined factors is 
provided in Tables  9.6 and 9.7 for CALMET (Input Group 5) and CALPUFF (Input Group 2) 
respectively.    The switches/user defined parameters are shaded according to the following: 

 Black = do not touch (if changed, provide justification) 
 Dark Grey = recommended default 
 Light Grey = expert judgment required 
 White = not used 

 

This guidance is based on the collective experience of practitioners in B.C., the CALPUFF 
User’s Guide and the CALPUFF FAQ’s (www.src.com/calpuff/FAQ-answers.htm).    Familiarity 
with these documents is required before using CALPUFF.  Although these Tables are intended to 
be as specific as possible, it is impossible to specify a single set of options/user-defined factors 
for every circumstance as some factors depend entirely on the meteorological and geophysical 
characteristics of the model domain.   For these reasons, it is recommended that CALPUFF users 
are familiar with the above documents, have attended a CALPUFF training course and have a 
background in atmospheric science. 
 

http://www.src.com/calpuff/FAQ-answers.htm


Guidelines for Air Quality Dispersion Modelling in British Columbia  

Page 74  Version: October 2006  

Table 9.6 - Recommended CALMET Input Group 5 Switch Settings 

Black (do not touch):  Dark Grey (recommended default ) 
Light Grey (expert judgement required to determine):  White (not used) 

 
Option Parameter Value Explanation & Justification 
Wind field model selection 
variable.  

IWFCOD 1  

In general use diagnostic wind module (allows 2-step 
approach) where IWFCOD=1.  However, this depends 
on how Mesoscale Meteorological (MM) Model data 
(example MM5/MC2) is used.  See IPROG and User 
Guide.  

Compute Froude number 
adjustment effects? IFRADJ 1 

Used to evaluate thermodynamic blocking effects of the 
terrain on the wind flow and are described using the 
critical Froude number (see CRITFN to define). 

Compute kinematic effects? 
IKINE 0 

No, do not calculate a terrain-forced vertical velocity in 
the initial guess wind field.  
DIVLIM, NITER and ALPHA do not need to be specified 

Use O’Brien procedure for 
adjustment of the vertical 
velocity? 

IOBR 0  
No adjustment to the vertical velocity profile at top of 
model domain. 

Compute slope flows? 
ISLOPE 1 

Yes.  Slope flow is calculated as a function of sensible 
heat flux, distance to the crest or valley bottom, and 
slope angle. 

Extrapolate surface wind 
observations to upper 
layers? 

IEXTRP -4 
Use Similarity Theory except layer 1 data at upper air 
stations ignored.  Could vary in calm or strong valley 
conditions. 

Extrapolate calm winds 
aloft? 

ICALM 0 or 1 

0 (No) when unrealistically high % of calm (due to high 
anemometer starting threshold) and the location is not 
prone to calms/inversions.   
1 (yes) when % calm is realistic (low threshold 
anemometer) and the location is prone to frequent 
stagnant conditions (valleys). 

Layer-dependent biases. BIAS varies Requires expert judgment as per Calpuff FAQs  
Min. distance btwn upper air 
stn and srfc stn for which 
extrap of srfc winds will be 
allowed. 

RMIN2 -1 

Use -1 when IEXTRP = +/- 4 to ensure extrapolation of 
all surface stations. 

Gridded prognostic wind field 
model output fields. IPROG 2, 4 or 14 

Depends on whether or not Mesoscale Meteorological 
(MM) Model output (example MM5/MC2) is used.  In 
general, use for initial guess field but refer to Calpuff 
FAQs for other options.   

Use varying radius of 
influence? LVARY T 

Yes.  If no stations are within RMAX, chooses closest 
station.  Generally used because of typical station 
density in B.C. 

Max radius of influence over 
land of the surface layer.  RMAX1 varies Requires expert judgement as described in Calpuff 

FAQs  
Max radius of influence over 
land aloft. RMAX2 varies Requires expert judgment as described in Calpuff FAQs 

Max radius of influence of 
influence over water.  RMAX3 varies Requires expert judgment as described in Calpuff FAQs 

Min. radius of influence used 
in the wind field interpolation. RMIN 0.1 Recommendation is a very small value (0.1 km).    

Radius of influence of terrain 
features  TERRAD varies Requires expert judgment as described in Calpuff FAQs 

Distance from a sfc stn at 
which the stn. obs and 1st 
guess field are equally 
weighted. 

R1 varies 

Requires expert judgment as described in Calpuff FAQs 
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Table 9.6 cont’d Recommended CALMET Input Group 5 Switch Settings 
 

Black (do not touch):  Dark Grey (recommended default ) 
Light Grey (expert judgement required to determine):  White (not used) 

 
Distance from an upper air 
stn at which the obs and 1st 
guess field are equally 
weighted. 

R2 varies 

Requires expert judgment as described in Calpuff FAQs 

Relative weighting of the 
prognostic wind field data. RPROG (varies) 

Used only if IPROG=nonzero.  This parameter should 
reflect resolution of prognostic model (e.g. if horizontal 
resolution is 4 km, RPROG should be close to 4) 

Maximum acceptable 
divergence in the divergence 
min. procedure. 

DIVLIM 5x10-6 
Not used since IKINE = 0    

Maximum number of 
iterations in the divergence 
min. procedure. 

NITER 50 
Not used since IKINE = 0.  

Number of passes in the 
smoothing procedure. NSMTH 2 Start with 2 in lowest layer, 4 in higher layers.  More 

passes may be needed in complex terrain. 
Max number of stns used in 
each layer for the 
interpolation of data to a grid 
point 

NINTR2 99 

Use default. 

Critical Froude number. 

CRITFN 1 

If Froude no. is less than CRITFN, wind has an uphill 
component and direction is changed to be tangent to 
the terrain.  If Froude no. is greater than CRITFN, no 
adjustment is made. 

Empirical factor controlling 
the influence of kinematic 
effects. 

ALPHA 0.1 
Not used since IKINE = 0.  

Multiplicative scaling factor 
for extrapolation of surface 
observations to upper layers. 

FEXTR2 (varies) 
Not used when IEXTRP = +/- 4. 

Number of barriers to 
interpolation of the wind 
fields. 

NBAR 0 
depends 

Usually not used.  Use barriers only when terrain effects 
are not powerful enough to resolve wind blocking effect. 
See Calpuff documentation 

X and Y coordinates of 
barriers. 

XBBAR, 
YBBAR, 
XEBAR, 
YEBAR 

varies 

Use only if NBAR > 0 to define the coordinates of the 
barrier. 

Diagnostic module surface 
temperature option. IDIOPT1 0 Usually surface temperatures are computed internally. 

Diagnostic module sfc. met 
station to use. ISURFT varies If more than one surface station is used, pick closest 

station with realistic diurnal pattern. 
Diagnostic module domain-
averaged lapse rate option. IDIOPT2 0 Usually lapse rate computed internally. 

Diagnostic module upper air 
stn to use for lapse rate to 
use. 

IUPT varies 
Use closest station with realistic profile. 

Depth through which the 
domain-scale lapse rate is 
computed. 

ZUPT 200 
Can vary depending on complex topography (i.e. deep 
valleys). 

Initial guess field wind 
components IDIOPT3 0 Usually computed internally from upper air 

observations. 
Upper air station to use for 
domain-scale winds. IUPWND -1 Use closest station. 

Bottom and top of layer 
through which the initial 
guess winds are computed. 

ZUPWND 1, 1000 
Default for guess wind field layers. 
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Table 9.7 - Recommended CALPUFF Input Group 2 Switch Settings 

Black (do not touch):  Dark Grey (recommended default), 
Light Grey (expert judgement required):  White (not used) 

 
Option Parameter Value Explanation & Justification 
Vertical distribution used in 
the near field.  MGAUSS 1 Gaussian. 

Terrain adjustment method. MCTADJ 3 Partial plume path adjustment, unless running in ISC-
mode (in this case, set MCTADJ = 1) 

Subgrid-Scale complex 
terrain flag. MCTSG 0 Usually 0, but allows for CTDM-like treatment of subgrid-

scale hills (see Input Group 6). 
Near-field puffs modelled as 
elongated? MSLUG 0 No slug model.  However see FAQ on situations where 

slug option is appropriate. 
Transitional Plume Rise 
modelled? MTRANS 1 Yes, transitional rise computed, unless running in ISC-

mode (in this case set MTRANS = 0) 
Method used to simulate 
building downwash? MBDW 2 

PRIME method.  Sometimes PRIME causes CALPUFF to 
crash.  In this case choose MBDW=1 (ISC type 
downwash) or use CALPUFF Beta Version 6 

Stack-tip downwash? MTIP 1 Yes, stack-tip downwash modelled, particularly if ratio of 
stack gas exit velocity to wind speed is less than 1.5. 

Vertical wind shear modelled 
above stack top? MSHEAR 0 

No, vertical wind shear above stack top not modelled.  If 
this option is chosen, a power law wind speed 
extrapolation is done above stack top. 

Puff splitting allowed? MSPLIT 0 No, splitting not allowed.  However see FAQ on situations 
where splitting (vertical and horizontal) is appropriate. 

Chemical Transformation 
Scheme. MCHEM 1 MESOPUFF II scheme. 

Aqueous phase 
transformation flag (only 
used if MCHEM =1 or 3) 

MAQCHEM 0 
Aqueous phase not modelled. 

Wet removal modelled?  MWET 1 Yes, if deposition modelled. 
Dry deposition modelled? MDRY 1 Yes, if deposition modelled. 
Methods used to compute 
dispersion coefficients.  MDISP 2 or 3 Use 2 for near-field and 3 for long-range (> 50 km) 

domains. 
Sigma measurements used? MTURBVW (3) Used only if MDISP = 1or 5.  
Back-up method used to 
compute dispersion when 
measured turbulence data 
are missing.  

MDISP2 (2) 

Used only if MDISP = 1or 5. 

PG sigma y,z adjusted for 
roughness. MROUGH 0 

Not recommended for tall stacks or when surface 
roughness lengths > 1m.  May be appropriate for near-
surface releases. 

Partial plume penetration of 
elevated inversion? MPARTL 1 Yes, partial plume penetration, unless running in ISC-

mode (in this case set MPARTL = 0) 
Strength of temp inversion 
provided in PROFILE.DAT 
extended records? 

MTINV 0 
Typically computed from measured/default gradients.  
Depends on whether PROFILE.DAT contains extended 
records. 

Probability Distribution 
Function used for dispersion 
under convective conditions? 

MPDF 0 or 1 
Yes if MDISP = 2 (simulates AERMOD-type dispersion, 
averaging the balance between up- and down-drafts in 
vertical column). 

Sub-grid TIBL module used 
for shore line? MSGTIBL 0 Generally not used.  May be used in special coast line 

circumstances. 
Boundary conditions 
(concentration) modeled? MBCON 0 Boundary concentrations not modelled. 

Configure for FOG Model 
output? MFOG 0 FOG model usually not run unless condensed plume 

assessment is required. 
Test options specified to see 
if they conform to regulatory 
values? 

MREG 0 
No checks made. 
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9.4.2 Meteorological Data Requirements for CALPUFF (CALMET)  

Hourly surface observations from a reporting airport or site-specific meteorological station and 
upper-air data will allow CALMET to produce meteorological fields, although there is no 
guarantee that these fields will be reasonable.  The following sections provide guidance on 
producing reasonable meteorological fields with CALMET. 
 
9.4.2.1. More Observations, Better Results 

For complex terrain areas and for simulations covering a large domain, a single surface and 
upper-air station data will not be enough input for CALMET to produce meaningful results for 
every area within the domain. CALMET can incorporate a large number of airport station data as 
well as data collected at on-site meteorological tower programs (the default limit is 25 but can be 
changed to include more) and up to 20 (default limit which can be increased) upper-air stations 
including acoustic sounder data. Although CALMET does have algorithms that use observational 
data and produce complete meteorological fields, if CALMET has more observational station 
data to work with, the resulting fields will be a better reflection of reality. What is considered to 
be “adequate” observational data is a matter of professional judgment.  
 
9.4.2.2. CALMET Fields Using Both Airport Wind and Ministry (or Ministry Equivalent) Data 

When using both airport and ministry (or ministry equivalent) wind data as input to CALMET, it 
is important to examine the wind fields that are produced under low wind speed situations for 
"doughnut” areas of calms or very light winds around the airport site.  These doughnut areas are 
generally due to differences in the anemometer starting thresholds between airport and Ministry 
anemometers and are not likely representative of the real wind fields.  In such cases removing 
the airport data may prove to be more beneficial in achieving more realistic wind fields. 
 
9.4.2.3. Canadian and U.S. Meteorological Data Formatting and Conversion Issues 

The CALMET surface meteorological data processor, METSCAN, requires surface observations 
from hourly reporting airports in the U.S. National Weather Service CD-144 format. The hourly 
surface observations (as previously discussed in Section 7.10) include: 

 wind speed and direction (knots, blowing from) 
 ceiling height (hundreds of feet) 
 surface pressure (mb) 
 temperature (deg. F) 
 relative humidity (%) 
 cloud cover (tenths) 
 precipitation code 

 
Users must convert Canadian airport observation data into a format (and units) readable by the 
CALMET meteorological surface data processors, METSCAN, which only accepts CD-144 data 
and SMERGE which accepts CD-144, SAMSON, HUSWO and DATSAV3 (TD-9956) format 
(although the latter format needs to be converted to CD-144 format).  
 
It is possible to reformat the Canadian MSC airport hourly observation data and site-specific 
tower data (along with converting the units) into the surface data (SURF.DAT) file that is read 
directly by CALMET.  This would eliminate the need for METSCAN, although the valuable  
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quality assurance data screening ability of this program would be bypassed.  Furthermore, if 
multiple surface data sets are used, then SMERGE will combine these easily if the data is in CD-
144 format.  
 
9.4.2.4. Precipitation Data Conversions for Long-Term, Wet Deposition Calculations 

CALMET requires the precipitation code unique to CD-144 data in order to identify the type of 
precipitation.  The precipitation type is required for the calculation of chemical transformations 
(otherwise a missing flag can be inserted). Although the Canadian precipitation data do not use 
the same CD-144 type codes, there are similar weather code designations of light, moderate and 
heavy rain and snow (in elements 086 and 091 of the Canadian hourly weather observations). 
Equivalent CD-144 precipitation codes to the Canadian weather codes are provided in Table 9.8. 
 

Table 9.8 – CD-144 Precipitation Code Based on Canadian Hourly Weather Code  

MSC Weather Category and Code: 
(elements 086,091) 

Equivalent CD-144 
Precipitation Code 

Element 086, Code 1 (Light Rain)  1 

Element 086, Code 2 (Moderate Rain) 2 

Element 086, Code 3 (Heavy Rain) 3 

Element 091, Code 1 (Light Snow) 19 

Element 091, Code 2 (Moderate Snow) 20 

Element 091, Code 3 (Heavy Snow) 21 

 
For some databases (such as Ministry of Forest data), no weather codes are available, thus 
equivalent precipitation codes can be assigned based more commonly available dry bulb 
temperature and precipitation observations. Equivalent CD-144 precipitation codes can be 
assigned as indicated in Table 9.9.   
 

