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Introduction

Air quality assessment is often carried out by analysis of observations/monitoring, or by  chemical transport modelling-CTM, where the models have been more or less evaluated against observations.
By combining observations and modelling-in general called data assimilation- the information content of both observations and modelling is used, leading to an air quality assessment with in principle a larger information content relative to the situation when only observations, or only modelling is used.

In meteorology, the use of combining observations with modelling is in use already for more than a decade, in air quality, the use of data assimilation is relatively recent.
Data assimilation in air quality/atmospheric chemistry
Combining observations with modelling is called data assimilation. The evaluation of model results against observations is also in fact a combination of the two, but will not be considered data assimilation.
Data assimilation can be distinguished in methods which are basicallly statistical interpolation methods, and methods in which the observations are used as input to the modelling system.

It is proposed to call the first methods passive data assimilation, because only the output of a CTM is used, and the second methods active data assimilation, because there the CTM as such is used in an active form .
Optimal Interpolation and Kriging are examples of passive data assimilation methods. The concentrations from observations/monitoring are statistically combined with the calculated concentrations as output of a CTM. The result is a concentration field which is a mixture/combination of the two concentration data. The advantage of passive data assimilation is that the method is relatively fast when the system is installed, the disadvantage is that only the output of modelling is used, and not the model as such.
Kalman Filtering and 4-D var are examples of active data assimilation methods. The observed concentrations are input to the system CTM + data assimilation, and by giving freedom/noise to selected parameters the system will use these noise factors to reduce the difference between observed and calculated concentrations. The result is a concentration field based on  observations and modelling, as well as the noise factors which were needed to reduce the difference between modelled and observed concentrations.The disadvantage of active data assimilation is the required computing time, in the orde of a factor 10-30 more that a base run with a CTM, the advantage is that the resulting field is based on an interpolation in which the physical and chemical knowledge of the model is used.
In case the purpose of a study is to create only concentration fields, in general passive data assimilation will be sufficient.

In case the purpose of a study is to create concentration fields using also the full information content of a CTM, and to receive information about the sensitivity of the selected parameters, active data assimilation should be applied.
Requirements concerning the use of data assimilation.

To be able to use  passive as well as active data assimilation, the spatial representativity of the monitoring stations should be accurately known.It should be noted that this requires often considerable effort, the simple notation of rural or urban station , as experience has shown,is often not sufficient and reliable enough. The spatial representativity of a station should be in accordance with the grid size of the CTM used. As an eaxmple, for regional CTM’s with a grid resolution of 25 x 25 km2, only rural stations should be used in the data assimilation, and not urban or street stations.
Especially for active data assimilation the uncertainty of the observations ( uncertainty as a result of the monitoring as such, of the spatial representativity and of the inherent randomness of the observation) is needed. Also the (estimate of the)  uncertainty of the selected parameters or input data should be known.

It is not sufficient to know th total model uncertainty, the uncertainty of the parameters/modules and input data should be know separately

And finally, the parameters/modules and the input data which will be given noise factors/uncertainty have to be selected,for which no objective method exists and which primarily is based on ( subjective) experience.Often emission input data are given noise factors, based on th experience that emission data are one of the largest sources of errors/uncertainty in the overall modelling system.( Data assimilation to assess the reliability of emission data is often called inverse modelling)
Final remarks

It should be noted that the experience of applying data assimilation for atmospheric chemistry/air quality, especially for active data assimilation is still rather limited.

 Furthermore, it should be noted that active data assimilated requires the use of a “good and reliable” model. In case a process in the model is missing, or far from reality, the noise factors given will still be used so that the difference between observations and model results will be reduced, but in such a case for the wrong reasons ( especially problematice in case of inverse modelling)
The importance of an accurate uncertainty analysis should be emphasised. In case the uncertainty of the observations will be made too large, the observations will have limited impact on the final concentration field which will then be determined by the model. In case the uncertainty in the observations is made very small, the reverse will take place
Active data asimilation will also result in information about the spatial representativity of a station.In case the assimilation results in general in reduced differences between observations and model results, the station where this does not take place is likely to be non-representative, or even a station with monitoring problems. Passive data assimilation is not able to give this kind of information.

Data assimilation is also able to determine the impact of the monitoring stations as such, and in this way will help in monitoring network design and the analysis of the impact of new observations
From the above,it will be clear that data assimilation is strongly related to model evaluation, and to model sensitivity studies. Data assimilation will show the parameters to which the model result is most sensitive.
It can be expected, in analogy with meteorology, that in the near future both passive, and especially active data assimilation will become an integral part of air quality assessment studies
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