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Dispersion Models for Transport Emissions
Hello friends, so, after the emission modelling now, we would like to know about dispersion
models because when emission modelling has been done and we know how much emissions are
coming out of transportation sector or transport related activities, then what is the fate of those

emissions where do they go?

So, we need to know about dispersion models because ultimately emissions are converted into
some concentrations; emissions are basically mass of the pollutants which is being emitted by
tailpipe emissions or re-suspension of dust or other sources related to vehicular movement and

transportation infrastructure.

But what happens when it comes to the atmosphere it gets transported in the atmosphere, because
of wind direction, wind movement, and then it gets diluted because of like diffusion and dispersion
phenomena. So, that is why we want to know what happens through dispersion models, how do

we estimate concentrations at a particular point because of certain emissions?

So that we can get to know what is the exposure assessment and whether the concentrations are
being exceeded the prescribed guideline concentrations or not, because of certain activity. Because
these dispersion models help us to calculate those concentrations of air pollutants in the
atmosphere at whatever point you want to know X, y, z you can decide and this is the beauty of
modelling because in monitoring you can go and monitor certain pollutants, but every nook and

corner you cannot monitor because it requires a lot of resources, manpower, etc.

So, the modelling is the tool which helps us to get pollutant concentrations at whatever point we
want to know. So, in today's lecture, we will discuss first of all what is atmospheric dispersion and
its modelling and the types of models which are used and we will focus more on like vehicular

emissions related modelling efforts for dispersion.

Because there are several models like point source, model area, source model or line source model.

So, our emphasis will be more on line source model kind of things, so, that our focus is more on



emissions from road transportation sector and then what happens when it disperses in the air. Then,
the source types like point source as | said or area source, but again our focus will be on line source

like road transportation, vehicle is moving so, it is a kind of line source.

Then, the dispersion procedures of the modelling efforts, how do we go for modelling of these
lines source or any other source of dimensions, then dispersion models of various kinds like box
models or Gaussian models or Lagrangian or Eulerian models or different techniques like
computational fluid dynamics, CFD models, those kind of model techniques, we will in understand

very basics of that.

So that you know the differences between different kinds of modelling approaches and what kind
of model is more useful or more applicable in case of transportation sector. So, after attending this
lecture, you will be able to know the differences between available models and their strengths
limitations and how do they work, when we want to calculate concentrations out of these emissions

and then we will conclude this lecture.
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Emission, Dispersion and Concentration of Pollutants

Source: (Tinus Pulles, 2007)

So, emissions and dispersion and concentration is this pictorial representation can easily describe
like emissions can be from various activities like industries or transportation or human activities,
then it disperses and like particulate matters, it can contribute into like, some kind of even these
cloud formation or those kinds of things, which may be because of particulate matters nucleation

and those processes maybe, but gaseous dispersion may also be there and which is not visible, but



it is there means some concentration will increase because of dispersion and then it can get
deposited through wet deposition with the precipitation or this raining, or dry deposition can also

happen.

So, it can come to the ground or surfaces of buildings or trees and all those when you see the dust
particles et cetera that is basically the phenomena of deposition. So, something goes into the
atmosphere then by gravity it settles down. So, the particulate pollutants quickly settle down but
gaseous pollutants can travel even in small particles can travel several kilometres from the source

in downwind directs and basically.
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What is Atmospheric dispersion?

* Emissions from
various sources can
spread horizontally
and vertically in the
atmosphere through
a phenomenon
called dispersion.

Source: (E-learning VSCHT, https.//e-learning.vscht.cz/course/view.php?id=8408&section=15)

So, the what is the atmospheric dispersion if you want to understand So, this is kind different kinds
of sources maybe there including aircraft or this movement of vehicles here also like street canyon
emissions may be there then within the buildings household energy related emission sources
maybe they are ships maybe there even natural emission sources can be there like volcanoes or
forest fires are those from trees also like from trees also like VOC volatile organic compounds can

get emitted from agriculture practices, we get different kinds of emissions.

So, there are so many sources including industrial sectors or transportation power plants. So all
those emissions come to the atmosphere and it has its own impacts because of dispersion then their
concentration increases in the atmosphere and whosoever receptor is there or like human beings

or animals or buildings or trees et cetera or vegetation whatever get exposed, then there will be



some chemical reactions and that can have its implications or negative impacts because our health
can be damaged like respiratory related problems or buildings soiling happens it is discolours the
buildings or right if ozone is there, then it cracks the tiers it can harm the yield of the crops. So,
every kind of impact is there. So, for estimating those impacts we should know the concentration

and that is why the dispersion models are important in that case.
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Example of a Plume

* The shape traced out
is approximately
conical and is called a
plume.

Then the example of plumes because emissions can be in the form of plumes continuous plume or
puffs also like when somebody smokes those puffs comes out of those emission sources so puffs
maybe there or plumes maybe there like this is the plume you can see and this disperses like a

cone.

So, we assume that this is kind of Gaussian dispersion model normal distribution you can see that
concentration higher at the central level then concentration decreases when we go beyond the
central line left or right or above or below that central line that dispersion will happen and dilution

will also occur.

Similarly, this tailpipe emission can be there it also disperses. So, with the wind with the turbulence
of the wind, with the movement of the wind, so mechanical turbulence can be there thermal
turbulence can be there, all these parts paid, diffusion can also occur then some atmospheric
reactions can occur all those physical chemical reactions, they help in dilution also of the

pollutants.



So, these plumes can be in the form of conical shape and they can travel distances depending upon
what is the wind velocity and turbulence is there. Then, if we talk about like correlation between
the spatial or temporal scale of modelling, because within the space from the source if you go away
from the source, from the central line, then this dispersion occurs and concentration decreases.
Similarly, time also means, at a particular time if something is emitted, so, after a certain time it

will be diluted because of those physical chemical reactions you can see.
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Atmospheric dispersion model

+ Adispersion model is used to estimate or predict the
concentrations of pollutants at selected downwind
receptor locations.

* Dispersion models need inputs such as emissions and
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+ Example: New Industries are required to obtain permits for
emitting into the atmosphere so that concentrations of
pollutants do not exceed the allowed or specified limits.

+ Dispersion models are used to assess the impact of
source emissions.