 Table 9.9 – CD-144 Precipitation Code based on Dry Bulb Temp and Precipitation Rate 

Dry Bulb 
Temperature, T (°C) 

Precipitation Rate, R 
(mm/hr) 

Equivalent CD-144 
Precipitation Code 

T > 0 R< 2.5 1  

T > 0 2.5 < R < 7.6 2  

T > 0 R > 7.6 3  

T < 0 R < 2.5 19  

T < 0 2.5 < R < 7.6 20  

T < 0 R > 7.6 21  
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Precipitation rate equivalencies were based on the Federal Meteorological Handbook of the 
U.S.A (U.S. National Weather Service, 1995) with categories given in the Table above. 
 
Hourly precipitation data (in the NCDC TD-3240 or PRECIP.DAT) format is also required if 
wet processes are modelled. At least one station is required but more would provide a better 
observational data set for CALMET simulations of precipitation fields. Environment Canada 
data include hourly precipitation, although at some Canadian stations only daily precipitation 
amounts are available. Thus assumptions must be made on how the total precipitation is 
partitioned for each hour. In this case, the hourly weather code can be used (elements 086 to 098 
that indicate rain, snow, drizzle, etc) to determine when precipitation may be occurring during 
the period.  Partitioning of the total daily precipitation equally over the precipitation hours is 
acceptable.   
 
Although the substitution of daily data and estimation of precipitation codes are not ideal when 
compared with hourly measurements, errors in the hour-to-hour specification of the code and 
precipitation amounts are not as critical for long-term estimates (i.e. annual wet-deposition).  
 
9.4.2.5. Meteorological Data – Hours and Period of Record 

It is important to note that CALMET defines a day as hours 00 to 23 where hour 0 is the 
midnight hour (“day 2/hour 0” is the same as “day 1/hour 24”). The data for this hour 
corresponds to that collected between 11 pm and 12 midnight on day 1 (i.e., “hour ending”). It is 
important to insure that any surface meteorological data used for CALMET modelling follows 
this convention. 
 
When running a full year of data, it is recommended that the range of hourly data include Day 
1/Hour 0 through Day 365/Hour 23 to Day 1/hour 0 of the next year.  
 
9.4.2.6. Meteorological Data – Missing Data Treatments 

CALMET will automatically substitute a missing parameter from another surface station (if there 
is data from another surface station). However, if such a substitution is inappropriate, or there is 
no other surface data available for that missing period, then data filling methods can be used 
depending on the parameter and the extent of the missing record. CALMET will generate a list 
of missing data, which can be further examined to determine the nature of the missing data. The 
data filling methods are described in Section 7.3.2 of these guidelines.  
 
For upper-air data, at a minimum, data for the twice-daily soundings released at 00 and 12 UTC 
for one or more stations are required in TD-6201 or FSL formats. READ62 is the upper-air data 
preprocessor that conducts a number of QA checks (missing data, out of range values, etc.). The 
CALPUFF FAQ website (www.src.com/calpuff/FAQ-answers.htm) provides guidance on 
replacing missing data. 
 
9.4.2.7. Meteorological Input for CALPUFF-ISC 

For CALPUFF-ISC, the meteorological data at a single station suitable for ISC-PRIME is used 
as input and CALMET is bypassed.  In preparing this meteorological input file, it is important to 
note that the wind directions must be input as “flow vectors” which are defined as “winds to” 
rather than the standard meteorological convention of “winds from”.  The meteorological 

http://www.src.com/calpuff/FAQ-answers.htm
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processor, SMERGE, assumes the winds are defined as “flow vectors”.  In addition, if airport 
data is used, the wind directions should be randomized within the 10 degree sector (as airport 
winds are recorded to the nearest 10 degrees). 
 
9.4.3 Recommendations Regarding the Use of Mesoscale Meteorological Models 

(MM Output) with CALPUFF (CALMET) 

CALMET generates wind fields through a two-step process that involves the establishment of an 
initial-guess wind field, which is subsequently adjusted for terrain and surface effects to generate 
a Step 1 wind field. This wind field is further refined by observational data to create the final 
wind field. 
 
There are different options available for initializing the wind field in CALMET: 

 gridded field from a prognostic mesoscale model (i.e. MM output) 

 objective analysis of all available observations where CALMET interpolates horizontally 
and vertically between the different observation data sites to produce a spatially varying 
wind field 

 spatially-uniform guess field (not recommended unless for local scale applications where 
there is good representative, site-specific data)  

 DIAG.DAT file (not recommended) 
 
The first option is preferred because it provides a spatially varying meteorological field and takes 
into account the effect geophysical features have on these fields. The use of such data, when 
blended together with hourly surface observations, has provided at least as good, or often better 
results than use of surface observations alone (CALPUFF FAQ website). Some tests conducted 
by Schutte and Lundgren (2002) and McEwan and Murphy (2004) provide support for the value 
of this approach when used with CALMET (see Section 7.1.3 for more on these studies). 
 
CALMET also has a “no-obs” option, where MM output is used directly and meteorological fields 
produced without observations.  McEwan and Murphy (2004) examined the behaviour of CALMET 
using MC2 (2 km grids) and RAMS (1 km grids) data as an initial guess field, and in “no-obs” mode. 
The study, which was conducted over a limited time period, found that CALMET in the “no-obs” 
mode, using these models, was successful at simulating both upper-air and surface levels winds. 
Although the study was limited to a narrow time period (two-week winter period), it does provide 
some encouraging results for the “no obs” approach.  Note that the “no-obs” approach is not an 
excuse to exclude available surface or upper-air observations in favour of MM fields. 
 
If MM output is to be used with CALPUFF, the conditions for use of such data are outlined in 
Section 7.1.3. The specifics of the approach must be included in the detailed model plan and 
accepted by the ministry.  
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9.4.4 Land Use Data – Code Translation from B.C. Land Use Code to CALMET Code 

If the Baseline Thematic Mapping (BTM) land use data from BC Geographic Data is used, then the 
land use codes used in the B.C. data must be converted to the USGS type land use codes required by 
the CALMET land use processor, CTPROG. Table 9.10 provides the conversions. 
 

  Table 9.10 - Conversion of B.C. Land Use Codes to CALMET Codes 

B.C. Land 
Class Code 

B.C. Land Use Category CALMET Code CALMET Land Use Category 

2 Agriculture -20 Agricultural Land –Irrigated 

3 Barren Surfaces 70 Barren Land 

4 Fresh Water 50 Water 

5 Mining 70 Barren Land 

6 Old Forest 40 Forest Land 

7 Recently Logged 30 Rangeland 

8 Recreational Activities 40 Forest Land 

9 Residential/Agriculture 
Mixtures 

20 Agricultural Land 

10 Selectively Logged 40 Forest Land 

11 Urban 10 Urban 

12 Wetlands 60 Wetland 

13 Young Forest 40 Forest Land 
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10.  MODEL OUTPUT  
 
10.1 Model Output – The Need to Add Background  
 
Although it is useful to know the predicted incremental impact due to a source, it is the 
cumulative air quality that is of importance. The cumulative air quality is given by: 
 
Cumulative = Background + Predicted Increment (contribution from modelled emission) 
 
“Background” is the concentration due to emissions from both natural and human-caused 
sources. In other words, it is the result of the contribution from all sources except the source(s) 
being modelled.  
 
Choosing the appropriate background concentration can be critical in assessing overall air 
quality. In order of priority, the information sources used to establish the background 
concentration level are: 

 a network of long-term ambient monitoring stations near the source under study 

 long-term ambient monitoring at a different location that is adequately representative 

 modelled background  
 
Given the importance of the background level, it is recommended that the modelling plan 
(Section 4) include a description of the method to establish background. 
 
10.1.1 Site-Specific Monitoring Data Available to Establish Background 

The background concentration can be determined through the use of existing ambient monitoring data 
collected at the site. The process to determine this is discussed in Section 10.1.2. Current and historical 
air quality monitoring data is available from various sites across the province (including the GVRD) 
and is available on-line from:  www.elp.gov.bc.ca:8000/pls/aqiis/archive.report.  
 
Access to the data on this website requires a password that is available from the Ministry Quality 
Assurance Scientist (250-387-9940).  
 
10.1.2 Monitoring Data from a Different Location 

If there is no representative ambient data available for the site in question, then another data set 
from an area with similar sources and meteorology may be used.  However, the use of such off-
site data to establish an appropriate background requires a careful review of whether the site is 
representative. Factors to be considered are: 

 differences in geophysical characteristics (meteorology, topography, surface features) 

 differences in emissions types (point sources, roads, etc.) 

 differences in emission changes (rapid urban growth, forest fires, nearby temporary 
sources) 

 

http://www.elp.gov.bc.ca:8000/pls/aqiis/archive.report
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Finally, a review of the instrumentation and the data collection protocols used in the off-site 
program is recommended.  
 
10.1.3 Modelling Background (Contributing Sources) 

If there is no ambient monitoring data that is representative of the air quality in the area under 
consideration, a model can be used to estimate the background concentration. For particulate matter, 
this may be difficult due to the many different types of sources that can contribute. However, for 
other contaminants (such as SO2) it may be possible to identify other nearby SO2 sources that are 
not part of the facility under consideration, but contribute to the background air quality. These 
sources could be included in a single model run, or may require individual model runs where the 
output from each run is superimposed to establish the cumulative background levels at different 
receptors in the area. 
 
The decision to include or exclude sources that may or may not contribute to the background 
concentration depends in part on the scale of the modelling domain. If the concern is over long-
range transport (i.e., acid deposition or photochemical ozone formation), where impacts a few 
hundred kilometres downwind are relevant to the assessing impacts, then sources over a wide area 
need to be included. If the concern is limited to a specific area near the source, sources outside the 
area may not be important.   Which sources to include is a matter of professional judgment, but can 
be guided by following these recommended steps:   

 use SCREEN3 if there are only a few potential sources that contribute to background or 
ISC-PRIME/S if there are many sources in order to determine the maximum 
concentrations as a function of downwind distance.  

 use this output to consider the contribution of each source contribution to the 
concentrations in the area around the source and assess their relative importance.  If ISC-
PRIME/S is used with all sources included, the model output will reflect the total 
contribution of each source over the local area and would thus constitute a modelled 
background concentration.    

 consider the surrounding terrain where a source may be close to another, but is in an 
adjacent valley separated by high ridges. It is obvious that there is no need to include the 
adjacent valley source if impacts near the source are of concern.  

 final decisions on what sources to include to produce a modelled background 
concentration may require an iterative approach.  

 
The guidance that is outlined in Section 5 regarding source emission rates for model inputs also 
applies for those sources included in the modelling to estimate background. 
 
10.1.4 Establish a Monitoring Program 

Finally, establishing a monitoring program in order to determine existing levels of air quality should 
be considered for the following reasons: 

 to establish a baseline in situations where existing levels are critical to the assessment of 
air quality in an area 
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 to conduct post-construction assessment, after a source is operational, to evaluate the air 
quality assessment and/or to determine compliance with ambient air quality objectives. 

Although a fully instrumented, continuous monitoring station operating for at least a year is ideal, 
establishing background could be determined from a short-term study or passive monitoring. Details 
of any new ambient monitoring program need to be review with and accepted by the ministry. 
 
10.1.5 Selecting a Background Level Using Monitoring Data 

When monitoring data is available (whether it is from the area where the source(s) are modelled, or 
from a distant area), the next step is to select an appropriate background level. Typically, a single 
value is chosen as background, which is assumed to apply for every hour of the year and for every 
location within the modelling domain. Choosing an appropriate single value from a year’s worth of 
monitoring data is problematic given the variation in concentrations that will occur in time and 
space over the period.  
 
The value selected for background depends on the purposes of the modelling assessment. For a 
Level 1 assessment, a screening background level should be applied (i.e., the maximum value or 
100th percentile measured). For situations where a conservative estimate of the impacts from the 
source are desired (when determining compliance with ambient objectives/guidelines, worst-case 
analysis, potential risk exposure estimates), a conservative value should be used to establish 
background levels. For situations where the models are used for a retrospective analysis (source 
identification, episode analysis), matching the hourly model prediction with the corresponding hour 
of monitoring data would be appropriate. 
 
In situations where the prime interest is in determining compliance with ambient objectives/ 
guidelines for continuously emitting sources, regulatory agencies differ in their recommendations 
on establishing background concentrations. Examples include: a specific percentile (100th, 99th or 
98th highest hourly value), a regionally dependent background level, sequence matching the hourly 
background concentration with the hour being modelled, or a specified process to establish a 
background level, or no guidance at all. Historically in B.C., percentile background levels used in 
air quality assessments have ranged from the 100th to 98th percentile. 
 
These guidelines reflect elements of all these approaches and recommend the following:  

 If the monitoring data is deemed representative of the area under consideration, the 
background should be based on the most recent data available from the last year. A data 
record that is 75% complete in each quarter of the year is recommended.  

 If the modelled source already exists, then periods when the source is impacting the 
monitoring location used to determine background can be removed from the data set.   
Use wind direction data to determine whether the plume location is within or outside the 
sector (as defined by a 45º sector downwind of the source). If an area is subject to 
frequent light wind conditions, then this rule does not apply and professional judgment is 
required to establish whether the existing source is contributing to the monitored levels. If 
the source in question is a new source, then the whole data set is eligible.  

 The monitoring data can be pre-screened to exclude any periods when nearby, 
intermittent sources have an influence on the monitor, but have minimal influence on the 
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wider area. For example, for PM10 concentrations measured at a monitor adjacent to a 
construction site, the period of record when the site was active should be eliminated from 
the data.  

 For Level 1 assessments, select the maximum measured concentration (100th percentile) 
from the screened or unscreened data set as the background level.  

 For Level 2 and 3 assessments, from the screened data set, select a background value not 
lower than the 98th percentile. The specific percentile depends on the level of uncertainty 
associated with establishing the background value. If there is large uncertainty, select a 
percentile in the upper range of the measured concentration distribution. The uncertainty 
depends on the following factors: 

 the time representativeness (total period of record: the longer the period of record, 
the less uncertainty associated with the background selection)  

 the area representativeness of the monitoring location (wider representativeness 
means less uncertainty associated with the background selection) 

 the number of monitoring sites used (more measurement sites, less uncertainty) 
 

 Select background levels for time averages that correspond to the modelled time averages 
(24-hour average background level for 24-hour model predicted time-average 
concentration). 

 If there is more than one representative monitoring site, an acceptable approach is to 
follow the previous steps for each site, then take the arithmetic average of the selected 
background level to determine the background concentration that corresponds to each 
averaging period.  

 In figures and/or tables that present the modelling results, provide the total air quality 
(background plus the increment due to the source modelled) and provide the modelled 
incremental air quality impacts (due to the source modelled). 

The process used to justify the selection of the background should be outlined in the model plan. 
 
