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Text: J.R.Garratt, The Atmospheric Boundary Layer, 1994. Cambridge , Also some 
material from

J.C. Kaimal and J.J. Finnigan, 1994, Atmospheric Boundary-Layer Flows - Oxford.

Blackadar, A.K., 1997, Turbulence and Diffusion in the Atmosphere, Springer:  
Blackadar Chapter 10 is good, Morphology, Could use Blackadar Smoke model – but 
it is on a CD!.

Pasquill, F. and Smith, F.B., 1983, Atmospheric Diffusion, 3rd Edition, Ellis Horwood
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Terminology – dependence on atmospheric 
stability.  Not so many smoke plumes around 
these days!  Also plumes may be buoyant, hot or 
releasing latent heat – effective source height 
with Gaussian plumes.

Continuity - passive contaminant, inert, no 

settling, no chemistry

Instantaneous and continuous point sources

IPS    Q= ∫C( x , y , z , t) dxdydz is constant, 

Q - kg, C - kg m-3

CPS Q  = ∫U C(x , y , z ) dydz steady state, where 

Q is now a source rate kg s-1and we assume U > 0 

and unidirectional.  Integral at fixed x.

Can also have a continuous line source model - a 

busy road.
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Gaussian plumes – widely used
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Solution of the 1-D equation With 

Let

and

-
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With stable stratification Dz < Dx and Dy and the plume will spread more horizontally.
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Idealized reflection at 
the ground.

Ignores u(z) and any 
absorption at the 
ground

Notes from Eric Savory – Western U.

https://www.eng.uwo.ca/people/esa
vory/Gaussian%20plumes.pdf

https://www.eng.uwo.ca/people/esavory/Gaussian%20plumes.pdf
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Plume rise modifications

Typical turbulence intensities,
σv/U, σw/U.  But what we need 
are σy, σz
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Need to find plots such as those below, from about 1960. Or equations 
of the curves  https://www.osti.gov/servlets/purl/5591108/ p29  -
Steve Hanna

https://www.osti.gov/servlets/purl/5591108/
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A cleaner version, P-G curves from 
Hanna (1982)
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How to determine stability class.  See 
https://ready.arl.noaa.gov/READYpgclass.php
Air Resources Lab., NOAA – Hysplit model, 
trajectory and dispersion versions →

https://ready.arl.noaa.gov/READYtransp.php

https://ready.arl.noaa.gov/READYpgclass.php
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G.I. Taylor's Diffusion Equation (from 1921) 
(Blackadar 10.5). Extract:

In a recent communication to the Royal Society, 
Mr. L. F. Richardson has described some 
experiments on the diffusion of smoke emitted 
from a fixed point in a wind. Similar 
observations have been made on the smoke 
from factory chimneys by Mr. Gordon Dobson. 
Both these observers came to the conclusion 
that, at small distances from the origin of the 
smoke, the surface containing the standard 
deviations of the smoke from a horizontal 
straight line to leeward of the source, is a cone. 
If the mean velocity of the wind is assumed to 
be uniform, the standard deviation in a short 
interval of time is therefore proportional to the 
time. At greater distances their observations 
indicate that this surface becomes like a 
paraboloid, so that the deviation of the smoke 
is proportional to the square root of the time. Also G.I.Taylor 1935,  Proc Roy Soc A.
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Is the conical pattern compatible with Fickian diffusion?  Would always grow as x1/2.  Eulerian and 
Lagrangian autocorrelations R(ξ) = <v(t)v(t+ξ)>/σv

2 : Blackadar p131,132

Key points are:  Lagrangian autocorrelation,
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Notes from Blackadar,  Next step is to integrate wrt time (or 
distance if x = Ut)
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AQ models,  See   https://www.epa.gov/scram/air-quality-dispersion-modeling

Air Quality Dispersion Modeling
Dispersion modeling uses mathematical formulations to characterize the atmospheric processes that disperse a pollutant 
emitted by a source. Based on emissions and meteorological inputs, a dispersion model can be used to predict 
concentrations at selected downwind receptor locations. These air quality models are used to determine compliance with 
National Ambient Air Quality Standards (NAAQS), and other regulatory requirements such as New Source Review (NSR) and 
Prevention of Significant Deterioration (PSD) regulations. These models are addressed in Appendix A of EPA's Guideline on 
Air Quality Models (also published as Appendix W (PDF) of 40 CFR Part 51), which was originally published in April 1978 to 
provide consistency and equity in the use of modeling within the U.S. air quality management system. These guidelines are 
perodically revised to ensure that new model developments or expanded regulatory requirements are incorporated.
This site provides links for dispersion models and other related tools and information as follows ………

https://www.ontario.ca/document/guideline-11-air-dispersion-modelling-guideline-ontario-0

