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BACKGROUND AND AIM In the past, verification and diagnostic studies of precipitation fields have seldom been
performed over the Mediterranean basin area and in those few cases, only over land, because of the sparseness of
available in situ observations. Even if surface weather observations from synoptic, climatological, precipitation and/or
agriculture networks represent the more accurate estimation of the weather state, they only provide non-uniformly
distributed point-value measures. Ground-based weather radars and meteorological satellite-borne instruments provide
indeed a gridded possible alternative, at least in terms of coverage, to the traditional surface.
It must be also recalled that when verifying discontinuous atmospheric fields, with a high variability in space and in
time (e.g., precipitation), or when comparing forecasts with observations available over highly variable areas, the
approach employed to analyze observations is not a minor detail. On the one hand, there is the so-called “grid point”
approach that consists in interpolating forecast data on the station locations. On the other hand, there is the so-called
“grid box” approach, which consists in analyzing the observations to the same grid as the forecast, or, more in general,
over a coarser verification grid, by computing an observational objective analysis. However, when the goal of the
verification is the assessment of the spatial match between forecasts and observations, the latter should be preferred,
since it better represents the grid-scale quantities predicted by the model and it has the advantage to be less statistically
influenced by the non-uniformly distribution of the observation stations.
Taking into account the two aforementioned issues, the recently-developed RAINMUSIC procedure has been applied
to intense precipitation events to provide a reliable and more representative precipitation observational analysis to be
used in verification study.
Preliminary results related to the application of the RAINMUSIC procedure to the VOLTAIRE case study (Cyprus, 5-6
March 2003) and the MAP D-PHASE case studies (Northern Italy, 25-28 September and 22-25 November 2007), with an
first evaluation of the scales present in the observational fields compared to those present in the corresponding
forecasts (from the ISPRA’s BOLAM model), are shown here.

Model data and rain gauge-based analysis & radar-rain gauge composite for the VOLTAIRE case study
(Cyprus test site)
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Precipitation modelled by the
BOlogna Limited Area Model
(BOLAM), accumulated on a
daily basis: 06 UTC 5 March
to 06 UTC 6 March 2003.

The Bayesian-based
composite (RAINMUSIC)
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Precipitation gridded
analysis obtained by using
the two-pass Barnes
analysis, accumulated on a
daily basis.

Within VOLTAIRE, there was the opportunity to define a
forecast verification methodology (Mariani et al., WAF, 2009)
based on the assessment of the use of multi-sensor data and of the
state-of-the-art verification techniques (such as the Contiguous
Rain Area analysis – CRA analysis).

The RAINMUSIC procedure was developed by ProGeA and University of Bologna (Italy) in the framework of the EU funded
project MUSIC (MUlti-Sensor Integration Calibration and flood forecasting. http://www.geomin.unibo.it/hydro/music/).
It can be used to interpolate point rainfall and temperature data and to combine rainfall data provided by rain gauge
networks, radar (ground based) and satellite (when available). The merging procedure is based on Bayesian techniques and it
provides rainfall maps containing the best spatial and quantitative estimate of the rainfall field.
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If only gauge data are available, RAINMUSIC performs a spatial interpolation in order to produce rainfall (or temperature)
maps to be used as inputs to rainfall-runoff models or flood forecasting systems or to be applied in forecast verification studies.
Different types of interpolation are available, and recently, in the framework of collaboration between ISPRA and ProGeA, the
Barnes objective analysis scheme has been implemented.
If more than one type of rainfall data source is available, i.e. rain gauge networks, ground based radar data or satellite data,
RAINMUSIC automatically performs data combination through a multi-sensor Bayesian combination approach and it provides
rainfall maps which include information provided by all the sensors.
Multi-sensor Bayesian combinations are based on the conjunctive use of block Kriging and Kalman filters and they allow for
the substantial elimination of the bias and the reduction of the variance of the estimation errors, thus increasing the reliability of
the precipitation estimates.
Since characteristics of the rainfall field can be very different from one time-step to the next one and the spatial distribution
of rainfall over rain gauges can significantly vary, RAINMUSIC does not use one fixed variogram function for every interpolation,
but it estimates instead a new function each time new gauge data are available. At each time step, Kriging and Block Kriging
interpolation use the variogram function that better fits the rainfall field measured by the gauges. The resulting rainfall maps are
more accurate than the ones obtained with the traditional Kriging.
Within VOLTAIRE and MAP D-PHASE, only rain gauge and radar data have been available, so the multi-sensors Bayesian
combination is as follows:
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Spectra from observational analyses (red curves)
exhibit different slope value according with the
composition method. Slope increases by inserting the
rain gauge (RG) contribution to the raw radar field,
whereas the radar adjustment seems to increase the
small-scale structure.
Future results about case studies with a more
extensive data coverage (e.g., MAP D-PHASE) will be
employed to investigate this point.
It seems also that, if we choose the “RG + adjusted
Radar” analysis as “ground truth”, its slope fits better
the model slope in the 1000-100 km range than the
model slope in the observation range (100-10 km).
This could indicate that the model precipitation
structure scales uniformly unless for the effect of
truncation and smoothing errors; under this
assumption a comparison between observed and
predicted precipitation scale may be object of further
evaluation.
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POWER SPECTRUM The power spectrum can be an effective diagnostic tool to study the higher order
moments of a gridded field and its scale dependency. Formally defined as the Fourier transform of the autocorrelation function, we compute it (according to the Wiener-Khinchin theorem) by multiplying the 2-D FFT by
its complex conjugate. The relationship between the model domain grid size Δx and the wavenumber grid size
Δk is given by Δk = (NΔx)–1, where N is the number of the model grid points. The largest value of k from which
we can extract meaningful information is given by the Nyquist frequency (2Δx)–1. Since the models are defined
on different grids with different grid step, the wavenumber range is different.
The 2-D spectrum E(kx, ky), where kx and ky are the wavenumber components, can be presented as an
isotropic power spectrum E(k), if it is averaged angularly and k is defined as k = (kx2 + ky2)1/2. The width of the
bands where the average is made is chosen in order to smooth the isotropic spectrum without losing any
significant information. Scaling of the power spectrum occurs when it can be written as E(k) ≈ k−β. In other
words, the spectrum shows scale invariance if it is linear in k on a log-log plot. The absolute value of the
spectral slope, that is, β, is an indicator of the field’s smoothness. The higher β, the smoother, more organized,
is the structure.
The well-known model spectrum decay for high
wave numbers (blue curve) indicates the smoothing
of BOLAM fields on a few-gridpoint scale. The
reported slope value fits better the large-scale part
of the spectrum, which is not sensitive to this effect.

Multi-sensor rainfall estimation for flood
forecasting

Over the radar domain the merging of these two data sources
introduce more details into the obtained observational analyses.
Following steps:
 RAINMUSIC analyses will be accumulated on 24-h scale and
the obtained fields will be remapped over the BOLAM grid (or
over a coarser verification grid);
 A scale analysis, as the one presented on the Cyprus case
study, will be performed;
 Radar data from ARPA Veneto (Teolo) and MeteoSwiss will
considered to provide a more extensive observational domain.

24-h BOLAM forecast
for 24 Nov. 2007

The RAINMUSIC combinations of Fossalon radar data
(provided by ARPA Friuli Venezia Giulia) with rain gauge data
available over the target area (provided by several Italian
regional environmental agencies and collected within MAP DPHASE – data stored at the World Data Center for Climate) has
been performed at 1-h scale.
As shown here, a strong correlation is observed between
radar data and the corresponding observational analysis
obtained by using either block-kriging or the Barnes procedure.