10.2 Is it Correct? Model Quality Assurance and Control (QA/QC) 
 
Good modelling practice involves the examination of the input files to insure that specific data 
treatments have been applied properly (missing data, calms, formats and units). However, even 
with error-free input files, there is no assurance that the model output will be correct. For 
example, models such as CALPUFF have user-adjustable parameters, where expert judgment is 
required to set the right combination of these parameters in order to improve model realism. It is 
also possible for models to have coding errors or exhibit odd behaviour (even though they have 
been extensively tested) on different computing platforms. A review of the output is essential as 
it can indicate whether the model is behaving as expected under different circumstances. 
Spotting odd model behaviour and errors through this type of analysis comes from experience as 
well as expert training. The latter is available from many courses on models that are offered 
throughout North America by private contractors.  
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The following sections provide guidance on the application of QA/QC for CALPUFF as this 
model can involve more professional judgment for its proper application than the other 
recommended core models.  
 
10.2.1 Recommendations for CALPUFF/CALMET QA/QC Process 

Much of the quality assurance for CALPUFF depends on following the recommendations for 
preparation of the input data and the appropriate selection of model parameters as outlined here 
and the CALPUFF users’ guide. Further efforts for quality control are recommended in the 
following sections.  They are not exhaustive, nor are all of them necessary. They focus on 
CALMET, as this component of the CALPUFF modelling system involves the greatest amount 
of data preparation, option choices and user-defined parameters.   
 
10.2.1.1. Input Data 

The recommended QA/QC procedure for the CALPUFF/CALMET input files is as follows: 
 

 Plot the terrain and land use from the GEO.DAT input file to ensure it matches with other 
maps of the area. 

 Plot the locations of the meteorological observation stations to check whether they are 
located properly in the horizontal and vertical. 

 Compare all the CALMET-ready input files with the raw data to ensure no errors in data 
conversion to CALMET-ready files (reformatting, units conversions). 

 Compare each month of CALMET input meteorological files with each other to ensure 
all parameters are consistent from month to month. 

 For the CALPUFF.INP file review all source information (values, formats, units) 
associated with Input Group 13-16 of the CALPUFF.INP file to insure emission 
information is correct. 

 Plot the source locations to insure that they are located properly and insure that their 
vertical location (stack base relative to terrain height for that location) is correct. 

 For the CALPUFF.INP file, review locations (horizontally and vertically) of all specified 
receptors. 

 
10.2.1.2. CALMET Output Data 

In order to assess the validity of the CALMET output, the recommended QA/QC procedure is as 
follows: 
 

 Plot the frequency distribution of surface wind speeds for different locations in the 
domain and at the surface station locations and check for reasonableness (compare with 
observations, consider the location, and what might be expected given the topography). 

 Plot annual surface wind roses for different locations as well as the surface station 
locations and check for realism (compare with observations, consider the location, and 
what might be expected based on topography). 
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 For different 24-hour periods within a summer and winter season, plot a surface, mid-
level and upper-level wind field every hour for a 24-hour period with light winds and 
stable conditions. Check for reasonableness of the wind fields in the domain (extent of 
terrain effects and the appropriateness of the settings that require expert judgment). 

 Plot time series of average surface temperature by month for the source location as well 
as surface station locations. Compare with observations/climate normals. Check for 
reasonable monthly variation for the given locations. 

 Plot time series of average surface temperature by hour-of-day for the source location as 
well as surface station locations. Compare with observations/climate normals. Check for 
reasonable diurnal variation for the given locations. 

 Plot time series of average precipitation by month (if precipitation is an input) for one 
location as well as surface station locations. Compare with observations. Check for 
reasonable monthly variation for the given locations. 

 Plot the frequency distribution of mixing heights for different locations. Check for 
reasonableness.  

 Plot a time series of mixing heights for a 24-hour summer and winter period during a 
light wind, and a clear sky period. Examine the diurnal behaviour for reasonableness. 

 Although the guideline recommends the AERMOD type dispersion option for local scale 
applications (on the order of <50 km), it is a good idea to also produce P-G stability class 
and plot the frequency distribution for the source location as well as surface station 
location. Compare to the airport observation P-G class frequency distribution (if 
available). Check for reasonableness for the given locations. 

 If MM output is used, examine the windfields for a 24-hour period of light winds, and 
clear skies at surface, mid and upper levels with and without MM output and check for 
reasonableness.   

 
10.2.2 Model Output: More Than One Model for the Same Source  

Given the wide variety of models with their attendant unique abilities, situations will arise where 
there may be different models run for the same source(s). For example, one model may be used 
to specifically look at the local scale (<50 km) air quality, and a different model may be used to 
examine the regional scale impacts (>50 km). In such situations, it is possible to have the 
different models covering the same geographical areas for the same source(s). It is likely that the 
predictions for the same air quality parameters in these common areas will be different, which in 
turn creates a problem in choosing which model prediction is “better.” In order to avoid this 
problem, the following is recommended:   

 do not overlap output for the same geographic areas associated with different models for 
the same source(s).  If such overlaps occur, there may be discontinuities in the 
concentration/deposition spatial fields that arise because different model output is applied 
to different geographic areas.  However, if the transition zones between these areas are 
critical areas of interest or the concentrations are at levels of concern, the output needs to 
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be examined closely. Further model runs may be needed for these specific areas in order 
to determine the appropriate concentrations. 

The same considerations need to be made for situations where different models are applied to 
treat specific phenomena for the same geographic area.  Although one model may predict a 
variety of parameters, another model may be used to predict one of these parameters because it 
has a specific strength.   In such cases, it is recommended that: 

 in situations where different models are used to treat different phenomena, then limit the 
model output to the parameter(s) for which that model has a specific advantage.  For 
example, although Model #1 can predict both concentrations and depositions, Model #2 
provides “better” deposition estimates due to its specific strengths in the treatment of 
depositions.   In this case, report only the concentrations from Model #1 and the 
depositions from Model #2.    

 
10.3 Model Output: Uncertainty  
 
The accuracy of the model predictions is often a source of debate. Measurements and model 
predictions can be compared in a variety of ways, each providing a different perspective on 
model performance. A model may show good competency in certain predictions (e.g., maximum 
concentrations) but poor in others (e.g., the frequency of concentrations above a certain 
threshold). Although it is common to blame the model for poor performance, there are other 
reasons that are often not considered.  These include:  

 uncertainties in the input values of the known conditions (for example, poor quality or 
unrepresentative meteorological, geophysical and source emission data) 

 errors in the measured concentrations that are used to compare with model predictions 

 inadequate model physics and formulation 
 
The sources of uncertainty in the model predictions listed above are considered “reducible”.  
That is, they can be controlled or minimized by collecting the proper input data, preparing the 
input files correctly, checking and re-checking for errors, correcting for odd model behaviour, 
insuring that the errors in the measured data are minimized and applying better model physics. 
However, even if the reducible uncertainty is eliminated, there is something called “inherent 
uncertainty” in model predictions.   Although this source of uncertainty is inherent in every 
model prediction, it is often forgotten in part because it is difficult to understand. 
 
Dispersion models use known conditions (as defined by wind speed, stability, emission rate, etc.) 
and produce a concentration for this specific event. Even though much is known about the 
processes involved in dispersion, there are unknown conditions (turbulent processes that are not 
completely known and cannot be resolved by measurements and known science). These 
unknown conditions may vary even under seemingly identical repetitions of an event (under 
what seems to be exactly the same wind speed, stability, emission rate, etc.) and can result in 
differences between the model prediction and observations for that event.  The differences will 
occur even with a “perfect” model and the source of these differences is referred to as “inherent” 
uncertainty. See EPA (2005) for a more complete rendering of this concept.  
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The EPA has conducted evaluations of many of the models listed here.  Although every model 
will perform differently under different circumstances, the EPA has developed the following 
general statements on model performance (EPA 2003).  Such statements must be considered in 
their totality (i.e. quoting one of the statements in isolation of the others does not provide a 
complete picture).  

 Models are more reliable for estimating longer time-averaged concentrations than for 
estimating short-term concentrations at specific locations. 

 The models are reasonably reliable in estimating the magnitude of highest concentrations 
occurring sometime, somewhere in the area. For example, errors in highest estimated 
concentrations of ± 10 to 40 % are found to be typical (assuming appropriate inputs). 

 Estimates of concentrations that occur at a specific time and site are poorly correlated 
with actual observed concentrations (paired in space and time) and are much less reliable. 

 The above poor correlations between paired concentrations at fixed stations may be due 
to reducible uncertainties (i.e., error in plume location due to input wind direction error 
can result in large differences) or un-quantified inherent uncertainties. Such uncertainties 
(which can be on the order of 50 % for the maximum concentrations) do not indicate that 
an estimated concentration does not occur, only that the precise time and locations are in 
doubt. 

 
The above statements apply to the models listed in this guideline although conclusions regarding 
CALPUFF performance for local scale modelling applications are still evolving. Although they 
are general in nature, they provide helpful insights into their tendencies.  
 
It is recognized that model performance will vary depending on the application. For example, in 
some cases a model may consistently over-predict, and in others, it may consistently under-
predict. Although this behaviour may change depending on the application specifics (location, 
meteorological situations) it is not necessary to conduct a full model performance evaluation 
every time a model is used. To do so properly involves considerable effort and regulatory 
agencies (including the ministry) assume the results of carefully controlled tests conducted 
and/or reviewed by the EPA provide insight on how well they will perform in a variety of other 
applications.    
 
The goal of these guidelines is to minimize the reducible error by providing direction on input 
data, the appropriate choice and application of models, and directions on preparing model files 
and settings. There is considerable reliance on the training and experience of the modeller to 
insure each of these steps is done properly.  
 
If the guidance provided (i.e. the 12 Steps to Good Modelling Practice) here is followed and 
there are no errors in the selection, set up and application of the model, then model performance 
is expected to be similar to the performance under EPA test situations. Under these conditions, 
the predictions from models can be viewed as the “best estimate” available to inform decision 
making. 
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10.4 Model Output: Documentation  
 
If the model output is to be submitted to the ministry for review and acceptance, the 
recommended information should include sufficient information (tables, figures) that address the 
objectives of the study, and other supporting information to prove that the model has been 
applied properly and the output can be used to inform decision makers. Specifically 
recommended documentation for Level 1, 2 and 3 assessments are defined below. 
 
10.4.1 Level 1 Assessment 

The following documentation is recommended for Level 1 assessments:  

 description of emission sources (locations, elevations)  

 exhaust parameters, emission rates that characterize the emissions 

 receptor grid resolution and domain size 

 description of topography, land use and sensitive receptors in model domain 

 identification of the screening model, and assumptions and switches/options used 

 maximum concentration of contaminants predicted including location and corresponding 
meteorological conditions 

 background concentration of the contaminants of concern 
 
10.4.2 Level 2 or 3 Assessments 

The following documentation is recommended for Level 2 or 3 assessments:  
 
Site Description 

 a site plan showing location and elevation of emission sources and buildings 

 description of topography in model domain and geophysical data used in assessment 
(map showing contours, residential areas, roads, prominent geographic features) 

 background concentration of the contaminants of concern 
 
Emissions Description 

 exhaust parameters that characterize the emissions 

 emission rates used in assessment 
 
Meteorological Data Description 

 description of meteorological data used in assessment, reasons for its use and 
presentation of wind roses (seasonal and annual) 

 if CALMET applied, examples of meteorological data (winds, temperature, stability) in 
space and time 
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 any pre-processing utilities and assumptions applied to prepare the data set 

 description of meteorological conditions leading to air quality episodes 
 
Model-Related Information 

 identification of model used for assessment, and assumptions, modifications and settings 
used 

 receptor grid resolution and size 

 description of QA/QC procedures used to insure model input is correct, and model 
behaviour is reasonable 

 
Specific Output Formats (not all required, but depends on objectives of modelling study)  

 background concentration 

 predicted concentration contours (separately for source only contribution, then 
cumulative) for all averaging times of concern overlaid on a map of model domain 

 exceedance frequencies above a specified threshold concentration 

 persistence of such exceedances (number of consecutive periods where a threshold is 
exceeded) 

 maximum concentrations (incremental and cumulative, locations) 

 concentrations based on different emission scenarios (permitted, normal operation and 
other operating conditions as specified) 

 
10.4.3 Computer Files 

Submit electronic copies of input and critical output files as identified by the ministry. 
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11.  MODEL SPECIAL TOPICS 
 
11.1 Flaring (Well-Test, Short-Duration, Transient) 
 
This section provides guidance for sour gas flaring (i.e., gas streams with H2S). The primary air 
quality concern with flaring is the SO2 formation when flaring sour gas streams.  Flaring 
(especially well-test flaring) can introduce considerable SO2 loadings into the environment over 
a short period of time.  Thus, this situation warrants special treatment (in contrast to a controlled 
source emission from a facility) and as such a number of requirements are listed here.  
 
Flaring associated with drilling operations, such as under balanced drilling and drill stem tests, 
are not covered, as they are dealt with through the well drilling regulatory process.  
 
11.1.1 Flare Stack Emission Parameters 

11.1.1.1. Radiation Loss 

If SCREEN3 is used, the radiation heat loss from the flame is assumed to be 55% based on a 
study by Leahey and Davies (1984), and that the remaining energy is available for plume rise. 
Although there is evidence (Guigard et al 2000) that this value for these types of flares is 
conservative, the 55% factor is used in the calculation of “pseudo parameters” (described in the 
following section) to represent the flare.   Such pseudo parameters are required for models that 
do not handle flares explicitly such as ISC-PRIME and RTDM3.2. 
 
11.1.1.2. Pseudo Parameters 

The point-source approach in dispersion models is designed for conventional stacks with a 
known height, diameter, exit velocity, and exit temperature. These parameters are not applicable 
to flare stacks.  For models that do not handle flares explicitly (such as ISC-PRIME, RTDM3.2) 
pseudo-stack parameters have to be calculated to allow the model to simulate dispersion from 
flare stacks using conventional stack inputs (Beychok, 1995). The pseudo parameters are selected 
to ensure the correct plume rise is calculated. The pseudo parameters are given by: 

 effective flare height = HSTK + (0.00456)(THR0.478) 

 pseudo flare diameter = THR000663.0  

 pseudo flare exit velocity = 20 m/s 

 pseudo flare exit temperature = 1000 ºC = 1273 K 

 
Where:  HSTK = physical stack height (m) 

THR = total heat release in cal/s 
 
11.1.2 Abnormal Operations Flaring (Maintenance): Short Duration (< 1 Hour) Flaring  

Abnormal operations are events that are anticipated as part of the emissions associated with a gas 
processing facility, and include by-pass flaring for plant safety, maintenance flaring, or flaring 
under start-up or shut down conditions.  These are distinguished from unanticipated emissions 
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(i.e. accidents) that result from unexpected equipment/process failure.   Even though such 
emissions are anticipated, it is not known when they will occur (unless it is scheduled 
maintenance) and whether they will occur when the dispersion conditions are good or poor.  
Although the probability of abnormal flaring occurring at the same time as poor dispersion 
conditions may be very small, modelling the worst-case air quality scenario is recommended to 
show due diligence to protect the environment.  
 
