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The TELFLOOD Project, estimation of 
precipitation over drainage basins. 

Stefan Gollvik, SMHI, Sweden 

1. Introduction 
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It is of great importance to get information about the expected precipitation and its distribution 
in time and space. Large rainfalls in combination with wet soils can occasionally give rise to 
flooding. It is of great help to the society and for the hydra power industry in particular to know 
these events beforehand. 

The purpose of the TELFLOOD project is to try to estimate when flooding is likely to appear, 
i.e. to develop methods for forecasting on the timescale of 12-24 h. It means that the forecasting 
system shall contain both meteorological and hydrological components. For the meteorologi­
cal part, the purpose is to give quantitatively good precipitation forecasts, over relatively small 
drainage basins. 

There are several reasons, why it is difficult to estimate the precipitation. Even measuring the 
amount of precipitation over a drainage basin, is far from a straight forward task. The precipitation 
is characterized by small scales both in time and space, and the in situ station measurements are 
normally too coarse. Precipitation measurements with radar are available, but are associated with 
serious uncertainties. The problem of mesoscale analysis, to produce gridded precipitation fields, 
which are consistent on a typical spatial scale has been treated in Häggmark et al., 1997. 

For estimating the precipitation in forecast mode, we believe that the only available method 
is to utilize a complete three-dimensional numerical weather prediction model system. Therefore 
we have here concentrated on the precipitation that is produced by a numerical weather prediction 
model, in this case the HIRLAM-system (High Resolution Limited Area Model), which is docu­
mented in Källen, 1996. Here we have been using the version of HIRLAM, which is operational 
in Sweden (in all experiments we are using 24 vertical levels), with same small modifications (see 
below). 

In HIRLAM the condensation parameterization utilizes the cloud water as a prognostic vari­
able (Sundqvist et al., 1989, Sundqvist, 1993). This implies that the condensation scheme first 
produces cloud water, and this is then converted inta precipitation, the process of which is mod­
elled by using cloud physical assumptions. The cloud cover is diagnostically computed within the 
condensation scheme. The precipitation is either produced by convection, or by stratiform clouds, 
and it is assumed that convection is dominant, i.e. if the conditions for convection are fullfilled for 
a gridpoint, no stratiform clouds can be produced, except for convective anvils. The convection is 
based on the formulation of Kuo, 1974, which means that its intensity isa function of the conver­
gence of water vapour. 

2. Modifications to the HIRLAM-model 

To make the condensation processes somewhat smoother same small changes in the parameteriza­
tion of clouds and condensation processes were tried. 
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• Calculate the level of the convective cloudtop in a somewhat different way. Instead of de­
manding two consecutive levels of Te - T > 0 (the temperature difference between the 
cloud and the environment) we demand a depth of 130 hPa. 

• Introduce a relaxation time, T, of both convective and stratiform cloudcover: 

CUCOVnew = CUCOV0 [d + ~t ( CUCOVnew - CUCOV0 zd) 

stCOVnew = SicOV0 /d + ~t ( stCOVnew - stcov0 zd) 

Here cucov and stcov mean convective and stratiform cloud cover respectively. r is 30 min, but if 
a;~ > 0 in the convective case, T is 10 min (cw is cloud water mixing ratio). 

This means that both types of cloudcover can exist at the same time, and this should produce a 
more continuous cloud cover. N ote that the cloud water is not touched. 

3. Experiments over relatively weak orography 

The precipitation of a gridsquare should be regarded as a mean value over that area. Often the 
drainage basin is rather small, which means that the precipitation is composed from a few grid­
values only. This illustrates the problem of the sensitivity to the exact position of the forecasted 
precipitation. Overall numerical models can produce precipitation that is reasonable over an area, 
large enough to be described by many gridpoints, while the individual amount in each gridpoint 
can be of great uncertainty. However, in some places and situations, the local forcing of the orog­
raphy might help to put the precipitation at the right spot. 

We will study the effect on the precipitation of horizontal resolution, and compare the results, 
both to mesoscale analyses and point measurements. We have chosen a period from May 20 to 25 
1996. The HIRLAM model has been run twice a day atOOZ and 12Z, up to +18h. The initial fields 
and the boundaries (every 6 hour) come from the Swedish operational 22 km analyses. We have 
verified the precipitation over two different drainage basins. One of them, Pepparforsen, is very 
small and it is situated in South-westem Sweden, and the other is somewhat larger, Emån more to 
the east. These areas are shown in Figure 1, together with a part of the 22 km grid. 