Source: (USEPA)

So, different kinds of pollutants have their lifespan, those pollutants which have higher lifespan
they will remain in the in the atmosphere for decades or even centuries like CFC et cetera and to



they can remain in the atmosphere for centuries, CO2 is also like for several decades, it can be in
the atmosphere, but other pollutants like particulate pollutants they settle down or they get reaction.
So, they are removed from the atmosphere or CO like CO get converted into CO2 or methane also.
So, all pollutants have different lifespans.

So accordingly, especial and temporal distribution can be seen when we talk about dispersion
model. So, like emission modelling we have already seen. So, those emission models output is
basically the emission rate how much quantity of some pollutant is coming out of a resource per

unit of time.

So, that is the input parameter and dispersion models and beyond that are in addition to the
emission rates, the metrological data like temperature gradient and then the wind velocity or other
physical parameters like if we are trying to simulate point source model then height of the stack.
Similarly, like line source model, then it can be emission rates as well as distance travelled per
unit of time those kind of thing and then the stability criteria all those things are input parameters

for these dispersion models then we calculate the concentration.
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I @
Uses of an Atmospheric dispersion model

* Forecasting of air pollution distribution in the domain.

¢ Assessment of air quality standard violation (critical levels for
concentrations or critical loads for depositions).

+ Assessment of environmental impact of some specified sources.

* Selection of optimal locations for new investments.

* Simulation and analysis of emission abatement strategies.

Source: (Piotr Holnicki, 2010)

So, the usage of that atmosphere dispersion model is varied kind of uses as you can apply in several
situations. Forecasting for example, if you want to predict or forecast or estimate air pollution
distribution in a domain like temporal or special. So, you can know how much concentrations may

be there after a certain time or after a certain distance and air quality standards comparison like



some source you are adding because of some industry or some highway and you want to see that

what will be its impact.

So, background concentration if you know, then if you run the model and you calculate certain
quantity. So, that adds into the background concentration then you can know whether the sum of
the total like the estimated concentration plus the background concentration if it is exceeding the
prescribed guideline concentration then we have to do something to reduce the concentration

otherwise it will be unacceptable.

So, that way also it is helpful then we also assess like environmental impacts whether in like some
eco a sensitive areas or something like that, then if you want to select some particular location for
new investment, so, again as | said you have to compare with the guideline concentration or

standards national ambient air quality standards.

(Refer Slide Time: 11:54)
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So, these models help to estimate the quantities and then compare with the those data and then you
can know whether it is or it is not okay if it is not okay, then you have to provide certain solution
for example, like technological interventions maybe you say that in this stretch you cannot allow
less than Bharat Stage VI or Euro V1 those kinds of vehicles will not be allowed or heavy vehicles
will not be allowed. So, many things may come out of those studies.



When how does it work basically when we talk about these input parameters? So, within the
dispersion model input parameters will come what kind of topography is there because if it is a
smooth terrain or rough terrain, so, certain factors vary according to the topography. Similarly
emission sources information that is what kind of pollutants are there what is the emission rate
then meteorological parameters wind velocity, temperature, humidity all those kinds of things may

be there and then we get this atmospheric concentration as we have discussed.
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Types of models may be of varied nature depending upon their like principal mechanism like

emission models, we already studied metrological models which gives us those metrological



parameters which can be input parameter for certain models. Similarly, chemical models which
help us to know what will happen when some gaseous components react with the atmospheric
constituents or the react with each other than what we like ozone production, ozone is not primary

pollutant which is emitted by some source it is produced in that atmosphere.

So, the chemical models help us to know how much ozone will be produced if precursors are being
emitted like NOx or CO or hydrocarbons those kinds of things. So, chemical models can be there,
then if you want to assess the impact health impacts et cetera or impacts on the crops or impacts

on the ecosystem then we use receptor models.

Similarly, source dispersion models which are very popular which we will discuss different kinds
of models. So, these kinds of models are their emission models basically as | said it can estimate
temporal and spatial emission rates and metrological models which I just discussed with you. So,

you can go in laser more details are there with that.
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* Geographical characteristics

* Meteorological characteristics

Input data source types so, source maybe like point source, area source and line source et cetera or
a static source and mobile source. So, in case of transportation modelling basically mobile source
is use then emission rates of these pollutants you should know because you want to estimate the
concentration of each pollutant. So, for each pollutant emission data must be there which will be
coming from emission modelling which we have already discussed, geographical characteristics

as | said because these terrain will impact mythological characteristics.
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So, source types like point source as | said line source from one point to another how much vehicle
movement is there those kinds of things. Then area source can be there in irregular area where like
side lengths may be different kinds of volume source can also be there in buildings et cetera when

you are going to know like indoor air pollution.

So, in a building how these pollutants are traveling from one corner to another, so, some CFD
related mechanism those kind of things can be there. So, modelling can be for a small location or
a small area to big area. So, in indoor air pollutants, you talk about like even diffusion of

centimetres or so, if it is like cubic meter area of these rooms etc.

But in these dispersion models which are outside then you talk about kilometres you want to know
what will be the concentration at 10 kilometre downwind. So, modelling structures change
accordingly. So, different kinds of models are used for different kinds of physical properties or
domains physical domains and their distances.
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We talk about line source model which is the emphasis of our talk because we are talking about
transportation emissions. So, line source model is the basic thing which we should know. So, this
is the road like you can see So, on roads of vehicle is moving moment is there so on the vertical
of that road length if some wind is moving so, in perpendicular of that how much concentration

will be there from the road in the downwind distance.

So, like 10 meter, 50 meter, 500 meter something like that, similarly, there may be like mechanical
turbulence, thermal turbulence because of temperature difference so, vertical turbulence may be
there and this can you can have this temperature profile et cetera wind velocity can also be there.
So, accordingly you can estimate by using those techniques which will which will be discussed

soon after these some slides.
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When we talk about like instantaneous release of the puff. So, we see these dimensions after certain
time like it goes and up to a receptor some person is there. So, what will be the concentration of
that puff because of certain distance it will be diluted, but we should know only then we can be
able to learn how much impact will be there on the health of the persons. So, those modelling

techniques mathematical equations that will give you an idea about using all these input parameters

and knowing the concentration at certain distances from the source.
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When we talk about dispersion modelling procedures. So, again we can repeat in detail like
background concentration of pollutants we should know only then we would be able after adding
the calculated concentration whether it will go beyond exceed the guideline concentration or not
if it does not exceed, then fine, we can say that that this activity is okay from air pollution point of
view it is not contributing in a negative way, metrological conditions must also be known

temperature profile wind velocity et cetera wind rose diagram all those things.