The following is recommended for situations where the emissions associated with these 
situations can be quantified: 

 Establish the realistic emission scenarios associated with abnormal emissions (based on 
the physics/chemistry of the process) and their anticipated frequency of occurrence (start-
up, shut-down, maintenance, etc.) 

 Apply a screening model to determine the potential worst-case concentration for these 
scenarios.   

 If the flaring duration is less than one hour,  the model output concentration needs to be 
adjusted using the following approach: 

 input the actual SO2 emission rate that is expected for n-minutes (where n is less 
than 60 minutes) 

 multiply the predicted one-hour average concentration by n/60 to arrive at the 
adjusted one-hour concentration 

 If the predicted 1-hr ave, ambient guideline for SO2 (450 µg/m3) is exceeded, then either: 

 the heating value should be adjusted by adding fuel gas until the ambient 
guideline is met, or 

 indicate the potential for exceedances by assessing the probability of the 
meteorological conditions associated with the predicted worst-case air quality.  If 
this is a planned event, (such as scheduled maintenance) then the period of flaring 
can be based on avoiding the worst-cast meteorological conditions or during 
periods when the likelihood of such conditions is extremely low.  

 
11.1.3 Pipeline Blow-Down Flaring (Transient Releases): Scheduled Release Situations 

In some cases, a flare stack may be used to depressurize a pipeline (for such scheduled activities 
such as pipeline repair, testing, abandonment, cleaning) and the flow rate of gas to the flare will 
be transient (i.e. it will decrease over time).  Modelling these scenarios can be difficult since 
parameters such as duration and flow rates will vary depending on the nature of the event and the 
design of the flare.  In addition, it is not clear what period of the blow-down will result in high 
ground level concentrations.  Although the initial period of the blow-down will have the greatest 
emissions of SO2, the plume rise will also be the highest.  Near the end of the blow-down period 
the SO2 emissions will be small, however the plume rise will also be small and it is possible that 
maximum ground level concentrations near the end of a transient flaring event may be higher 
than that at the beginning. Thus different periods need to be modelled to determine which part of 
the blow-down period will yield the maximum ground level concentration.  In these cases the 
following is recommended: 
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 given that the dispersion modelling is for scheduled release situations where gas volumes 
are known, use a pipeline flow simulation program to calculate the temporal blow-down 
profile (emission vs time)  

 for multi-hour blow-downs: 

 determine hourly average emission parameters  
 run a screening model for each hourly emission segment 
 select the hours where the maximum predicted concentration exceeds the 1-hour 

average ambient guideline for SO2 (450 µg/m3) from the series of hourly runs 

 for blow-down periods less than one hour: 

 divide the blow-down profile into three n-minute average emission segments 
 run a screening model for each n-minute average emission segments assuming 

that they occur over an hour  
 multiply the predicted one-hour average concentration by n/60 to arrive at the 

adjusted one-hour concentration 
 from the three adjusted one-hour maximum concentration predictions, select those 

emission segments that exceed the ambient guideline for SO2 (450 µg/m3)   

 For those emission segments where are exceedances are predicted,  then either: 

 adjust the heating value by adding fuel gas until the ambient guideline is met, or 
 indicate the potential for exceedances by assessing the probability of the “worst-

case” meteorological conditions associated with these exceedences.  For blow-
downs that are scheduled, the time of release can be based on avoiding the worst-
cast meteorological conditions or during periods when the likelihood of such 
conditions is extremely low.  

 
11.1.4 Well Test Flaring 

Based on Oil and Gas Commission (2000), the operator must submit an air quality assessment 
for flaring sour gas in situations where: 

 the H2S concentration equal to, or greater than 5% or 

 the H2S content is between 1 and 5 % and the flare stack is less than 12 m 

Depending on the maximum predicted concentration, the operator must submit a Level 1 and in 
some situations, a Level 2 assessment.  These are described in the following sections.   
 
11.1.4.1. Level 1 Assessment 

The U.S. EPA SCREEN3 (with regulatory default switches – see Section 9) model must be used 
for the Level 1 assessment.  A Level 2 assessment is required if:  

 well-test flaring is planned between April and September inclusive and SCREEN3 
predicts an exceedance of the B.C. Level A hourly ambient SO2 objective (450 µg/m3) 

 well-test flaring is planned between October and March inclusive and SCREEN3 predicts 
an exceedance of the B.C. Level B hourly ambient SO2 objective (900 µg/m3)  
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Other options for reducing the air quality impact can be considered such as: reducing the flaring 
rate and/or increasing the flare stack height, delay until winter (October – March) or directing the 
flow into a pipeline or flowline.  These options can be assessed by re-doing the Level 1 
assessment. 
 
11.1.4.2. Level 2 Assessment 

To assess effects for terrain with elevations that are below the effective flare stack height, the 
refined dispersion model ISC-PRIME should be used. For assessment of terrain with elevations 
that are higher than the effective stack height, the RTDM3.2 model should be used.  Use the 
regulatory default switches for both models as described in Section 9.  Use the pseudo 
parameters described in Section 11.1.1 as stack inputs as these models do not explicitly handle 
flares.   
 
The area to be modelled should have a minimum radius of 10 km from the flare site. Either polar 
or Cartesian coordinate systems can be used.  

 If the Cartesian coordinate system is used, gridded receptors should be placed at no more 
than 100 m apart for the first 4 km from the flare, and at no more than 250 m apart (for 
extreme complex terrain) for distances from 4 to 10 km from the flare site. 

 For the polar coordinate system, gridded receptors should be placed at no more than ten 
degree intervals and at no more than 100 m apart for the first 4 km, and at no more than 
250 m apart for distances from four to 10 km from the flare site. The source of terrain 
information must be specified.  

If at this point, predicted SO2 levels exceed the Level A objective, the operator may wish to 
redesign the test parameters (e.g., modify the flare rates, increase the stack height, wait until 
winter season). 
 
11.1.4.3. Meteorological Input for Level 2 Assessments 

For meteorological input, use at least one year of actual data from the most relevant nearby 
meteorological site following the guidance provided in Section 7.   If a vegetation effects 
assessment (Section 11.1.6.1) is required, do not apply the standard treatment of calms (as 
described in Section 7.5).   The assessment methodology requires consecutive hours of modelled 
concentrations and as such the wind speed needs to be treated so that no hours are skipped during 
calm periods.   If Ministry (or Ministry equivalent) meteorological data is used, then the 
following is recommended: 

 For ISC-PRIME, set all windspeeds < 1 m/s equal to 1 m/s and use the wind direction for 
that hour. 

 For RTDM3.2, set all windspeeds ≤ 1 m/s equal to 1.1 m/s and use the wind direction for 
that hour.  

If airport data is used, contact the ministry Omineca-Peace regional office: (250) 565-4210 for 
the calms wind treatment.  
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If there is no relevant nearby meteorological data available, screening meteorological data (as 
outlined in Appendix A) can be used.   Assume that the predicted maximum concentration using 
this screening data occurs for the consecutive number of hours that would cause foliar injury (see 
Table 11.1).   For example, if a maximum concentration of 500 µg/m3 is predicted and flaring is 
expected to occur during the day between July and September, assume it occurs for 7 
consecutive hours (the number of hours that would cause foliar injury).    Although this is a 
conservative assumption, flaring can occur as long as these consecutive hours are avoided (i.e. 
wind directions, or other meteorological conditions change during the flaring event).  Contact the 
ministry (contact information provided earlier) if this approach is taken.    
 
11.1.4.4. Human Health: Assessment, Mitigation and Monitoring  

In order to address the risk to human health, based on the Level 2 assessment if the maximum 
predicted SO2 concentration exceeds the Level B SO2 air quality objective of 900 µg/m3 at any 
residences, then: 

 the applicant must submit a plan to continuously monitor ambient SO2 levels at the 
affected residences throughout the flaring operation.  

 the operator must indicate that flaring will be suspended if ambient hourly levels exceed 
the Level B objective at the residential monitoring location. 

 
11.1.4.5. Vegetation: Assessment, Mitigation and Monitoring 

In order to address vegetation effects, the operator must submit predictions for potential “visible 
foliar injury” if: 

 well-test flaring is planned between April and September inclusive and the Level 2 
maximum predicted SO2 concentration exceeds the B.C. Level A hourly ambient SO2 
objective (450 µg/m3) 

 well-test flaring is planned between October and March inclusive and the Level 2 
maximum predicted SO2 concentration exceeds the B.C. Level B hourly ambient SO2 
objective (900 µg/m3)  

“Visible foliar injury” is determined using the concentration versus duration equations developed 
by Legge (1995) (see Table 11.1).  The duration values in the Legge (1995) vegetation effects 
equations are based on four categories:  

 start of growing season (spring) 
 growing season (summer) 
 dormant stage (winter) 
 nighttime (spring and summer) 

 
The vegetation sensitivity to SO2 is dependent on the season and time of day that influences 
when vegetation is susceptible. Table 11.1 shows the calculated hourly concentration (µg/m3) 
required for each group of consecutive hours (e.g., for the daytime period in May, hourly 
concentrations over 459 µg/m3 for five consecutive hours can result in visible foliar injury).  
 
For application of the foliar damage assessment, receptors should be set at the height of the 
vegetation canopy in the region of the flare. Typically, this would be a flagpole height of 15 m. 
 



Guidelines for Air Quality Dispersion Modelling in British Columbia  

Version: October 2006   Page 97 

Table 11.1 - The Legge SO2 Concentration  

Criteria for the Onset of Acute Visible Foliar Injury 

Number of 
consecutive 
hours with 

concentration 
above given level 

Apr – Jun 
(daytime) 

(µg/m3) 

Jul – Sep 
(daytime) 

(µg/m3) 

Apr – Sep 
(nighttime) 

(µg/m3) 

Oct – Mar  
(all hours) 

(µg/m3) 

1 1306 1741 4724 7086 

2 832 1110 3025 4538 

3 639 852 2331 3496 

4 530 707 1937 2906 

5 459 612 1678 2517 

6 408 543 1493 2239 

7 369 491 1352 2028 

8 338 451 1241 1861 

9 313 417 1150 1725 

10 292 390 1075 1612 

11 275 366 1011 1516 

12 260 346 956 1434 
 
Along with this analysis, based on the predicted hourly SO2  the operator must submit: 

 figures that show the spatial distribution of the number of hourly exceedences above 
concentrations of  900, 1300, 1700, 4700 and 7000 µg/m3. 

 a figure that shows the maximum concentration predicted at each receptor point. 

 any areas where visible foliar injury is predicted to occur.  

With regards to the physical environs around the flare, the operator must also: 

 submit a map showing the elevation contours and location of any residence or areas that 
may have people (i.e., camp sites, coal mines), 

 the elevation and location (either lat./long. or UTM coordinates) of the flare site,  

 the expected flare date, flow rate, stack height,  gas composition,  

 a wind rose of the meteorological data used,  

 emission parameters used in the modelling.  
 
If there is a potential of acute visible foliar injury, then the operator must provide: 

 the meteorological conditions to avoid during flaring, which may cause the acute visible 
foliar injury. 
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11.1.4.6. Post-Well-Test Modelling and Assessment 

Where potential for significant vegetation damage has been predicted prior to the test, then: 

 subsequent re-modelling of the well test using the site-specific meteorological and well-
test data is required.  

Site-specific meteorological data includes hourly average measures at 10 m of wind speed and 
direction, the standard deviation of wind directions (or measurements of cloud cover and cloud 
ceiling) and temperature (at 2 m), for the duration of the flaring operation.  Rules on siting, 
quality assurance, parameters, data processing and instrumentation requirements are found in 
EPA (2000).  The operator must also provide the assessment in the form of data and outputs as 
described in Section 11.1.4.5.  
 
11.2 Stagnation Conditions 
 
Light wind conditions can lead to high concentrations as emissions can build up in an area or 
transport slowly downwind with very little mixing and impact on the side of a hill, resulting in 
high concentrations in a localized zone.   
 
Stagnation occurs when a light wind or no-wind condition (meteorological calm) and variable wind 
directions for these periods persist for many hours or days.  This commonly occurs in British 
Columbia valleys, especially under wintertime, Arctic air mass conditions.  With stagnation, 
contaminant dispersion is minimal due to limited turbulence and transport of the emissions from the 
area (accumulation), as well as pollutant recirculation.    
 
If a site is subject to frequent and prolonged stagnations, straight-line Gaussian models have limited 
value as output from ISC-PRIME, RTDM3.2 and AERMOD may have unacceptable biases when 
wind speeds are zero and may eliminate these important periods, due to the way calms are treated as 
discussed in Section 7.5   Furthermore, the straight-line Gaussian models do not handle causality 
effects which are important during light wind, variable wind direction periods.  In such cases 
consider the following:  

 AERMOD has a low wind speed limit of 0.5 m/s (vs. 1 m/s for ISC-PRIME, RTDM3.2 
and other straight-line, Gaussian models).  Although AERMOD does not treat causality 
effects, it will include many more light wind periods that would normally be skipped or 
subject to biasing using these other models.  

 if terrain effects (resulting in complex flows and plume deformations) are important to 
treat, use CALPUFF given that it can treat zero wind speeds and causality explicitly as 
well as produce and account for 3-D wind fields.   

 for small sources where the air quality predictions are limited to a small domain (a few 
km for example), a full blown CALPUFF/CALMET run may be too onerous.  In such 
cases some recommended alternatives are: 

 use CALPUFF with a simplied CALMET.  This simplified version would use a 
coarse grid and a single surface station that represents the area is used, along with 
the required upper air sounding (that could be from far away).  
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 if the source is in a confined valley, use a box model to examine only those 
periods when stagnation occurs (i.e. those periods that are skipped by ISC-PRIME 
or AERMOD).  The dimensions of the box are given by the valley width and the 
height of the plume.  Assume a wind speed of 0.5 m/s  

 use MM output to provide wind speeds for periods where measurements indicate a calm. 

 
11.3 Shore / Coastal Effects 
 
Near the shore of a large body of water, or along the coast, complex winds and turbulence are 
generated as a result of the difference in surface roughness and differential heating between land 
and water. A sea breeze (onshore breeze) can develop during the day, and at night, the opposite 
can occur (a land breeze or offshore breeze). The localized wind flow and turbulence can have 
significant effects on the dispersion of emission sources.  
 
Coastal fumigation can occur when a tall stack located on a shoreline emits a plume towards the 
land into a stable (or neutral) air regime and is then intercepted by a thermal boundary layer or an 
internal boundary layer over the land. These boundary layers over the land create considerable 
convective or mechanical mixing and can generate high ground-level concentrations as the 
plume is pulled towards the ground. 
  
The Offshore and Coastal Dispersion Model (OCD), a special circumstance model (see Section 
2.4.5), is a straight-line Gaussian model developed to determine the impact of land and offshore 
emissions from point, area or line sources on the air quality of coastal regions. Coastal 
fumigation is treated explicitly in this model. Alternatively, CALPUFF is able to handle multiple 
point, area and line sources in coastal areas and includes a coastal fumigation treatment. 
 
