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Eight pressure patterns based on daily mean sea-level pressure from ERA-Interim data 1981-2000 using 
Grosswetterlagen classification. The mean daily precipitation [mm/day] corresponding to each class is 

shown as the color map below the MSLP contour lines. 
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1. Introduction 
Norway typically experiences warm moist air from the south-western parts of the Atlantic 
Ocean. The high mountain regions further inland lead to large annual precipitation amounts in 
western parts of the country. One of the challenges in climate modelling is the representation 
of the hydrological cycle and the atmospheric circulation patterns experienced in Scandinavia. 
How trustworthy are the precipitation projection available for this region? And how is the 
atmospheric circulation projected to change in the future? 

Over almost the same region as in Landgren et al. (2012), Tveito (2010) compared 
classification methods given by the EU COST Action 733 project1. The project produced a 
catalogue2 (Philipp et al. 2010) with 27 different methods in different setups, totalling 73 
different classification catalogues based on different parameters (e.g. MSLP, Z500, Z850, 
U/V 700) from the ERA-40 dataset (Uppala et al. 2005). Tveito (2010) compared the 
classifications against data from four meteorological stations in Norway. The method used 
here is partly based on his conclusions. Huth et al. (2008) provides a review of the advances 
within the field up until the COST733 action, including differences in approaches (manual, 
hybrid and automated), introduction of principal component analysis (PCA), cluster analysis, 
nonlinear methods and optimisation algorithms. 

Different studies analyses the circulation patterns  by using circulation type classification, 
covering all or parts of Scandinavia, e.g. Chen (2000), Lindersson (2001). Many studies have 
also attempted to explain various events using circulation type classification, including winter 
temperatures (Chen 2000, Tveito 2007) and hydrological drought (Fleig et al. 2010). 

The advance of climate models has paved the way for studying trends in the realisation of 
circulation patterns, e.g. Huth (2000, 2001). Plavcová & Kyselý (2013) conducted a study 
using a subset of the same regional climate model (RCM) data as presented here by applying 
a classification method using 11 predefined circulation types. They found the change in the 
occurrence frequency during the 21st century to be largest for runs based on the BCM GCM 
(Furevik et al. 2003); from -6% for the spring southerly winds to +8% for winter westerly 
winds. 

A study on weather type conditions is here performed on the precipitation projections 
obtained by the ENSEMBLES project3 on the historical (control) runs in an attempt to reveal 
their reliability. Do the models fail to represent the atmospheric circulation patterns? The 
projected change in circulation types is then estimated. 

An evaluation of the ENSEMBLES RCM runs covering Scandinavia is performed by 
Landgren et al. (2012). They found that some model runs were clear outliers in terms of 
especially representation of the annual precipitation cycle. The ERA-Interim dataset (Dee et 
al. 2011) is used as a reference dataset in order to derive the most common atmospheric 

                                                 
1 http://cost733.met.no/ 
2 http://geo23.geo.uni-augsburg.de/cost733wiki/Cost733Cat2.0 
3 http://ensemblesrt3.dmi.dk/ 
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circulation patterns that represent the different weather types over Scandinavia. The classes 
(patterns) are compared to the modelled datasets to reveal how well they agree. 

Despite the tempting idea to use as many parameters as possible to obtain a better 
classification, some constraints were imposed by the sheer amount of data4. Since the aim of 
this study was to set up a simple experiment to compare performance of different models, the 
single parameter finally used was mean sea-level pressure (MSLP or PSL) in time resolution 
of daily mean values. 

The reanalysis and model data used is presented in Section 2. The methods are described in 
Section 3. The results are presented in Section 4, a discussion is given in Section 5 and 
summary and concluding remarks are presented in Section 6. 

2. Data 
Data from the re-analysis dataset ERA-Interim (Section 2.1) and the ENSEMBLES RCM runs 
(Section 2.2) were used in the present study.  Different re-analyses and observational based 
datasets were available for comparison, including the ERA-40 (Uppala et al. 2005), the E-
OBS dataset (Van den Besselaar et al. 2011). The ERA-Interim reanalysis was used due to 
higher resolution compared to ERA-40. The E-OBS dataset could not be used as it does not 
cover ocean areas. The hindcast dataset NORA10 produced at the Norwegian Meteorological 
Institute could have been used, but was stored on a rotated grid and not available in NetCDF 
format. 