~ ) J 

\ Ji" 
) J l 

t;'. ( 7 ~ ./ 

\ ,-.,._ ) 
"'·· 

.... ·· .. · -
" r, \ '\. \ .. • C 

.,,- .. · 
A ... ·· - .......... 

' n >f 

r'\ ........ ·· \ 

\....~·· , .... -· 

-, -
( \ 

'- :_,, 

IY,) h '- l ~-
I \ " " V 

\ ('It' .., ~ '- ' _ _1 I/ 

\ } .l.J p r _/ ~ ·. / 
h\ l't- " I 

'- r I 

Figure 1. Two drainage basins in Southem Sweden. 
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The current precipitation measurements generally represent small areas, since the precipitation is 
a small scale phenomenon. When comparing model output data, which represent mean values 
over the gridsquares, it is reasonable to campare, not with point measurements, but instead with 
some analyses, which are more scale consistent in accordance with the spatial filtering charac­
teristics of the analysis scheme. However, since the analyses are based on first guess fields from 
the model, some care has to be taken, and it is therefore important also to verify against 'pure' 
observations. For the smaller drainage basin, Pepparforsen, we have plotted, for every 12 hour, the 
12h precipitation from May 20 at 18z until May 26 06z in Figure 2. Here we show two versions 
of the mesoscale analysed (14 km resolution) values over the drainage basins, one which is based 
on real time data (SYNOP) and another where also the climate station data are included (TOTAL), 
according to Häggmark et al., 1997. The latter is based on the observed 24h accumulated precipi­
tation, but distributed to 12h values according to the synoptic information. Also the values that are 
used as input for the hydrological model (Lindström et al., 1996), based on some synop stations 
are shown. Here 'KORR' means the values after a correction according to height over sea level, 
and these are the values that normally are utilized by the hydrological model. 

It can be seen from the figure that the observations and the analysed values are very similar. 
When comparing with actual forecasts, we will use the mesoscale analyses, which could be re­
garded as gridded precipitation data, filtered to a specific spatial scale. 

PEPPARFORSEN MAY 20-25 

LF 
■ = MESAN 14 TOTAL 

111 = MESAN 14 SYNOP 

@: = MEASURED 

□ = MEASURED KORA 

Figure 2. The 12h accumulated precipitation over Pepparforsen drainage basin, during May 20-25 
1996. 

In Figure 3 we are comparing the results of the 22 km HIRLAM forecasts with the mesoscale anal­
yses. Here we have been running both 18h forecasts, and 24h forecasts with the precipitation from 
+6h and +12h respectively. The two HIRLAM forecasts could be regarded as two perturbations of 
the initial state, and they show large differences in some situations. 
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PEPPARFORSEN MAY 20-25 

■ = MESAN 14 TOTAL 

= HIRLAM 22 06-18 

□ = HIRLAM 22 12-24 

Figure 3. The 12h forecasted and analysed precipitation over Pepparforsen drainage basin, <luring 
May 20-25 1996. 

In Figure 4 we compare the effect of different horizontal resolutions of the HIRLAM forecasts. 
They show big similarities in the beginning of the period, but at the end the precipitation of the 
5.5 km run are somewhat higher, and comparable to the 22km longer forecast. This is however 
the case where the analysed precipitation is completely different. It is notable that the change of 
initial time produce differences as big as changing the resolution. No significant improvements 
are gained by increasing the resolution. 

PEPPARFORSEN MAY 20-25 

■ = HIRLAM22 

■ =HIRLAM11 

= HIRLAM 5.5 

□ = HIRLAM 22 12-24 

Figure 4. The 12h forecasted precipitation over Pepparforsen drainage basin, <luring May 20-25 
1996, with different resolutions. 

The corresponding figures for the somewhat larger drainage basin Emån are shown in Figure 5 
and Figure 6. Here we can see a better correspondance, although the large analysed value in the 
beginning of the period is strongly underestimated in all the forecasts. 
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EMÅN MAY 20-25 

■ = MESAN 14 TOTAL 
0:0: = HIRLAM 22 06-18 

□ = HIRLAM 22 12-24 

Figure 5. The 12h forecasted and analysed precipitation over Emån drainage basin, <luring May 
20-25 1996. 

EMÅN MAY 20-25 
MM/12 H 

■ = HIRLAM22 

111 = HIRLAM 11 = = HIRLAM 5.5 

□ = HIRLAM 22 12-24 

Figure 6. The 12h forecasted precipitation over Emån drainage basin, <luring May 20-25 1996, 
with different resolutions. 

