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-General Introduction
- Statistical Models,
- Deterministic Models

-Chemistry Transport Models
- Theoretical aspects
- Input data
- Validation
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-Application of Chemistry Transport
Models

- Emission Scenarios,
- Source Apportionment
- Process Analysis
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General Aspects =i

-Statistical approach

- Receptor Models
- Based on measured pollutant concentrations
-Valid for non-reactive (or slowly reactive)

species

- Chemical Mass Balance (CMB)
- for source apportionments

- Principal Component Analysis (PCA)
- for source identification

- Empirical Orthogonal Functions (EOF)
- for location and strength of emittors.

1 TrUmF A. Kerschbaumer, 31.01.2008 Source Dispersion Modelling
i



General Aspects =i

-Statistical approach
- Receptor Models
- Based on measured pollutant concentrations

-Valid for non-reactive (or slowly reactive)
species

- Air parcel trajectory analysis
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Statistical approach====

-CMB

m

G=2

a;S; 1=1..,n

a; source emission signature (composition)
S; source contribution
m = number of sources

- Constant source emission composition

- Non-reactive species

- Sources contribute to concentration
-Uncertainties are un-related

-Number of sources < number of species
-Measurement errors random
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-PCA
(1 .. ) _ _
A= | r :sz:(cli Cl)(CU_CJ)
J k—1|:1 Gi GJ
i 1)
AX = AX
(A-Al)x=0

A = correlation matrix between species ¢; and c; (over range k)
X = Eigenvectors
A = Eigenvalues

I = unity
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(A map for time tl)
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| form the covariance matriz
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( A time series for location J‘D

Figure 1.1: The matrix F'. Each row is one map, and each column is a time series of observations for a given
location..
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Statistical approach= ==&

- Air Parcel Trajectories
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-Probability Distribution
- Based on measured pollutant concentrations
- Log-Normal Distribution

- for source apportionments
- Weibull Distribution

-Quantiles, Moments
-Extreme values
-Exceedances of critical levels
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Deterministic Models ==

Box model

vertical advective and
turbulent fluxes

*

advective
and
turbulent
fluxes

Papv+P1RrE

-

in out
chemical chemical
production transformation
Pcn Lcw

temporal Mass-change
dM

dt

emissions deposition

Pg Ly

*

advective
and
turbulent
fluxes

Lapv+L1RE

-
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Deterministic Modelg ==&

Lagrange model

Start of stevwloddor: 9947025 1800003  dedweol fivee: + 80 R

|
Sa00 12080 20620 ZB930 R 45800
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Deterministic Modelg===&

Gaussian models

)
Pallutant
concentration ——
profiles |

H: + fih
Mk = plume rise

Actual stack height

Effective stack height
pollutant release height

Plume
centerline
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Deterministic Modelg= ==}

Gaussian models

O Q Y% _(Z—h)2 _(Z+h)2
(Clxy2.0)= Zﬁao'yffz eXPL 20 ZJ{EXP[ 20,* JJFGXP[ 20;° H

Yy z

where
C(x, y, z) : pollutant concentration at point ( X, y, z );
U: wind speed (in the x "downwind" direction, m/s)

o: standard deviation of the concentration in the x and y direction, i.e., in
the wind direction and cross-wind, in meters;

Q is the emission strength (g/s)
h is the emission release height,
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Deterministic Modelg===(&

CHEMISTRY-TRANSPORT-MODELS

The basis of atmospheric
transport-chemistry modelling

dC, dC, dC, dC, d o
+U—— + Ve + W - (K, —) +
ot X oy o0z JXx oX
d dC, d dC,
— (K — ) + — (K, ) +
dy dy dz oz

chemistry + emissions — dry deposition — wet deposition
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Chem. Transport Medet'®

3-D Grid Modelling

* An observer standing at a
fixed point in space measures
changing concentrations.

Ty Uy cy The observer must account

for the chemical sources and
. sinks as well as for the
motion of the air. This is
called an Eulerian

/,r measurement since itis at a
Wind dirsction p 0 int.

LluC“ ix
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Chem. Transport M&¢et

3-D Grid Modelling

Global scale, continental scale, urban scale.

Model system at TRUMF : REM/CALGRID ( continental)
+ urban version

Model system at TNO . LOTOS ( continental)
and LOTOS —zoom ( urban)

Characteristics of the model —systems:

Horizontal grid resolution 0.25 x 0.5 latlong, with nesting down to about
4 x 4 km?