11.4 NO to NO2 Conversion  
 
Total oxides of nitrogen (NOx) are comprised of nitric oxide (NO) and nitrogen dioxide (NO2). The 
concentration of NO2 in the exhaust of typical combustion sources is generally in the order of five to 
10% of the NOx concentration. Transformation of NO to NO2 continues in the atmosphere due to 
rapid reaction with atmospheric ozone. The B.C. ambient air quality objectives refer to NO2 (not 
NO). Dispersion models in this guideline do not account for NO to NO2 conversion and thus to the 
predicted NOx  concentration must be transformed into NO2 using a conversion factor.  

The following provides a recommended approach on establishing such a factor in order of priority.  
As per Appendix B (Detailed Model Plan template), the planned method should be identified and 
discussed with the Ministry.  

 Report results as NOx (100% conversion assumption).  If the maximum NOx 
concentrations are less than the ambient objective of NO2, then no further refinement of 
the conversion factor is required.  If the maximum NOx concentrations are greater than 
the ambient objectives for NO2, or if a more “realistic” estimate of NO2 is desired, use the 
methods described next.     
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 Use an Ambient Ratio (AR) method if there is at least one year of representative ambient 
hourly NO and NO2 monitoring data.  A complete illustration of the method is provided 
in RWDI (2005) but is outlined here:  

 
 plot all the 1 hour observations of NO2/NOx (y axis) vs NOx (x axis).  The scatter 

will be limited to a distinct envelope (see example, Figure 11.2)   
 

 estimate up to what NOx concentration the NO2/NOx ratio should be 1.  This is the 
lower NOx limit. 

 
 estimate the NOx concentration where NO2 = 0.1 NOx.  This is the upper NOx 

limit. 
 

 fit an exponential equation of the form to the upper envelope of the scatter:  
 

NO2/ NOx = a NOx
b   

 
where a and b are selected through an interative process to produce a curve that 
fits the upper bound of the envelope of the scatter (see example, Figure 11.2). 
  

 the formula should not be used for concentrations below the lower NOx  limit in 
order to insure that the calculated NO2/ NOx ratio never exceeds unity.  

 
 check the equation: make sure that NO2 does not decrease with an increase in NOx  

 
 to account for background, follow Section 10.1.5 to establish the background 1 

hour NOx.  Add the modelled 1 hour NOx to this background to obtain a total 1 
hour NOx.  Apply the AR curve to obtain the total NO2 concentration.   

 
 for longer time averages (24 hour and annual), the hourly background value can 

be assumed to occur for all 24 hours or for every hour of the year.  This will be a 
very conservative estimate of the 24 hr and annual background levels.  

 
 alternatively, produce an AR curve for 24 hour rolling averages for NO2 and 

NOx.  Select a background 24 hour average NOx concentration following the 
Section 10.1.5.  Add the modelled 24 hour NOx to this background to obtain a 
total 24 hour NOx.  Apply the AR curve (corresponding to the 24 hr average) to 
obtain the corresponding ratio and apply it to the total 24 hour NOx to obtain the 
total 24 hr NO2 concentration.  Apply the same process  for annual averages. 

 
 if the above method is used to obtain longer term averages, it is possible that the 

24 hour NO2 will be greater than the 1 hour NO2.  In this case, the need to 
produce 24 hour and annual averages and alternate estimating methods should be 
discussed with the ministry. 
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Figure 11-1 - Example: Dependence of NO2/NOx Ratio to 1-hour Average NOx Concentration 
 (RWDI, 2005) 

 If adequate monitoring data to establish representative NO/NO2 ratios is not available, the 
Ozone Limiting Method can be applied with the approval of the ministry (Cole and 
Summerhays 1979) where: 

NO2 = 0.1* NOx + the lesser of (O3 or 0.9 NOx) + background NO2 
 

The initial 10% conversion of NO to NO2   (the first term in the equation) corresponds to a 
power plant plume and may not be appropriate for other sources of NOx  such as mobile 
emissions. In this case, it would be acceptable with suitable proof to use an initial 
conversion value that better corresponds to the source type.  Note that the above equation 
assumes the concentrations for all constituents are in vol/vol units.  For modelling purposes, 
NOx is the predicted concentration as NO2 since the NOx emission rate is generally 
expressed as NO2 equivalent.  If there are multiple plumes that have merged together, apply 
OLM to the combined plume NOx concentration.  Otherwise for plumes that do not merge, 
apply OLM to each plume separately. 

 
This method requires an appropriate O3 value that must be assigned based on nearby 
monitoring data, other representative areas or using a dataset deemed to be suitable to apply.  
If data from other monitoring sites is used, then they should correspond to the setting 
(whether rural or urban) of the plume being modelled. The maximum O3 value (100th 
percentile) from this data set should be applied.   
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As per the detailed modelling plan template (Appendix B) if OLM is planned then the 
approach should be discussed with the Ministry. 

 If AERMOD is used, select the PVRM option if NOx conversion is required.  There are 
different input options for background O3 , the NO2/NOx equilibrium ratio and the in-
stack NO2/NOx ratios.  The following defaults are recommended: 

 for background O3 , use a single representative value (selected in the same way as 
for the OLM method).    

 NO2/NOx equilibrium ratio = 0.90 unless information is available to justify using 
a different value. 

 NO2/NOx in-stack ratio = 0.10 unless information is available to justify using a 
different value. 

 
11.5  Time Average Adjustment Factors – For Screening Models Only 
 
Since screening models only produce a short-term (one-hour) concentration, EPA (1992) 
recommended a method to convert the one-hour average produced by a screening estimate into 
longer time-average concentrations so comparisons to 3-, 8-, and 24-hour and annual air quality 
objectives can be made. The recommended factors are listed in Table 11.3. 
 
The numbers in the parentheses are recommended limits where one may diverge from the 
multiplying factors representing the general case. The degree of divergence depends on the site-
specific situation, and any monitoring data that may provide direction on this. For example, if the 
plume is constrained within a valley, then the multiplying factors for longer time averages will 
be on the lower end of the range indicated. The multiplying factors are based upon general 
experience with elevated point sources. The factors are only intended as a rough guide for 
estimating maximum concentrations for averaging times greater than one hour. A degree of 
conservatism is incorporated in the factors to provide reasonable assurance that maximum 
concentrations for 3-, 8-, and 24-hour and annual values will not be underestimated. 

 

Table 11.2 - Averaging Time Conversion Factors (EPA 1992) 

Averaging Time Multiplying Factor (1 hour 
average x the multiplying factor) 

3 hours 0.9 (± 0.1) 

8 hours 0.7 (± 0.2) 

24 hours 0.4 (± 0.2) 

Annual 0.08 (± 0.02) 
 
These factors are to be used only for screening estimates of concentrations (the maximum 
predicted concentration) resulting from point-source emissions. They should not be applied to 
ambient data or ambient objectives or concentrations generated from other non-screening 
models.  
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If the source is an area source, then these factors may not apply depending on the area-source 
plume width relative to the receptor distance away from the source. If the plume width of the 
area source is large relative to the downwind distance to the receptor, then these multiplying 
factors will be biased low. Concentrations at these receptors will not vary as much as those for 
point sources in response to varying wind directions, and the meteorological conditions that are 
likely to give maximum one-hour concentrations can persist for several hours. A conservative 
assumption is to assume the maximum 24-hour average concentration is the same as the one-
hour concentration in these situations. 
 
If the source is a line source, these factors will be biased low for reasons cited above if the plume 
width is large relative to the downwind distance. If the plume is aligned with the line source (i.e., 
wind in the same orientation as the line source), then the time-average factors in Table 11.3 can 
be applied. 
 
11.6 Horizontally Oriented Stacks and Stacks with Raincaps 
 
If there are horizontal stacks or raincaps on a point source stack, there is effectively no vertical 
velocity of the effluent although the plume may still rise due to buoyancy if the effluent is 
warmer than the ambient air.  In the case of a raincap, the exit velocity may even be negative (i.e. 
downward oriented) and the plume will start to rise from a lower point than the actual stack exit. 
 
Although CALPUFF and OCD can handle this situation explicitly (for CALPUFF it is through 
the use of the vertical momentum flux factor) other models such as (ISC-PRIME, RTDM3.2, 
AERMOD) are unable to do so.   In order to treat these sources in a reasonable fashion and to 
avoid problems with the model calculations (an exit velocity of zero will crash the models), the 
following is recommended (following Ontario (2005)) where: 
 

V = actual stack exit velocity 
V’ = stack gas exit velocity as entered into the model 
D = actual stack inside diameter 
D’ = stack inside diameter as input to the model 
H = actual stack height 
H’ = stack height input to the model 
 

1. Set V’ = 0.1 m/s or a velocity based on limiting the exit diameter to 5 times the actual 
diameter up to a maximum of 5 meters (see next step).  This exit velocity to exit diameter 
rule is to avoid problems when using the PRIME algorithm. 

 
2. Set D’ = D x SQRT (V/V’) 

 
3. If the source is a vertical stack with a rain cap, account for the frequent stack tip 

downwash by reducing the stack height input to the model by 3 times that actual stack 
diameter: H’ = H – 3D   For horizontally oriented stacks, select no stack downwash in the 
model options list (if the model has this option). 
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11.7 Plume Condensation (Fogging) and Icing 
 
In some situations such as cooling towers associated with a power generation facility, the 
potential for visibility reduction and icing from water vapour emissions is of interest.  These 
situations require special treatment which is typically beyond the abilities of most of the refined 
models with the exception of CALPUFF (which has the FOG model built-in).  The two FOG 
related modes in CALPUFF are: the Plume mode (the length and height of the visible plume due 
to condensation is provided) or Receptor mode (whether there is ground based fog or ice 
occurring at each receptor).   For fog assessments where the distances of a condensed visible 
plume or where areas of potential icing need to be identified, CALPUFF (or CALPUFF-ISC) 
with the FOG algorithm is recommended.  Cooling tower plumes can also be handled CALPUFF 
Version 6 (a Beta Test version, not yet approved by the EPA).  If there is a need to use Version 6 
for these purposes, this should be identified in the model plan and discussed with the ministry.  
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12. MODEL RESOURCES 
 
12.1 A Summary of Ministry Recommended Acceptance Items  
 
Throughout these guidelines, there are references made to the need for ministry review and 
feedback on certain proposed choices and actions. The following is a summary of topic areas 
where it is recommended to obtain ministry acceptance before proceeding.  
 
1. use of an alternate model (Section 2.1.4) 
 
2. modifications to a guideline model that can change the results (Section 2.1.5) 
 
3. for Conceptual and Detailed Model Plans (Section 4): 

 Level 1 assessments, a Conceptual Plan only if there is a deviation from these guidelines 
 Level 2 assessments, check with the ministry first, but generally a Conceptual Plan is 

needed only if there is deviation from these guidelines  
 Level 3 assessments, Conceptual and Detailed Plan 

 
4. Detailed modelling plan (if needed), should include (see Section 4): 

 model selected, general approach (Section 2.3, 2.4) 
 method used to establish source emission rates (Section 5.4) 
 meteorological data input sources, including MM model output if applicable, and data 

treatments (Section 7 ) 
 the source of the geophysical data, receptor grid and data treatments (Section 8) 
 method used to establish background concentrations (Section 10.1) 
 if applicable, the method used to determine NO2 concentrations (Section 11.4) 

 
5. any new monitoring program, ambient (Section 10.1.1.3) or meteorological (Section 7.1.1),  
 
6. any well-test flaring application (Section 11.1) 
 
12.2 Information on Dispersion Modelling 
 
Information specific to this guideline will be disseminated through a list-serve, email 
announcement system. Guideline users are encouraged to register on the list-serve by following 
the instructions on the inside of the front page of the guide.  
 
Dispersion models recommended in these guidelines are based on the U.S. EPA 
recommendations described in the U.S. EPA Guidelines on Air Quality Models (EPA 2005).  
The U.S. EPA provides model support primarily through the Support Center for Regulatory Air 
Models (SCRAM) website at: www.epa.gov/scram001. The user community can access the latest 
developments on models and model guidance, email questions to support staff and enter 
discussion threads on specific model topics.  
 

http://www.epa.gov/scram001
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For background on air management in B.C., a number of related air quality policy and technical 
studies supported by the ministry are available from the Environmental Quality Branch website 
at: www.env.gov.bc.ca/air/ 
 
12.3 Agency Contacts 
 
There are a number of air quality specialists within the B.C. agencies (Ministry of Environment 
and the Greater Vancouver Regional District) that issue permits, orders and other regulatory 
instruments. These specialists will define the requirements for modelling that are part of an air 
quality assessment, and will review the results and provide feedback on any modelling submitted 
for review. If a Model Plan is needed, then early contact with the appropriate staff (Table 12.1) is 
critical to the development and acceptance of the plan.  
 
 
 

http://www.env.gov.bc.ca/air
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 Table 12.1 - Agency Contacts for Air Quality Dispersion Modelling  

Contact/Title Location/Address Phone 

Air Quality 
Science Specialist 

Water, Air & Climate Change Branch 
PO Box 9341, Stn Provincial Govt  
Victoria, B.C. V8W 9M1 

Voice: (250) 953-3369 
Fax: (250) 356-7197 

Air Quality 
Meteorologist 

Regional Operations: Lower Mainland  
10334 152A Street 
Surrey, B.C. V3R 0Y3 

Voice: (604) 582-5286 
Fax: (604) 584-9751 

Air Quality 
Meteorologist 

Regional Operations: Thompson and Cariboo 
1259 Dalhousie Drive 
Kamloops, B.C. V2C 5Z5 

Voice: (250) 371-6279 
Fax: (250) 828-4000 

Air Quality 
Meteorologist 

Regional Operations: Kootenay and Okanagan 
205 Industrial Road G. 
Cranbrook, B.C. V1C 7G5 

Voice: (250) 489-8529 
Fax: (250) 489-8506 

Air Quality 
Meteorologist 

Regional Operations: Thompson and Cariboo 
540 Borland Street 
Williams Lake, B.C. V2G 1R8 

Voice: (250) 398-4762 
Fax: (250) 398-4214  

Air Quality 
Meteorologist 

Regional Operations: Skeena 
Bag 5000, 3726 Alfred Avenue 
Smithers, B.C. V0J 2N0 

Voice: (250) 847-7269 
Fax: (250) 847-7728 
 

Air Quality 
Meteorologist 

Regional Operations: Omenica-Peace 
3rd Floor, 1011 4th Avenue 
Prince George, B.C. V2L 3H9 

Voice: (250) 565-4210 
Fax: (250) 565-6629 

Air Quality 
Meteorologist 

Regional Operations: Vancouver Island 
2080A Labieux Road, 
Nanaimo, B.C. V9T 6E9 

Voice: (250) 751-3171 
Fax: (250) 755-2473 

Ambient Air 
Analyst 

Greater Vancouver Regional District Policy and 
Planning Department 
4330 Kingsway  
Burnaby, B.C. V58 4GH  

Voice: (604) 436-6878 
Fax: (604) 436-6707  
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APPENDIX A:  SCREENING METEOROLOGICAL DATA  
 
Screening Meteorological File for ISC-PRIME/S 
 
ISC-PRIME-S requires a meteorological file that represents a wide range of possible 
combinations of wind speed, wind direction and stability class. The basis for the calculations 
used to generate a screening file is based on the SCREEN3 approach and is provided here. 
 