We have looked more into detail on the case where the mesoscale analysis gave about 17 mm 
precipitation over the Emån basin, while the forecasts gave at most about 10 mm. In Figure 7 the 
mesoscale analysis of 12h precipitation at May 21 18z is shown. 
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12-HR PRECIP MESAN 14 

SMHI TUE 21 MAY 96 18Z +000 
VT: TUE 21 MAY 9618Z 

15. 
10. 

10. 
5. 

5. 
3. 

3. 
1. 

Figure 7. The 12h precipitation mesoscale analysis at May 21 18z. 

The corresponding 22 km 18h precipitation forecast is shown in Figure 8. When comparing this 
forecast to the analysis , one can see that the overall forecast is good. However, over the Emån 
drainage basin the analysis shows a maxima of 30 mm, while the 22 km forecast shows less than 
10mm. 

The 11 km run gave about 10 mm over the drainage basin, and the forecast is shown in Figure 9. 

SMHI TUE 21 MAY 96 00Z +018 
VT: TUE 21 MAY9618Z 06-18 

15. 
10. 

10. 
5. 

5. 
3 . 

3. 
1. 

Figure 8. The 12h precipitation from the 22 km +18h forecast at May 21 18z. 



12-HR PRECIP CLD10 

SMHI TUE 21 MAY 96 00Z +018 
VT: TUE 21 MAY 9618Z 06-18 

c, 15. 
l=:.l 10. 

D ,o. 
5. 

Figure 9. The 12h precipitation from the 10 km +18h forecast at May 21 18z. 
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This precipitation pattern of this 11 km forecast is very smooth, and this is due to the horizontal 
diffusion, which is included in the HIRLAM model, see Gustafsson and Mc Donald, 1996. For­
mally the fourth order horizontal diffusion can be written as: 

8111 _ kV4\JI 
8t -

where k is the diffusion coefficient. In Figure 10 and Figure 11 are shown the kinetic energy spec­
tra for the 22 km and the 11 km forecasts respectively. The diffusion coefficient has been chosen 
to 6. * 1012 for the 22 km case, and to 1.2 * 1013 for the 11 km case. The timestep was 7.5 minutes 
for the 22 km run and 3 minutes for the 11 km forecast. This implies an e-folding damping time 
for the 4-gridlength wave of 110 minutes and 5 minutes respectively. 
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Figure 10. The kinetic energy spectrum for the 22 km forecast. 
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Figure 11 . The kinetic energy spectrum for the 11 km forecast. 

In the figures also the line corresponding toa -3 slope is shown as a comparison. The 11 km run 
is too strongly damped in the shortest waves, and therefore we have also rerun this forecast with 
a smaller coefficient of the horizontal diffusion, i.e. 6. * 1011 corresponding to a damping time of 
the 4-gridlength wave of about 68 minutes. The corresponding 11 km precipitation is shown in 
Figure 12 and the energy spectrum in Figure 13. 

12-HR PRECIP CLP10 

SMHI TUE 21 MAY 96 00Z +018 
VT: TUE 21 MAY 96 18Z 06-18 

15. 
10. 

10. 
5. 

5. 
3 . 

3 . 
1. 

Figure 12. The 12h precipitation from the 11 km + 18h less damped forecast at May 21 18z. 
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Figure 13. The kinetic energy spectrum for the less damped 11 km forecast. 
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Here we can see that the precipitation pattem is more noisy and, on the other hand, that the kinetic 
energy spectrum looks more reasonable than in the more damped case. 

We have also looked at the 5 km forecast of this case and we have tried three different horizontal 
diffusion parameters. In Figure 14 we have the strongly damped case that was used in the series of 
forecasts shown earlier (k = 1.2 * 1013) . The corresponding energy spectrum is shown in Figure 
15. 

12·HR PRECIP CLD0S 
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■ 100. 
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VT: TUE 21 MAY 96 18Z 06· 18 

Figure 14. The 12h precipitation from the 5 km + 18h forecast at May 21 18z. 
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Figure 15. The kinetic energy spectrum for the 5 km forecast. 

The damping is very strong in this case, the forecast is rather smooth and the precipitation pattem 
is similar to the 22 km case, although a strong maximum south west of Gotland is present here. 

A somewhat less damped version of the 5 km forecast and the corresponding energy spectrum 
(k = 3. * 1012) are shown in the Figures 16 and 17. Here the energy spectrum has relatively less 
energy in the shorter resolved waves than is the case of the 22 km forecast, but a larger damping 
is needed, to get reasonable precipitation pattems, when the scales are smaller. An alternative test 
with less horizontal diffusion produced a very noisy precipitation pattem, but it is not clear how 
the optimum values of these parameters shall be tuned. 