2.1 ERA-Interim reanalysis 
Pressure fields from the ERA-Interim reanalysis (Dee et al. 2011) are used as reference data 
for establishing the classes. The data was downloaded from http://data-
portal.ecmwf.int/data/d/interim_full_daily  in time resolution of six hours on the native 
0.75°x0.75° grid. 

  

                                                 
4 The daily MSLP data for the ENSEMBLES RCM runs required downloading about 110 GB. 

http://data-portal.ecmwf.int/data/d/interim_full_daily
http://data-portal.ecmwf.int/data/d/interim_full_daily
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2.2 Regional Climate Model runs 
The ENSEMBLES project’s RCM runs over Europe are used. The model runs used are 
presented in Table 2.1. 

Country  Institute RCM GCM providing boundary conditions 
Ireland C4I RCA3 ECHAM5 
  RCA3 HadCM3Q16 
France CNRM RM4.5 ARPEGE 
  RM5.1 ARPEGE 
Denmark DMI HIRHAM ARPEGE 
  HIRHAM BCM 
  HIRHAM ECHAM5 
Switzerland ETHZ CLM HadCM3Q0 
Germany GKSS CLM IPSL 
UK HC HadRM3Q0 HadCM3Q0 
  HadRM3Q3 HadCM3Q3 
  HadRM3Q16 HadCM3Q16 
Italy ICTP RegCM ECHAM5 
Netherlands KNMI RACMO ECHAM5 
  RACMO MIROC3.2-hires 
Norway METNO HIRHAM BCM 
  HIRHAM HadCM3Q0 
Germany MPI REMO ECHAM5 
Canada OURANOS CRCM CGCM3 
Sweden SMHI RCA BCM 
  RCA ECHAM5 
  RCA HadCM3Q3 
Spain UCLM PROMES HadCM3Q0 
Russia VMGO RRCM HadCM3Q0 
Table 2.1: RCM runs used in the present study. The name of the RCM, the driving GCMs as 
well as the institute running them and the country they are located in are listed in the Table. 
As shown in the Table, some RCMs are run with multiple GCMs. 

A few models were not included due to technical reasons: 

- DMI-HIRHAM5-BCM and GKSS-CCLM-IPSL runs were on coordinate formats 
incompatible with the preparation tool used (CDO, Climate Data Operators). 

- UCLM-PROMES-HadCM3Q0 could not be implemented due to an unknown error in 
the classification which returned just 6 classes instead of 9. 

- VMGO-RRCM-HadCM3Q0 data was offline at the moment of the study. 

The model runs are available from the RCM data portal at http://www.ensemblesrt3.dmi.dk 
(RCM data portal → RT2B, Transient experiments driven by global experiments). 

 

http://www.ensemblesrt3.dmi.dk/
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3. Method 
The ERA-Interim and ENSEMBLES RCM data was interpolated to a common 3x1.5-degree 
grid (2-23° lon, 56-68° lat, shown in Fig. 3.1). Note that this domain differs in resolution as 
well as slightly in geographical extent from the domain used in Landgren et al. (2012). This 
was because the classification tool did not support missing values, which was the case for 
some models north of approximately 69 degrees latitude. The latitude resolution of 1.5 
degrees was chosen as it gave roughly the same distance in kilometres between the grid points 
as the 3.0 degrees longitude resolution. The whole domain then gave 8×9=72 points. 

 

Fig. 3.1: The region used in this study; 2-23° longitude, 56-68° latitude, covering most of 
Scandinavia. Map © OpenStreetMap contributors. 

A reference period of the years 1981-2000 was chosen since it is covered by ERA-Interim 
(Dee et al. 2011) (1979-present) and is within the historical period (20C3M5) of the RCM 
runs (1900-2000). 

The classification framework cost733class6 from the EU COST action 733 was used as it 
includes many different methods of the leading science in the field in a single software 
package. 6 different methods were chosen that could handle approximately 10 atmospheric 

                                                 
5 20th Century Climate in Coupled Models, http://www.ipcc-data.org/ar4/scenario-20C3M.html  
6 http://cost733class.geo.uni-augsburg.de/cost733class-1.2  

http://www.ipcc-data.org/ar4/scenario-20C3M.html
http://cost733class.geo.uni-augsburg.de/cost733class-1.2
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circulation type classes and that only required mean sea level pressure (MSLP). In order to 
use the MSLP-fields with the cost733class methods, the data was first converted to text files 
in a tab-separated text format in R7.  The ERA-Interim dataset was then divided in 
atmospheric circulation type classes, by using the methods presented below. 

