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Abstract: This paper presents key results from the evaluation of a local-scale air quality forecasting system,
airTEXT, adongside the CAMS regional-scale forecast. The CAMS forecast, which is used to account for the long-
range transport of pollutants within airTEXT, is adjusted to account for the apparent bias in concentrations predicted
within the south-east of England. Forecasts of the UK Daily Air Quality Index metrics for NO,, Os;, PM 1y and PM,5
in London have been assessed using the Model Evaluation Toolkit and the DELTA Tool for a five month period
during 2017. For NO,, where air pollutant concentrations are primarily a result of local emissions, the local forecast
performs significantly better than the regional forecast as the steep roadside concentration gradients are resolved by
ADMS-Urban, the dispersion model used within airTEXT. Although regional Oz and particulate forecasts dominate
the local forecasts, accounting for emissions, dispersion and chemistry at high spatia resolution means that airTEXT
aso performs better than CAMS for these pollutants.
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INTRODUCTION

One of the most important applications of atmospheric dispersion models is their use within air quality
forecasting systems. Providing the public with advance warning of air quality episodes allows sensitive
individuals to take action to aleviate their symptoms. Forecasting systems must account for long-range
transport of pollutantsin addition to local emissions, chemical processes and urban morphology; thusit is
common practice to couple local air dispersion models with regional models to account for pollutant
emissions, transport and chemistry at arange of scales.

London’s airTEXT" air quality forecasting system has operated since 2007. The current implementation
uses CAMS regional ensemble air quality forecast data® as boundary conditions for the local urban air
dispersion model, ADMS-Urban (Owen et al., 2000); previous versions of the system used Prev’air, a
service operated by INERIS using CHIMERE. In recent years, airTEXT has been extended to include
additional areas within south-east England (Cambridge, Colchester and Chelmsford) and a new
implementation in Riga (Latvia) will be launched in 2018. A range of atmospheric pollutants are
modelled within the system: nitrogen dioxide (NO,), particulates (PMy, PM,5) and ozone (Os). In the
UK, forecast pollutant concentration levels are assessed according to the Government’s Daily Air Quality
Index (DAQI, Connolly et al., 2013) which isa 10-level indexing system with four air quality bands: low,
moderate, high and very high.

The regional models included in the CAMS ensemble assimilate observational data. However, to best
represent air quality for a particular region it is still necessary to adjust model predictions to account for
historical regional model bias. This paper presents results of a model evaluation exercise where three
forecasting datasets have been evaluated: airTEXT predictions; ‘raw’ CAMS ensemble model output; and
‘adjusted” CAMS ensemble model output for south-east England. Forecast concentrations have been
evaluated against measurements recorded at 66 stations within Greater London. The exercise has been
undertaken using both the Model Evaluation Toolkit (originally developed as part of the EU FP7
PASODOBLE project, Stidworthy et al., 2013) and the forecast mode within FAIRMODE’s DELTA
Tool (Migliettaet al., 2012).

! http://www.airtext.info/
2 hitp://atmosphere.copernicus.eu/




DATASETSFOR EVALUATION
Three forecasting datasets have been evaluated during this exercise:

astreet-scale airTEXT forecast;

a ‘raw’ CAMS forecast; and

an ‘adjusted” CAMS forecast, used asinput to airTEXT to represent regional air quality.
The datasets comprise forecast air quality data time series for the five months (February — July 2017)
following the update of the airTEXT system to use CAMS regional model forecasts. The measured data
used in the model evaluation exercise were obtained from the extensive London Air Quality Network.
Table 1 summarises the number of measurement sites used in the evaluation exercise, categorised
according to pollutant and site type, specifically: roadside and non-roadside (suburban, urban background
and industrial). The data capture threshold is 75%.

Table 1. Summary of the number of measurement sites used in the evaluation exercise, by pollutant and site type

Sitetype Pollutant

NO, Os PM 1o PM, s
Roadside 29 8 32 10
Suburban, urban background & industrial 21 8 19 6
Total 60 16 51 16

airTEXT is a free service for the public

providing air quality alerts by SMS text message, . roa | Alrauality, UV, pollen and temperature forecasts .
email and voicemail and 3-day forecasts of air :
quality, pollen, UV and temperature across
Greater London, Cambridge, Colchester and
Chelmsford. The street-scale airTEXT air quality
maps (Figure 1) are generated using the urban air
quality dispersion modelling system ADMS-
Urban. Separate maps showing the DAQI
pollution indices for NO,, Oz, PMg and PM,5in
addition to an overall pollution index are
displayed on the website. ADMS-Urban is a
deterministic model that requires emissions for
the domain of interest as input in addition to
estimates of the long-range transport of
pollutants advected into the model domain. - T e Lo
When ADMS-Urban is run in forecasting mode, o o Proas sing CERG prsbiemn

the |0ng-range transport Component of the Figure 1. ExampleairTEXT map showing the overall
system is obtained from the CAMS Regional DAQI during an air quality episode in central London
Ensemble Forecast product. (December 2016)

