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Abstract

The microphysical processes that take place within warm clouds are a source of uncer-

tainty for current meteorology: several gaps exist in the knowledge of the growth of

droplets in the clouds and the subsequent development of rain. One of the factors that

makes it very uncertain is the role that turbulence plays in the microphysical processes

that involve the growth of droplets: CCN (Cloud Condensation Nuclei), condensation,

collision. The great knowledge lacks that there are on the subject are probably due to the

limited amount of data taken in the field, with sensors transmitting data from the clouds.

Even less has been, until now, the data captured by a probe capable of faithfully following

the trajectories of the current in the clouds, that is in a Lagrangian way. The COMPLETE

project, a Horizon2020 programme, was created to broaden the knowledge science has

about the interaction between turbulence (from small to large scales) and microphysical

phenomena in the clouds, thanks to the use of a floating, disposable, biodegradable, radio

probe capable of transmitting data in real time to a ground receiver on pressure, temper-

ature, humidity, trajectory and speed. In particular, in this thesis, after having discussed

and illustrated the current gaps in knowledge on the subject, it is intended to report: the

main components of the radiosonde; the operating principle; the assembly procedures

optimised by the author in the IIT laboratories; the first data captured by the probe.
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Chapter 1

Introduction

Humans have observed and investigated clouds and weather phenomena for thousands of

years, trying to understand and eventually predict their behaviour. It has always been,

therefore, of crucial importance for life on our planet the knowledge of clouds, in order

to better organize agriculture, to foresee disasters or droughts. However, despite the tech-

nological evolution of the instruments that enable atmospheric observations (satellites,

probes, computational calculations), even today the gaps concerning several physical and

chemical phenomena which take place inside the clouds are mostly unknown, or at least

not con�rmed. Indeed, clouds involve large scale motions that are connected through

complicated and sometimes unexplained processes to micro-physical and micro-chemical

phenomena.

One of the reasons for such gaps in the knowledge of cloud evolution is the scarcity

of in-situ measurements along Lagrangian trajectories, which could provide very impor-

tant information about the �uctuations of many physical and chemical quantities, from

large to small scales [1]. Precisely to meet the necessity for this type of measurement, a

small radiosonde was developed as part of the Horizon2020 Innovative Training Network

Cloud-MicroPhysics-Turbulence-Telemetry (MSCA-ITN-COMPLETE) project [2], ca-

pable of �oating in the clouds and following Lagrangian trajectories. Moreover, the probe

is designed to be disposable, so it has to be biodegradable, cheap and simple to produce.

The radiosonde must thus satisfy the above mentioned characteristics in order to meet

the project objectives. Firstly it must succeed in transmitting data regarding the point

where it is located (pressure, temperature, humidity, position, speed) in real time, to a
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Introduction

ground receiver: it must therefore contain different types of sensors, a battery and micro-

electronic components capable of processing and sending the data. A further important

objective is to follow the trajectories of the current in a Lagrangian way, so the probe

must �oat at a certain height and must have reduced dimensions so as to achieve reduced

inertia: the various sensors are inserted inside a balloon �lled with helium, with a diameter

not exceeding 40cm. To ensure that the probe is both small and �uctuates, the materials

used must remain as light as possible. Finally, as already mentioned, the probe will most

likely be dispersed in the environment and not reusable, so it must be inexpensive, easy

to produce several units, biodegradable.

During the time I was involved in the COMPLETE project, I had the objective to work

on the structure of the mini radio-probe. I analysed the right dimensions and weights so

that the probe could �uctuate at the right altitude; I studied the right shapes of the balloon

so that it would faithfully follow the Lagrangian �uctuations of the current; I designed and

realized a structure so that the board containing the sensors would lie in the centre of the

balloon, without adding weight to it. This phase of the work was carried out at the Smart

Materials department of the IIT (Italian Institute of Technology), which collaborates on

the project having previously analysed and chosen the material used for the balloon [3]. I

subsequently collaborated in the realization of some tests carried out to examine the probe

as a whole, analyzing the data received from it.