The different weather type classification methods and number of classes used are listed in 
Table 3.1.  

Method in cost733class Number of classes used 
GWT – Grosswetterlagen 8, 10, 18, 27 
KIR – Kirchofer 9 
LND – Lund 9 
PXK – PCA extreme score with k-means clustering 8, 12 
SANDRA – Simulated annealing and diversified randomization 5, 6, 7, 8, 9, 18, 27 
SOM – Self-organizing maps 5, 6, 7, 8, 9 
Table 3.1: Classification methods used in the present study. 

Grosswetterlagen (Beck et al. 2007), is based on pre-defined types, e.g. for 8 classes the main 
wind directions become N, NE, E, SE, S, SW, W and NW. Higher numbers add combinations 
with cyclonic or anticyclonic patterns. The other methods generate the classes using different 
numerical methods. 

Lund (1963) is based on a leader algorithm, which means that all observations (the MSLP 
field over the whole region for one point in time constitutes one observation) are compared to 
each other using the correlation coefficient. The observation with the highest number of 
similar cases (using a default threshold value of 0.7) is declared the leader of the first class 
and all of the observations similar are assigned to this class. They are then removed and the 
process is repeated until the desired number of classes has been found. Finally all 
observations are put back and assigned to the most similar leader. Kirchofer (Kirchhofer 
1974, Blair 1998) modified this method by using correlation for each column (longitude) and 
row (latitude), thus making sure that the patterns are similar in all parts of the map. 

PXK is based on Principal Component Analysis (PCA) to determine the initial classes and an 
extreme score method (Esteban et al. 2006, Philipp et al. 2010) to evaluate the classes before a 
k-means clustering process takes place. There the average of all observations belonging to 
each class is calculated and then all observations are assigned to the most similar of the class 
averages. The k-means process is repeated until convergence. 

Simulated annealing and diversified randomization (Philipp et al. 2007) is based on k-means 
clustering but attempts to avoid local optima by a probability of re-assigning observations to 
random classes. This probability decreases as the method progresses. The method is rather 
quick, so in order to improve the chances of finding the global optimum the method starts 
over with randomly assigned starting positions and assignments a user-selectable number of 
times. The final result is then selected as the collection of classes with the highest within-type 
variance. 

                                                 
7 http://www.r-project.org  

http://www.r-project.org/
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Self-organising maps (Kohonen 1990) uses classes with initially random values. The 
observations are assigned to the closest class using Euclidian distance measure and then the 
classes are modified using a weighted mean of the observation. The classes are connected in a 
one-dimensional neural network so that the changes to one class affect the neighbours on each 
side. 

For the methods SANDRA and SOM, the number of runs has to be specified. For this 
particular study, attempts with more runs only improved the Explained Cluster Variance value 
marginally (e.g. for SANDRA with 9 classes, the ECV value increased from  0.805398 to 
0.805454 with a 20-fold increase from 100 to 2000 runs) and showed no visible difference in 
the classes produced. 100 runs were therefore considered enough. 

When the classification process had been carried out on the ERA-Interim dataset, the resulting 
patterns (classes) were applied to each RCM run. This was done using the cost733class 
method ASC (assign), where each day in the RCM runs are assigned to the closest class 
measured by the default (Euclidean) distance measure. Each point in the area is considered 
and the day is assigned to the class with the smallest overall difference. 

The time series of dates and associated classes could then be analysed. As climate models 
develop their own climatology we cannot always expect a circulation pattern for a certain 
point in time in one model to be closely related to a pattern from observation data for that 
time. In order to compare results from different RCMs the annual distribution for each class 
was determined for the years 1981-2000. 

In addition to evaluating the RCM results against the ERA-Interim dataset, a future outlook of 
the RCMs was performed. The number of annual occurrences of each class were determined 
for each year in the period 1981-2100 (where available) to investigate if there were any long 
term trends in the simulations. 

More details and references on the methods are available in the cost733class-1.2 User guide8 
and in Philipp et al. (2010).  

4. Results 
Different classification methods were performed on the ERA Interim dataset as described in 
Section 3. The results show that different classification methods provide different results. 
However, some methods also showed similar results.  