Table 2. Factors used to calculate the ‘adjusted’ . .
CAMS forecast which is more suitable for usewithin  1he CAMS Regional Ensemble Forecast product is

southeast England, by pollutant freely available from the EU’s Copernicus

‘adjusted’ CAMS concentration = Programme; the service provides hourly 96-hour
Pollutant Ao+ A, ‘raw’ CAM S concentration forecasts of pollutants including NO,, NO, Oz, PM g,

Ao (Lg/m3) AL() and PM5 at 0.1° resolution on a domain covering all
NO, 1.40 0.77 of Europe. This is a regional-scale forecast derived
O; 0.22 0.89 from an ensemble of models that use varying degrees
PMo 1.80 1.20 of data assimilation (in-situ and satellite). However,
PM2s 3.70 120 model evaluation at rural monitoring sites for the

south-east of England indicates that the ‘raw’ CAMS ensemble model forecast includes some bias within
this domain. Regression analyses using historical datasets have allowed the calculation of factors that may
be used to linearly adjust the ‘raw’” CAMS forecast to derive an ‘adjusted” CAMS dataset; details are
givenin Table 2. In summary, for south-east England, the ‘raw” CAMS NO, and O; forecasts appear to
be over-predicting by approximately 30% and 12% respectively, and the ‘raw’ CAMS particulate
forecasts are under-predicting by approximately 17%.



In addition to demonstrating the accuracy of the street-scale airTEXT forecasts within Greater London,
the evaluation presented in this paper indicates how well the adjustments shown in Table 2 improve the
skill of the CAM S forecasts for south-east of England.

EVALUATION METHODLOGY
A number of tools exist for air dispersion model evaluation, but fewer have been developed for the
specific purpose of evaluating the predictions made by air quality forecasting systems. Forecasting system
accuracy needs to be assessed in terms of how well the model is able to predict exceedances of air quality
threshold values, although evaluation of overall model performance is also useful. For this work, two
tools have been used to eval uate the three forecasting datasets:

the Model Evaluation Toolkit; and

the DELTA Tool®.
Both tools generate statistics relating to the number of correct alerts, false alerts and missed alerts, and
graphs that indicate, for instance, the probability of a correct forecast, the probability of detection and the
false alarm ratio. The Model Evaluation Toolkit additionally produces forecast accuracy graphs and
statistics relating to forecast indices (in addition to threshold statistics). The DELTA Tool has been
developed to take measurement uncertainty into account within model evaluation. However, this is
challenging to do when considering a series of threshold values. That is, when the difference between the
aert threshold concentration and the measured concentration is less than the observation uncertainty, it is
not possible to definitively say whether or not there has been an exceedance of the threshold and therefore
not possible state whether or not a model forecast is correct. Thisissue is currently being discussed within
the FAIRMODE community, but at the current time, the forecasting mode within the DELTA Tool
includes options that take ‘conservative’ and ‘cautious’ approaches to the definition of an alert. Under the
‘conservative’ approach, if accounting for measurement uncertainty results in the possibility of a
threshold exceedance, then it is assumed that an exceedance occurred; conversely under the ‘cautious’
approach if there is the possibility that an exceedance did not occur, then it is assumed that it did not.

RESULTS
A selection of results from the model evaluation exercise is presented in this section. Firstly, overall
model performanceis evaluated and secondly statistics relating to threshold exceedances are considered.
Table 3 summarises the model evaluation statistics for the five-month period under consideration.

Table 3. Summary statistics for non-roadside and al sites, by pollutant and model: FAC2 — proportion of modelled

values within afactor of two of the observed; NM SE — normalised mean square error; R — correlation coefficient;
best value/ statistic shown in bold

Aver age concentration Model evaluation statistics
Modelled (ug/m°) FAC2 NM SE R
Pollutant . 2 <2 @ .
@aly stes obs % F Bo & % Be & I 32 & % 8o
ot 3 L 1%} L %] (11| 2] L @
5 22 8° ® 3% BY ® % RB©Y ® & RC©
“L .L .L .L
NO, (max 1- ?ggd 563 617 396 319 085 078 065 023 046 074 054 043 043
hour) dl 736 773 398 321 087 056 045 020 082 123 063 038 038
O (max 8- ;‘c‘)’;‘d 624 581 750 669 095 093 095 008 008 006 069 073 0.73
hourrolling)  "3\" 535 541 746 667 092 079 085 009 019 013 069 062 0.62
PMyo ?g;; 213 193 137 182 092 076 089 019 048 024 063 056 0.56

(average) al 228 225 137 183 093 071 089 016 052 024 062 059 0.59

?ggd 139 144 93 149 097 083 096 014 040 014 080 0.80 0.80

all 139 160 93 149 092 082 093 017 041 015 0.77 0.80 0.80

% Note that the forecast mode of the DELTA Tool is still undergoing development



The CAMS forecasts are regional scale with a resolution of approximately 10 km and as such they are not
at sufficiently high resolution to predict concentrations at roadside sites. Consequently, it is helpful to
evaluate al non-roadside sites together in order to assess how well the forecast performs at urban
background, suburban and industrial sites; results are also presented for all sites together. Statistics
relating to daily maximum hourly NO,, 8-hour rolling average Os; and average PM,, and PM,5 are
presented; average concentrations are given in addition to the proportion of values within a factor of two
of the observed (FAC2), normalised mean square error (NMSE) and the Pearson’s correlation coefficient

(R).

