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Abstract

Abstract

”Observed and modelled ground level concentration fields and their com-
bination”

The subject of the thesis are the ground level concentrations of O3, NO,, NO, PM10
and SO,. The methodological approach of the work is comparing and combining con-
centration data of two different information sources: 1) the observation of about 300
operational air quality monitoring sites in Germany and 2) simulations of the Chemical
Transport Model REM/Calgrid with a horizontal resolution of about 25%*25 km®. The
thesis contains contributions for a comprehensive air quality climatology and model
evaluation, statistical analysis (i.e. interpolation), covariance modelling and data as-
similation. Air quality assessment according to the EU-framework directive has been a
practical motivation of the work. The results are preconditions for a scale dependent
assessment and mapping of the air quality standards.

In the first step the concentration time series were classified by means of a hierarchical
clustering in to air quality regimes for each species separately. Depending on the spe-
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cies, the regimes can be labelled as “mountain”, rural”, “suburban”, “urban”, “polluted
urban”, “street” and “severe polluted street” or as five levels of pollution for PM10 and
SO2. The knowledge of the regimes is vital for model evaluation and data assimilation
because the majority of the observation is located in polluted areas having a small
spatial representativiness. A regime based climatology of both the observed and mod-
elled data gives an overview of typical and maximum concentrations levels and the
daily, weekly, annual and interannual variability. Moreover the comparison of the
classification for different years and species is a tool to detect trends and special prop-
erties of the measurement strategy.

The main part of the thesis is dedicated to statistical analysis of the concentration data
by means of optimum interpolation (OI). OI can be considered as passive data assimila-
tion. The analysed fields are an optimal combination of the observations and the model
data according to their error statistics. The estimation of the errors statistics, i.e. the
bias, the observation error variance and the covariance of the background error, is the
main problem of the analysis. The statistical moments were estimated from samples of
empirical space time values by covariance modelling. Three different covariance mod-
els were developed: a standard homogeneous covariance model (CM A) from instanta-
neous spatial data and two climatic inhomogeneous CMs (B and C) from filtered space
time data for every hour of the day. CM B is a combination of homogenous CMs for
different air quality regimes. CM C is based on the EOF expansion of the empirical
covariance matrix. The observation error is considered as an spatially uncorrelated
component of the measurement. Its variance is estimated by means of a covariance
model, which extrapolates the variance of the smooth spatially correlated part to the
measurement location. In the homogenous case A one value of the observation error
variance is obtained for all stations at a given time. In the climatic case individual
values for each stations are derived for the hours of the day.

All covariance models were applied for the analysis of hourly concentration fields in
2001. The analysis performance of the three CM has been tested by means of cross
validation: The difference between the measurement and the interpolated values from
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surrounding stations is checked. The RMSE of this difference is of about the same size
as the observation error for all approaches.

Besides the passive assimilation two active schemes have been tested. One is active
Optimum Interpolation based on CM A for a model run, i.e. the modelled field for
every hour is replaced by the analysed field. The other is a test run of the Kalman-
Filter, which is a complex 4D data assimilation technique. The empirical covariances
were compared with the covariance calculated by the Kalman-Filter. This comparison
could be important for an improvement of the Kalman-Filter performance.
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