
1. FINAL PUBLISHABLE SUMMARY REPORT 
 
Flooding is still the most damaging of all natural disasters; one third of the annual 
natural disasters and economic losses and more than half of all victims are flood 
related. In Europe, we count an average of 130 fatalities due to floods per year; of 
these, 40% are due to flash floods. Flash floods are associated with heavy 
precipitation events induced often by rough orography, as is the case for most of the 
storms in the Mediterranean coastal area or in the Alpine region in Europe. However, 
the inherent spatial and temporal variability of precipitation makes rainfall one of the 
most difficult geophysical variables to measure anywhere, and yet it is one of the 
most important in advancing hydrologic and weather forecast applications. In 
particular, improving local flood and flash flood forecasting requires accurate 
quantitative rainfall measurements at small temporal (minutes) and spatial (hundred 
of meters to few kilometers) scales. Arguably, weather radar's capability to monitor 
precipitation at high spatial and temporal scales has stimulated great interest and 
support within the hydro-meteorological community. For ground radars in particular 
monitoring long ranges, issues with partial beam blockage of the lower beam 
elevations or with the overshooting of low-level convection signatures by the upper 
elevation beams may lead to significant range dependent errors in precipitation 
estimation. In addition, melting snow in widespread storm systems resulting in intense 
and persistent surface rainfall may substantially increase the threat of flooding in 
complex terrain basins. Therefore, advancing the quantitative precipitation estimation 
from remote sensing is of great importance and practical use in improving the 
predictability of hydrological impacts such as flash floods and hydrogeological risks 
and facilitating efficient water management practices. 
 
The main final result of the HYDREX project is to develop an innovative new dual-
polarization X-band system software-based support tool for regional hydro-
meteorological applications. Socio-economic impacts and wider societal implications 
of HYDREX are significant as extreme weather and floods or droughts constitute the 
most critical environmental hazard worldwide. Modern hydrologic forecast systems 
require accurate quantitative measurements of precipitation at temporal scales of 
minutes and spatial scales of up to a few square kilometers. Rainfall products from 
operational radar networks are limited to coarser resolution, which is often not 
sufficient to drive distributed models of rainfall-runoff, in particular over urban areas 
and rural basins characterized by fast response to rainfall.  
 
As a summary the X-band dual-polarization observations corrected for rain 
attenuation ZH and ZDR overall showed very good performance with low relative error 
compared to the measured ones. We have showed that the correction of ZH is nearly 
independent of PIA. Error statistics of the three rainfall estimation algorithms and the 
SCOP-ME algorithm, evaluated against the disdrometer rainfall observations, has 
shown that the SCOP-ME has a low relative error in all PIAs categories compared to 
the other three methods, while the other algorithms systematically underestimate 



rainfall. The efficiency statistics, determined from SCOP-ME estimates, has showed 
better results at low to moderate (0.5 – 4 dB) PIAs and comparable results at large (>4 
dB) PIAs to the “combined” R-ZHZDRKDP rainfall algorithm. The Heidke skill score 
statistic has shown comparable results of the SCOP-ME with the R-ZHZDRKDP rainfall 
algorithm at low rainfall rates (<4 mm h-1), while for moderate to high rainfall rates (4 
– 12 mm h-1) SCOP-ME has shown better results. The SCOP-ME rain microphysics 
algorithm was also compared to two existing DSD parameter estimation algorithms. 
Overall, SCOP-ME has shown a lower relative error statistics when compared to the 
other algorithms. The SCOP-ME algorithm has performed better for all PIA ranges 
and rainfall rates and providing relatively accurate retrievals of the DSD parameters. 
 
In addition, the results show that the performance of the new algorithm offers a 
considerable improvement over the past algorithms with smaller bias and random 
error. The vertical variability of rain parameters was found to be small for 
measurements well below the melting layer. Furthermore, the use of MRR radar could 
potential helps in the vertical profile algorithm developed for the XPOL radar to 
accurately identify the height of the bright band and validate against the XPOL 
observations. The MRR is providing accurate observations of drop size distribution 
along the vertical structure. These observations could also provide validation against 
the XPOL DSD estimates. 
 
In conclusion, rain estimates using X-band mini-radar network algorithms tend to 
underestimation rainfall amount over the pilot water basin and this error propagates 
into runoff predictions. This average underestimation can be solved by a proper 
combination with available gauge network for bias adjustment. These error 
corrections need to be applied prior to using the data for hydrologic applications. 
XPOL data were not used for forcing the hydrologic model due to its partial coverage 
of the Bic basin, which prevented a full coverage of the basin rainfall. Moreover, 
visibility of the Bic basin from the 3 WR25XP radars was also not complete, due to 
logistics constraints, so that results should not be interpreted as an assessment, but as 
a preliminary hydro-meteorological chain application. 
 
With this project we explore the hypothesis solution of the problem that the use of 
high-resolution rainfall estimation lays with the use of higher frequency radar (X-
band) and polarization diversity. The ultimate expected result is to demonstrate that 
such system can lead to reliable quantitative rainfall estimates at spatio-temporal 
scales suitable for small-scale hydrologic predictions. 
Our research could contribute to the efforts underway by CASA, the HYDRORAD 
and FRAMEA investigators on developing integrated weather and flood forecasting 
systems to advance flood warning accuracy, resolution and lead-time. X-band 
polarimetric radar is a system considered widely in both weather research and 
hydrological applications. 
 
 


