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Summary: Under the framework of the IMDROFLOOD project, a methodology for the 

precipitation forecast has been developed, by combining dynamical and statistical 

models. Particularly, a two-step analog and regression method is applied to each of 

50+1 outputs provided by the ECMWF Ensemble Prediction System in order to 

estimate the precipitation amount for extreme rainfall events. This dynamical-

statistical system has been validated for nine sub-basins of the Ebro basin, a highly 

regulated basin in NE Spain. This deliverable present verification results in detail, 

attending to different verification indexes, according to international standards.  

Results show a significant improvement in the predictability of both mean 

precipitation values and extreme rainfall amounts, especially in the estimation of the 

maximum point precipitation.   
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1. INTRODUCTION 

The aim of this Deliverable is the verification of the methodology to produce 
probabilistic forecast of accumulated rainfall for a forecast horizon of 15 days which 
has been developed within IMDROFLOOD. Deliverable 4.1. describes in detail this 
methodology. This Deliverable 4.2. is focused on validation results of the developed 
methodology when applied in nine different sub-basins of the Ebro River (Spain). 

The Ebro watershed is one of the most important ones of the Iberian Peninsula. The 
river has a length of 930 km and it has an area of drainage basin of 80093 km2 and 
discharges to the Mediterranean Sea an average of 426m3/s. The nine studied sub-
basins are of tributaries which belong to the left margin of the Ebro river: Aragón, Ara, 
Cinca, Esera, Gállego, Muga, Noguera, Segre and Ter. 

Note that this probabilistic forecasting is for accumulated rainfall, that is, if, for 
example, we want to forecast the precipitation of the next seven days, not only the 
precipitation that falls the seventh day, but the accumulated precipitation of the next 
seven days. So, for each day to study, we will produce accumulated precipitation 
forecast for each one of the forecasting horizons. The accumulated precipitation 
forecast is provided in terms of amounts of precipitation corresponding to different 
probabilities of occurrence: 5, 10, 25, 50, 75, 90 and 95% (or 0.05, 0.1, 0.25, 0.5, 0.75, 
0.9 and 0.95 quantiles). 

Therefore, in order to validate the developed forecasting methodology, it will be 
necessary to analyze the reliability of the probabilistic predictions it generates, using 
measures of forecasting skill internationally recognized for probabilistic predictions.   

As described in Deliverable 4.1, probabilistic forecasts are obtained by means of 
downscaling the Ensemble Prediction System (EPS) outputs of the European Centre for 
Medium-Range Weather Forecasts (ECMWF). 

The data used in the validation (precipitation observations, ECMWF reanalysis and 
ECMWF EPS probabilistic forecasts) is described in Deliverable 4.1. 

 

2. METHODOLOGY 

The methodology is also described in detail in Deliverable 4.1.: it is a statistical 
downscaling based in analogues, with two steps. In the first step (search for analogs), 
the most similar days (analogs) to the problem day are selected from a reference 
dataset (for example 1961 to 2000), attending to their similarity regarding large scale 
atmospheric fields (see point 1 of figure 1). In the second step we use a transfer 
function based in the empirical function of distribution of precipitation for estimating it 
and we correct the final amount by using the relative humidity (Q) at 700 hPa (see 
point 2 of figure 1). 
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With this two-steps method, we can obtain predictions for the 50 ECMWF ensembles 
based in the 30 most analogue days for every ensemble, that is, 1500 (50*30) possible 
values of precipitation. And we collapse these 1500 values by sorting these values and 
making 50 groups of 30 values, so at the end we can provide 50 different forecasts – as 
ECMWF ensembles also provide 50 forecasts (see point 3 of figure 1). 

 

 

Figure 1: Diagram of the developed statistical downscaling methodology. 

It has to be taken into account that for forecasting accumulated precipitation the way 
we proceed is: 

1. Forecasting First day. The 50 ECMWF Ensembles and their respective 30 
analogous days are selected, so we have a total of 1500 analogous days. The 
1500 analogous days are ordered by rainfall amount and the probabilistic 
prediction is the probability P which belongs to the percentil P considering the 
1500 cases. 

