
Study of the variability of the rainfall microstructure. A comparison using multi-sensor measurements.

Study of the variability of the rainfall
microstructure. A comparison using multi-

sensor measurements
Autor: Jordi Rosich Sánchez

Tutor: Daniel Sempere Torres

Floods are one of the most impacting natural hazard in our society, both from the perspective of personal and
material losses. With the aim of mitigating the effects of floods, structural solutions (i.e. with the construction of
big dams, river canalizations,...) have been traditionally proposed. However, these solutions need to be
complemented with non-structural alternatives, such as automatic Warning Systems. These systems consist of
control centers receiving information from different sensors (basically rainfall and flow measurements), which
are processed to issue warnings when necessary.

In this framework, the use of the meteorological radar is becoming more interesting (thanks to the good spatial
and temporal resolution of their remote measurements). However, one of the most important sources of
uncertainty of the radar rainfall measurement is due to the fact that the radar does not measure rainfall, R, itself,
but an indirect variable called reflectivity, Z. The Z-R transformation is mainly dependent on the atmospheric
process causing precipitation.
The presented work lies on the study of the microphysical properties of precipitation. A good way to characterize
precipitation is through the distribution of the diameters of the hydrometeors (drop size distribution, DSD), which
is characteristic of the atmospheric processes. From an instantaneous DSD, the values for Z and R can be
obtained.
Therefore, if the DSD could be measured (or modeled), a “good” Z-R relationship could be proposed, which
results in a significant reduction of the uncertainty associated to radar measurements.
Disdrometers are the instruments used to characterize the DSD. In particular in the presented study, a set of six
disdrometers (2 of 3 well-known types) have been tested in the framework of a field campaign carried out during
summer 2004 at the NASA Wallops Flight Facility (located in Virginia, USA).
A first part of the work consisted of comparing the measurements of the different instruments, in terms of their
ability of quantifying the accumulated precipitation (2 rain gauges were also available at the site and used as
reference) and of measuring the number of drops in the boundaries of the drop spectrum (these instruments have
typically difficulties in recording the very small and large drops).

In the 1990s, Sempere-Torres et al. (1994) proposed a general model for the DSD (representative of all models
previously proposed), based on using one moment of the DSD (typically, the rain rate) to scale it. This model has
been retaken here and implemented in the framework of the available data. In particular, the core of the presented
work deals with the analysis of the different parameters and with the influence of different factors on the
robustness of the estimated parameters (mainly, the fitness process and the DSD data quality).
One of the particularities of this model is that its parameters are indicative of the dominant atmospheric processes
producing rainfall (and, thus, of the main rainfall type). A maunal separation has been carried out to illustrate
these properties of the single normalization method (unfortunately, radar data affecting Wallops Island during our
field campaign was corrupted). However, when no separation is applied, mixing different rainfall types results in
additional scatter in the normalized DSD for an entire event.

A second part of the work describes a more recent model for the DSD, which introduces an additional moment of
the DSD in the general expression (that is, the model is based on a double normalization of the DSD). This new
formulation aims to be independent of the rainfall type. The presented work consisted of implementing the double
normalization in the Wallops dataset. The results showed a quite good agreement with the model for significantly
different rainfall regimes.




