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Downscaling of ECMWF ensemble precipitation forecasts using HIRLAM 

Per Kållberg, SMHI 

 

Introduction. 

 

Operational ensemble forecasts from ECMWF are used to force a hydrological river run-off 
model (‘HBV’ ) at SMHI (Lindström & al. 2006 in preparation). The hydrological model is 
run with meteorological forcing (precipitation and screen level temperature) from the 
operational ECMWF ensemble members. The catchment areas used in the HBV model can be 
quite small in relation to the EPS resolution.  

On July 9-10 2005 southern Sweden experienced an event with copious precipitation causing 
serious flooding in many minor rivers. After the event the question was asked whether it 
might be possible to use HIRLAM to downscale the EPS members to a higher resolution. 
Could downscaling achieving a more realistic fine-structure in the ensemble members, 
particularly in the precipitation?  This experiment was set up to test the idea. 

 

Experiment design. 

The map in figure 1 shows the measured rain from 06UTC July 9th to 06UTC July 10th.  To 
catch the event in forecasts two to three days ahead, an operationally very useful forecast 
range, 12UTC on July 7th was selected as initial time. 

Version 6.3.7 of the HIRLAM reference system residing at ECMWF was used, and all 
forecasts were run on the ‘hpcd’ computer. Selected forecast write-ups at every 6th hour were 
extracted and transferred to SMHI for diagnostics. 

Initial and lateral boundary conditions were extracted from a rerun (experiment ‘EPS’) with 
the ECMWF EPS system, using Cy28r4. All 50 ensemble members and the control forecast 
were used as forcing. Model level perturbed analyses and forecasts were interpolated to the 
selected HIRLAM geometry: a rotated 0.1º*0.1º coordinate system with 198*231 gridpoints 
and 40 hybrid model levels and  with a boundary relaxation zone 8 gridpoints wide. The semi-
Lagrangean gridpoint option of HIRLAM was selected, and the timestep was chosen to 300 
seconds.  

Two complete experiments with two different condensation parametrizations were carried out, 
‘heps’ with the reference default scheme ‘straco’ and ‘keps’ with the Kain-Fritsch scheme. 

Since only a single case was considered, usual verification methods for ensemble predictions 
(such as Brier scores, reliabilities &c.) can not be used. Instead the diagnostic evaluation 
concentrated on ensemble statistics and synoptic comparisons between members. 

As the objective of the exercise was to evaluate the potential of downscaling to improve 
forecast input to hydrological models, only the accumulated precipitation will be studied.  The 
screen level temperatures were not expected to be sensitive to downscaling over the fairly low 
topography in the area of interest, less than 300 m above sea level everywhere. 
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     Figure 1. Observed 24-hour precipitation accumulation from 9 July 06Z to 10 July 06Z. The largest value is 
108.5 mm/24h with several stations above 80 mm. 
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Figure 2. Synoptic maps showing analyses of sea level pressure and equivalent potential temperature at 850 hPa 
together with forecast precipitation during the preceding 6 hours.  

Valid times in top row, left to right: 9 July 00Z, 06Z and 12Z 

Valid times in bottom row, left to right: 9 July 18Z , 10 July 00Z and 06Z. 

 

 

Synoptic developments in the low resolution ensemble. 

The maps in figure 2 show the synoptic development of the event from the operational 
HIRLAM analyses of SMHI. The precipitation estimates are from the +6h background 
forecasts. A small disturbance developed on the sharp front in e.g. the 850 hPa equivalent 
potential temperature (magenta contours) over northern Germany at midnight on the 9th . It 
moved northwards and developed rapidly into a quite intense (for the season) mesoscale 
cyclone with its centre near Västervik (57.5ºN/16.0ºE) early on the Saturday morning July 
10th.  

The EPS control +66h forecast valid at 06Z  and the corresponding T511 forecast are both 
shown in figure 3. 

 



 21 

 

Figure 3. +66h forecasts valid at 06Z 10th July. ECMWF operational T511 to the left,  

EPS control to the right. 

 

The T511 forecast fails to predict the event. Instead it develops a cyclone over southern 
Norway with heavy precipitation over Skagerrak and the Swedish west coast. The ‘EPS 
control’ forecast does produce intense rain with a hint of a local through near Västervik, but 
as in T511 the main low is over the North Sea.  The 50 low resolution EPS members exhibit 
considerable spread. Many members develop a cyclone over the North Sea or the British Isles, 
others have their main development over the Baltic, some members develop in both areas and 
some other do not develop anything at all. Probably the best members are numbers 32 and 47. 
Nether the deterministic ECMWF forecast  nor the EPS control and members, were able to 
catch the rapid development on the sharp front over northern Germany. As a consequence the 
results from this study are somewhat disappointing. 