In the following chapter of the thesis, which is purely bibliographic, an overview of

current knowledge on the role of turbulence in the development of clouds and atmospheric

precipitation is presented: growth by condensation and collision of cloud droplets in a

large and small scale turbulence, entrainment and detrainment in a turbulent environment.

Within the third chapter, an account is given of the current development of the various

components of the radiosonde, an operating principle is outlined and the data character-

ising the instrument in question is provided. Chapter 4 presents the production protocol

of the balloon developed by me in IIT: it shows the calculations realized, the tools used,

the methodologies to be applied for the radiosonde to meet the requirements. Chapter 5

shows the results obtained from the real preliminary tests carried out in the �eld: data con-

cerning position, speed, pressure, temperature, relative humidity; data concerning some

tests on the material chosen for the balloon.
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Introduction

The results obtained from the preliminary tests highlight some determinants for which

the radiosonde needs to be perfected but, nevertheless, con�rm that the probe is able to

collect information and transmit it, following the Lagrangian �uctuations of the current at

altitudes of 1000m for over an hour.
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Chapter 2

Clouds as source of uncertainty

2.1 Cloud formation

A parcel of atmospheric air is characterized by amixing ratio, that is the content of water

vapor (measured ing) per kilogram of dry air; this quantitative can be expressed also not

dimensionally asrelative humidity[4]. There is a limit of mixing ratio value for which

air becomes saturated and it is not able to contain more water vapor (here it is said that

relative humidityis 100%). Supersaturationis de�ned as the relative degree of water-

vapor pressure exceeding the saturation vapor pressure. From the moment that the air is

super-saturated, formation of cloud takes place [5].

The value of water vapor to which air becomes saturated depends on the atmospheric

temperature. The temperature to which air must be cooled in order to become saturated is

calleddew point. Cooler air can contain less water vapor than warmer air before becoming

saturated, so its dew point is lower. A parcel of air typically tends to rise due to convection,

large scale atmospheric motions, or orographic lift(presence i.e. mountains). Rising, air

expands and cools, up to the dew point, where clouds are formed. [6]. The mechanism

above described is calledadiabatic cooling, which is the more frequent. Nevertheless,

other types of cooling exist: conductive, radiational, evaporative, which are of relatively

limited interest in the analyses carried out in this work.
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2.1. CLOUD FORMATION

2.1.1 Cloud forms and levels

Several types of clouds classi�cation exist in bibliography: there are different types: from

the simple ones to study to those for which uncertainties are still many, due to the strong

instability to which they are subjected. A simpli�ed classi�cation of cloud types is below

reported:

• Stratiformclouds (Figure 2.1) are the most stable type. This kind of cloud presents

generally �at, sheet-like structures and it rarely produce precipitation. This type of

cloud can be found at every level of the troposphere and does not produce precipi-

tations [7].

Figure 2.1: Wavy stratiform clouds over Sterling, Virginia (USA) [7]

• Cirriform clouds are in �lament forms (Figure 2.2) and they are mostly stable.This

kind of cloud is present only in high tropospheric altitudes and does not produce

precipitations [7].

• Stratocumiliformclouds (Figure 2.3) have both stratiform and cumuliform char-

acteristics. These clouds are mostly stable and precipitations depend on altitude at

which the cloud is located [7].

• Cumuliformclouds (Figure 2.4) have instability which grow with their dimensions.

This type of cloud has heaps or tufts shapes, and might be low-level or multi-level(in

this case precipitations remains abundant) [7].
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2.2. ACTIVATION AND GROWTH OF DROPLETS IN WARM CLOUDS

Figure 2.2: Picture taken of a cirriform cloud [7]

Figure 2.3: Picture taken of a stratocumulus cloud [7]

Figure 2.4: Picture taken of a cumulus cloud [7]

• Cumulonimbiformclouds (Figure 2.5) have towering vertical extent. They present

high turbulence and instability and can produce moderate to heavy showers [7].

2.2 Activation and growth of droplets in warm clouds

Warm clouds droplets activation and growth up to raindrop size take place through three

fundamental steps:

1. CCN activation;
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