Source data like site interpretation or description whether it is city it is countryside, smooth terrain,
rough terrain all those things because they will influence the calculations because of certain factors
like emission rate, model options, whether it is receptor grid type of model dispersion model
parameters are needed, then local topographical features which we have already discussed.

So, these will be the input parameters for atmospheric dispersion model then estimation of ground
level concentrations by using that calculations because model is nothing but a set of equations
mathematical equations all these input parameters will be part of those in mathematical equations

and output will be there in terms of concentration in particular these models.

So, assessment of potential environmental health effects will be there later on when we have the
concentration. Then, another models are used for health impact assessment and those kinds of
things. Otherwise, dispersion models basically give you output of the concentration and please
learn the difference emission and concentrations are two different things. Emissions are quantity
of pollutants emitted by source per unit of time and concentration the quantity of pollutant per unit

volume of air that is the point here in difference in concentration and emission.

So, you should not get confused that emission is same or concentration is same those are two
different things. That is why two different kind of modelling efforts are needed for emissions we
have other models like mobile IVE, VAPI those kind of models for concentrations we have another

set of models for dispersion models which we are discussing today.
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Like types of models so box models, example is like this Aura we will see what is the concept of
this particular model. Then Gaussian models, this is very popular technology technique rather that
we assume that the model this dispersion occurs in a kind of you know this kind of thing. So, at
centre line it is highest concentration it if you go left or right to the central line then concentration

is less and after some time it is very less.

So, those techniques are there. So, most of the models are basically Gaussian models and like
CALINE4, HIWAY2, CAR-FMI, OSPM, CALIPUFF, AERMOD all these models we will
discuss. Another technique is Lagrangian and Eulerian models. So, they this kind of scale is
different. So, different models have different scales, computational fluid dynamics model CFD
model. So, this is another technique which gives the every model has its own strengths and
weaknesses some models require a lot of resources a lot of input data and some models are very

simplistic in nature, but their output will be rough, it will not be very precise.

But for policymaking for to begin with having some impression what will happen after a certain
activity. So, accordingly some models are chosen and what resources are available with us if we
want to go for detail the state if you do not have much money or resources then we have to use

simplistic modelling approach.
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This Gaussian model dispersion as | said, like point source somewhat height is there of the stack.
So, emission is coming out and it is dispersion occurring like a conical shape. So, this is as | said
at the central line concentration is highest and if you go left right or left then concentration

decreases.

Similarly, on vertical direction also when you go up or down the concentration decreases, but with
the help of these models, you can get concentration values for X, Y, Z ground level concentrations
Z0, this Z is 0 at the ground level concentration at the central line Y is also O because v is distance

left or right from the central line.

So, if you want to calculate concentration at the central line at the ground level, then only X value
will be used that is the distance from the source in the downwind direction Y will be 0, Z will be
0 if you want to calculate concentrations from centreline right or left then there will be some value

of the Y but Z will be 0 because ground level concentration you are trying to calculate.

If you want to calculate concentration at certain point in the air hanging so, it has all dimensions
X, Y and Z so those values will be put and calculations will be made you can see like near the
source the concentration is very high then it decreases it decreases and later on it becomes very
diluted. So, no effect is there that is why if you are you know bringing some like industry or

highway, then you have to see its impact on some population which is residing there.



So, maybe 2 kilometre there 3 kilometre there if there is a village. So, the concentration from this
source whether it is line source or the point source should not exceed in that village more than the

prescribed guidelines of the ambient tire concentrations from CPCB and other agencies.
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When we do not talk about comparative evaluation of dispersion models then you can see there
types made which kind of metrological parameters they need and then what kind of input data they
need, what is the application area and then accuracy whether it is very precise or very coarse those
kinds of things, those remarks these are the metrics or it is given you can go through this. So, every

model has its own particular characteristic.
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Air Quality Modeling in Urban Regions using an Optimal Resolution Approach
(AURORA).

* A3-dimensional Eulerian chemistry-transport model, designed to simulate urban- to
regional-scale atmospheric pollutant concentration and exposure fields.

+Used to model the concentration of inert and reactive gases and particles in an urban
environment. —

* Also able to calculate the impact of changes in land use
(e.g. planting of trees) or of emission reduction scenario's
on air quality.

Source: (N.S. Holmes and L. Morawska, 2006)

Now, we talk about different models. So, this aura model which was developed in Belgium and it
is known like the full name is air quality modelling in urban regions using an optimal resolution
approach that is AURORA. And this is a three dimensional Eulerian chemistry transport model.
So, very sophisticated in that sense and it is designed to simulate urban to reasonably scale

atmosphere pollutant concentration and exposure field.

So, it is a means quite detailed model you can say and it is used for concentration of inert and
reactive gases both otherwise more simplistic models are normally for inert pollutants and they are
simplistic assumptions are there that no reaction is occurring like even SO2 concentration you are
estimating you assume that SO2 is not reacting, whereas in reality, it reacts with the motion it
reacts with many things.

But simplistic models, those Gaussian models and they assume that these are inert, but this
particular model is basically can use inert and reactive gases. So, those kind of mechanism is there
some modules are there when you want to use reactive those reactions or reactive gases, then

certain modules will be used otherwise you can use in inert fashion also.

Particles related in urban environment and it can calculate impact of the changes of land use
because land use change may be occurring due to like industrialization or some facilities are
coming some township or some roads or highways are being so, like planting of trees are there

whatever change is there, this will be incorporated in this model. So, that way it is a nice model.
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But there are again some assumptions are there because this is the box model. So, it assumes the
steady state condition that within the complete box uniform concentration is there whereas, in
reality it may be more nearer to the sources. But it assumes that homogeneous concentration is

there it is well mixed.

