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THE PERFORMANCE OF DISPERSION MODELLING FOR THE PREDICTION OF N ITROGEN DIOXIDE IN
THE UK REVIEW AND ASSESSMENT PROCESS
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Abstract: This paper investigates the performance of digpennodelling for nitrogen oxides in the UK reviemd assessment process.
Most detailed assessment reports prepared forpilnigose include a model verification exercise thanpares the predicted and the
modelled pollutant concentrations. These verifaratiesults have been used to compile nearly 500 plzints that allow an analysis of the
performance of dispersion modelling. The resultmalestrate that the underlying performance of thedefimg used in review and
assessment shows a general under prediction ofjeitrdioxide concentrations but also that theeedsnsiderable degree of uncertainty in
the final modelling result. The results have baather analysed to demonstrate a risk based imeion of the modelling results that can
be used to assess the probability of an exceedsribe annual mean nitrogen dioxide objective amtt ivalue. This approach takes into
account the inevitable uncertainty in dispersiordeiiing and allows policy makers to choose whatlef risk would be appropriate for
individual situations.
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INTRODUCTION

Dispersion modelling is known to contain inherentertainties and hence where it is used to asseapliance with air
quality standards and/or objectives these shoulgckeowledged. The potential uncertainties botthéinput data used and
the model itself were considered in a detailedys(INRPB, 1986). This report demonstrated that thatlipted could be in
error by +100% as a result of model input error (fistance the wind speed) and summarising othmorted validation
results noted that predicted annual average comatimts could be £100% of the observed values hatithe predicted short
term concentrations could be up to 10 times highretower than those observed. Where modelling isduto assess
compliance with regulatory standards appropriatarigues must be applied to take into accountihisrent uncertainty.

There are several previous studies that have exahilre performance of dispersion models althoughraéof these have
examined the performance of models for point sausceh as ADMS and AERMOD (USEPA, 2003, CERC 2007 }laeck
are fewer studies examining model performance witieg@redominant emission sources are motor vehaltbough this is
reported by model developers (CERC, 2003). Howewethé UK, a formal process of air quality revieveessment has
operated for several years that now allows a @etadlssessment of model performance to be carried/vere the major
emission sources are road sources.

In the UK, Part IV of the Environment Act 1995 imtiuced the process of Review and Assessment giiality into the UK.
This is part of the overall approach to improveiality and to meet statutory air quality stangaddcal authorities are
required to undertake a review of air quality adeniify if there is a risk that air quality objacts may be exceeded. The
process has been carried out in stages, startithgsaieening assessments and then moving onto detaded assessments
where a risk of an air quality problem was ideetifi If the detailed assessment identifies thatetliera risk that the air
quality objectives may be exceeded then an Air Builanagement Area (AQMA) must be declared. Lauathorities are
provided with Technical Guidance regarding the apph that can be used to assess air quality, reesssments have been
carried out in accordance with guidance publisime®003 (DEFRA, 2003) although this guidance has eeently updated
(DEFRA 2009). The guidance is not prescriptive imm of the methods used and local authorities dase to use
modelling or monitoring methods to assess air ¢uali a modelling approach is selected the guig@adoes not require
particular models to be applied although it does/gle an overall framework under which the assessisieould be carried
out. The Review and Assessment procedures are edetoddetermine whether there is a risk that aalityuobjectives
might be exceeded. As such, the assessments dadeléhto account all the available evidence ornupamt concentrations
in the study area to determine the risk of an exapee.

Many of these assessments carried out by locabatiés have moved onto detailed studies usinged&pn modelling used
to calculate pollutant concentrations. Where disipar modelling has been used, the government goédéDEFRA 2003,

2009) suggests that a model verification exercdsearried out where the model results are compardmeasured values.
This exercise is intended to assess how the modeadtimpares with measured values and the guidamgeests an approach
for adjusting the model results so that the finaldelled value compares better with the measuredecdrations. This

adjustment process simply factors the results efdispersion modelling to match the observed valliks is a simplistic

process and it makes an overall assumption thatliffeences between the modelled and observedettrations have a
linear relationship and the relationship is conséamoss the modelling domain. Given the many factioat can contribute to
a model error this assumption is very unlikely ®® \alid, for instance, the difference between thedwspeed used for
modelling and the actual wind speed around the mddmain will not be a constant. However, an akitre approach

would be to examine the output of several modelénhglies where comparisons had been made betweendtelled and

measured values and assess the overall perfornoéitibe modelling process. By examining predicted actlial observed
concentrations from several air quality studies ipossible to obtain the probability of exceedargair quality standard
based on the predicted concentration.

