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

1 Introduction

Rainfall is a fundamental atmospheric process able to bring life to what is lifeless, but also

able to devastate regions with the strength of floods. Since ancient times, man has tried to

explain, predict or even beg for this natural phenomenon.

Natural forces such as rainfall, too difficult to be understood by primitive civilizations, were

explained as divine manifestations, as a gift or a punishment given by gods.

First climatological predictions were based on the experience. Thus, the Greek civilization

marked the start of the rain season by the apparition of Hyades (five stars of a constellation),

considering them a sort of messengers of the spring showers.

Even nowadays, in spite of science advancements in the knowledge and prediction of rainfall,

the lack or excess of rain is still an important source of social and politic problems.

Floods are a serious problem in many river basins throughout the world. Particularly in the

Mediterranean zone this problem is especially important. The presence of mountain ranges

near the coast encourage the convection of warm and wet air of the sea, which generates

storms that present an important degree of spatial and temporal variability. These storms may

result in terrible consequences in case that they remain stationary over a certain basin. In

addition, during the second half of the 20
th

 century, areas close to the coast have suffered a

very strong urbanizing pressure making the consequences of floods even worse.

On the other hand, the lack of water (the XXIst century new gold) in the same region for large

periods produces important water supply problems, requiring new measures to administrate

correctly this good. It is important to understand this process to commit tasks of prevention

and correct management.
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Many fields of Civil engineering are widely linked with rain disasters and water supplies.

Thus, the knowledge of this process becomes particularly important to skillfully resolve our

future infrastructures.

This work deals with drops, the singular particles that compose precipitation. Understanding

this population is essential to characterize the rainfall and their properties, which will lead us

to a better knowledge and prediction of this phenomenon.

In this study, we start with a brief description of the rainfall microstructure, which is

characterized by the drop size distribution (DSD). Its knowledge has become crucial in many

applications especially, in radar meteorology studies. Meteorological radars provide a sort of

volumetric radiography of the rainfall field in extended zones. Analytical formulations of the

DSD are fundamental to provide relations between reflectivity (Z, what radar measures) and

rain rate (R, the variable of interest in many fields). The study of the DSD variability between

different climatological regions, between different storms and within different regimes of a

storm is indispensable to improve the knowledge of the Z-R relationship required to estimate

rain rate from meteorological radars.

In the presented work three different types of instruments have been used (2 units of each

type) capable of measuring the DSD. These instruments are called disdrometers. The used data

set was recorded at NASA Wallops Flight Facility, located in Virgina, from May to August

2004. The performance of the different disdrometers are analyzed in chapter 3.

Afterwards, a general formulation for modeling the DSD proposed by Sempere-Torres et al.

1994 is reviewed.

The following two chapters (Chapters 5, 6) are devoted to analyze the influence of the

different fitting processes and the disdrometreic errors on the estimation of the parameters of

the modelization of the DSD.

Next a more complex formulation to model the DSD is reviewed, since it is supposed to

capture the natural variability of the DSD, explaining the advantages and the problems of this

new formulation.

Chapter 8 presents the dependence of the DSD with the precipitation type and its impact of the

implemented formulations.

Finally the last chapter is devoted to present the final conclusions.