So, this is simplistic assumption for this box model, but it is there it is part. Then uniform
concentration as | said in the street also. So, whether this box like a city you have converted it into
box length width and boundary layer height. So, that is kind of box so, that box modelling can be

there and in that you assume that concentration is equal at every point.
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This is the flowchart for this particular AURORA model you can see these metrological modules
different modules are there as | said terrain module background concentration module, then traffic
module. So, you can use whatever model you want to emphasize if traffic related phenomena you
want to study then use this one other modules you can switch off if there is no much application

or activities of that kind of nature, then this advection diffusion or means horizontal movement.

And then convection movement may be vertical those kind of and chemistry module is also there
as | said for reactive gases, then the deposition module can be there a street module can be there.
So, it is a kind of very versatile modelling technique | would say and then concentration is
estimated and then you know based on the basis of the concentration, whether it is good or bad,
and you can also convert them into some health risk assessment, those kinds of things.
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Source: (C. Mensink et. al, 2001)

So, input data, terrain data like land use patterns, road networks all those terrain data is the input
parameters. So, it is a detailed modelling technique basically metrological inputs. So, few 100
meters by separate models, those kind of modules are their emission input data is of course, every

dispersion model will need a mission input data. So, these are the basic input parameters.
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Where,

EF = emission factor (g/km) for pollutant i, vehicle class j and road
type k.

F = time dependent traffic flow rate (h!) and L the road length (km)
per road segment.

Source: (C. Mensink et. al, 2001)

And then the equation like

Eijkn= Eijx X Fpan(n,t) X L(n)



this emission factor is there and time dependent traffic flow rate. So, total emission can be
calculated and length of the road also so, you can get this emission gram per hour calculated for
each pollutant for different pollutant values will be different and you can use in the dispersion

model.
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Requires relatively lesser expertise and comparatively less input
data than other vehicular dispersion models. —— - A -

Source: (Dhyani and Sharma, 2017)

Then another model which is very popular for line source modelling is CALINE4 model which is
developed you know in by California department of transportation and this is basically for
estimating air pollution levels within the these 500 meter of the roadways on both sides or
particularly the downwind side and it can estimate concentrations of carbon monoxide or nitrogen

dioxide or particulate matters of PM10, PM2.5 near the roadways.

And as | said it is very popular many people use it for road vehicle or emissions basically and as
it is extensively used for policy and for like new road is coming then what will be the impact all
those kinds of things are CALINE4 can give you the scenario. It requires lesser expertise and
comparatively less input data that is why it is very easy to use simple even if you run once you can
train any researcher or any person who knows basics of the this physics and chemistry they can

run this model.
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Inputs to the CALINE4 Model

S Parameters Valuesunits
No.

(1) Traffic Data (24-hour) 24 howr

(i) Weighted emission factor (WEF) 2 mile™
(i) Temam type (Surface roughness) Urban

(iv) Road geomeny— ———
a)  Mixing zone width (roadway width + median| 30 + 6 =36 m

wdth +3 m on both sjdeS of roadway)
(b)  Road type At-grade

(¢)  Road alignment Straight
(v)  Meteorological data

(a)  Wind speed ms’"

(b)  Temperature (

(¢)  Wind direction Degree (°)

(d)  Mixing height m
ABC.D.EFoG

(e)  Stability class
(vi)  Background CO con emmln\u/ H-mmrmf'_/

. )
(vi)  Monitored CO concentration® ppmor g m

B s .
Source: Dh|anand5havma,1017

The input parameters, so, you can see like traffic data of 24 hours and weighted emission factors

depending upon what kind of age of the vehicle is there, what kind of engine technology is there,
then terrain type, surface roughness is smooth or rough those kinds of things. Then road geometry
mixing zone width all those road types, that will impact the emissions also, road alignment, it is

completely straight or going in different directions, different angles.

Then, meteorological data which is common in all like speed, wind speed, temperature or the wind
direction and mixing height and instability classes A, B, C, D those whether it is a stable or highly
unstable those kinds of instability classes is to be used because that will influence the dispersion
coefficients sigma Y sigma Z if you know the basic modelling then background CO concentrations
and monitor concentrations.

So, that you can some of them and compare with those guideline concentrations. So, these stability
classes A, B, C, D, E, F, G whatever so, these are the units of the values which are used in the
model.



(Refer Slide Time: 30:40)

HIWAY2 Model, USEPA

* Developed by the United States ' Both‘O\U\NEfl:nq Hl_WMt
Environment Protection Agency (USEPA) traffic as an infinite line source

and is a simple Gaussian model. divided into a series of elements
\/ located perpendicular to the
i wind direction.
*  Grid size can range from 10-100 metres to

10 km, depending on the scaling factor.
e S

* Predicts the concentration of Non-reactive
gases, —m

Source: (Bhola R. Gurjar et.al, 2010)

Another model is like highway to model which is again which is from USEPA United States
environmental protection agency developed this model and the grid size which is used by this
model is 10 to 100 meter and even it can go 10 kilometres also good variation is there for a special
differences. So, a scaling factor can be there depending upon the distances and it can be used to
estimate concentrations for non-reactive gases. So, inert kind of thing and this both 4 HIWAY
highways they treat traffic as an in finite line source not the finite some models use finite length

which we will discuss later on.
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Difference between CALINE4 & HIWAY2 Model

CALINE4 HIWAY2 (__—
Vertical dispersion parameters HIWAY2 considers only the
in CALINE4 considers both effects of vehicles and ignores
thermal and mechanical the effect of thermal turbulence
turbulence caused by vehicles orrvertical dispersion

In general, Gaussian models (e.g. both CALINE4 and
HIWAY2) lack the sophistication required for modelling in
street canyons as buildings can only be represented by
changing the surface roughness.

Source: (N.S. Holmes and L. Morawska, 2006)




If we talk about differences between CALINE4, HIWAY?2 model then certain differences are there
like in CALINE4 for both thermal turbulence and mechanical turbulence are considered for
estimating dispersion or concentrations varies in these HIWAY?2 they ignore these thermal
turbulence that means only mechanical turbulence is used in this model, but both models are based
on Gaussian dispersion techniques. So, like straight canyons buildings or these are changing

surface roughness et cetera they are as per the simple techniques of the Gaussian dispersion.
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I
CAR-FMI Model, Finland

* Developed by the Finnish Meteorological Institute.