Vertical layers: 5-10 upto about 3-5 km

Gasphase chemistry (O,) and aerosol physics and chemistry
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~ Chem. Transport Modet®
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Chem. Transport M&¢et

Required input data

« Boundary conditions from observations, or global modelling
(TM-3)

« Anthropogenic and biogenic and natural emissions
« Land use data base

« Diagnostic meteorological fields (by Eberhard Reimer)

« Prognostic meteorological fields:
- DWD-LM
- NWP
— MM5S-reanalysis
- ECMWF-ERA 40
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Tropospheric chemistry®

Policy for tropospheric O,

RH versus NO, abatement,

Non-lineair: NO + O, g NO, + O,
lowering of NO leads to increase in O,

high RH/NO,-ratio: NO_-strategy

low RH/NO,-ratio: RH-strategy

Biogenic RH-emissions
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Emissions
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Emissions

NOX emissions
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Model evaluation:
How reliable present the model the ‘reality’

Aspects:

- Model calculates volume averaged concentrations, observations are at
a specific point

- Observations (might) contain errors, and their spatial representativity is
(often) not well known

= Uncertainty and errors in input data: emissions

- Weak parts of the model as description of vertical exchange processes
and the treatment of clouds

= Chemistry is non-linear: Right for the wrong reasons
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REM _Calgrid: Ozone Validation at rual background station 1997
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Validation |

Example: phenomenology of the PM-pollution around Berlin

1. traffic stations (e.g. Frankfurter Allee)
2. urban background stations
A (Nansenstrasse)

3. Sites at the outskirts of Berlin
4. regional background stations (Hasenholz; Paulinenaue)

60_ 5. Radiotower (324m above ground)
50+ PM [ug/m?]
40 1 Traffic, local sources

L™ | ‘-'J:-"F-" i.al. | - 1.'-'-'-' LL-'..I RBAT IR |
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Validation

Freie Universitat
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RCG: BERLIN-NANSENSTRASSE: PM10 COMPOSITION 2002, ugr/m3
and % of total PM10

E Na+Cl; 0.4; 1.6%
BEC;1.9;7.5%

@D S04, 3.8; 15.0%

ENH4; 1.9; 7.5%

O OM; 6.8; 26.9%

mNO3; 2.4; 9.5%

ORest; 8.1; 32.0%

OOM; 4.0; 15.8%

HOVERT (15.9.2001-15.9.2002): BERLIN-NANSENSTRASSE: PM10
COMPOSITION 2002, ugr/m3, and % of total PM10

E Na+Cl; 0.9; 3.5%
WEC; 2.2;8.7%

O S04, 3.6; 14.3%

ENH4; 1.8; 7.0%

EmNO3; 3.0; 11.6%

ORest; 9.9; 39.0%
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APPLICATIONS
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APPLICATIONS el

REPRESENTATION OF CURRENT STATE

RCG: Percentage of PM10 that is PM2.9 Annual Mean 2000
i o S :

LRYTR -

; . RE LM 3 | =
& | b ] e &0
. 25 I B : ' BO
L L
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O

Grals: COLAAGES 200410181444
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REPRESENTATION OF CURRENT STATE

REH

RCG: % SAER of PMIC (no ss cnmp] 1999, £2000

(KL

HNH—LA-24-1257
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APPLICATIONS

REPRESENTATION OF CURRENT STATE

e temporally continuous
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Emission Scenarios

D2005 — MFR2020 [kt/yr]

SNAP SO2 NOXx NMVOC | PM10O | PM2.5 | NH3

01 Combustion in energy and >
transformation industries 78 135 0] 5 4 O
02 Non-industrial combustion plants 47 28 30 15 14 O:
03 Combustion in manufacturing industry 3 46 -1 1 1 O’
04 Production processes 42 38 V4 11 5 1:
05 Extraction and distribution of fossil fuels 2 0] 13 1 O O:
06 Solvent and other product use 0] 0] 8 0] 0] O:
07 Road transport 0] 544 73 17 18 3:
08 Other mobil sources and machinery 0] 68 25 8 8 O:
09 Waste treatment and disposal 0] 0) 0] 0] @) O:
10 Agriculture 0] 5 5 1 1 67:
11 Other sources and sinks 0) 0) 0] 2 0) O:

Sum 172 864 160 61 51 71’

TrUmF
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Emission Scenarios

Delta NO2 Tr2010 {(neu) — Basis2002 [%]

S1.9M

51K

12
BrADS: COLA/IGES 2004-10-13—14:37
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APPLICATIONS

Emission Scenarios

Delta PM10 Trend2010 — Basis2002 [pg/m?]