As a result of the UK Review and Assessment prodesse are well over one hundred detailed revied assessment
studies have been carried out that include a casganf modelled with observed concentrations. €hatsidies therefore
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provide a valuable resource to assess the perfaenahthe modelling process that can add to ouerstdnding of the

performance of dispersion models. This study hasefore collated the information reported by lcaathorities on model

validation. It has examined these results to agbesliability of the modelling in the predictiaf an exceedance of the UK
annual mean nitrogen dioxide objective and propasesk based approach to air quality modelling ighthe aim is to

assess compliance with an air quality standard.

APPROACH

This study was concentrated on those local autbstthat have identified a risk of an exceedandad®fir quality objective
for nitrogen dioxide and have declared an Air QyalWlanagement Area. These authorities were idegtifrom the UK
Government'’s air quality websiteww.airquality.co.ukand the air quality assessments were obtained thhemelevant local
authority websites. This study concentrated ordth&tage Review and Assessment and the Detailed Assesseports as
these generally report model validation resultse Taports were reviewed to obtain reported modétation for both
nitrogen oxides and nitrogen dioxide although thegamity of reported results were for the latterlptant. In total, results
were obtained from 59 local authorities with 628 849 results for nitrogen dioxide and nitrogendesi respectively. The
results were analysed as follows. Firstly, a singgenparison of predicted concentrations with messwalues for both
NOx and NQ with a statistical analysis using the BOOT SoftwBackage (Chang, J. C. and S. R. Hanna, 2005), this
provides basic details of the overall performanéethe air quality modelling with the standard stdtal parameters
frequently used for model evaluation. The resulésenfurther analysed by sorting the modelling fssimto concentration
ranges or “bins”. Thus the results were sorted Big/n? bins of predicted concentrations (i.e. 15-20ug/8®325ug/m3
etc). Within each of the bins of predicted valus® associated observed concentrations were usddrive probability
density functions and basic statistical informatiddased on the results of the above the probalofign exceedance of the
annual mean nitrogen dioxide objective has beesutzted as a function of the predicted nitrogerxidie concentration.

RESULTS

Because the technical guidance is not prescriptivel lauthorities can carry out their air qualitydies using any suitable
approach. However, the final reports are reviemedEFRA to ensure that the report has followedegaihguidelines and
that the conclusions are robust. As a result, geaf modelling approaches have been applied irJthdor Review and
Assessment, however, the main models used are AQRdSds and Urban versions), AIRVIRO, Caline and soespdke
approaches developed by individual consultanciesvé¥er, the intention of this study is not to detiere the performance
of any individual model, rather, it is intended dssess the performance of the modelling used inJKeReview and
Assessment process. Any differences between neuzbathid measured values will result from model endralso from
errors in the model input data and the latter ballcommon to whatever modelling approach is usableTl provides further
information on the models used in the studies.

Table 1. Models used in the air quality assessment

Model Name Number of Studies
AAQUIRE 7

ADMS (version not

specified) 2

ADMS -Roads 22
ADMS-Urban 12

Airviro 3

Caline 6

Kings College ERG Model 3

AEA Model LADS 10

The measured nitrogen dioxide concentrations wienest always obtained using diffusion tubes althoagme results were
obtained from continuous monitoring. The use ofudibn tubes clearly is associated with some measent error, but
given the large database of results the generafidrén model error should be robust. Figure 1 ptbes predicted and
measured N@concentrations.
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Figure 1: Comparison of Predicted and Measuredb#tn Dioxide Concentrations