~—

* Also a Gaussian Plume model designed to calculate the
hourly concentrations of CO, NO, NO,, NO,and PM,

from vehicles. \/~

* Road is treated as a straight line of finite length. The
traffic volume of the road during one hour is assumed
constant and thus the traffic emissions can be
interpreted as a finite line source.

Source: (N.S. Holmes and L. Morawska, 2006)

Another model like in Finland they have their own modelling technique or modelling tool which
is known as CAR-FMI and this is developed by Finnish metrological institute that is why FMI is
there and this can estimate concentrations of carbon monoxide or nitric oxide or nitrogen dioxide
means all oxides of nitrogen NOx emissions basically and then particulate matter fine particles
like PM2.5 and it treats the road as line of finite length.

So, the remember CALINE4 and other models they treat the road length as in finite but here this
model uses some finite length of the model. So, model techniques accordingly differs from model

to model.
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Inputs to the CAR-FMI Model

+ The number and locations of the line sources.

*The hourly traffic volumes of the roads. Similar to other Gaussian
~—— models, the CAR-FMI model

is limited in its use in low

* Compounds to be computed and details of ) o
wind conditions.

statistical interests of the output.

¢ Hourly time-series of the meteorology.
-

* Background concentration

—eee

Source: (N.S. Holmes and L. Morawska, 2006)

It needs input parameter says for example, a number and locations of the line sources different
roads network maybe they are so, if you want to apply in a city so, you should know the complete
road network their length and width et cetera hourly traffic volume on those road network that
should be known, then it can be like compounds to be computed with kind of pollutants and the
statistical interest we want to know in terms of the concentration variations hourly time series of

the metrology.

So, because it calculates like hourly if you want to see the daily then also hourly related values are
needed for that background concentration each model needs basically and this is similar to the
Gaussian model basically, but it is limited in its use in low wind conditions that is the limitation
for this model as Gaussian models have this kind of limitation.
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Structure of the CAR-FMI Model The functions of the Graphical User
, ‘ MIF fls [ l Interface (GUI) CAR-FMI are to allow
GUI *[ Maplnfo
the user
textbinary files I computation status — + toenterthe input information
—| CAR-FMlexe [+——| e * tosave/retrieve input data
+ tolaunchthe dispersion model
Sources & DATA FILES *+ toprepare MIF file(s),. which are
Receptors TR used by Maplnfo to display
! I E spatial distribution of various
Time-series variables from the solution of the
Coordinate dispersion equation
transforms

G, U
e
Dispersion - -
equations | NO-O;NO,
| Output file ._L- Dry deposition

Source: (Jari Harkonen, 2014)

The structure if you want to see in a kind of framework or the flowchart then this gives all

parameters like these sigma Y sigma Z that is the dispersion coefficient U-wind velocity value
coordinates time series as we have seen and then all these values are input parameters, then output

parameters you will get.
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Operational Street Pollution (OSPM) Model, Denmark

* Operational Street Pollution (OSPM) Model is a semi empirical model.

¢+ Uses Gaussian plume equation to derive the direct contribution of
pollutants from the source, and a Box model to calculate the effect of

TITI  r  e
turbulence on the concentration of pollutants.

* Can predict concentrations of NOx, NO{, 0,/ CO and PM.

* Cross wind diffusion within the plume is ignored
and the sources are treated as infinite line sources.

—_—

Source: (N.S. Holmes and L. Morawska, 2006)

Similarly, another model is their operational street pollution OSPM model which is used in
Denmark. So, they have developed their own model for this purpose and again, this is using

Gaussian plume equations, which is as | said Gaussian dispersion technique is used popularly by



these air pollution dispersion models and it can contribute to pollutants from the source or box

model to calculate the effect of these turbulence on the concentration.

So, that is their inbuilt parameter for turbulence. It can predict concentrations of these NOXx, oxides
of nitrogen, even all ozone so chemical reaction related chemical model part is there CO in
particulate matter and crosswind diffusion within the plume is ignored. So, that is one important
aspect of this model some other models they use even crosswind diffusion.

So, that is simplicity here and it is these sources are treated as infiniite line sources varies as you
know the earlier model this was CAR-FMI they were using finite length of the road in this is rather
this one is more into CALINE4 and something like that.
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General condition of Wind flow in Street Canyon

+ The flow condition causes that pollutants
emitted from the traffic in the street are having

Roof level wind
Baground follution higher concentrations on the leeward side of

s buildings adjacent to the road
Y
Frrre * Buildings on the windward side are exposed to
i :
! K the background pollution and pollution
xxxxx W e

, generated by the air recirculation within the

:

f

canyon
*  OSPM predicts that the concentration on the
windward side of the street is lower than on the

~ Direct plume
W leeward side

Source: (G. Wang et. al, 2008)

Then general conditions for street canyon if street concentrations you want to estimate So, various
parameters are there like roof level wind, how much velocity is there then direct plume and then
leeward side or windward side concentrations or their physical features, then recirculating air
background pollution all these diffusion and turbulence and dispersion they are mathematically

represented by some equations in these models.
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Assumptions & Limitations of the OSPM Model

Assumptions

* The wind direction at the street level is assumed to be mirror reflected with respect to
the roof level wind. =

*  The traffic emissions are assumed to be uniformly distributed across the canyon.

Limitations

* Unable to model the intermittent fluctuations of wind flow
and is therefore not recommended for calculating
concentrations on timescales shorter than one hour.

* The cooling of the exhaust plume after emission, is not
considered by the model and can have a significant effect on
results.

Source: (N.S. Holmes and L. Morawska, 2006)

And the assumptions and limitations of this OSPM maodel is basically like the wind direction this
is the assumption a street level is assumed to be mirror reflected with the respect of the roof level
wind. So, the way this wind is moving from this direction to this. So, this is taken in this at the

ground level also and traffic emissions are assumed to be uniformly distributed across the canyon.

So, maybe somewhere it may be more traffic other it is not so, it will be thin, but for simplistic
assumptions, uniform distribution of traffic is there limitations are there for example, this model
is not fit for like intermittent fluctuations, because it has some course assumptions of the wind

flow.

