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Air Pollution Modeling

e Why Air Pollution Modeling?
m Scale of Modeling
e Air Quality Forecasting Techniques

e Grid-based Eulerian Air Pollution Modeling

___12/1/20162006/
Nno



. @ V[Zy/ &mch_lamtuzc Z’Vehicle, Fuel and Environment Research Institute
Why Air Pollution Modeling?

Increasing awareness of the health aspects of air pollution exposure, especially by

subpopulations most sensitive such as children and the elderly

Models provide a cause-effect link between emissions into the air and the resulting
ambient concentrations.

models can be used to predict the future concentration of a particular pollutant after the
implementation of a new pollution control program.

The results of the modeling are then used to estimate the effectiveness of the control
program

In some countries the air quality forecasts have been routinely featured on television as
well as weather forecasts

Investigation of the effect of different condition (land-use, topography and ... ) on air

pollution using a model

___12/1/20162006/
Nno




N

;%&MW Z.Vehicle, Fuel and Environment Research Institute

Scale of Modeling

Type of Problem Horizontal Scale Vertical Scale Temporal Scale Type of Organization
Indoor 1072-10"" km Up to 10~ km 107110 hr Family/business

I Y Local 107'-10 km Up to 3 km 107'-10 hr Municipality/county
Urban 10-10° km Up to 3 km 10°-102 hr Municipality/county

{ Regional 10%-10° km Up to 15 km 10-103 hr State/country

Continental 10°-10* km Up to 30 km 10%-10% hr Country/world

m{ Hemispheric 10-2 X 10* km Up to 50 km 103105 hr World
Global 4 X 10* km Up to 50 km 103-10° hr World

12/1/20162006/

No



Scale of Modelin

DVehicle, Fuel and Environment Research Institute

i I
! \¥
Y
[t
~q =ui
) {
A 4 oI = N
N - \ L0 d
Tnh W & —
2 r e RS am
SIS AIEI18) T
fHE I =N
SE 1
Vi Y I - =
E 7
i
i MAITTS am
[
=
-
F 4 »l’
1 P
5 N u
e
Y
ra| 3 4
Ot s
o
AT ™ s 3
[ A lal” L] =
IS
ﬂl 2l
‘\ il S
! v
N Al
i (|

= = =R I PRI s AT 7, Y i G Y 5
g > 1 1 L — .
=
v -/ IS
{ 4 L
i V
oY i W
L red { 2% o
h Y ] N )3
] P ( / FSE thak ~
oy
H B h
J 1 )'
[ J 1 S
N { Hesar/”
] B =
N — | il
N 7/
~ T i
S { ¥ {
f ] i ~
— L i ¥
1 I
—
LY
LY
\ \’ \
/
\ Bahi ]
(e Toda-WAY —
¥ "
=
1 .
LY \
LY

Bedrooms
poar ventilation, dust
ond dust mites, bocterio

(Bathrooms ond vinuses, pet dander,

showers, plumbing drycleaning (e

leoks, household . )
cleoners, wosteboskets, ! old clothing and hedding,

drinking cups, domp \ ol asbetos insulotion, dust

copeting ond flooring,

| bucterin and viruses

Living Areas

tobacco smoke, furniture and

toipeting, pefs, wood stoves

and fireplocas, habby supplies
(such os varnishes and glues)

2

Garage

points ond sahvents,

outa exhoust, pesficides

Kitchen ond harbicidas, gasoline
fumes, old newspapers

cooking smoke, gas
applionces, household
cleaning ngents,
qurboge poils,

Jumbing leok
| herbicides pumingfeds )



. @ Vﬂﬁ&m&l&sﬂmﬂ Z’Vehicle, Fuel and Environment Research Institute
Air Quality Forecasting Techniques

e Criteria schemes

e Parametric Methods
+ Statistical
+ Neural Networks
+ Fuzzy logic
B Deterministic Methods
+ Gaussian method
+ Lagrangian method
+ Eulerian method (Our goal)
+ Hybrid Eulerian-Lagrangian method
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Development of a Grid-based Eulerian Air
Pollution Modeling
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Numerical Weather Prediction (NWP)

B Observing the atmosphere

B Running numerical models on powerful computers Ve butit
will soon
ear up!

