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Why AQA?

m Pollutants from industrial sources and road traffic, e.g.
Sulphur Dioxide (SO,), Nitrogen Oxides (NO, ),
Carbbon monoxide (CO), Volatile Organic Compounds
(VOC) and Particul ate Matter (PM 10), fall.under.the
control of the EC Integrated Pollution Prevention and
Control (IPCC) Directives, European Union

framework directive onar guality (EC/96/62) and
their daughter directives and national |egislations.

The new European regulatliensi(EC/99/30)also require
prediction of local peak valtesi(veryhngh percentiles) at
specific points (hot spots).
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Purposes of hotspot monitoring

n Compliance.cheeking with limitval ues,

m Survelllance of.levelsito ensure that expesure IS
acceptable;

m Addressing cencemsiby |0ealpopul ationg;

m Checking If unaceeptallie,short=term or
continuous emissiOAS BEEUIN(Eg PeIMt sources)
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CUrkRent practice for menitoring.and limitations

m Active M onitering station at lecal scale (Miraffic and
Industrial stations):\(from AirBase daiehase; 2003)

country: [N |INO | Sreece| Germany | GBH PRI FR T |CZ

Number 13 |5 17 168 52 |21 [233 13
of Stns *) )

% of total | 28 |[26° |57 |34 16 (46 |32° (67 19
Stns

m Most frequently monitored pollutantsiare NO2,PM 10, O3 and
SO2

m PM10 measurements from TEOM and IS converted to gravimetric
equivalent

* No industrial monitoring stations available
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| ocalrair quality statiensiirariicand industrial) that
shibmitted dataiierAlBaseln,.2003
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CUrkent practicefier menitoring air
quality arCenden

Number of Stations

Kerbside Roadside Urban Background Suburban

W 2000 2004 |

Various air quality monitoring stationsin LAON im'year 2000 and 2004

The network has expanded more thanthreefold in the four years and
the share of local scale air quality (kerbside and roadside) is more
than 50%




CUrrent practicesacr essiEurope for
modellingraii=gualiiby,

n Medels;
— Empircal/Semi-empirical modelsi @SCARY
DMRB, CARNPEARIEZNOSPM

— Gauss an'mogdéls: €A R-EMI. , GAMMA; IN®-
Traffic, CAEINEZ, ADM S-Read, DM RBELC.

— Eulerian grid megés MiiviO, AIRQUIS-
EPISODE

— CFD Models: ADREASHE S VADIS, FLUENT




Model Preperties

u| Emprical /Semi-empirical moedel s. deficiencies in
[eselVing, the filne structure I thecencentration
dependence . on Wil direction. BUL Gan Detin for
longer perioed

m CFD medels; extensive computing trme; diifificult
to handle lewwindiconditions, Compl exity of
setting up moedeltnsaUsuallyatoo difficultiene
used in users

No mode! is capable of handling alhdifferent street
configurations and simulate all real-life conditions.
Current trend is to use combinations of various models.




VVADI'S application to.the L isbon case
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CO dispersion simulation for 3 p.m. of 8th July (? -Location of the Prata air
quality station).




| ntegr ated methed

10 1 14 20 Hikometers

Annual (1997) CO concentration (ppm) predictions from (a) unmodified model
assuming uniform surface and (b) modified model'tsing LANDSAT Thematic

Mapper Imagery derived land cover data




Londen NOx and ®©3 —Domain 3
18 FEB 2003

Layer 1 NOx Layer1 O3

e=CCTHM_e2aCONC.e3b e=CCTM _e2aCONC.e3b
0.079 39 0.047 39

—

1 39 1 39

) February 18,2003 0:00:00 February 18,2003 0:00:00
Min=_0.000 at (38,39), Max=_0.073 at (14,26) Min=0.000 at (14,26), Max= 0.053 at (1,10)

