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Abstract 

The EUMETSAT Satellite Application Facility in support to operational hydrology and water 
management (H-SAF) focuses on the development of new geophysical products on precipitation, 
soil moisture and snow parameters and the utilisation of these parameters in hydrological models, 
NWP models and water management. The H-SAF 5 years development phase started in 
September 2005 under the leadership of Italian Meteorological Service, and after a first Continuous 
Development and Operational Phase (CDOP-1) of an 18 months, it reached full operational 
readiness, together with the other 7 EUMETSAT SAFs, in the actual 5 years CDOP-2 phase. 

The Centro Nazionale di Meteorologia e Climatologia Aeronautica (C.N.M.C.A.), the Italian National 
Weather Centre, physically hosts the precipitation products generation suite and developed 
activities to reach the final target: development of algorithms, validation of results, and 
implementation of operative procedure to supply services and to monitor performances of each 
service. 

The knowledge of the effective precipitation at ground is fundamental for weather forecasting as 
well as for the improvement of the precipitation products derived by post-processing of the satellite 
data. In the framework of H-SAF a series of research activities are planned, aiming to develop a 
new objective analysis system for the accumulated precipitation at ground (H05). 

The focus of the study is to develop, calibrate and characterize an enhanced version of the 
combined accumulated precipitation product. The algorithm collects independent sources of 
information e.g observed precipitation data from rain-gauges and weather radars, as well as a 
numerical weather prediction short-term forecast, acting as first-guess, in order to perform a real-
time spatial objective analysis system. It is foreseen that quality of the merged analysis is better 
than the one obtained by cumulating instantaneous products based on only remote sensed data. 
The use of numerical model minimizes errors due to local effect, e.g. due to the orographic effect on 
the distribution of the precipitation field, because the model intrinsically takes into account physical 
parameterizations, including also the orography. 

Study results demonstrate as the new algorithm produces better estimates of precipitation patterns, 
in particular along the coastline, as well as for the orographic enhanced precipitation and in general 
for convective precipitation on the Mediterranean sea. 

Keywords: rain-gauge, weather radar, numerical weather prediction, spatial objective analysis, 
remote sensing, satellite application facility, precipitation retrieval, hydrology, water management. 

H05 product overview 

Product H05 is based on precipitation intensity product generated by merging MW images 
from operational sun-synchronous satellites and IR images from geostationary satellites 
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(i.e., either product PR-OBS-3 or PR-OBS-4), over the enlarged Euro-Mediterranean 
domain. 

The main operational characteristics of H05 are summarized as follows. 

Horizontal resolution (∆x). The product is generated for each SEVIRI pixel. The SEVIRI 
IFOV is 4.8 km at nadir, and degrades moving away from nadir, becoming about 8 km in 
the H-SAF area. It is prudent to assume that the process leading to PR-OBS-3 hiddenly 
convolutes arrays of 3-4 SEVIRI neighbouring pixels, finally ending with ∆x ~ 30 km. 
However, sampling is made at ~ 5 km intervals, consistent with the SEVIRI pixel over 
Europe. 

Observing cycle (∆t). The product is generated every 3 hours, by integration over the 
previous 3, 6, 12 and 24 hours with respect to the reference time (i.e. nominal time). 

Timeliness (δ). Based on the user requirements, every 3 hours the product is processed 
within 15 minutes following the delivery of the parental product PR-OBS-3 (having 15' of 
timeliness after the reference time, i.e. the upper limit of the time integration process). The 
final timeliness required for H05 is therefore 30 minutes. 

In the current operational version of H05 (v1.2) at CNMCA, the product is derived by a 
simple time integration of product PR-OBS-3 (96 samples/day at 15-min intervals) over 3, 
6, 12 and 24 hours. The alternative accumulated precipitation product derived by use of 
PR-OBS-4 (i.e. “Morphing”) is still not operational but it is easy to be implemented. 

Static climatological thresholds are applied on the final products to avoid outliers (quality 
control). 
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Recent developments – rationale 

Considering the design of the chain of the precipitation products, any improvement of the 
parental products of H05, in particular PR-OBS-3 affected by an evident bias towards the 
convective contribution to the precipitation estimate, will have a positive impact on the 
scores of H05. 

Nevertheless, in order to improve the H05 product itself, the setup of the new version (v2.0) 
of the algorithm has been designed, taking advantage of a series of dedicated research 
studies, exploited within the EUMETSAT HSAF Visiting Scientists Programme, and aiming 
to perform a two-steps approach:  

 firstly, the algorithm makes use of independent sources of information to take into 
account the real-time observed precipitation data from rain-gauges and weather 
radars, to realize the “combined observed precipitation field”. Moreover, introducing 
a NWP very short-term forecast, acting as first-guess, it is possible to perform a real-
time objective analysis system (analysis step). 

 Then, the H05 product is corrected in real-time by means of classical statistical 
techniques, using the accumulated precipitation analysis field as proxy (correction 
step). In the current configuration, a simple bias removal algorithm has been chosen. 

The analysis-correction algorithm is justified because literature studies have shown that the 
satellite precipitation estimates are most accurate during the warm season and a lower 
latitudes, where the rainfall is basically convective, whereas the quantitative precipitation 
forecast (QPF) by numerical weather prediction (NWP) model output is better than the 
satellite estimate during the cool season when non-convective precipitation is dominant. 
Moreover, the use of NWP precipitation field allows to minimize bias and random errors and 
to take implicitly into account the orographic forcing. 