Figure 2 shows the pollutant time series for the five-month period considered averaged over all stations.
The observed concentrations are shown in black, airTEXT predictions in green and CAMS ‘raw’ and
‘adjusted’ in light and dark blue respectively. The alert threshold concentrations are shown on the figures,
with the moderate, high and very high DAQI thresholds being indicated by orange, red and purple dashed

lines respectively. The number of monitoring stationsis also indicated on these figures using agrey line.
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Figure 2. Pollutant time series for five-month period

When run in forecast mode, the DELTA Tool generates a number of plots and statistics that account for
measurement uncertainty. Figure 3 presents a graphical summary of PM,, moderate alert statistics
relating to al sites when no measurement uncertainty is accounted for, alongside values that allow for
measurement uncertainty, using both the ‘conservative’ and ‘cautious’ approach to the definition of an
exceedance of the alert threshold. Currently PM,sis not an option in the DELTA Tool forecast mode.
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Figure 3. Number of observed, correct, false and missed PM,, moderate alerts for airTEXT (left) and CAMS (right)
with (‘Conservative’ & *Cautious’) and without (‘No uncertainty”) accounting for measurement uncertainty; data for
all sites presented

DISCUSSION

No major air pollution episodes occurred during this period in the south-east of England so it is difficult
to draw firm conclusions regarding the overall skill of the forecasting systems in predicting air quality
episodes. However, the evaluation exercise has provided an example of how well the models are able to
predict concentrations in terms of the health-related DAQI concentration metrics and exceedances in



terms of the DAQI alert thresholds (Table 1, Figure 2, Figure 3). Specifically, airTEXT performs better
than the regional-scale CAM S forecasts for al pollutants considered.

NO, concentrations are much better predicted by airTEXT than by either version of CAMS (Table 1,
Figure 2). This is unsurprising because the main source of NO, concentrations in urban areas is road
traffic. Roads need to be modelled at high resolution to account for steep emissions gradients and fast
NO, chemistry. CAMS significantly under-predicts NO, at all site types. Both observed and modelled
NO, concentrations lie well below the DAQI ‘Moderate’ alert threshold during the evaluation period.

O; being solely a secondary pollutant is strongly influenced by long-range transport, thus O; airTEXT
predictions are strongly dependent on CAMS. However, in the vicinity of busy roads, Os titration occurs,
which the regional-scale forecast is unable to resolve and this explains why airTEXT performs better than
CAMS when all sites are considered (Table 2). When only non-road sites are considered, the ‘adjusted’
version of CAMS performs similarly to airTEXT; the ‘raw’ CAMS model has a tendency to over-predict
O;. There is one short O3 episode towards the end of the evaluation period (Figure 2) which occurred in
hot conditions; the ‘adjusted’ CAMS represents this well, but the airTEXT predictions are low showing
that local Os titration by NO within the city is not being sufficiently offset by local generation of ozone
occurring in the prevailing hot conditions. A likely explanation is that the current implementation of
airTEXT does not consider the large increases in biogenic emissions occurring in hot conditions; in
addition the ‘Generic Reaction Set’ chemistry scheme (Azzi et al., 1992) included within ADMS-Urban
may underestimate the effective VOC reactivity in such conditions.

PM 1, concentrations are also strongly influenced by long-range transport so the PM 1o air TEXT prediction
is dependent on the CAMS forecast. The ‘raw’” CAMS forecast under-predicts but the calculated
adjustment leads to good performance for airTEXT when all sites are considered. Non-road site
concentrations are under-predicted, indicating that there may be an issue with the balance between road
and non-road emissions relating to the resuspension of dust from various sources, for instance
construction activities. PM,5 concentrations are influenced both by long-range transport and local
emissions sources. The ‘raw’ CAMS forecasts are lower than measured values, but the current ‘adjusted’
CAMS forecast is a dight over-prediction, which leads to a small over-prediction of airTEXT. There is
one particulate concentration episode at the beginning of the evaluation period (Figure 2). Particulate
episodes are usually associated with easterly, low wind speed conditions which result in high particulate
concentrations being transported from mainland Europe in addition to the accumulation of particulates
emitted from local sources; this usually occurs in springtime. CAMS missed the episode leading to an
under-prediction by airTEXT, although the local forecast predicted some high PM 4, values. Analysis of
rural measurements recorded upwind of the urban area during this episode would indicate whether the
episode was primarily driven by regional or local emissions and dispersion. When measurement
uncertainty is accounted for (Figure 3), airTEXT correctly predicts 29% and 73% of alerts, using
‘conservative’ and ‘cautious’ approaches respectively.
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