2. Forecasting Second day. Since the goal is to obtain accumulated rainfall 
predictions, the prediction obtained for the day 1 must be taken into account 
for the prediction of the day 2. So we take the 30 analogous days of each 
ECMWF ensemble of the first day (the previous day) and combine each one 
with its own analogues for the second day, that is, now we have 900 (30 * 30) 
analogs for each ensemble, which we sort and group in 30 groups, having now 
(again) 30 analogs for every ensemble. Now we have the accumulated 
precipitation for each ensemble for this second day. 
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3. Forecasting Third day. Since the goal is to obtain accumulated rainfall 
predictions, the prediction of accumulated precipitation obtained for the day 2 
must be taken into account for the prediction of the day 3. So we take the 30 
grouped analogous days of each ECMWF ensemble of the second day (the 
previous day) and combine each one with its own analogues for the third day, 
that is, now we have 900 (30 * 30) analogs for each ensemble, which we sort 
and group in 30 groups, having now (again) 30 analogs for every ensemble. 
Now we have the accumulated precipitation for each ensemble for this third 
day. 

4. Next days, up to 15 days of forecasting, follow the same schema. 

 

3. VALIDATION RESULTS 

The results show that this methodology is very good in forecasting not only the 
amount the precipitation but also in establishing the thresholds of probability, being 
quite better than the raw forecast of the ECMWF ensembles. 

 

3.1. PROBABILITY 

Figures 2-10 show how good our results are forecasting the thresholds of probability 
for each one of the nine studied sub-basins (Aragón, Ara, Cinca, Esera, Gállego, Muga, 
Noguera, Segre and Ter) for the 15 days of prediction. 

In the X-axis, we show the complete range of provided probabilities (probabilities of 5, 
10, 25, 50, 75, 90 and 95% - or, as it is showed, 0.05, 0.1, 0.25, 0.5, 0.75, 0.9 and 0.95 
quantiles) and in the Y-axis, the percentage of observations over those percentiles. The 
black line above the percentiles in the X axis represents a probabilistic prediction 
without errors. The final predictions generated by our downscaling method are 
represented by the blue dot, so the closer to the end of the black line is the blue dot, 
the better is the prediction. 

The results obtained are very satisfactory (the blue points are quite close to the end of 
the black lines) even for forecasting horizons greater than 10 days, with the exception 
of the Muga sub-basin. 
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Figure 2: Validation of the probabilistic prediction for the Aragón sub-basin.  
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Figure 3: Validation of the probabilistic prediction for the Ara sub-basin. 
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Figure 4: Validation of the probabilistic prediction for the Cinca sub-basin. 
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Figure 5: Validation of the probabilistic prediction for the Esera sub-basin. 
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Figure 6: Validation of the probabilistic prediction for the Gállego sub-basin.  
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Figure 7: Validation of the probabilistic prediction for the Muga sub-basin. 
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Figure 8: Validation of the probabilistic prediction for the Noguera sub-basin. 
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Figure 9: Validation of the probabilistic prediction for the Segre sub-basin. 
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Figure 10: Validation of the probabilistic prediction for the Ter sub-basin. 
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3.2. AMOUNT OF PRECIPITATION 

For evaluating the amount of precipitation in a probabilistic forecast, we shall use the 
Ranked Probability Score (RPS), a statistical measure which divides the amounts in 
classes (in our case, from 0 to 0.1 mm; from 0.1 to 5 mm; from 5 to 15 mm; and 
greater than 15 mm – we have chosen these classes based on the climatology of the 
studied area) and gives more error the farther it is the forecasted class of the observed 
one. We have measured the RPS for 

1. Persistence. The precipitation observed the problem day will be the 
precipitation of each one of the future days I want to forecast. This will not be a 
probabilistic forecast but a deterministic one. 

2. Climatology. Each day to be forecasted (from 1 to 15 days beyond the problem 
day) has the precipitation that we can calculate from the climatology, that is, 
the precipitation that fell the same day of the year but the previous 30 years. 
This will be a probabilistic forecast. 

3. Raw Control. The raw predictions of precipitation of the control run of the 
ECMWF ensembles. This will not be a probabilistic forecast but a deterministic 
one. 

4. Raw Ensembles. The raw predictions of precipitation of the ECMWF ensembles. 
This will be a probabilistic forecast. 

5. 50 Collapsed Analog Ensembles. Our forecast, based in the use of our analog 
methodology to downscale the ECMWF ensembles (previously described). This 
will be a probabilistic forecast. 