In order to highlight two methods with fundamentally different approaches and different 
results, we have chosen to present results from the methods GWT08 (Grosswetterlagen with 8 
classes) and SAN06 (SANDRA with 6 classes). These numbers of classes were chosen as 
additional classes added were similar to the ones already produced. Examples of results from 
methods using higher number of classes are presented in the Appendix; Figs. A.1-A.2 for 
GWT with 26 classes and Figs. A.3-A.4 for SANDRA with 27 classes. An example of results 

                                                 
8 http://cost733class.geo.uni-augsburg.de/cost733class-1.2/export/HEAD/doc/cost733class_userguide.pdf  

http://cost733class.geo.uni-augsburg.de/cost733class-1.2/export/HEAD/doc/cost733class_userguide.pdf
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from SOM, similar to those from SANDRA, is presented in Figs. A.5-A.6. Results from the 
methods Lund, Kirchofer and PXK are presented in Figs. A.7-A.12. 

4.1 Circulation type classification 
The circulation patterns retrieved from weather type classification of ERA-Interim for the 
period 1981-2000 are shown for GWT08 and SAN06 in Fig. 4.1a and 4.1 b respectively. To 
show the precipitation impact, the mean precipitation for each of the classes was calculated 
using ERA-Interim precipitation from the days assigned to each class. 

 

Fig. 4.1a: Pressure classes from ERA-Interim MSLP based on the Grosswetterlagen method 
with 8 classes (GWT08). The pressure fields are shown as contour lines. The underlying 
colour maps show the mean daily precipitation [mm/day] in ERA-Interim for the days 
belonging to each class. 
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Fig. 4.1b: Pressure classes from ERA-Interim MSLP derived using the SANDRA method 
with 6 classes (SAN06). The pressure fields are shown as contour lines. The underlying 
colour maps show the mean daily precipitation [mm/day] in ERA-Interim for the days 
belonging to each class. 
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4.2 Annual distribution 
The annual distribution of the classes retrieved in Section 4.1 is here presented. The mean 
number of days per month for the period 1981-2000 is plotted on the y axis against month on 
the x axis. The results are shown for GWT08 in Fig. 4.2a and SAN06 in Fig. 4.2b.  

 

Fig. 4.2a: The annual distribution of the different classes for GWT08. Each of the eight charts 
corresponds to the classes in Fig. 4.1a. On the x-axis are the different months (1-12 meaning 
January-December). The y-axis shows the number of days per month classified as the 
respective classes. ERA-Interim is shown in black. Legend is presented in Fig. 4.3. 
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Fig. 4.2b: The annual distribution of the different classes for SAN06. Each of the six charts 
correspond to the classes in Fig. 4.1b. On the x-axis are the different months (1-12 meaning 
January-December). The y-axis shows the number of days per month classified as the 
respective classes. ERA-Interim is shown in black. Legend is presented in Fig. 4.3. 
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Fig. 4.3: Legend for Figs. 4.2 and 4.4. 
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4.3 Future estimates 
The annual occurrence of each class was plotted for the time interval 1981-2100. 

 

Fig. 4.4a: Timeline for GWT08 showing the relative change in yearly occurrence (y-axis, in 
percent change) of each class classified as each of the eight classes in 4.1a. The data has been 
smoothed using a 30-year moving average. 
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Fig. 4.4b: Timeline for SAN06 showing the relative change in yearly occurrence (y-axis, in 
percent change) of each class classified as each of the six classes in 4.1b. The data has been 
smoothed using a 30-year moving average. 
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5. Discussion 
The classes of two of the methods (GWT08 and SAN06) are presented in Fig. 4.1a and 4.1b 
respectively. Of the different methods tried, only a few could provide classes from training 
with ERA-Interim that also represented the RCM runs. The methods Lund (Figs. A.7-8), 
Kirchofer (Figs. A.9-10) and PXK (Figs. A.11-12) all gave very different annual cycle for the 
RCMs compared to ERA-Interim. This could be interpreted as a difference between ERA-
Interim and the ENSEMBLES RCMs. Perhaps if the models were spread more on both sides 
of ERA-Interim this could be more justified, but it seems unlikely that the RCM results would 
be as grouped together that far away from ERA-Interim . This difference is also found, 
although to a smaller extent, for classifications made with Grosswetterlagen method using 
higher number of classes (Fig. A.1-2). 

