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Abstract: The Air Quality Model Evaluation International Initiative (AQMEII) has been active since 2010 with the 
aim of building a coordinated international effort on regional scale air quality modelling and evaluation, involving the 
modelling communities of North America and Europe. Over the years several dozen modelling groups from both 
continents have applied their modelling systems to common exercises, simulating air quality for a target year and 
delivered their results to a shared platform with a high level of harmonisation where they were evaluated against an 
extensive collection of available observations. The third and most recent phase of the activity was initiated in 2014 
and is now nearing its completion. 
Our experience suggests that the widespread practice of scoring the models using aggregate error metrics does not 
allow a comprehensive understating of error causes, and that the discussion about ‘goodness’ or ‘badness’ of a model 
based on such a practice can become sterile as it i) does not target the source of the error, ii) does not indicate if the 
model is doing the right thing for the right reason, and consequently iii) does not provide enough information for 
model development and improvement. Within AQMEII we have introduced the error apportionment method, where 
aggregated error metrics are used for time scale analysis and error qualification. Although this methodology provides 
a much clearer indication of the time scale and the type of model error with respect to conventional operational model 
evaluation, it still does not permit the unequivocal attribution of errors to specific processes. 
We therefore argue that evaluation needs to evolve from a practice into a discipline designed to objectively and 
diagnostically develop and demonstrate viable performance evaluation techniques for regional air quality modelling 
systems. 
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INTRODUCTION 
Evaluation of geophysical models is typically carried out under the theoretical umbrella proposed by 
Murphy in the early 1990s for assessing the dimensions of goodness of a forecast: consistency (‘the 
correspondence between forecasters' judgments and their forecasts’), quality (‘the correspondence 
between the forecasts and the matching observations’), and value (‘the incremental benefits realised by 
decision makers through the use of the forecasts’) (Murphy, 1993). Since 2010, the Air Quality Model 
Evaluation International Initiative (AQMEII, Rao et al., 2011) has focused on the quality dimension of air 
quality model hindcast products, aiming at building an evalution strategy that is informative for  
modellers as well as for their users.  
 
Our claim is that the value of a model’s result depends strictly on the quality of the model that, in turn, 
depends on a sound evaluation. Operational metrics usually employed in air quality evaluation (e.g. error, 
bias, correlation) have several limitations: interdependence (they are related to each other and are 
redundant in the type of information they provide), underdetermination (they do not describe unique error 
features), and incompleteness (how many of these metrics are required to fully characterise the error?).  
 
Over the three phases of AQMEII, the ozone error produced by the suites of modelling systems 
participating in the activity has not – on average– decreased (Figure 1) (although there are individual 
models that have improved their accuracy constantly). There is a need to understand what components of 
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