A DOS utility program, BCMETISC.EXE, is available to download from the ministry ftp 
website at ftp://ftp.env.gov.bc.ca/pub/outgoing/BCMETISC  It is based on a version produced by the 
Oregon Dept of Environmental Quality and will generate a screening meteorological file ready 
for ISC-PRIME/S using inputs of : source emission parameters (exit temperature, flow rate, exit 
diameter, stack height), average ambient temperature, latitude and wind sector increments.  A 
rural mixing height is calculated and the urban mixing height is set equal to this value.  The 
ministry version of the utility program includes the ability to account for latitude in the 
calculation of mechanically mixed heights.   
 
The combinations of P-G stability and wind speed as given in Table A.1 are applied through a 
sweep of all compass directions.  That is, for every direction from 0 to 360º by increments of at 
least 15º (a smaller increment of 2.5º is recommended), each combination of wind speed and 
stability class as given in Table A.1 is applied.  The increment needs to be fine enough so the 
maximum concentration is resolved.  Selecting an increment less than 3° produces more than one 
meteorological file (as the number of combinations of wind speed, direction and stability exceeds 
8760 - the number of hours in a year) 
 
The wind direction sweep is needed when there are multiple sources and/or buildings.  In these 
situations it is not obvious which direction will be associated with the maximum concentration so 
the screening data must include wind direction. 
 
The mixing height is: 
 

• the greater of: 
- the mechanically mixed layer height 
- effect plume height + 1 meter 

 
• and not less than 50 m 

 

The mechanically mixed height given by: 

 

f
U

Z m
10034.0 ⋅

=  

where: 

ftp://ftp.env.gov.bc.ca/pub/outgoing/BCMETISC
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 U10 is the 10-metre-level wind speed (m/s) and f is the Coriolis parameter that depends 
on latitude (φ).  Consistent with SCREEN3, the above equation is based on a surface 
roughness of 0.3 m (generally a conservative assumption, consistent with the screening 
approach). The Coriolis parameter is given by: 

φsin10458.1 4−×=f  
  

Plume heights are determined on an hourly basis using the plume rise algorithms in the ISC-
PRIME model and the hourly wind speeds, ambient temperature and stability class data.  The 
plume height is based on the Brigg’s plume rise formula for non-stable conditions where the 
stack buoyancy flux is first calculated as: 

 
F = 3.12 Vs (Ts – Ta)/Ts 

and 
 

plume height = stack height + (21.4/Us) F3/4 when F < 55 m4/s3 

 

plume height = stack height + (38.7/Us) F3/5 when F > 55 m4/s3 

 
where:  

Us is the wind speed at stack height 
Vs = stack gas exit velocity (m/s) 
T s = stack gas exit temp (K) 
Ta = ambient temp (K) 

 
For Ta, choose the annual average value unless a specific season or time period is under 
consideration (in this case, choose the average temperature for the time period).  
 
For stable conditions, the corresponding Briggs plume rise formulas for PG stabilities E and F 
are applied. 
 

Table A. 1 - Wind Speed and Stability Class Combinations Used by SCREEN3 

PG  
Stability 
Class 

Wind Speed at 10 m above ground level (m/s) 

 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 8.0 10.0 15.0 20.0 

A * * * * *         
B * * * * * * * * *     
C * * * * * * * * * * *   
D * * * * * * * * * * * * * 
E * * * * * * * * *     
F * * * * * * *       
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APPENDIX B:  MODEL PLANS 
 

Table B.1 - Conceptual Model Plan 

An electronic version of this plan is available from the Ministry website at: 
www.env.gov.bc.ca/air/airquality/index.html#modelling 

 
Date: 
 
 
Facility Name, Company and Location (Lat, Long):  
 
 
Air Quality Consultant and Contact Name: 
 
 
Ministry Contact (Air Quality Assessment): 
 
 
Assessment Type: 2 or 3 (circle) 
 
 
Anticipated sources to be modelled and corresponding contaminants:  
 
 

Source Source Type 
(point, line, area, volume) 

Contaminant(s) 
SO2, CO, H2S,  
PM10, PM2.5 . . . 

 
 

  

 
 

  

 
 

  

 
 

  

 
 
Anticipated model domain and receptors (preliminary domain dimension, receptor grid/locations, 
sensitive receptors) – attach map 
 
 
 
 
 
 
 

http://www.env.gov.bc.ca/air/airquality/index.html#modelling
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Table B.1 - Conceptual Model Plan (cont’d) 

 
Terrain characteristics within domain: flat terrain or complex terrain (i.e. will complex flow need 
to be considered?)  
 
 
 
Dominant land cover: forested, urban, industrial, rock, water, grassland  
 
 
 
Existing air quality situation (pristine, industrial, urban): 
 
 
 
 
Potential meteorological data sources (site specific or offsite measured surface/upper-air, 
mesoscale model data): 
 
 
 
 
 
 
Identify possible model(s) to be applied: 
 
 
 
 
 
Identify any potential modelling requirements due to Canada/U.S. transboundary issues: 
 
 
 
 
Anticipated ministry review completion date of conceptual model plan: 
 
 
 
Ministry Acceptance of Plan:__________________________ Date:__________________ 
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Table B.2 - Detailed Model Plan 

An electronic version of this Plan template is available from the Ministry website: 
www.env.gov.bc.ca/air/airquality/index.html#modelling 

 
General Information 
 
Date:     
 
Facility Name, Company, Location (Lat, Long):  
 
 
Air Quality Consultant and Contact Name: 
 
 
Ministry Contact Name: 
 
 
Anticipated date of ministry review completed: 
 
Are changes to this original plan anticipated?  Y or N    If yes, refer to the final table of this 
template. 
 
Does this detailed plan follow a modelling approach similar to that taken in a previous air quality 
assessment already reviewed and accepted by the Ministry?  If so, provide the project name and 
ministry contact: 
 
  
Dispersion Model 
 
Model Specifics  
 
List model(s) and version to be used (see Section 2.3, 2.4).   Note: follow model specific 
guidance in Section 9. 
 
 
 
Specify any non-guideline models or versions (i.e. beta-test versions) planned for use (see 
Section 2.1.4). Provide rationale. 
 
 
 
If modifications to any of the models are planned, provide a description and the rationale (see 
Section 2.1.5). 

http://www.env.gov.bc.ca/air/airquality/index.html#modelling
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Table B.2 - Detailed Model Plan (cont’d) 

Dispersion Model (cont’d) 

Default Switch Settings 

For ISC-PRIME/S, ISC-PRIME, RTDM3.2, AERMOD identify any switch settings that could be 
different than the recommended defaults (see corresponding Section 9.1.3, 9.2.2, 9.3.4).  Provide 
rationale. 

 
 
 
For CALPUFF/CALMET identify any switch settings in CALMET Input Group 5 and 
CALPUFF Input Group 2 that could be subject to deviation from the “black (do not touch)” 
defaults as per Tables 9.8 and 9.9.  Provide rationale. 
 
 
 
 
 
Planned Model Output: Air Quality Assessment Needs 
 
What model output is required for decision makers and stakeholders? (i.e. what is the purpose of 
the assessment? – see Section 2.2).  Circle as appropriate.  
 

 Air Quality:  concentrations,   depositions,   visibility,   fogging,   icing,    other (specify) 
  

 Tables and Maps:  
 spatial distribution maps of air quality parameters (maximums, exceedance 

frequencies, annual averages) 
 tables of maximum short and long time average air quality parameters (locations 

and associated meteorological conditions),  
 tables of air quality parameters at select receptors of interest (maximums, 

frequency distributions),  
 tables of air quality parameters under certain emission situations (upsets, start-up) 
 output spatial scale:   near-field (<10 km),   local (<50 km),   regional (>50 km)  
 special output required for vegetation or health risk assessments 
 other (specify):    

 
Note:   The ministry should define a list of required outputs.  However, the list should 
also reflect the anticipated information needs of stakeholders that have been identified in 
meetings with the consultant/industry/public and/or through the Environmental 
Assessment process.
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Table B.2 - Detailed Model Plan (cont’d) 

Planned Geophysical Input 
 
Planned Model Domain and Receptors (check as appropriate)  

 
____map of domain and receptor grid provided (see Section 6.1, 6.2) 
 
____anticipated sensitive receptors: indicate on map (if applicable) (see Section 6.4) 
 
 
Planned Geophysical Data Input (check as appropriate) (see Section 8) 
 
____terrain data (specify source of data):  
 
____land use (specify source of data):  
 
If Surface Roughness required, use Table 9.3.  If this Table is not used, indicate source of data. 
 
 
If Albedo required, use Table 9.4.   If this Table is not used, indicate source of data. 
 
 
If Bowen ratio required, use Table 9.5.  If this Table is not used, indicate source of data. 
 
 
If building downwash is applicable, use BPIP-PRIME.  If not BPIP-PRIME, indicate method 
used to specify downwash parameters. 
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Table B.2 - Detailed Model Plan (cont’d) 

Planned Emission Sources and Characteristics 
 
Emission Source Description 
 

Source  Type: 
Point (P), 
Area (A), 
Line (L), 
Vol.(V) 

indicate type 

Con-
taminants 
(SO2, NO2, 
PM2.5*. . . ) 

Basis of Emissions (Section 5) 

 
 

(P, A, L, V)  ___proposed emission limits, ___manufacturer spec, 
___emission factors, ___CEM,____modelled emission rates 
___stack sample  
___other (specify) 
 

 
 

  ___proposed emission limits, ___manufacturer spec, 
___emission factors, ___CEM,____modelled emission rates 
___stack sample  
___other (specify) 
 

 
 

  ___proposed emission limits, ___manufacturer spec, 
___emission factors, ___CEM,____modelled emission rates 
___stack sample  
___other (specify) 
 

 
 

  ___proposed emission limits, ___manufacturer spec, 
___emission factors, ___CEM,____modelled emission rates 
___stack sample  
___other (specify) 
 

 
 

  ___proposed emission limits, ___manufacturer spec, 
___emission factors, ___CEM,____modelled emission rates 
___stack sample  
___other (specify) 
 

   ___proposed emission limits, ___manufacturer spec, 
___emission factors, ___CEM,____modelled emission rates 
___stack sample  
___other (specify) 
 

 

* for PM emissions indicate whether it is filterable, or filterable + condensables, or if unknown 
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Table B.2 - Detailed Model Plan (cont’d) 

 
Planned Emission Sources and Characteristics (cont’d) 
 
Source Emission Rate Variability 

 
Is the 25, 50, 75% emission scenario important?   Y or N    If yes, follow Section 5.4.1 
 
 
 
Are abnormal emission conditions important?   Y or N    If yes, follow Section 5.4.2 
 

 
 

Planned Meteorological Data Input and Processing 
 
Surface Meteorological Data  
 

Surface Met Data and 
Location (lat/long or 

indicate on map) 
 

Data Source 
MOE, GVRD, MSC, 
Site Specific, other 

(specify) 1 

 
Period of 
Record 

(start/end date) 2 

% of 
Wind 

Speeds 
= 0.0 3     

 

Stability 
Class Method 
(if required) 4 

 
 
 

    

 
 
 

    

 
 
 

    

 
 
 

    

 
 

1. If data from a non - ministry, GVRD or MSC station is planned to be used, follow 
guidance in Section 7.2.3    

 
2. For data completeness and data filling, follow guidance in Section 7.3.2  

 
3. For light wind/calm treatment, follow guidance in Section 7.5 

 
4. For stability class, follow guidance on Section 7.6 
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Table B.2 - Detailed Model Plan (cont’d) 

 
Planned Meteorological Data Input and Processing (cont’d) 
 
 
Upper-Air Meteorological Data  
 

Station 
Name 

Period of Record (start/end date) 1 

  

 
 
 

 

 
 

1. For data completeness and data filling, follow guidance in Section 7.3.2  
 
 
 
Mesoscale Meteorological Model Output 
 
Model Agency/ 

Organization 
Providing 

Data 

Horizontal 
Grid 

Resolution 
(km) 

Data 
Period 

(start/end 
date) 

Forecast/
Hindcast 

Planned Model Output Use 1 

 
 
 
 
 
 

    ___CALMET  “initial guess” Field 

___CALMET  “Step 1” Field 

___CALMET as observations 

___Pseudo upper-air sounding 

___Input to straight-line, Gaussian      

model 

 
 
 

1. For testing MM model output, see Section 7.1.3. 
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Table B.2 – Detailed Model Plan (cont’d) 

Planned Meteorological Data Input and Processing (cont’d) 
 
Data Processing  
 

• Anticipated data processing utilities (see Section 7.8) 
 
____MPRM     ____PCRAMMET   ____other (specify): 
 
____unknown at this time 
 
• Anticipated mixing height method (see Section 7.7)    
 
___upper-air soundings   ___screening mixing height 
 
___special field study    ___simple mixing height 
 
___modelled mixing height (from MM model or CALMET)   
 
___other (specify): 
 

 
Planned Model Output  
 
Background Concentrations    
 
Anticipated method to define background concentrations as per Section 10.1 (check as 
appropriate) 
 
_____modelled sources (Section 10.1.3)                     _____monitoring data (Section 10.1.2) 
 
_____establish monitoring program (Section 10.1.3)   _____ other method – please describe 
 
_____unknown at this time 
 
 
CALPUFF/CALMET Model QA/QC 
 
If CALPUFF/CALMET is planned, follow guidance provided in Section 10.2.1.1 and Section 
10.2.1.2 for QA/QC protocols. 
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Table B.2 - Detailed Model Plan (cont’d) 

Special Topics 
 
Indicate the conditions that are planned to be considered as part of the assessment 
 
Stagnation Conditions 
 
Y  or  N    If Yes, follow guidance in Section 11.2  
 
Shore/Coastal Effects 
 
Y  or  N    If Yes, follow guidance in Section 11.3  
 
Horizontally Oriented Stacks and Stacks with Raincaps 
 
Y or  N     If Yes, follow guidance in Section 11.6 
 
Plume Condensation (Fogging) and Icing 
 
Y  or  N     If Yes follow guidance in Section 11.7  
 
NO to NO2 Conversion   
 
Y  or  N    If Yes, follow guidance in Section 11.4  Which method will be used? 
 