So, it will assume that this wind is flowing at certain speed for a particular time period. So, those
kinds of limitations are there plus cooling of the exhaust in a plume after emissions is not
considered by this model it is assumed that the same temperature will be there during this this
dispersion. So, those kinds of limitations are there which may give those estimated values a little

bit uncertainty or maybe their means it is not it may not be very near to the actual value.
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OSPM Model Structure
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Meteorologigat Data Street Geometries (Ba( g:om:n
Vehicles Street oncentrations,
nformation Constants

v Vv
v Vv

OPERATIONAL STREET POLLUTION MODEL (OSPM)

Source: (Uznir Ujang, 2013)

Then OSPM model structure can be seen here traffic data it needs metrological data as other
models also need street geometry is important aspect for this because you are applying for a straight
canyon then background concentration is also needed, then you can use this model and calculate
the concentrations.
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T
Components RosgDabase | BingDahse
* Street width
* Street length * Heght
Model

Source: (G. Wang et. al, 2008)

And these are the components basically like building data you should know how much height multi
story buildings are there or single story buildings are there what is the height metrological

parameters these are common like wind velocity, wind direction temperature all those road



database like a street width and straight length vehicle types vehicle speed traffic volume all those
values are needed for this OSPM model, then we will know the pollutant concentration on defined
receptor if you want to know that some shopkeepers are there. So, how much concentration will
be there they will be exposed to. So, accordingly you can calculate.
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Graz Lagrangian (GRAL) Model, Austria

* Developed by the Institute for Internal Combustion
Engines and Thermodynamics, Graz, Austria.

* Acoupled Eulerian-Lagrangian model, designed to
model the dispersion of inert compounds within the
homogeneous wind fields.

*The model can calculate concentrations from 10 min up
to 1 h for line and point sources in flat and complex
Terrains.

Source: (N.S. Holmes and L. Morawska, 2006)

I
Assumptions and Limitations of GRAL Model

Assumptions

¢ The model assumes a constant plume rise in the vicinity of the tunnel portal as a
function of the temperature difference between the ambient air and the tunnel flow.

Limitations

+ The model cannot take into account any chemical formation
of particles (e.g. ammonium nitrates, ammonium sulphates).

* The dispersion times under 300 s is not recommended for use
in GRAL due to validity of turbulent parametrisations

Source: (N.S. Holmes and L. Morawska, 2006)

Then this is another technique is there this Graz Lagrangian model in Austria it was developed
basically. So, this has certain strengths like from 10 minutes to 1 hour for line and point source in
flattened complex terrain. So, it has kind of very finer resolution which Lagrangian model can be
used for.



Assumptions are there like constant plume rise in vicinity of the tunnel portals and temperature
differences between ambient air internal flow energy function those kinds of exemptions are there
limitations may be like it cannot take into account chemical formation of particles like ammonium
nitrate, ammonium sulphate et cetera. So, those are the limitations otherwise, like under 300 meter,
it is not recommended for use for validity of turbulent parameter. It does not consider those kinds

of limitations. Every model has certain limitations as you know.
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Example of Meteorological inputs to GRAL Model

e
Meteorological input Source Domain
Wind speed 89ms Type Point (fixed) Domain size 3520 x 2716 m
Wind direction,/”219° Number of 500 per second  Gridcell size  4xdm
simulation (horizontal)
particles e
Ambient 100965 Pa Emission 2700 Vertical layers 50

pressure duration

Temperature at 2856 K (12.4°C) Emissionrate 2 Height of first ~ 3m
2m layer

Stability dass D (neutral) Test pollutant  SF. Grid cell vertical 1.05
(P-G) stretching factor

Source: (Anton Petrov and Emilia Georgieva, 2019)

These are the input parameters of the metrological nature. So, this is same as other models like
wind speed, wind direction, temperature et cetera. But like grid size domain size these should be

defined properly.
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CALPUFF Model, USEPA

+  California Puff Model (CALPUFF) is developed by the
United States Environment Protection Agency (USEPA).

*  Amulti-layer non-steady state puff dispersion model
designed to model the dispersion of gases and particles.

-

+ Able to model four different source types such as point,
line, volume and area using an integrated puff formulation
incorporating the effects of plume rise, partial
penetration, buoyant and momentum plume rise, stack
effects and building effects.

Source: (N.S. Holmes and L. Morawska, 2006)

Then there is one CALPUFF model developed by it states the environmental protection agency.
So, it has multi-layer non-steady state puff model dispersion model puff dispersion earlier models
were plume dispersion model this is the puff model so, this is a different kind of model basically
it can be used for dispersion of gases and particles and it can model different source types like

point source, line source, volume source all those kinds other plume models also are used.
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Limitations of the CALPUFF Model

* CALPUFF is not recommended for use in estimating the
impact of NOx and SO, on secondary PM formation less
than 10km from the source.

* Model does not include any modelling of the particle
dynamics.

* Provides hourly calculations of gas and particle
concentrations from multiple emission sources in terms of
particle mass but does not examine particle number
concentration or size distribution.

Source: (N.S. Holmes and L. Morawska, 2006)

Then this is not recommended means certain limitations are there, this is not recommended for use

in estimating the impact of NOx and SO2 on secondary particulate matter formation because it



does not consider that kind of chemistry in the air and less than 10 kilometre. So, maybe it can be
used for other scale but for that it may not give good results. So, that is the limitation also it does

not include modelling of the particle dynamics.

So, those are the related issues and it also provides like hourly calculations of gas and particles
concentrations for multiple emission sources in terms of particle mass but does not examine
particle number concentration because this when we talk about this much milligram per cubic
meter, so, that is mass concentration of the particles, but if we talk about number how many 1000°’s

or 1000000 numbers are there then different kinds of concentration value occurs.

So, maybe if fine particles are there, their mass concentration very low, maybe they are, but their
number may be very large. So, the number also plays a role because, now new science is coming
where the number and the size and shape of the particles also play a role in impacting our system.

So, but this is the limitation it does not give the number related concentration.

(Refer Slide Time: 41:56)
I @4 0
AERMOD Model, USEPA

+ AERMOD, developed by the United States Environment Protection Agency (USEPA) is a near
field steady state Gaussian plume model.

* ltis based on boundary layer turbulence structure and scaling concepts.
———i s

+ Can predict surface and elevated source concentrations in both simple and complex terrains.