12-HR PRECIP CLP0S 

SMHI TUE 21 MAY 96 00Z +018 
VT: TUE 21 MAY 96 182 06-18 

■ 100. 
80. 

Figure 16. The 12h precipitation from the less damped 5 km + 18h forecast at May 21 18z. 
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Figure 17. The kinetic energy spectrum for the less damped 5 km forecast. 

11 

It is not obvious, whether the small scale pattem that is produced by higher horizontal resolution, 
is realistic or spurious. We have compared the result from two 18h forecasts of 12h precipitation, 
thus estimating a 24 h value in the moming on May 22 at 06z. These forecasts have been compared 
to climatic stations, i.e. completely independent data. Here we are comparing point measurements 
to grid averages, but it should be possible to estimate at least differences between the different 
experiments. Of course it can be expected that high values are underestimated, due to the small 
scale of large precipitation amounts. In these comparisons all trivial cases are taken away, i.e. the 
cases where both the forecast and the measurement are zero. 

In Figures 18 and 19 scatter diagrams for the 22 km and 11 km run are shown. The 11 km case 
is the strongly damped version, and this is the forecast that gave the best objective scores. There 
are no significant differences between the two cases, although a smaller scatter, especially for the 
smaller values, can be seen in the 11 km case. 
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Figure 18. 22 km forecasts: 
Verifications against climate stations 24h acc. prec at May 22 06z. 
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Figure 19. 11 km forecasts: 
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Verifications against climate stations 24h acc. prec at May 22 06z. 
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The less damped 11 km and 5 km runs are shown in Figures 20 and 21. It is a little surprising that 
this 11 km run doesn't show a better skill than that of Figure 19. The small scale features of the 
5 km runs are not enough correctly described to improve the forecasts. In all cases we can see an 
underestimation of larger values. This could, as discussed above, partly be explained due to the 
small scale features of the precipitation. 

FOREC 

60 

50 

40 

0 

24 H PRECIP 960522 H10 P 

N=136, RMS=9.97, MAE=6.90 

ME=-4.56, CORR=0.84 

10 20 30 40 50 

Figure 20. 11 km less damped forecasts: 

60 

Verifications against climate stations 24h acc. prec at May 22 06z. 
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Figure 21. 5 km less damped forecasts: 
Verifications against climate stations 24h acc. prec at May 22 06z. 
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The experiments described above do not show any improvements, when the horizontal resolution 
is increased. The initial fields and boundaries of the 11 km and 5.5 km runs are interpolated 
from the 22 km analyses. The orography is of course produced from higher resolution data. One 
possible explanation for the lack of improvements could be the so called spin up problem. The 22 
km forecasts should be better in this respect, since no interpolation is done in these cases. 

In the cases with higher resolution, where the area is smaller, it is possible that it is not suffi­
cient to interpolate the boundaries between six hourly data. This means that the spin up problem 
could be more severe by this effect. 

4. Experiments over strong orography 

It is reasonable to assume that the results might be better if the flow is strongly influenced by orog­
raphy, which could help in positioning the precipitation. Therefore we have made experiments 
<luring a period in June 1996, where we had some rainfall in the middle Scandinavia. The drainage 
basin used is Indalsälven. The orography and the drainage basin are shown in Figure 22, together 
with a larger verification area. This drainage basin is fairly !arge, which should be favourable in 
the respect of estimating the precipitation. 

5 KM OROGRAPHY AND VERIFICATION AREA 

66N 

65N 

64N 

63N 

62N 

5E 6E 7E BE 9E 10E 11E 12E 13E 14E 15E 16E 17E 

Figure 22. The 5.5 km orography in middle Scandinavia, the drainage basin Indalsälven and a 
larger verification area. 
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As before we have been running the HIRLAM mode! for three different resolutions. As discussed 
above, the results are dependent on the horizontal diffusion, and we have chosen values for 11 and 
5.5 km, which give 'subjectively reasonable' precipitation patterns. Here we have used the same 
diffusion coefficient (k = 6. * 1012) in all the experiments. This is is of course a weak point, since 
the results could differ for other diffusions. The 22 km and 5.5 km precipitations forecasts (+06h 
to + 18h) for June 17 at 12Z are shown in Figures 23 and 24 respectively. 