Also, it was clear that all methods except Grosswetterlagen tended to produce collections 
where some classes within the same collection were very similar. This can lead to increasing 
mismatch for higher number of classes. This was a problem for all methods except 
Grosswetterlagen, which uses pre-defined differentiated classes (Fig. A.1), although all of 
those classes are not always representative of the patterns in the region. SANDRA and SOM 
produce very similar results, at least for number of classes below 10, with an example shown 
in Figs. A.5-A.6. 

The results indicate that one model, DMI-HIRHAM5-ECHAM5, is a strong outlier when 
comparing the annual distribution of circulation types (Fig. 4.2). Comparing with the findings 
in Landgren et al. (2012), this may be part of the reason why it shows an overestimation of 
precipitation in Oslo (A.2a) and Östersund (A.10a) and an underestimation in the winter for 
Bergen (A.4a) and Trondheim-Værnes (A.6a). Another frequent outlier from the same study 
however, MPI-M-REMO-ECHAM5 run however does not show up as significantly different 
from the rest here. A third model which could be of interest is VMGO-RRCM-HadCM3Q0 
which was ranked worst in that study but could not be retrieved at the time of this study. 

Other models not following the rest in terms of annual distribution are: DMI-HIRHAM5-
ARPEGE and METNO-HIRHAM-BCM. Many other models follow the ERA-Interim 
distribution of patterns quite well. 

The time evolution in Fig. 4.4 indicates that the occurrence of most classes does not change 
much, as most models stay within a ±10% interval. Some grouping can be revealed however, 
with the model runs driven using on ARPEGE as boundary conditions produce more high-
pressure systems over the centre of the domain in the latter part of the 21st century (Fig. 4.4b, 
the bottom left class). This trend could also be seen in GWT10, GWT26 and SAN27 where a 
similar class was present. For the other models however, there is a lot of variations in the 
results, but probably something for a future study. 
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6. Conclusion 
Circulation type classification may provide valuable information when comparing the 
performance of different models. Although very simple, this study highlights one model run, 
DMI-HIRHAM5-ECHAM5, as a clear outlier in terms of circulation patterns compared to the 
rest of the model ensemble. Additional studies should be made in order to perform a more 
thorough analysis and to include more parameters. 
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Appendix 
A few extra figures are included in order to illustrate some points of discussion. 

 

Fig. A.1: Grosswetterlagen method using 26 classes (GWT26). Similar to Fig. 4.1a but with a 
higher number of classes. The corresponding annual cycle is presented in Fig. A.2. 
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Fig. A.2: Annual distribution of classes for Grosswetterlagen method using 26 classes 
(GWT26). Similar to Fig. 4.2a but with a higher number of classes. The corresponding classes 
are presented in Fig. A.1. 
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Fig. A.3: SANDRA method using 27 classes (SAN27).Similar to Fig. 4.1b but with a higher 
number of classes. The corresponding annual cycle is presented in Fig. A.4.  
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Fig. A.4: Annual distribution of classes for SANDRA using 27 classes (SAN27). Similar to 
Fig. 4.2b but with a higher number of classes. The corresponding classes are presented in Fig. 
A.3. 
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Fig. A.5: Classes produced by Self-Organizing Maps using 6 classes (SOM06). The results 
are very similar to those from SAN06 (Fig. 4.1b). 
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Fig. A.6: Self-Organizing Maps method using 6 classes (SOM06). Annual distribution of 
classes from Fig. A.5. The results are very similar to those from SAN06 (Fig. 4.1b). 
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Fig. A.7: Lund method using 9 classes (LND09). The corresponding annual cycle is presented 
in Fig. A.8. 
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Fig. A.8: Lund method using 9 classes (LND09). Annual distribution of classes from Fig. A.7. 
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Fig. A.9: Kirchofer method using 9 classes (KIR09). The corresponding annual cycle is 
presented in Fig. A.10. 
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Fig. A.10: Kirchofer method using 9 classes (KIR09). Annual distribution of classes from Fig. 
A.9. 
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Fig. A.11: PXK method using 8 classes (PXK08). The corresponding annual cycle is 
presented in Fig. A.12. 
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Fig. A.12: PXK method using 8 classes (PXK08). Annual distribution of classes from Fig. 
A.11. 
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