 

Downscaling 

Although member 32 can be deemed to give a realistic synoptic description of the event, 
neither of the two downscaled forecasts are able to catch the development fully. The maps in 
figure 4 show the ‘Straco’ forecast to the left, ‘EPS’ in the middle and ‘Kain-Fritsch ’ to the 
right. It is noteworthy that neither of the downscaled forecasts is able to re-create the cyclonic 
circulation, nor the rain intensity. 
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Figure 4. Left: ‘Straco’  downscaled. Middle: EPS ‘EPS’. Right: Kain-Fritsch . 

The maps show the predicted (+66h) surface pressure at 06Z 10 July and the 24-hour accumulated rain from 
member 32. 

 

One more example is member 47, where the two downscaled forecasts both develop the event 
rather faithfully, figure 5.  

 

 
Figure 5. As figure 4, but member 47. 

 

 For our case the spread between the individual EPS realizations is substantial already after 
less than three days and the individual members are not very useful as predictive tools. 
Synoptically one can say that they are ‘all over the place’. More important are the statistical 
properties of the ensembles.  
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Ensemble statistics. 

The ensemble mean 24h precipitation forecasts from the three ensembles are seen in figure 6. 
The amounts are very modest compared to those observed (in figure 1). The downscaling does 
not enhance the low resolution EPS mean. The ‘Straco’ mean reflects impact of the more 
detailed 11 km orography somewhat better than Kain-Fritsch . 

 
Figure 6. Ensemble mean +24h precipitation forecasts valid at 06Z on the 10th of July. Straco is to the left, EPS 
in the middle and Kain-Fritsch  to the right. 

 

Objective estimates of the probability of, say, the daily precipitation exceeding a pre-defined 
limit are common products from the ensemble technique. The probabilities for rain amounts 
exceeding 20 mm in the 24 hours are seen in figure 7. It is quite evident that the downscaling 
is not able to enhance the prediction of possible large precipitation. 

 

 
Figure 7. Probabilities of rain amounts exceeding 20 mm in 24 hours, cases as in figure 6 above. 

This is the case with either of the two condensation schemes, if anything, the ‘straco’ 
ensemble indicates a slightly higher probability near the southeastern coast.   

The total rain amounts over a rectangular area covering southern Sweden (approximatively 
the province of Götaland ) for each individual member from the three ensembles are shown in 
figure 8.. Although there is always a fairly good correspondence between the forcing forecasts 
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‘EPS’ and the two downscaled forecasts, there is hardly a single member where the 
downscaling added any precipitation.   

 
Over the full model integration area, the Kain-Fritsch ensemble members produce more 
precipitation than either of ‘EPS’ and ‘straco’ (diagram not shown). This all happens in the 
boundary relaxation zone where the very simplistic relaxation method used in HIRLAM is 
known to create fictitious divergence and vertical motion. Apparently the Kain-Fritsch  
scheme is more sensitive to the false divergence than ‘straco’ is. 

 

Conclusions. 

On July 10th 2004 southern Sweden experienced an intense precipitation event leading to 
severe flooding. One single case, 12UTC July 7th, was selected as initial state for an 
experiment where a complete set of ECMWF T255 ensemble forecasts were downscaled to a 
resolution of 11*11 km using HIRLAM as a downscaler. The purpose was to investigate the 
potential of downscaling to improve the fine structure in precipitation forecasts, for e.g. 
hydrological forecasts.  Two different condensation routines were used.  A single case study 
can only give rather limited information on the selected case. The statistical performance of 
ensemble forecasts can only be evaluated from large samples 

The results can be summarized in a couple of points. 
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·  A mesoscale baroclinic disturbance which created copious precipitation over southern 
Sweden was selected. An initial state two days before the event was chosen. 

·  The event was not captured very well by the high resolution deterministic forecast.  

·  The ECMWF EPS forecasts had a (too?) large spread already after 2-3 days. Only 
very few members hinted at the observed rainfall. 

·  The downscaled forecasts did not enhance the low resolution precipitation. If the 
potential for an intense development is not present in the forcing low resolution 
member, the downscaling can not create it. 

·  The more realistic orography in the 11km grid improved the geographical distribution 
of the downscaled ensemble mean precipitation forecast. 

·  For many members the two condensation schemes responded rather differently. The 
Kain-Fritsch  scheme is more sensitive to the false divergence created by the 
simplistic boundary relaxation in the HIRLAM gridpoint model. 

·  The experiment was cumbersome to run and did not give the results hoped for.   

·  The disappointing results may partly be due to the missed development in ECMWF 
forecasts.  It might be worthwhile to redo the experiment with an EPS case that is 
demonstrated to be excellent. 
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