Analysis step – Data sources 

After some preliminary case studies restricted to the Italian domain, the analysis-correction 
system previously described has been extended to the European domain. The integration 
time window has been reduced from 3 hours to 1 hour in the analysis step, producing a 
hourly precipitation analysis field, keeping the 3,6,12 and 24 hours time window for the H05 
“corrected” product. 

The hourly precipitation field analysis extended to the European domain incorporates the 
rain gauge data from the Department of Civil Protection (DPC) and radar data over Italy, as 
well as the EUMETNET-OPERA radar data and the NWP COSMO-ME model hourly 
accumulated precipitation data on full domain. COSMO-ME has been used as first guess, 
mapping all other sources of data to the model grid by means of standard interpolation 
techniques including kriging algorithm for rain gauges. In the following figures an example 
of all data used in the analysis is shown. 
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Temporal correlation between analysis and H05 

The linear correlation coefficient R between H05 operational product and analysis data was 
computed  for each point and an example (from the 17th April 2012 case study) is shown 
below. To reduce the calculation time of R, only the points that recorded rain at least in 1 
case out of 4 (the threshold rain - no rain was fixed to 0.25 mm) were selected. 

The correlation coefficient pattern shows well-defined zones of positive and negative 
correlation that indicate, respectively, a good/bad geolocation of the patterns reproduced by 
PR-OBS-5 product with respect to the analysis ones. In particular, the correlation is 
negative when there is a temporal shift of the maximum precipitation between PR-OBS-5 
and the analysis. 
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Correction step 

The mean error (or bias) between PR-OBS-5 and analysis data was also computed. In the 
following figure the bias plot for the 17th April case study is shown, obtained computing the 
difference for each grid point between PR-OBS-5 and analysis (3 hours accumulated 
precipitation). 

It could be noticed that in general the PR-OBS-5 tend to underestimate the precipitation on 
the western part of the perturbation, i.e. it tends to locate the perturbation a little more 
forward (and then further to the right in accordance with a normal zonal flow) with respect 
to the analysis map. The effect of orography on the precipitation (over the Italian Apennines 
and Austrian Alps) is well reproduced in the analysis, but it is absent (or underestimated) in 
the PR-OBS-5 product. 
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Finally, for the correction of the H05 product only the points with the absolute value of 
correlation coefficient higher of 0.25 were selected. In fact, as explained before, the 
negative correlation generally indicates a temporal shift between the product and the 
analysis and so it was decided to consider also these grid points. The corrected, new 
version of PR-OBS-5 (hereafter indicated as PR-OBS-5*) was then computed as difference 
between the uncorrected PR-OBS-5 and the bias field. The resulting PR-OBS-5* is shown 
below for the same case study as before. 
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Results 

The preliminary results of the research activities performed at CNMCA with the support of 
the EUMETSAT HSAF Visiting Scientists Programme demonstrate that the new algorithm 
produces better estimates of precipitation patterns, in particular along the coastline, as well 
as for the orographic enhanced precipitation and in general for convective precipitation on 
the Mediterranean Sea. 

Also the classical statistical scores (RMSE, POD, FAR, etc.), computed for the whole 
domain, show in general a slight improvement with the new version (see the VS11_04 final 
report cited in the references for more details).  

As an example, in the following figures the summary panel is shown for the 17th April 2012 
case study. In particular, in the bottom right corner the map of the differences between the 
new (corrected) and the previous (currently operational) version of PR-OBS-5 is shown. 
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It is possible to notice that the new version tends to reproduce a higher estimate of 
precipitation (with respect to the previous version) in particular near the coastline, probably 
due to the orography enhancement: this is evident in the Southern Ireland, in the northern 
part of Africa, but also on the Italian Apennines and the Austrian Alps. In addition, a higher 
estimation of convective precipitation over the Adriatic Sea, between Italy and the Balkans, 
can be observed. Finally, in this case of study, the new version tends to reduce the 
precipitation over Eastern Europe, namely on the Caspian Sea area, according with the 
analysis map. 

Even the statistical scores, hereafter summarized, show a sensible improvement with 
respect to the previous version, especially in terms of RMSE, RMSE%, R and POD. 
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PR-OBS-5 vs Analysis  PR-OBS-5* vs 

2.20 RMSE 1.83 

217.2% RMSE% 164.1% 

0.17 R 0.31 

0.28 POD 0.41 

0.68 FAR 0.61 

0.16 ETS 0.23 

0.01 BIAS 0.02

 

On-going activities and future work 

In order to put into operations the new version of the algorithm (v2.0), both the optimization 
(computational efficiency) and the adaptation (I/O data and fields, geografical domain) of 
the experimental suite is currently undertaken. 

Parallel research work aiming to investigate, in particular, alternative and more 
sophisticated algorithms for the correction step  is a very crucial activity. The evaluation of 
correction methods by statistical learning other than the simple bias removal (currently 
implemented), could potentially enhance the performances of the whole system. 

By the way, large benefits are expected, in future, by use of new sources of high-density 
precipitation data, available in real-time in the framework of dedicated observation 
networks, well-integrated at international level or, at least, on the European scenario. 
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