Assumption
+ Forthe purpose of calculating 1-hour average concentrations,

the plume is assumed to travel in a straight line without
significant changes in stability as the plume travels from the

source to a receptor.

Source: (N.S. Holmes and L. Morawska, 2006)

Then one more versatile model is AERMOD mod model which is developed by USEPA and it can

be based on boundary layer turbulence structure and some scaling concepts of different nature it
can predict surface and elevated source concentration like surface ground level concentrations X

Y Z related concentration both for simple and complex terrain.

So, that means, it is a really versatile model then purpose of calculating is one our average

concentration and it can also go for a straight line significant changes when instability is there for



plume travels from source to receptor. So, these are the assumptions which are part of part and

parcel of this model.
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e
Flowchart of the AERMOD Model

Gedlogical | Meteorlogcal
munr{wl M‘ | Data ' { Data
| ‘
Geographical | ABRMAP
pm:asv/ |
Meteorclogical MMIF
processing
i B
Post |
Source: (Aminul Hageet. al, processing ot
2019)

Flowchart if you see same it is like data input geographical metrological dispersion all those things

are there but only differs in nature of there is scaling.
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Strengths and Limitations of AERMOD Model

Strengths

+ Ingeneral, Gaussian models are limited to treatment of flows over a simple terrain
however, AERMOD incorporates a simple method to approximate flows over complex

terrains.

Limitations
¢ The model assumption can likely be invalid at distances on the
order of tens of kilometres downwind, changes in stability, wind

direction and wind speed. SEee
+ AERMOD shall not be used for modelling at receptors beyond
50 kilometres. ———

* Inappropriate for some near-field modelling, in cases where the
wind field is very complex due to terrain or a nearby shoreline.

Source: (N.S. Holmes and L. Morawska, 2006)

Strength are there because it also uses Gaussian method dispersion model and limited to treat the
flows over the simple terrain. But this these Gaussian models have limited the kind of thing, but

this model basically incorporates simple method to approximate flows over the complex terrain.



So, that kind of strength is there in comparison to Gaussian related models. So, a little bit better
equations are used in this, but there are certain limitations in this model also because it can be

invalid at distances on the order of 10’s of kilometres downwind.

It changes in the stability wind direction and wind speed so only less than 10 kilometre it can give
better results it is not used for receptors beyond 50 kilometres. So, again 10 to 15 maybe some
calculations maybe there it is very good up to 10 kilometre then 10 to 50 also some calculations

can be there, but beyond 50 kilometres it should not be used.

So, maybe for big cities it may be difficult for modelling in appropriate for some near field
modelling. So, where wind field is very complex due to terrain or some shoreline something like
that. So, it may not be so good in that sense. So, some every model has as | said some limitations.
So, these kinds of limitations are there for this AIRMOD model.
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ARIA Local Model, France

* ARIA Local is a Computational Fluid Dynamics (CFD) model.
as o D

* Can be used to calculate real time dispersion of gases and
particles from buses and trains within urban environments.

*  Pollution sources include point, line, area and volume
releases with the emission generated either as a
continuous or voluminous release.

* The model allows the adjustment of fluid properties of the
gases to allow for either buoyant or dense gases.

Source: (N.S. Holmes and L. Morawska, 2006)

Another model is this ARIA local model France which is developed by technique of computer
computational fluid dynamics. So, this is CFD model. So, this has its own strengths basically,
which it can allow like buoyant and dense gases, dense cases, like in Bhopal gas tragedy that gas
was like denser than the air. So, it was hugging the ground when it was dispersing, but it has this
model can be used for general bioenergy like those gases which are lighter which goes up and
disperses and heavier than air gases can also be modelled by this model. So, this is one very

important aspect of this model.
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Key advantages of the ARIA Local Model

* The model is able to calculate the
effects of vehicle induced turbulence
by adjustment of the model
parameters.

¢ The Chemical transformations can
also be modelled using a post-
processing module.

Source: (N.S. Holmes and L. Morawska, 2006)

Then certain advantages are also there like it can calculate effects of vehicle induced turbulence
adjustment to the model parameters can do and then chemical transformations can be modelled
using some post processing modules. So, not only inert but for these chemistry module is also there

part of this model.
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Inputs to the ARIA Local Model

Spatial inputs: Areas from 100 m to 5 km apart, including if
fiecessary a detailed description of the obstacles on a 3D mesh, as
well as the topography. —

—_—
+ Meteorological mputs\/

+ Emissions inputs: Detailed description of emissions (flow, velocity,
turbulence, composition) at each node of a 3D mesh.

+ Other optional inputs: Possible use of EMITRA for calculating car
traffic emissions and ATRCOD for source term evaluation in the
case of accidental releases.

Source: (https://www.environmental-expert.com/software/aria-lacal-computational-fluid-dynamics-software-227054)

Then input parameters it is almost same for others like as spatial inputs only skills differ like 100
meter to 5 kilometre apart it can include necessary descriptions and 3D mesh it can be taken care

of topography metrological inputs wind related temperature related emission input which you



know flow velocity etc., and other optional input depending upon what purpose you are using this

model.
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Atmospheric Dispersion Modeling System-Urban
(ADMS-Urban), U.K.

) ] ADMS-Urban is one of the
*  ADMS-Urban was developed by the Cambridge ; ‘
various models developed by

Environmental Research Consultants (CERC), U.K. CERC, UK.
Some other models includes

ADMSS5, ADMS-Screen, ADMS

* ltis an advanced integrated street-canyon model
Roads, ADMS-Airport, etc.

which can predict point, line, area and volume
sources.

* (Can calculate flow and dispersion of pollutants
over complex terrains.