____100% conversion 
 
____ Ambient Ratio (indicate monitoring station: see Section 11.4) 
 
 
 
____OLM (specify background O3 concentration : see Section 11.4) 
 
 
 
____AERMOD PVRM (specify background O3 concentration and how it was selected, and if  
         non default equilibrium ratios and  in- stack ratios are used, specify and provide rationale:  
         see Section 11.4) 
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Table B.2 - Detailed Model Plan (cont’d) 
 

Date Addition or Revision of Detailed Model Plan 

 
 
 

 
Initial detailed plan submission 
 

 
 
 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

  
 
 
 
 
 
 

 
 
 
Ministry Acceptance of Original Plan (Name):_________________________   
 
 
Date:____________________ 
 
 
A detailed plan can change over the course of developing the air quality assessment so 
acceptance of the initial submission of the plan is on the basis of the best information provided to 
date.  Changes to the plan (additions, modifications) should be noted in the above table and 
agreed to with the ministry as necessary.   Further guidance on this provided in Section 4. 
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APPENDIX C:  METEOROLOGICAL DATA COLLECTED BY 
PROVINCIAL AIR AGENCIES (MINISTRY OF ENVIRONMENT, 
GVRD) OR INDUSTRY UNDER PERMIT
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Table C. 0-A - Meteorological Parameter List 

Code Number Parameter Name Code Number Parameter Name 

1 Hourly Mean Temperature 
2 Hourly Minimum Temperature 
3 Hourly Maximum Temperature 
4 Mean Wind Speed 
5 Prevailing Wind Direction (Octants) 
6 Mean Wind Vector Magnitude 
7 Mean Wind Vector Direction 
8 Total Hourly Global Radiation 
9 Hourly Total Net Radiation 
10 Hourly Total Reflected Radiation 
11 Hourly Total Diffuse Radiation 
12 Hourly Sigma Theta (Taylor Series Cos.) 
14 Unit Vector Wind Direction 
15 Pseudo-Hourly Sigma Theta (Yamartino) 
16 Hourly Sigma Elevation 
17 Hourly Sigma W 
18 Hourly Vertical Wind Speed 
18 STD Standard Deviation of Vertical Wind Speed 
19 Delta Temperature 
20 Hourly Sigma Theta (Yamartino no int.) 
21 Pseudo Hourly Sigma Theta (15-min int.) 
22 Maximum Three Second Gust Over One Hour 
23 Maximum One Minute Gust Over One Hour 

24 Unit Vector Direction for One Minute  
25 Time of Max (WSPD_3SEC) gust 
26 Standard Deviation of Wind Speed 
27 Battery Voltage of 21X 
28 Standard Deviation of Scalar Wind Direction 
29 Standard Deviation of Scalar Wind Speed 
30 Data Capture Percentage 
31 Datalogger Signature 
32 Datalogger Program version 
33 Relative Humidity 
33 Standard Deviation of Relative Humidity 
34 Panel Temperature 
35 Filter Loading Percentage for PM10 
36 Standard Deviation of Signal Noise 
37 Valid Status Percentage 
38 AC Power On Percentage 
39 Time Status Port Light Off 
40 Inside Temperature of Enclosure 
41 Filter Loading Percentage for PM25 
42 Total precipitation 
43 Atmospheric Pressure One Hour Average 
44 Differential Pressure Over Previous Three Hours 
45 Temperature Running 12-Hour Mean 
46 Barometric Pressure Sample on the Hour 
47 Hourly Mean Vapour Pressure 
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 Table C. 0-B - Ministry of Environment Meteorological Data – Station Inventory List 

Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Vancouver 
Island 

M101004 Crofton 15.2 m guyed tower 
on #3 paper machine 
(dry end): building 
33.5 m AGL. 

48 52 49 
123 38 45 

20 91/03 
91/03 
96/11 
97/02 

96/11 
- 
- 
- 

5,12 
1,4,6,7 
22,23,24,25,33 
14,15,20 

Vancouver 
Island 

E242166 Duncan 
Mobile 
Transfer 
Station 

3900 Drinkwater 
Road 

48 48 13 
123 41 03 

244 00/07 01/05 1,4,6,7,14,15,20,22,2
3,24,25,33 

Vancouver 
Island 

E251329 Elk Falls 
Pulp Mills 

Adjacent to 660 
Westmere 

50 04 24 
125 17 13 

15 03/02 - 1,4,6,7,14,15,20,22,2
3,24 

Vancouver 
Island 

M102038 Harmac 
Pacific 

SE corner of the mill 
site adjacent to the 
overflow wood 
storage area 

49 08 07 
123 50 51 

23 96/01 
 
97/02 

- 
 
- 

1,4,6,7,14,15,20,22,2
3,24, 
25 

Vancouver 
Island 

E249735 Langford 
Dogwood 
School 

2720 Jacklin Road 48 27 11 
123 30 12 

80 03/10 - 1,4,6,7,14,15,20,22,2
3,24,25 

Vancouver 
Island 

M103335 Port 
Alberni 

seven-metre tilt-over 
tower on top of Port 
Alberni hospital 

49 14 44 
124 48 05 

51 89/01 
 

95/06 1,4,5,6,7,12 

Vancouver 
Island 

E234430 Port Alice 
Mill 

Port Alice Mill 50 23 03 
127 27 02 

88 98/11 - 1,4,6,7,14,15,20,22,2
3,24,25 

Vancouver 
Island 

M102039 Qualicum 
Beach 

10 metre tilt over 
tower on roof of one 
storey municipal 
building 

49 20 50 
124 26 40 

57 94/02 
96/11 

97/08 
97/08 

1,4,5,6,7,12 
14,15,20,22,23,24, 
25 

Vancouver 
Island 

E233625 Qualicum 
Beach 
Jones 
Street 

740 Jones Street 49 20 19 
124 27 06 

98 99/01 - 1,4,6,7,14,15,20,22,2
3,24,25 

Vancouver 
Island 

E253229 Saanich 
Stellys 
Cross Road 

Tsartlip Band 
Property 

48 34 49 
123 26 34 

60 03/11 - 1,4,6,7,14,15,20,22,2
3,24,25 

Vancouver 
Island 

M101110 Saturna on Mt Warburton 
pike 40 m AGL on 
CKDA radio tower 
on 4.1 m boom: 
temp 9.1 m AGL 

48 46 28 
123 10 12 

445 85/07 
 

95/09 1,4,5,6,7,12,14,15,20
,22,23,24,25 
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Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Vancouver 
Island 

M101005 Saturna 
Pike 

on Mt Warburton 
Pike 73 m AGL on 
radio tower: temp 
9.1 m AGL 

48 46 28 
123 10 12 

478 92/10/08 
92/10 
95/09 
 
99/10 

95/09 
02/01 
02/01 
 
02/01 

5,12 
4,6,7 
1,14,15,20,22,23,24, 
25 
33 

Vancouver 
Island 

0110031 Victoria 
Royal 
Roads 
University 

2005 Sooke Road 48 25 48 
123 28 07 

1 98/03 - 1,4,6,7,14,15,20,22,2
3,24,25,33 

Vancouver 
Island 

E231866 Victoria 
Topaz 

923 Topaz 48 25 45 
123 21 30 

22 01/10 - 1,4,6,7,14,15,20,22,2
3,24,25,33,42,47 

Lower 
Mainland 

M110514 Annacis 
Island 

seven-metre tower 
atop the NW tower 
of the Alex Fraser 
bridge  

49 09 35 
122 56 32 

160 86/11 
87/07 
87/07 
96/11 

02/05 
97/05 
02/05 
02/05 

1,4 
5,12 
6,7 
14,15,20,22,23,24,25 

Lower 
Mainland 

E238240 Boston Bar 
RCMP 
Station 

47864 Old Boston 
Bar Road 

49 51 57 
121 26 33 

180 99/07 02/06 1,4,6,7,14,15,20,22,2
3,24,25,33 

Lower 
Mainland 

M110517 Chilliwack 
Airport 

trailer at NE corner 
of Chilliwack airport 

49 09 04 
121 56 49 

15 94/05 
94/05 
94/10 
95/02 

94/10 
00/03 
00/03 
00/03 

5,12 
1,4,6,7,14,15,20 
22,23,24,25 
33 

Lower 
Mainland 

E223756 Hope 
Airport 

62715 Airport Road 49 22 11 
121 29 58 

39 97/05 
 
97/05 

01/11 
 
- 

4,14,15,20,22,23,24, 
25 
1,6,7,33 

Lower 
Mainland 

E254955 
 

Hope 
Othello 
Comp Stn 

67301 Othello Road 49 22 58 
121 21 55 

228 04/02 - 1,4,6,7,14,15,20,22, 
23,24,25,33 

Lower 
Mainland 

M104273 Horseshoe 
Bay 

on top of Horseshoe 
Bay water tower on 
a 10-metre tower 

49 22 22 
123 16 47 

60 85/04 
 

87/02 1,4,5,6,7,12 
 

Lower 
Mainland 

M110515 Langdale 
Ferry 
Terminal 

13.7 metre tower on 
offshore end of 15 
metre loading ramp 
at the Langdale 
ferry terminal 
 

49 26 04 
123 28 09 

15 87/04 
87/04 
95/02 

95/02 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 
 
 
 
 
 

Lower 
Mainland 

M110510 Langley 
Peterson 

seven-metre tower 
located on roof of 
Langley Peterson 
Elementary 

49 05 14 
122 34 24 

110 87/02 96/03 1,4,5,6,7,12 
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Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Lower 
Mainland 

E238705 Powell 
River 
Pacifica 

6270 Yew Street 49 52 27 
124 33 20 

45 00/07 - 1,4,6,7,14,15,20,22, 
23,24,25,33 

Lower 
Mainland 

M110511 South 
Langley 

Trapp Farm #340-
240th St.; N side of 
10.6x4.8 silo; 
sensors 15.8 m 
AGL; temp at 12 m  

49 00 15 
122 33 40 

80 85/10 93/04 1,4,5,6,7,12 

Lower 
Mainland 

M104270 Squamish seven-metre tower 
on penthouse on 
provincial 
government building 

49 42 00 
123 09 13 

10 85/05 
85/05 
96/11 
01/11 

96/11 
- 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 
33,47 

Lower 
Mainland 

M110512 Sumas Kilgard gas pumping 
compound on Vye 
Road on a 10-metre 
tower. 

49 02 05 
122 09 35 

6 85/06 87/05 1,4,5,6,7,12 

Lower 
Mainland 

M110513 Surrey/ 
Echo 

Located at S end of 
roof at 10334 - 152A 
Street Surrey. 

49 11 23 
122 47 51 

82 85/05 96/03 1,4,5,6,7,12 

Southern 
Interior 

M116003 Kamloops 
Brocklehur
st 

S corner of city 
compound on 
Mayfair Street 

50 41 56 
120 23 53 

365 96/11 - 1,4,6,7,14,15,20,22,2
3,24,25,33 

Southern 
Interior 

M112070 Kelowna 
College 

18-metre tower on 
roof of College 

49 51 40 
119 28 30 

300 94/10 
94/10 
96/11 
97/01 

96/11 
- 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 
33 

Southern 
Interior 

E223885 Grand 
Forks 
Mobile 

625 69th Avenue 49 01 40 
118 26 15 

525 96/10 97/11 1,4,6,7,15,20,22,23,2
4,25,33 

Southern 
Interior 

E237431 Merritt 
Granite-
Garcia 
Mobile 

2113 Granite Street 50 06 46 
120 47 20 

500 99/05 00/05 1,4,6,7,14,15,20,22,2
3,24,25,33 
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Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Southern 
Interior 

E244775 Osoyoos 
Shaw 
Gardens 

6601 89th Street 49 02 15 
119 26 18 

297 01/08 02/09 1,4,6,7,14,15,20,22,23,
24,25,33 

Southern 
Interior 

E249492 Vernon 
Science 
Centre 

2704 Highway #6 50 14 00 
119 17 00 

500 03/11 - 1,4,6,7,14,15,20,22,23,
24,25,33 

Kootenay M114017 Brilliant 17-metre tower  49 19 18 
117 38 25 

465 93/05 
93/05 
96/11 

96/11 
02/07 
02/07 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 

Kootenay M114217 Castlegar seven-metre tower 
on penthouse: roof 
of Castlegar 
hospital  

49 18 50 
117 39 28 

451 85/10 93/04 1,4,5,6,7,12 

Kootenay M114009 Celgar Pulp 10-metre tower on 
the foreshore 
development E of 
the pulp mill 

49 20 00 
117 43 08 

449 99/11 - 1,4,6,7,14,15,19,20,22,
23,24,25, 

Kootenay M114008 Celgar RB 20-metre tower on 
the recovery boiler 
building 

49 20 10 
117 43 20 

530 94/05 95/06 1,4,6,7,14,15,20,22, 
23,24,25 

Kootenay E242577 Cranbrook 
Forest Fire 

forest 49 31 55 
115 45 13 

 00/08 00/09 1,4,7,33 

Kootenay M114018 Creston PC 
School 

roof of conference 
centre by playing 
field 

49 05 40 
116 30 45 

609 95/01 
 
95/05 
95/09 

96/11 
 
95/07 
96/11 

1,4,6,7,14,15,20,22,23,
24 
5,12 
25 

Kootenay E243003 Golden 
Lady Grey 
School 

670 9th Street S 51 17 44 
116 58 18 

773 00/11 - 1,4,6,7,14,15,19,20,22,
23,24,25,33 

Kootenay M114216 Nelson 10-metre tower on 
roof of airport 
hanger at the 
Nelson airport  

49 29 34 
117 17 49 

538 85/10 87/09 1,4,5,6,7,12 

Kootenay E248021 Revelstoke 
Mt. Begbie 
School 

 50 59 14 
118 11 18 

1500 02/09 - 1,4,6,7,14,15,20,22, 
23,24,25,33 

Kootenay M115024 Skookum-
chuck 

10-metre tower at 
Skookumchuck 
Prairie on 
Walkey’s property 
W of highway 95. 

49 50 13 
115 44 45 

783 87/11 
87/11 
96/11 

96/11 
- 
- 

5,12 
1,4,6,7  
14,15,20,22,23,24,25 
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Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Kootenay M114902 Trail seven-metre tower 
on flat top one 
storey building in 
downtown city 
park  

49 05 44 
117 41 44 

977 85/10 
85/10 
96/07 

95/11 
- 
- 

5,12 
1,4,6,7  
14,15,20,22,23,24,25 

Kootenay E237758 Trail 
Columbia 
Gardens 
Airport 

South of End of 
Runway 

49 02 41 
117 36 26 

 99/06 - 1,4,6,7,14,15,20,22,23,
24,25,33 

Cariboo M116006 100 Mile 
House 

on top of the planer 
mill of Ainsworth 
Lumber Company  

51 39 15 
121 22 30 

1000 92/11 
92/11 

96/11 
98/09 

5,12 
1,4,6,7,14,15,20,22,23,
24,25 

Cariboo E230617 Ainsworth 
100 mile 

Exeter Road 51 39 12 
121 21 54 

1063 98/09 - 1,4,6,7,14,15,20,22,23,
24,25 

Cariboo M111068 Glendale 
School 

seven-metre tower 
on gym roof; 
building height 
nine metre; temp 
six metres above 
roof in Williams 
Lake 

52 10 00 
122 12 10 

628 90/09 
90/09 
96/11 

96/11 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 

Cariboo M111073 Quesnel CP seven-metre tower 
on pump building 
beside effluent 
pond - roof 10.4 
metre AGL. 