275N
217N
2.65M
52.8M
2.55M
52.5M
2.45M
53.4H
2.35M

52.3M

225N

1Z89E 13E 13.1E 13.2E 13.3E 13.4E 13.5E 13.6E 12.7E 13.8E

GrADS: COLA/IGES 2004-11-18-1025
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Emission Scenarios

Delta NO2 Trend2010 - Basis2002 [pg/m?]

2.75H

537

2.65M

518N

2.53N

52.5M

2.45M

53.4H

2.35M

51.3M
2,25H
12.89E 13E 13.1E 12.2E 13.3E 13.4E 13.5E 13.E6E 13.7E 13.8E
[ .
—8.5 -6 —-5.5 -5 —4.5 —4 3.5 -3 —-2.5

GrADS: COLA/IGES 2004-11-18-1I25
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Emission Scenarios

Delta 03 Trend2010 — Basis2002 [ung/m?]

275N

217N

2.65M

52.8M

2.55M

51.5M

2.45M

53.4H

2.35M

52.3M

225N

1Z89E 13E 13.1E 13.2E 13.3E 13.4E 13.5E 13.6E 12.7E 13.8E
. C.5 1 1.9 2 2.5 3
GrADS: COLA/IGES 2004-11-18-1025
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Source Apportionment

SI8 ug,/m3 FPM2 .5
150 04 100 0z
0.3 15
R Al
Tudth 1
0z 0,07
GO G0
15 .05
A | (RN K]
|1|: r.|:
.07 002
a0 0,05 = 0.01
.02 0005
i i
] 30 &0 80 120 ] a0 &b a0 120

Figure 21: Reduction in SIA and PPM2.5 concentrations due to 15% emission reduc-
tion from Germany. Units: pg/m?. Note the difference in scales.

from EMEP
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Source Apportionment

Figure 22: Main contributors to SIA (left) and PPM2.5 (right) concentrations in Ger-
many. Units: (%)

from EMEP
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Source Apportionment

Konzentrationsbeitrage zu den berechneten PM10-
Tagesmittelwerten : Berlin-Silbersteinstr.

ug/m3

OOV OO DX DL OO DDA A
QN VDMV Q'\' Q’lx STV OV Q" N O DN U N VKV QY
I O S S OGO

B Hintergrund+ M Stadt+ M StraRe: 95 Uberschreitungstage
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Source Apportionment

RCG: Relativer Beitrag der Berliner Emissionen zu in Berlin berechneten
Immissionen 2002

NO2 NO2

Mitte MNansenstr. Frohnau Buch Schichauweg
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Berlin

APPLICATIONS =]

Source Apportionment

RCG: Relativer Beitrag der Berliner Emissionen zu in Berlin berechneten PM10-
Jahresmittelwerten 2002
80

FFEM10 PEM10

B PPM10:Primaerkomponenten
B PM10:Total PM10
O SAER:Sekundaer-Aerosole

%

Mitte Nansenstr. Frohnau Buch Schichauweg
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Freie Universitat . )| Berlin

Process Analysis
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APPLICATIONS

Process Analysis

___. Bcoarse mode
____BEfine mode
______________________________ M elemental C
----- B Prim. organic C
------------------------------ W Sulphate

-=-=- [ Nitrate
“““““““““““““““““““ B Ammonium
""" W Sec. organic C

- T -

R T i e
Transport Emission/Deposition Chemistry
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Process Analysis net transport contribution

Rest Rest
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Process Analysis wind direction influence

/\
{5 209 cl: 4}
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Seinfeld and Pandis, Atmospheric Chemistry and Physics, John Wileyd
Sons, 1998

Peter Warneck, Chemistry of the Natural Atmosphere, Academic Press,
Inc., 1988

R. B. Stull, An Introduction to Boundary Layer Meteorology, Springer-
Verlag, 1988

Bruno Sportisse, Air Pollution Modelling and Simulaiton, Springer-Verlag,
2001
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