The next four figures (11 to 14) show these measures of the RPS for the forecasting 
horizons of 1, 4, 10 and 15 days. We can note some general results: 

1. The further the horizon, the worst the Persistence.  
2. Persistence is always the worst forecast.  
3. Climatology has always the same value. 
4. The further the horizon, the worst forecast of the ECMWF. 
5. The further the horizon, the worst forecast of our Analog methodology. 
6. Our Analogue forecast improves the raw predictions given by the ECMWF 

Ensembles. 

The last result is especially important, as it shows that our methodology is better for 
forecasting the accumulated precipitation than the raw forecast of the ECMWF 
ensembles, what not only justifies its use in this deliverable but also the use of our 
results for analyzing the amounts of precipitation in the studied basins. 
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Figure 11: RPS for the forecasting of a temporal horizon of 1 day. 

 

 

Figure 12: RPS for the forecasting of a temporal horizon of 4 days. 
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Figure 13: RPS for the forecasting of a temporal horizon of 10 days. 

 

 

Figure 14: RPS for the forecasting of a temporal horizon of 15 days. 
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4. IMDROFLOOD IN “Using ECMWF’s Forecasts” 
CONGRESS 

Between the 12th and 16th of June 2017, and at the Central Headquarters of the 
ECMWF in Reading (United Kingdom), it was held an international congress called 
“Using ECMWF’s Forecasts”. In this congress we presented preliminary results of our 
work for the IMDROFLOOD project – the main difference with the final results is that 
these results were evaluated only for some precipitation stations located in Cataluña. 

We showed not only our excellent results but also the work made thanks to the 
IMDROFLOOD project. Let’s see some of the presented results. 

4.1. RPS 

Figure 15 shows the RPS for the forecasting of a temporal horizon of 1 day, for every 
used station of the area. Note the result is very similar to our final results. It is showed 
not only the final 50 collapsed analog result but also the forecast based in the 1500 
analogue days (without collapsing) and the result for downscaling the control run of 
the ECMWF ensembles. 

 

 

Figure 15: RPS for the forecasting of a temporal horizon of 1 day. 
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4.2. EXTREME RAINFALL 

Figures 16, 17 and 18 show results in forecasting extreme precipitations, a field of 
special interest for this project, for 1 day forecast. The statistical measure is based in 
the Receiver Operating Characteristic (ROC), a measure of goodness-of-fit for a 
probabilistic forecast which tries to forecast the occurrence of one event – in our case, 
to have or to have not an extreme rainfall event. ROC must be calculated for every 
station, but we can resume a ROC with its Area Under the Curve (AUC), which let us to 
show the results for every studied station. 

We can define “extreme rainfall” as the 99th percentile of the historically observed 
amounts of precipitation. For this definition, figure 16 shows us the ROC for one single 
station and figure 17 shows us the AUC for every station. Note than in both cases our 
downscaling methodology is better than the raw ECMWF ensemble in forecasting 
extreme rainfall. 

If we define “extreme rainfall” as the 99.5th percentile of the historically observed 
amounts of precipitation, figure 18 shows us the AUC for every station. Again, note 
than in both cases our downscaling methodology is better than the raw ECMWF 
ensemble in forecasting extreme rainfall. 

 

 

Figure 16: ROC for occurrence of extreme precipitations for one precipitation station for 1 day forecast 
(extreme precipitation is defined as the 99

th
 percentile). 
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Figure 17: AUC for occurrence of extreme precipitations for every precipitation stations for 1 day forecast 
(extreme precipitation is defined as the 99

th
 percentile). 

 

 

Figure 18: AUC for occurrence of extreme precipitations for every precipitation stations for 1 day forecast 
(extreme precipitation is defined as the 99.5

th
 percentile). 
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4.3. MAIN CONCLUSIONS 

- ECMWF Ensembles underestimates dry days and extreme rainfall at local scale. 
 

- Some post-process is required for downscaling EPS. 
 

- Analog/transfer statistical downscaling method improves: 
 

 Spread of the probabilistic forecast (Ranking Histogram). 

 General forecast of four classes (RPS/RPSS). 

 Extreme point rainfall forecast (ROC/AUC). 
 

- Limitations: 
 

 The used method requires observed time-series (>5years).    
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Figure 19: Acknowledgment showed in the Congress. 

 