52 59 31 
122 29 18 

488 91/06 
91/06 
96/11 

96/11 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 

Cariboo M111065 Quesnel 
Linden 

10-metre tower on 
roof of Linden 
manufacturing, 
Building height 12 
metres; temp 8.5 
metres above roof 

53 00 36 
122 30 14 

543 90/02 
90/02 
96/11 

96/11 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 

Cariboo M109011 Wells on gravel 
floodplain NE of 
Jack of Clubs lake 
in valley bottom 

53 05 54 
121 34 43 

1207 90/07 91/10 1,4,5,6,7,12 

Omenica-
Peace 

E239298 Fort Nelson 
Brucker 
Ranch 

Block A of District 
Lot 1676 

58 34 40 
122 35 22 

518 00/07 - 1,4,6,7,14,15,20,22, 
23,24,25,33 

Omenica-
Peace 

E250350 Fort Nelson 
Chalo 
School 

Chalo Road (First 
Nations Reserve) 

58 44 53 
122 39 44 

380 02/12 - 4,6,7,14,15,20,22,23,2
4,25 

Omenica-
Peace 

0770705 Fort Nelson 
Townsite 

Village Site 58 48 37 
122 42 15 

408 00/06 - 1,4,6,7,14,15,20,22, 
23,24,25,33 
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Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Omenica-
Peace 

E248774 Kwoen Gas 
Plant 

Kwoen Gas Plant 
PO Box 906 

55 22 40 
121 42 17 

665 02/09 - 1,4,6,7,14,15,20,22, 
23,24,25,33 

Omenica-
Peace 

M109940 PRG 
Foreman 
Flats 

valley bottom 
station W of 
Foreman Flats Rd 
in an open field on 
a 10-metre tower. 

53 56 00 
122 40 58 

578 85/01 89/09 1,4,5,6,7,12 

Omenica-
Peace 

E224014 PRG 
Glenview 
School 

7310 Cluff 53 59 44 
122 46 32 

750 96/12 
96/12 

98/03 
- 

5,12 
1,4,6,7,14,15,20,22,23,
24,25 

Omenica-
Peace 

M109915 PRG Jail SE of 2nd Avenue 
Fraser River 
bridge. W of the 
P.G. jail complex 
on a 10-metre 
tower. 

53 54 25 
122 42 48 

623 84/12 87/06 1,4,5,6,7,12 

Omenica-
Peace 

M109943 PRG 
Lakewood 

seven-metre tower 
on 7.9-metre-high 
roof of Lakewood 
school one half 
block W of Ospika 
Bld on Rainbow. 

53 54 55 
122 47 46 

584 84/12 87/06 1,4,5,6,7,12 

Omenica-
Peace 

M109913 PG 
Northwood 

10-metre tower on 
3.6-metre-high 
building housing 
pump controls 
beside aeration 
ponds. **See 
109914* 

53 58 03 
122 41 27 

577 87/06 
97/06 
96/11 

96/11 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 

Omenica-
Peace 

M109912 PG Plaza-
400 

seven-metre tower 
on penthouse on 
the NE corner of 
the 25-metre-high 
Plaza-400 building. 

53 54 48 
122 44 28 

570 84/12 
84/12 
96/11 
00/05 
02/03 

96/11 
- 
- 
- 
- 

5,12 
1,4,6,7  
14,15,20,22,23,24,25 
33 
8 

Omenica-
Peace 

M109914 PRG Pulp 10-metre tower on 
N end of 13-metre-
high pulp/paper 
warehouse. 
**Elevation is at 
tower base. 

53 55 28 
122 41 10 

600 87/06 
87/06 
96/11 

96/11 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 
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Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Omenica-
Peace 

M109946 PRG Van 
Bien 

seven-metre tower 
on the 6.1-metre-
high gym roof of 
Van Bien 
elementary school. 

53 53 21 
122 45 37 

594 85/01 
85/01 

89/08 
89/09 

5,12 
1,4,6,7 

Omenica-
Peace 

0770703 Pine River 
Gas Plant 

Kwoen Gas Plant 
PO Box 906 

55 34 30 
121 55 15 

1113 01/08 
02/12 

- 
- 

4,7 
1,6,14,15,20,22,23, 
24,2533 

Omenica-
Peace 

E237631 Pine River 
Hasler 

Pine River Gas 
Plant 

55 36 20 
121 58 20 

610 01/08 - 1,4,6,7,14,15,20,22,23,
24,25,33 

Omenica-
Peace 

E234230 Taylor 
South Hill 

Pingle Creek Road 56 06 21 
120 39 48 

686 00/07 - 1,4,6,7,14,15,20,22, 
23,24,25,33 

Omenica-
Peace 

0770708 Taylor 
Townsite 

McMahon 
Complex, Alaska 
Highway 

56 09 03 
120 41 10 

480 00/07  1,4,6,7,14,15,20,22,23,
24,25,33 

Skeena E225267 Burns Lake 
Fire Centre 

#8 4th Avenue 54 13 51 
125 45 52 

652 97/03 - 1,4,6,7,14,15,20,22,23,
24,25 

Skeena E227290 Endako Endako 54 01 48 
125 04 48 

 97/07 - 1,4,6,7,14,15,20,22,23,
24,25,33 

Skeena M120001 Golden 
Bear 

10-metre tower on 
roof above office; 
datalogger in office 

58 12 20 
132 17 15 

980 93/10 
93/10 
96/11 

96/11 
00/03 
00/03 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 

Skeena M107004 Houston 
Firehall 

12-metre tower on 
roof of building 

54 23 50 
126 38 42 

594 94/11 
94/11 
96/11 

96/11 
- 
- 

5,12 
1,4,6,7 
14,15,20,22,23,24,25 

Skeena M106008 Kitimat 
Eurocan 
Dock 

 53 59 42 
128 40 42 

10 96/10 - 1,4,6,7,14,15,20,22,23,
24,25 

Skeena M106009 Kitimat 
Haul Road 

Haulage Road 54 01 47 
128 42 06 

2 96/10 - 1,4,6,7,14,15,20,22,23,
24,25 

Skeena M106010 Kitimat 
Whitesail 

1332 Lahakas Blvd N 54 04 03 
128 38 25 

119 97/01 - 1,4,6,7,14,15,20,22,23,
24,25 

Skeena E230577 Manalta Telkwa Coal Mine 
Road 

54 38 42 
127 07 13 

 98/01 
98/02 

00/08 
00/08 

18,19 
1,4,6,7,14,15,20,22,23,
24,25 

Skeena E243949 Port 
Edward 
Mill 

Skeena Cellulose 
Inc. 

54 14 01 
130 17 32 

 01/05 - 1,4,6,7,14,15,20,22,23,
24,25,33 
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Ministry 
Region 

Site # Name Description Lat. °N 
Long °W 

Elev-
ation
ASL 
(m) 

Start
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

Skeena M106037 Prince 
Rupert 

seven-metre tower 
on dry end machine 
room roof at 
Skeena pulp mill; 
temp six metres 
above roof 

54 13 56 
130 17 20 

35 90/10 96/09 1,4,5,6,7,12 

Skeena E231838 Prince 
Rupert 
Galloway 
Rapids 

Highway 16 54 15 35 
130 15 65 

1 01/05 - 1,4,6,7,14,15,20,22,23,
24,25 

Skeena E226268 Quick 
Mobile 

Kerr Road 54 37 17 
126 51 04 

552 97/05 98/06  

Skeena M107005 Smithers 17-metre tower, 
beside elementary 
school 

54 46 59 
127 10 39 

481 94/11 
94/11 

96/10 
- 

5,12 
1,4,6,7,14,15,20,22,23,
24,25 

Skeena E230557 Telkwa 1304 Birch Street 54 41 28 
127 03 17 

 98/01 - 1,4,6,7,14,15,20,22,23,
24,25 

Skeena M107028 Terrace 
B.C. 
Access 
Centre 

104-3220 Eby Street 54 31 06 
128 35 51 

 96/11 - 1,4,6,7,14,15,20,22,23,
24,25 
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 Table C. 0-C – Greater Vancouver Regional District Meteorological Data - Station Inventory List 

 
Region Site # Name Description Lat. °N 

Long °W 
Elev-
ation 
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

GVRD T001 Downtown 
Vancouver 

Robson Square at 
Hornby Street 

49 16 56 
123 07 19 

56 87/04  1 

GVRD T002 Kitsilano 2550 West 10th Ave 49 15 48 
123 09 48 

63 97/10 
92/12 
82/05 
04/02 
03/11 
87/01 

 1 
4 
6,7 
15 
33 
42 

GVRD T003 Marpole 250 West 70th Ave. 49 12 35 
123 06 50 

27 85/10 94/01 42 

GVRD T004 Kensington 
Park 

6400 Hastings Street 49 16 46 
123 58 16 

133 03/03 
92/12 
82/05 
04/02 

 
 

1 
4 
6,7 
15 

GVRD T005 Confederation  
Park 

Pandora St. and Alpha 
Ave. 

98 16 59 
122 59 58 

101 91/10 
92/12 
82/05 
87/05 

99/05 
99/05 
99/05 
99/05 

1 
4 
6,7 
42 

GVRD T006 Second 
Narrows 

75 Riverside Dr. North 
Vancouver 

49 18 06 
123 01 13 

10 92/12 
82/05 
04/02 

 4 
6,7 
15 

GVRD T007 Anmore Ft. of Elementary 
Road 

49 18 43 
122 51 36 

174 87/04 
92/12 
82/08 

97/12 
98/01 
98/12 

1 
4 
6,7 

GVRD T008 Lions Gate West End of  Welsh 
Road,WestVancouver 

49 19 09 
123 08 10 

10 82/05 
 

88/02 
 

6,7 
 

GVRD T009 Rocky Pt Park, 
Port Moody 

Moody Street and 
Esplanade Ave. 

49 16 51 
122 50 57 

5 82/05 
92/05 
82/05 
04/02 
02/10 
91/10 

 
 
 
 

1 
4 
6,7 
15 
33 
42 
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Region Site # Name Description Lat. °N 
Long °W 

Elev-
ation 
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

GVRD T012 Chilliwack 
Airport 

Trailer at NE corner of  
airport 

49 09 22 
121 56 26 

11 98/05 
97/02 
04/02 
99/02 
01/02 
00/12 

 
 
 

1 
4,6,7 
15 
33 
42 
43 

GVRD T013 North Delta 8544 – 116th Street 49 09 30 
122 54 06 

111 91/10 
92/12 
87/06 
04/02 
91/11 

 1 
4 
6,7 
15 
42 

GVRD T014 Burnaby Mtn. SFU West Mall Roof 49 16 47 
122 55 20 

360 86/11 
92/12 
86/05 
04/02 
03/11 
92/07 

 
 
 
 

1 
4 
6,7 
15 
33 
42 

GVRD T015 Surrey East 19000 Block 72nd Ave. 49 07 58 
122 41 39 

79 91/10 
92/12 
84/04 
04/02 
91/10 

 1 
4 
6,7 
15 
42 

GVRD T017 Richmond 
South 

Williams and Aragon 
Road 

49 08 29 
123 06 30 

15 91/10 
92/12 
86/05 
04/02 
02/06 

 1 
4 
6,7 
15 
42 

GVRD T018 Burnaby South 5455 Rumble Street 49 12 55 
122 59 08 

145 99/05 
93/03 
87/06 
04/02 
01/03 

 1 
4 
6,7 
15 
42,43 

GVRD T019 Richmond East 16400 Cambie Road 49 11 05 
123 02 28 

<15 91/09 
92/12 
87/06 

95/12 
96/09 
96/09 

1 
4 
6,7 

GVRD T020 Pitt Meadows Meadowlands 
Elementary School 

49 14 43 
122 42 32 

20 98/06 
98/04 
04/02 
00/06 
01/04 
00/06 

 1 
4,6,7 
15 
33 
42 
43 
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Region Site # Name Description Lat. °N 
Long °W 

Elev-
ation 
ASL 
(m) 

Start 
(yy/ 
mm) 

End 
(yy/ 
mm) 

Parameters 

GVRD T022 Burmount 7815 Shellmount 49 16 00 
122 56 08 

151 01/07 
97/05 
98/04 
04/02 

 1 
4 
6,7 
15 

GVRD T023 Capitol Hill Grosvenor Crescent 49 17 16 
122 59 08 

200 97/06 
96/12 
04/02 

 1 
4,6,7 
15 

GVRD T024 Burnaby North Eton St. and Madison 
Ave. 

49 17 15 
123 00 28 

70 99/09 
99/10 
04/02 
02/05 

 1 
4,6,7 
15 
42 

GVRD T026 Mahon Park 16th Street and Jones 
Ave. 

49 19 26 
123 05 01 

80 01/03 
00/06 
04/02 

 1,42,43 
4,6,7 
15 

GVRD T027 Langley 23752 – 52nd Ave 49 05 44 
122 34 01 

82 92/06 
92/12 
04/02 
01/08 
92/11 
01/05 

 1 
4,6,7 
15 
33 
42 
43 

GVRD T029 Hope Airport. 62715 Airport Road 49 22 11 
121 29 58 

39 98/05 
97/10 
04/02 
98/05 
01/05 

 1 
4,6,7 
15 
33 
42 

GVRD T030 Maple Ridge Golden Ears School 49 12 54 
122 34 55 

100 98/12 
98/03 
04/02 
98/02 

 1 
4,6,7 
15 
42 

 


	GUIDELINES FOR AIR QUALITY DISPERSION MODELLING IN BRITISH COLUMBIA
	TABLE OF CONTENTS
	ACKNOWLEDGMENTS
	PREFACE – A GUIDE TO THE GUIDE
	1. INTRODUCTION
	2. AIR QUALITY DISPERSION MODELS AND THEIR APPLICATION IN B.C.
	3. THE 12 STEPS TO GOOD MODELLING PRACTICE
	4. A SPECIAL FOCUS ON STEP 6 AND STEP 9: MODEL PLANS (CONCEPTUAL AND DETAILED)
	5. MODEL INPUTS – SOURCE PROPERTIES
	6. MODEL INPUTS – DOMAIN AND RECEPTORS
	7. MODEL INPUTS – METEOROLOGICAL DATA
	8. MODEL INPUT – GEOPHYSICAL DATA
	9. MODEL SPECIFIC GUIDANCE: CORE MODELS
	10. MODEL OUTPUT
	11. MODEL SPECIAL TOPICS
	12. MODEL RESOURCES
	13. REFERENCES
	APPENDIX A: SCREENING METEOROLOGICAL DATA
	APPENDIX B: MODEL PLANS
	Table B.1 - Conceptual Model Plan
	Table B.2 - Detailed Model Plan

	APPENDIX C: METEOROLOGICAL DATA COLLECTED BY PROVINCIAL AIR AGENCIES