Framework of the ADMS-Urban Model

d,ﬂa

" meteorological | [ high )
e 1 ADMS-Urban “mﬂ.ﬁﬂen

pollution
" emissions / activity data L'

maps

* met. pre-pi

. i annualaverages,
* regional model link exceedences, percentiles |

i) k[
flows) |

+ chemist T
A comparison with
+ deposition monitoringdata
+ street canyons comparison with air
|« buildings quality standards

2025,

"’1 future predictions | ey

time-varying |
emission profiles | [\
——]

/ "1 traffic management \

\

D & N
Source: (CERC, hni ||www Cerc Co. uk|envlmnmen(a-sohware|ADMS~Ulban~model html]

Atmospheric dispersion modelling urban this is ADMS-Urban, ADMS modelling technique, this

atmospheric dispersive modelling of UK is of different nature we will see in the table, but this
urban related this module is versatile. So, that is why we are discussing it here. Otherwise, there is
related to roads also or other sources also but this includes everything like these kind of networking

of the roads. So, all these input parameters may be there and it can give grid related all the road



network emissions, if available, then concentration it can give these kind of charts you can have

and dispersion modelling efforts can be there.
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Application of the ADMS-Urban Model

Assessment of modelled air quality against air quality standards and
[imit values including those from WHO, EU, UK, USA and China.
Developing and testing policy and action plans for air quality
improvements such as Clean Air Zones, Low Emission Zones or low
traffic neighbourhoods.

Investigation of air quality management options for a wide range of
source types includingtransport sources.

Source apportionmentand source footprint studies.

L
Air pollufion exposure stadies and health impact assessments of
proposed developments.

*  Provision of detailed street-level air quality forecasts.

Source: (CERC, http://www.cerc.co.uk ff Urb: del.html)

Applications can be it can be used for air quality internet comparison and then developing more
testing certain policies what will be the impact which all models are used for source apportionment

and source footprint studies. So, it is a very versatile model you can say.
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Features of other ADMS Models: Mgdeling options
‘}}SE B

=a) 2|
ADMS S ds' por
Modelling options.

Buidings effects

Comglex terrain and variable
surface roughness effects

Coastline effects

Marine boundary layer module
Advanced street canyon module
Dispersion from tunnels

Urban canopy flow module

Wind turbines effects on dispersion
O, chemistry

Amine chemistry

Dry & wet deposition

Radioactive decay & Gamma dose

Shortterm releases
Source: (CERC, Short-term fuctuatons in
http://www.cerc.co.uk/e  concentration
nvironmental-

odours
sofware/ADMSUrban- e cmsad watici
model.html) phmes

Couples with regional models®




Features of other ADMS Models: Output options
AS Aﬂﬂmn Abﬂgudi ADH@W

Output options.

Multiple pollutants

Regular & variable Cartesian grid
Regular & varlable polar grid
Specified output points

Road & Uine-oriented grids

Point, Area & Volume-oriented /

Qrids . ' - Source: (CERC,
http://www.cerc.co.uk/environm
ental-software/ADMS-Urban
Percentiles / / v v v model.html)

Comprehensive output file

Exceedences of air quality
standards

Averaging times

Rolling averages & maximum daily
In-built Alr Quality Standards
Flow field from FLOWSTAR

Flow field from wind turbines

Flow field from urban canopy

And the features of ADMS model as | said, it is like for screen roads and here are four different
modules are there but this urban this ADMS urban has all kinds of modules in built in this and that
can be used. So, these are the metrics which give us different parameters and values which are

used for calculation purpose.
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A
Conclusions

+ There are several models developed to estimate and
model dispersion of pollutant concentrations from
point, line, area and volume sources.

* The line source models are used for simulating
concentrations of transport emissions, based on inputs
from meteorological data, topographical and climatic
data and emission inventory data.

* Models vary in their complexity, application of use in
simple or complex terrains or range of estimation from
the sources.

So, in conclusion, we can see that when we talk about emission models, the output of the emission
models is the input of dispersion models and depending upon the situation, depending upon the
scale whether street canyon or the regional scale kind of modelling effort you want to make. So,
accordingly the technique of the model you need to choose and that can be like I have described



different kinds of models, very basic things | have given, otherwise every model has a lot of things
into it. So, you can go through in detail for learning about those models and these are the dispersion

models which are used for concentration calculations based on emission modelling output.

(Refer Slide Time: 48:07)

|
References

* Aminul Hag, Qaisar Nadeem, Amjad Farooq, Naseem Irfan, Masroor Ahmad and Muhammad Rizwan Ali, (2019). “Assessment of
AERMOD modeling system for application in complex terrain in Pakistan”, Atmospheric Pollution Research, Vol. 10, pp. 1492-1497, DOI
10.1016/).apr.2019.04.006,

+ BholaR. Gurjar, Luisa T. Molina, Chandra S.P.Qjha, {2010). "Air Pollution: Health and Environmental Impacts”, CRC Press, Taylor & Francis
Group,

¢ C.Mensink, K. De Ridder, N. Lewyckyj, L. Delobbe, L. Janssen, and Ph. Van Haver, (2001). “Computational Aspects of Air Quality
Modelling in Urban Regions Using an Optimal Resolution Approach fAURORA)", ICLSSC 2001, LNCS 2179, pp. 299-308, DOI. 10.1007/3-
540-45346-6_31

¢ G.Wang, F.H. M. van den Bosch and M. Kuffer, (2008). “Modelling urban troffic air pollution dispersion”, The International Archives of
the Photogrammetry, Remote Sensing and Spatial Information Sciences. Vol. XXXVIL. Part BS. Beijing 2008

¢ N.S.Holmes and L. Morawska, (2006). “A review of dispersion modelling and its application to the dispersion of particles: An overview of
different dispersion models available”, Atmospheric Environment, Vol. 40 pp. 5902-5928, DOI. 10.1016/].atmosenv.2006.06.003,

+ Rajni Dhyani and Niraj Sharma, (2017). “Sensitivity Analysis of CAUNEA Model under Mix Traffic Conditions”, Aerosol and Air Quality
Research, Vol 17, pp. 314-329, DOI. 10.4209/aaqr. 2016.01.0012,

+ R Bhattacharya, “Atmospheric Dispersion”, Atomic Energy Regulatory Board (AERB), Government of India,
https:/fansn iaea.org/Common/Topics/OpenTopic.aspx?ID=13012

+ United States Environment Protection Agency (USEPA), (1980). “User Guide for HIWAY-2: A Highway Air Pollution Model", EPA-600/8-80-
018, https://nepis.epa.gov/Exe/ZyPOF.cgl/9101HIVT.PDF?Dockey=9101HIV7 PDF

These are the references for additional information. Thank you for your kind attention. See you
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