Oh, it’s
raining! %})
0 0 0

Initialization

Verification

Observations Simulations

B We solve a set of nonlinear equations which describe the motion of the
atmospheric fluid as well as process such as precipitation

B The nonlinearity requires a numerical treatment on “big” computers
B Observations are needed to initialize and verify the model forecast
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Nested Grids in NWP
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Numerical Weather Prediction (cont.)
e Vertical descretization

et o =(p-p)/(pg-p)
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Numerical Weather Prediction

e Three equations of motion
®  One thermodynamic

Equations of motion;:

u du  du du _dn’ c?( 32.:) 3[ i c?u) 8( c?sr]
=—u———v——w—0——+f+—| K, |+ | K, |+ | K, 0

equation o oo o U)o\t
equations for water R N ™ S T R e e L
species - -
B One mass continuit L i{K ﬂ%i K +£{K ﬂ)
¢ Yy 7 e T T T\ ) e T
equation - S
[ Local tendenC|eS are Thermodyvnamic equation:
derived base on W 20y 06 Q(K @) iKﬁ Q[K ﬁ] [aan
. ot ok o T ) F\T o * )
¢ P ressure g rad I ent Water species mixing ratio continuitv equation:
¢ Coriolis force o __ o _1,9"n+£[3{ ‘9’")+i[x 6’!;1]+i[K 8:-”]
+ Gravit. acceleration i_ R R A Y AT T A G
+ Turbulent diffusion - |
'. Rad | at| O n I'::ass ('ontmulh(e;uatlou: a 8
. i’ Rm, | dpbu  dpByy  dpfyw
¢ Divergence F e\ x| ]
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Air Quality Modeling

oc,
Ot

+V-(U ¢,)=Vp Dl.V[i] + R (¢,,¢,,...,c. . T, 1)+ S,(x,1)
P i=1,23,...,n

C; : concentration of species I.

[J : wind velocity vector

D; : molecular diffusivity of species i

R, : rate of concentration change of species I by chemical reaction
S; : source/sink of

p . air density
n . number of predicted species
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Computer System for Model Running

» SUperEommputer

e Parallel Processing System
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Boundary Conditions

B Physical parameterization of boundary layer
+ Surface roughness and heat flux
+ Mixing height depth
¢ Mean wind profile
+ Stability
+ Turbulence

B Land use
¢ Urban
+ Industry
+ Forestry

¢ Agriculture

B Boundary condition from numerical weather prediction
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Sources and Sinks

® Mobile Sources
+ Road Traffic;
+ Rail Traffic;
+ River Traffic;
+ Aircraft.

m Stationary Sources
¢ Large Industrial Processes;
Small Industrial Processes;
Large Boiler Plant.
Gas Combustion (domestic and commercial);
Oil Fuel Combustion (domestic and commercial);
Coal Combustion (domestic and commercial);
Agriculture and Nature;

+ Other.
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Mobile Sources

Traffic Volume
+ Function of time (day time and days of week)
+ Function of space

Fleet Composition
¢ Light duty vehicles
+ Heavy duty vehicles

Average Vehicle Speed
+ Function of time
+ Function of space

Vehicles Emission Factor
¢ Types of cars
+ Driving Cycles
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Stationary Sources

B Stake Parameters (height, diameter, flue gas velocity, temperature)

E  Air Pollution Factors for Domestic and Commercial Areas

¢ Energy consumption

¢ Fuel types

B Air Pollution Factors for Agriculture and Nature Sources
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L)

to Grids

Interpolation
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Project Managment
ID WBS |[Task Name Duration | Year 1 | Year 2 | Year 3 | Year
Qtr4 |Qtr1/Qtr2|Qtr3|Qtr4 |Qtr1|/Qtr2  Qtr3 |Qtr4 |Qtr1 /Qtr2 | Qtr3 |Qtr4 | Qtr 1
1 1 AIR QUALITY MODELLING 36 mons %
2 |14 Phase 00: 3 mons TG ! f ! ‘
3 114 Preliminary Studies 3 mons : t :
4 1.2 Phase 01: 12 mons ! !
5 1.21 Selection of a Mesoscale Weather Model 3 mons :
6 1:2.2 Governing Equation 6 mons TITITIains :
7 123 Selection of Proper Method of Discretization 6 mons :
8 1.3 Phase 02: 24 mons
9 1.31 Running The Weather Prediction Model 3 mons
10 1.3.2 Parallel Running 3 mons
1" 133 Weather Prediction Model Verification 3 mons
12 1.34 Providing Needed Data for Air Quality Model 3 mons
13 1.3.5 Linkage Between Weather Prediction Model and Air Quality Model 3 mons
14 1.4 Phase 03: 27 mons
15 1.41 Studies for Air Pollution Sources in Tehran 3 mons
16 14.2 Model Development for Stationary Sources 12 mons
17 143 Model Development for Mobile Sources 12 mons
18 144 Linkage Between Air Pollution Sources Model and Air Quality Model 3 mons
19 1.5 Phase 04: 21 mons
20 151 Air Quality Model Development 9 mons
21 1.5.2 Model Verification 3 mons
22 153 Post Processing 3 mons
23 154 Report Preparation 3 mons
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Thank you
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