Examination of Figure 1 shows that there is a gan&ndency for the model to under predict nitrogdioxide
concentrations. 67% of the modelled results weveetathan the measured values. There is a reasomisbial similarity
between predicted and measured values but it desvithat there is a substantial spread in redeitsn assuming that the
model used was perfect, errors would be expectedrasult of input data errors and the errors érttonitored results used
for comparison. Input data used for modelling itsagied from various sources but the principal sesi@re traffic modelling
and surveys, emission databases and meteorolagmaitoring together with errors in the monitoringed. Most models
also are based on the prediction of nitrogen dmxidncentrations which are subsequently convetdeauittogen dioxide
concentrations using various correlations. Thisveosion and the input data all have inherent uagest and this is
reflected in the results obtained. It is acknowksdtithat even models that are considered to berpgrfg well will have an
associated uncertainty of at least 50%. Procesiagresults using the BOOT software provided théovieng basic
statistics detailed in Table 2.

Table 2. Results of BOOT software analysis

Data Mean Standard Bias Corr Fractional Bias
Deviation

Measured 39.95 12.59 NA NA NA

Predicted 35.84 11.00 411 0.688 0.108

The BOOT results reflect the observation that thelefied concentrations are more frequently undedipred whilst the

spread of observed data can be seen by the stadefgation which is approximately 30% of the meatue. To examine
this uncertainty within the modelled values thedizted concentrations have been “binned” into 5fganges. The median
and standard deviation of the measured concentgtidgthin each of the bins has been calculatedrekelts are shown in
Figure 2.

As can be seen from Figure 3, the median of thesoved values in each concentration bin comparéwela well although
the tendency for an under prediction is evidenhiresults, on average, the median measured igadug pg/m higher than
the mean value in each predicted concentrationTibia.standard deviation of the measured valuesmithch concentration
bin is also shown in Figure 2, these are typica9o of the median value. To examine the spreadaasured values within
the concentration bins further, a frequency ansalg$ithe measured values has been carried outexAmple is shown in
Figure 3 (compared with a normal distribution (beats))
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Figure 2. Measured median and standard deviatiod d@centrations within 5pghpredicted concentration ranges.
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Figure 3. Frequency of occurrence of observed N@®2entrations where predicted concentrations atieeimange 35-40pghn

The results illustrate the substantial variatiomieasured values within a 5pd/mnge of predicted values. When compared
with a normal distribution (within the same medard standard deviation) there is a reasonable Misudf the assumption
is made that the data are normally distributed pttodability of an exceedance of the 40puYtbjective can then be derived
for each of the concentration ranges. Therefore ctimulative frequency distributions for each @& toncentration ranges
has been calculated, assuming a normal distribatiththe observed median and standard deviatiom pfdbability of an
exceedance of the 40ug/mnnual mean nitrogen dioxide concentration has e¢ained from the frequency distributions,
the results are shown in Figure 4. As expected ptiodability of an exceedance increases as thdgbeeldconcentration
increases, however, it is interesting to note alemof points. Firstly, even when predicted nitnogkoxide concentrations
are below 30pg/fithere is a 20% probability that the measured vakmeeds the 40pgfrobjective. Secondly, where the
predicted concentrations are above 40jigfhere is a 30% probability that the actual meaburalues are below the
objective level. This suggests that modelling resswbould be far better interpreted in terms of fvebability of an
exceedance rather than as definitive predictionsootentrations. Some review and assessment ragmasknowledge this
uncertainty but generally much greater emphasislased on a comparison of the predicted value wWith appropriate
standard.
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Figure 4. Probability of an exceedance of the 48figitrogen dioxide objective based on predicted eatration ranges

These results would also allow the use of a prdigéibiapproach to assess significance in air qualssessment. Typically
significance assessment has been carried out bparimg the predicted concentration with the relé\xanquality standard
and also by examining the change in concentrawedicted. However, this approach clearly has ssiegtcomings given
the inaccuracy found in the modelling process. Raraative approach would be to assess the changeobability of an

exceedance of a standard. These results are basedwide range of modelling approaches and thethdaeefore the

potential that different risks profiles will exidor each method. However, in the absence of furthtarmation, the

information presented in this paper can be usedetermine the probability of an exceedance of tlke dhinual mean
nitrogen dioxide objective.
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