H University of
Hertfordshire




_onden PM10
18 Feb 2003

|nnermost Domain Demain 3

Layer 1 PM10 Layer 1 PM10

d=CCTM_e2aCONC.e5h e=CCTM_e2aCONC.e3b
I 45.000 39

34.250

2.000 1
ugfm**3 1 48 1 39

February 18,2003 0:00:00 February 18.2003 0:00:00
Min= 3.453 at(15.4), Max= 188.881 at (30,34) Min= 0.868 at(1,13), Max= 328.346 at (2.37)

H University of
Hertfordshire




Recemmendations(imenitoring)

= The numiers off monitors andithe appropriateness of
thelrlecaiions depends on the eljiective, peliutants and
the complexity, of Stimeundings, €:9. linfan aréaof
heterogeneous emissions,density, mere P, thamO,
monitorSinmight 1eneeded

Concurrent'meastirements=Street (A Q, TWaiiilc; Meb),
Roof top Met,"Synoepiicamet, Uridan BG, regienalfBG

Database of phySical pa@metersiion i ndustrial“seurces,
e.g. stack height, stack diamieter, emiission rates, exit
velocity, exit temperatlre eic

Monitoring strategy to beldesignes,to meet
requirements for AQA modélliing methodol ogies

University of
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Recemmendatiopsiimedelling) (1)

Use models to help formulate monitoring strategy

With regard to regulatory purposes, simple models (eg
empirical relationsnips) are useful for day to day
environmental impact assessment of planning policies.

Models of intermediate complexity offer an efficient option
for air quality management purposes especially for.calculating
long term concentrations.

Proper background concentrations are important - avoid
*double counting’

For flow and dispersion in complex geometrical situations
CFD models is a good alternative as semi-empirical or
Gaussian models may not be able to,s mulatethe conditions.

Model should be able to pravide output,in the form
comparable to EU directives

Improvement of empirical rel ationsbased on observations

Select model that include physicochemrcal processesthat are
most important for the study purpose— based on latest science

University of
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Recemmendations(meaelling) (2)

m [raffic data
- Traffic volume and composition
- Traffic speed, acceleration, deceleration
- Street geometry.

m Meteorological data:
— use observations at a nearby/close site
— Check quality of‘measured data

— Obtain measurement protocols — eg height of
station, instrument, surrounding:».
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Recemmendations(meaelling) (3)

m Emission data:
bottom-up approaches is preferred
Emissions factors for urban/congested conditions

vehicle emissions from road traffic should be calculated based on detailed data
on technology level, driving conditions and supplemented by manual traffic
counting for selected days

Non-exhaust emissions of particulate matter due to tyre wear, brake wear and
road dust suspension should be included,as they contribute significantly to the
PM 10 concentration — no consi stent “approach

Emissions from large point sources should be.included as well"as individual plant
or emission outlets

Trend scenario cal culations should inelude regional/local conditions.

m Model evaluation/uncertainties
— Yearly datasetsif possible
— Use appropriate data from concurrent monitoring'stations
— Quantify uncertainties, limitations, validity conditions
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Recomniendations({{ntegraied method)

m Data assimilation
v"Recommended/suggested methods;
3D-Var, SIR
v Recommended/suggested classes of methods

Var-F, PE
SIR: Sequential Importance Resampling
PF. Particle Filter
Var-F: Variational filter
m Derive empirical relationships from observations

m Coupling with urban scale'models, especially when modelled
location Is affected by complex topography/land cover or
variable background includingLRT — link ages between
scales

m |nverse modelling for estimating em¥ssions

University of
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Conclusions

Toimprove our methodologies/responses to air quality policy

Monitoring

— Effective use of infor mation from existing stations
— Improved strategies for new monitoring networks
— Organised with AQA modelling in mind
Modelling

— Use combination of approaches eg OSCAR System
— Treatment of input.data— met, tr affic, BG

Combined use of monitoring and modelling

— More effective response strategies to meet EUdirective requirements
— Data assimilation

— Useof modelsfor defining monitering strategies

— Empirical relationships

— Source attribution —receptor and dispersiton modelling

University of
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Sumimary of ClliErentpr actice

continued

m | nput Reguir ement:

