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2. Data

1. Introduction

The SMC manages a network 184 automatic weather stations spread over Catalonia (NE Iberian
Peninsula) and mainly located in flat and populated areas. Data used in the present study corresponds
to 30-minute air temperature and dew point temperature observations.

A new spatial interpolation methodology scheme is presented combining multiple linear regressions,
anomaly corrections and clusters. The motivation of this study was to improve the former spatial
interpolation methodology used in the Meteorological Service of Catalonia (SMC), Multiple Linear
Regression (MLR) and anomaly correction of the residuals [1, 2], by grouping weather stations in clusters
allowing to separate regions that behave differently due to their dissimilar meteorological conditions [3].

The MLR takes into account altitude, distance to coast, longitude
and latitude as explanatory variables. The spatial resolution of
these fields determine that of the interpolated field. In the
present case, a Digital Elevation Model of 270 m horizontal
resolution accounts for altitude and the rest of the variables
were interpolated to identical gridded datasets.

The philosophy of MICA lays on not considering a unique number of clusters from which weather stations
are classified, but a range of them. Thereby, different numbers of clusters are considered. Each one is
tested and the one that performs best in terms of Root Mean Square Error is selected every time and
interpolation is conducted. This scheme was developed for high time scale resolutions, which usually
yields noisier observations than considering daily or monthly means due to meteorological phenomena
that are generally masked when lower time scales are considered.

3. MICA scheme
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Weather stations are automatically
grouped by distance in clusters using the
K-means algorithm. Resultant clusters are
analysed and may be manually modified
fulfilling two conditions:
- At least 20 stations per cluster
- The stations included in a cluster must
be representative of the explanatory
variables inside the cluster area.
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3.3 Post-processing

Explanatory fields
Preparation of explanatory fields that will be
used to obtain the interpolated field by
applying the MLR coefficients. In the present
case: altitude and distance to coast.
Distance to coast is calculated using a function
rather than considering the Euclidean distance
itself:
3 ·𝑑𝑖𝑠𝑡
𝑑𝑐𝑜𝑎𝑠𝑡 = 𝑒 − 𝐷
where dist is the Euclidean distance and D is
the distance from which the distance to coast
is considered negligible.

The number of clusters with the lowest RMSE is selected. Each cluster has associated the correspondent MLR model,
either the MLR Global or the MLR for that Cluster.
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4. MICA applications
MICA was designed for hourly and sub-hourly observations where dissimilar meteorological conditions in the same region might affect the quality of
interpolation. Thermal inversions or presence of fog are situations that when clusters are considered, a more reliable interpolated field is obtained, rather
than considering a unique MLR model for the whole region.

Although MICA was developed in the Catalan region, it can be easily applied in other regions. For this purpose, the Land of BadenWürttemberg in South-West Germany and the Toscana Italian Region were selected to test MICA. Data was provided by Deutscher
Wetterdienst Climate Data Center and Centro Funzionale di Monitoraggio Meteo Idrologico.

Fog case study in Catalonia

Heatwave case study in Catalonia

On 21 February 2017 12.00 UTC persistent fog was present over the Central Depression. The figures below illustrate the air temperature and relative
humidity fields when clusters are considered and not. In the present case, the use of 7 clusters in the air temperature field allowed to reduce the RMSE
from 2.0°C to 1.3°C. Regarding relative humidity fields, they were derived from air and dew point temperature fields. In both cases, the fields obtained
represent better the boundaries of the fog area. In addition, there was a clear reduction of “bull-eyes” not only under the fog are, but also in the NorthEast sector.

In middle June 2017 a heatwave affected Catalonia with maximum temperatures up to 40°C. The figure below illustrates the
air temperature and dew point temperature fields on 26 June 2017 09.30 UTC. In this case, considering 4 clusters allowed to
reduce air temperature field RMSE from 1.7°C to 1.1°C. In the dew point temperature field the error reduction was modest.
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Fog case study in Baden-Württemberg

Thermal inversion case study in Toscana

A fog event took place on 25th September 2017 11.00 UTC in the South-West of Baden-Württmeberg in the Rhine Valley. The figure below illustrates
the relative humidity field obtained through air and dew point temperature fields. Like in the fog case in Catalonia, the field under the influence of the
fog area is better represented when clusters are considered. In the present case, 3 clusters were used.
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A generalised thermal inversion case
occurred in Toscana on 14th October 2017.
The figure on the left illustrates the air
temperature fields obtained applying a
unique MLR model for the whole region
and applying MICA.
Air temperature field when no clusters are
considered presents notorious bull-eyes
where thermal inversion was present. On
the contrary, when MICA is applied, the
areas under thermal inversion conditions
are included in different clusters allowing
a better representation of the local
meteorological features.
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