12-HR PRECIP 22 KM RESOLUTION 

9E lOE 11E 12E 13E 14E 15E 16E 17E 

Figure 23. The 12h precipitation from the 22 km + 18h forecast at June 17 12z. 

12-HR PRECIP 5.5 KM RESOLUTION 

lOE 11E 12E 13E 14E 15E 16E 17E 

Figure 24. The 12h precipitation from the 5.5 km + 18h forecast at June 17 12z. 
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The estimated values of the 24h precipitation over the drainage basin Indalsälven, for the period 
June 17 to 23 are shown in Figure 25. Here we show, as before the result of three different reso­
lutions and also a mesoscale analysis. In this case this analysis is based on climate stations only. 
The number of stations within the drainage basin is about 20. 

INDALSÄLVEN JUNE 18-23 

MM/24 H 

18.0 

17.0 

16.0 

15.0 

14.0 
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12.0 
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10.0 

9 .0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2. 0 

1.0 

0.0 

18 19 20 21 22 23 

■ =MESAN 14 

■ =HIRLAM22 

::::J = HIRLAM 11 

□ = HIRLAM 5.5 

DATE 

Figure 25. The 24h accumulated precipitation over Indalsälven drainage basin, during June 17-23 
1996. 

It can be seen from the figure that most of the forecasts are much better in this case, as compared 
to the results of the other drainage basins. This is probably due to the orographic forcing, and also 
that the drainage basin is not extremely small. It thus seems that we are able to forecast the average 
precipitation over this drainage basin. The results do not differ much between the different resolu­
tions. Again we would like to look in more detail how the forecast relates to the climate stations. 
To increase the number of observations, we are using a larger area than that of the drainage basin. 
The verification area chosen is shown in Figure 22, and it is homogeneous in the sence that the 
orography is important within the area. In the Figures 26 to 28 we show all climate observations 
for 24h precipitation (at 06Z) as compared to the sum of two forecasts of 12h precipitation, during 
the whole period from May 17 to 23. 
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Figure 26. 22 km forecasts . Verifications against climate stations. 
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Figure 27. 11 km forecasts. Verifications against climate stations. 
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Figure 28. 5.5 km forecasts . Verifications against climate stations. 

It can be seen from the figures that the three different resolutions of the forecasts give very similar 
results. It is even so, that the 22 km forecasts give a somewhat better skill. This indicates that the 
problem of estimating the precipitation is not solved by only using a higher horizontal resolution, 
within the present model framework. The parameterization of the convection is somewhat doubt­
ful on these high resolution runs, and it might for example be better to try to resolve it (or at least 
to parameterize it in a different way), in a nonhydrostatic model framework. 

5. Experiments with smoothed orography 

We have seen from our experiments that the strength of the horizontal diffusion is of great im­
portance for the precipitation pattern. The shorter waves have to be strongly damped, in order to 
avoid too noisy precipitation fields. It is reasonable to assume that a part of this noise is created 
by an orographic forcing that can not be handled by the model dynamics (Lander and Hoskins, 
1997). Therefore we want to test the hypothesis that we could stay with less horizontal diffusion 
if instead the orography is smoothed. The 11 km orography has been smoothed by applying our 
horizontal diffusion scheme 20 iterations with a coefficient of 1.92 * 1012 and a timestep of 180 
seconds. The response as a function of wavelength is shown in Figure 29. The 11 km orography 
before and after smoothing is shown in Figures 31 and 32 respectively. 
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Figure 29. The response as a function of wavelength (unit=~x) 
for orography smoothing. 
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We have been running all the forecasts in the same period in June 1996, with this smoothed orog­
raphy. The coefficient of horizontal diffusion now has been the same as the less damped 11 km 
run in the earlier experiment, i.e. 6. * 1012 . In Figure 33 the two 11 km 24 h accumulated precipi­
tations are shown, together with the mesoscale analysed values. The results of the area integrated 
precipitations of the two different 11 km forecasts are comparable in quality. However now the 
kinetic energy spectrum is more realistic as shown in Figure 30. The kinetic energy spectrum of 
the more damped 11 km run (not shown), but with the original orography is very similar to that of 
Figure 11. 
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Figure 30. The kinetic energy spectrum for the 11 km forecast with smoothed orography. 
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Figure 31. The 11 km original orography. 
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Figure 32. The 11 km smoothed orography. 
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Figure 33. The 24h accumulated precipitation over Indalsälven drainage basin, during June 17-23 
1996. Here 'ORO' means the cases with smoothed orography and less horizontal diffusion. 