— Meteorelegicalynputdata : time Seies o]
observatiens(@neye rooilevel) or urban seale

model

— Emission input¥éemissien,models

— Background concentiraiiensiti meseries of rural
observations or urban'sealemosel output

University of
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RPurposesiefl AQA

n Evaltaiemethedsifor assessinglair gualityiat the local
and netspoelscales

= Recommend technigues that maximize synergy.
betweenimoeniterng andimodelling

— Development ef eriteria for optimised siting of
monitoring Stations; (representetive)

— How traffic andiindustial,sourees/emissions are
Incorporated into'a rangerefynodels (use of emission
data)

— how to optimize the representation of Subscale fluxes
at the local and hotspot sealesfan@yhow to best
prescribe boundary conditions fif@m urban/regional
scale model results (scale intéraction)




=l st" Recommendations

m Vienitering:

— Besiavailall e/stiitall e technique= dependsion
pollttants(eg CO, NO©2, PM|, VOECs, ©8)

— Where te)sal Uup; Stiati onsi(fiepresentati Ve);
Station typesiand dirati onteimonitoring(lvased
ON PuUrpose)

— Statement of typical\ttneertal ntiesiand QA/QC
of data




Pessible recommendations
(continuead)

n Modéelimng:

— Diiferent model ssaeuld be used Ter difiierent'siaaes of
assessiment amnd purpeses (screen stage: sinple models,
e.qg. CARII eiec; comparne with directives; advanced
models;eg. ADMS, AIRQUIS, CAR-FMI éic.;
complex Hew: eg CED nearbuildings,; longer term
averages. s mplefmodels; highjfiemporal resol ution:
advanced modéls)

— Model evaluation'meees: instead Gif cemparing one
hourly value, it is moremeaningfiul to cempare longer
periods of data (to revedieveraiftends)

— Statement on uncertainties(expriessedas statistical
parameters for different pollutanis;location and
purposes)




Possible recommendations
(continuea)

m [reatment eiiinput data

— Meteoreleaicaldata: relyzen individual mMoedels;
surroundiagsieii Intesestedleeation and purpeses;

— Emissions; Useiie availiabl e datalkase as much'asjpessible
(inventory, trafiieeharactes stics)iwith modificatienstor
local conditions, e.g. temperel, profilés emission factors etc.

— Backaground field: fromjehsaivations orfuran scale model
output (it Isimportant to'Use datertiat is representative of
the *background’ being transperiediinte,the local region)

— Boundary conditions. should refleeithe influence of larger
scale contributions (allow scale interactions)




Possible recommendations
(continuea)

m | ntegraied method (monitoring andymedel ling)
— [nversemedelling foréemission
— derive empiliicalriélati onsqips (poll utants) frem

observations

— Adjust model parameteiisati ons{Ehemical,
dispersion)

— Data assimilation technigues




M onitoring Quality objectivesestablished by
European Directives

Quality
Pollutant
Indicator

Quality

Objective

Directive

Hourly mean
Daily mean
Annual mean

PM,Pb Annual mean

50-60%

50%

30%

50%

1999/30/EC

coO 8-hour mean

Benzene Annual mean

50%

50%

2000/69/EC

8-hour daily
maximum

1-hour average

50%

50%

2002/3/EC

QA/QC programmes only exist in af@nw menitoring networks in
the EU Member States and with varying'degrees of efficiency.




M odelling Quality objectives established by
European Directives

Pallutant Quiality Indicator Qufa“t}_/ Directive
Objective
Hourly mean 50-60%
Dally mean 0%
Annud mean 30%
PM, Pb Annud mean 50%
CO 8-hour mean 50%
Annud mean 50%
8-hour daly
maximum
1-hour average 50%

%1 N021
NGO,

0%

One objective is set for all scales offmodels restricting the uncertainty
estimation process to models with vartadle temporal applications of
severa days, such as CFD models.