Regulation 346
Ontario’s approved dispersion models include SCREEN3 for screening analyses and AERMOD for more sophisticated modelling 
analyses. In addition, the ASHRAE model must be used as necessary to assess potential for contamination of building air 
intakes that are located on the same structure as the source of the contaminant (see section 9 of the Regulation). SCREEN3 or
AERMOD are used for assessment of POI concentrations at receptors that are not located on the same structure as the source 
of contaminant. A brief overview of each of these models can be found in the following subsections. For appropriate model 
selection, please review Chapter 2.3.1 – 2.3.3, as appropriate that outline the details of the following air dispersion models: 
AERMOD  SCREEN3  ASHRAE (same structure contamination).
NOTE:  Older regulatory air dispersion models (known as Regulation 346 models) used under O. Reg. 419/05 will be phased 
out on February 1, 2020, as specified in the regulation.   [PK Misra and I had worked on these 20-30 years ago!]
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AERMOD Modeling System - A steady-state 
plume model that incorporates air dispersion 
based on planetary boundary layer turbulence 
structure and scaling concepts, including 
treatment of both surface and elevated sources, 
and both simple and complex terrain.
CAL3QHC/CAL3QHCR - CALINE3 based CO 
model with queuing and hot spot calculations 
and with a traffic model to calculate delays and 
queues that occur at signalized intersections.
CTDMPLUS - A refined point source gaussian air 
quality model for use in all stability conditions 
for complex terrain.
OCD - A straight line Gaussian model developed 
to determine the impact of offshore emissions 
from point, area or line sources on the air 
quality of coastal regions.

https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models

AERMOD Modeling System
The American Meteorological Society/Environmental Protection 
Agency Regulatory Model Improvement Committee (AERMIC) was 
formed to introduce state-of-the-art modeling concepts into the EPA's 
air quality models. Through AERMIC, a modeling system, AERMOD, 
was introduced that incorporated air dispersion based on planetary 
boundary layer turbulence structure and scaling concepts, including 
treatment of both surface and elevated sources, and both simple and 
complex terrain.
There are two input data processors that are regulatory components 
of the AERMOD modeling system: AERMET, a meteorological data 
preprocessor that incorporates air dispersion based on planetary 
boundary layer turbulence structure and scaling concepts, and 
AERMAP, a terrain data preprocessor that incorporates complex 
terrain using USGS Digital Elevation Data. Other non-regulatory 
components of this system include: AERSCREEN, a screening version 
of AERMOD; AERSURFACE, a surface characteristics preprocessor, and 
BPIPPRIM, a multi-building dimensions program incorporating the GEP 
technical procedures for PRIME applications.

AERMOD Air quality management – multiple sources.

https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#aermod
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#cal3qhc
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#ctdmplus
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models#ocd
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models
https://www.epa.gov/scram/meteorological-processors-and-accessory-programs#aermet
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#aermap
https://www.epa.gov/scram/air-quality-dispersion-modeling-screening-models#aerscreen
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#aersurface
https://www.epa.gov/scram/air-quality-dispersion-modeling-related-model-support-programs#bpipprm
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From : https://files.ontario.ca/admgo-id50_aoda_v2b.pdf

AIR DISPERSION MODELLING GUIDELINE FOR ONTARIO [GUIDELINE A-11] Version 3.0 

1.1  Application of the Dispersion Models in the Regulation 
The Regulation requires the use of specified approved 
dispersion models to assess compliance with ministry POI 
Limits when using the air standards compliance approach.   
Earlier versions of the regulation (previously known as 
Regulation 346 – General Air Pollution Regulation) included 
a set of suggested air dispersion models in the Appendix to 
Regulation 346.  The models in the Appendix to Regulation 
346 are being phased out and replaced with new air 
dispersion models developed by the United States 
Environmental Protection Agency (US EPA)

The models work in conjunction with the standards as follows: 
To demonstrate compliance with the half-hour average air standards listed in Schedule 2 

of the Regulation, any of the approved dispersion models may be used (after appropriate 
conversion of time averaging periods is made as per section 17 of the Regulation, if 
necessary).

To demonstrate compliance with the air standards listed in Schedule 3 of the Regulation, 
any of the approved dispersion models, except for the models in the Appendix to 
Regulation 346, may be used (after appropriate conversion of time averaging periods is 
made as per section 17 of the Regulation, if necessary).

Regional Air Quality Deterministic Prediction System 
(RAQDPS)
The current operational air quality forecast model is 
GEM-MACH (Global Environmental Multi-scale -
Modelling Air quality and CHemistry). This model is a 
comprehensive air quality model containing a full 
description of atmospheric chemistry and 
meteorological processes. GEM-MACH is an in-line 
model, meaning that the meteorology is integrated 
in-step with the chemistry. The model uses the 
emissions inventory to assess the source of 
tropospheric ozone precursors. GEM-MACH is run 
twice a day over North America and is used to 
provide guidance for the production of air quality 
forecasts for Canadians.

https://weather.gc.ca/aqfm/index_e.html

Regulatory models run over a year or more of 
historic met data, usually small domain. Forecast 
models run over larger domains’

https://files.ontario.ca/admgo-id50_aoda_v2b.pdf
https://weather.gc.ca/aqfm/index_e.html