There are large differences in the precipitation pattem between the two 11 km runs. In Figures 
34 and 35 are shown the results of 24 h accumulated precipitation summed up by two forecasts 
from +06h to + 18h both in the case with original orography and also the smoothed orography case. 
Figure 36 shows the corresponding analysis. 
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Figure 34. The precipitation summed up from two 11 km + 18h forecasts with original orography, 
valid at June 20 06Z. 



22 

1111 
200. 
100. 

11111 
100. 
80. 

11111 
80. 
60. 

11111 
60. 
50. 

ll!l 
50. 
40. 

11111 
40. 
30. 

llJ 
30. 
20. 

ta 
20. 
15. 

[ll 
15. 
10. 

62N 

10E 15E 

Figure 35. The precipitation summed up from two 11 km+ 18h forecasts with smoothed orography, 
valid at June 20 06Z. 
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Figure 36. The 24h accumulated precipitation mesoscale analysis, valid at June 20 06Z. 
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It can be seen from the figures that the precipitation pattem is more noisy in the case with the 
original orography. The interpretation of this is that it is better not to feed the mode) from the lower 
boundary with small scale information and filter it strongly, with horizontal diffusion, but instead 
try to keep the energy spectrum more realistic and avoid the small scale orographic forcing. We 
have also made an experiment, following the ideas of Lander and Hoskins, where the tendencies in 
the free atmosphere, produced by the physical parameterization processes have been interpolated 
linearily from a grid with half resolution, i.e. 22 km grid. Also the accumulated precipitation 
has been interpolated in the same way. The corresponding precipitation from this experiment (the 
same smoothed orography) is depicted in Figure 37. 
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Figure 37. The 24h precipitation summed up from two 11 km +18h forecasts with smoothed 
orography and physics, valid at June 20 06Z. 

The precipitation pattem of this approach is very similar to the case where only the orography is 
smoothed. This points towards a more economical way of integrating the mode), since only one 
fourth of the points need to be included in the calculation of the physics, and at present about 
70 % of the integration time is spent in the parameterization calculations. Of course some care has 
to be taken with the surface processes, and it is possible that a higher resolution interpretation of 
near surface variables is beneficial if such an approach is used. 
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6. Summary and conclusions 

We have been running the HIRLAM mode) <luring two periods, May 20-25, 1996, and June 17-23, 
1996. The precipitation has been estimated over drainage basins of different sizes. During the 
first period, the area of interest has been southem Sweden, an area which is not dominated by 
orographic effects. To see possible differences in more orographically forced cases, the second 
period has been evaluated over the Scandinavian mountain region. In both periods, the mode] 
has been run with 24 vertical levels and three different horizontal resolutions, 22, 11 and 5.5 km 
respectively. 

The general results are that the HIRLAM mode] is capable of estimating the broad features 
of the precipitation, but has difficulties to estimate correct amounts over relatively small drainage 
basins in the case of weak orographical forcing. When the flow is strongly influenced by orogra­
phy, the results look much better, and the results indicate that we are able to forecast the average 
precipitation over a reasonable )arge drainage basin. In none of the periods, improvments could 
be seen by increasing the horizontal resolution. One reason for the lack of improvements could 
be that the parameterization is sensitive to the resolution. Also the spinup problem, which in tum 
could be related to the size of the integration area, and to the time resolution of the boundaries, 
could be important. 

An important complication is that the resulting precipitation pattem is strongly dependent on 
the magnitude of the horizontal diffusion. In a case study of the first period, we found that a 
strongly damped 11 km run was slightly better, than the version which produces a more realistic 
kinetic energy spectrum. The 5 km forecasts need also to be subject to )arge horizontal diffusion, 
in order to control the noise in the precipitation pattem. 

We have also tried to avoid the problem with too strongly damped forecasts, by instead smooth­
ing the orography. The precipitation now looks more realistic, and at the same time also the kinetic 
energy spectra are better. An experiment where, in addition, the physical parameterizations have 
been evaluated on a grid of half the resolution, as that of the dynamics shows almost exactly the 
same precipitation pattem. 

Since the precipitation, at least in cases of weak orography, is determined by the detailed 
description of the weather systems, i.e. the development is critically dependent on the initial 
conditions, the exact position in time and space is difficult to forecast. This means that we can 
produce different precipitations by changing the initial conditions, well within the analysis error. 
This points, in order to make forecasts of precipitation over specific drainage basins, towards an 
approach based on ensemble forecasting. The results should be possible to interpret as probabili­
ties for precipitation over the actual basins. 
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