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Abstract
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work in a number of fi elds where he set important milestones. In particular, several of his papers represent the fi rst 
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production that the original source is almost forgotten. Here the topics where his contribution was of pioneering 
importance are briefl y recalled and his original works cited.
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1.  Introduction

Since his thesis at the Faculty of Engineering 
of the University of Rome, Giorgio Fiocco has 
been extremely active in several fi elds of both 
Engineering and Physics. Here we do not need 
to acknowledge his already high visibility in the 
Italian and international academic and scientifi c 
community: his authority is well recognized 
by his participation in many committees and 
panels, as well as his affi liation in academies, 

scientifi c societies and, last but not least, his past 
positions as head of important research institutions 
(director of the former Institute of Atmospheric 
Physics, IFA, of the National Research Council, 
CNR, and president of the Italian Space Agency, 
ASI). Affi rming that most people involved in 
atmospheric physics all over the world know who 
Giorgio Fiocco is is not an overstatement.

According to one of Fiocco’s basic teachings 
that «quality is more important than quantity», 
his paper production is not as heavy (in a literal 
sense) as that of other colleagues in the physical 
sciences although it still numbers an outstanding 
300 or so. Here we recall that among his scientifi c 
production one can fi nd some pioneering work 
in a number of fi elds where he set important 
milestones. In particular, several of his papers 
represent the fi rst published evidence in some 
fi elds and triggered such a large fl ow of research, 
new developments and new paper production that 
the original source is almost forgotten.(*) «Retired».



174

Glauco Benedetti-Michelangeli et al.

The main aim of this paper written for cele-
brating his 70th birthday is to settle this point: 
to recall briefl y the topics where the contribu-
tion of Giorgio Fiocco was of pioneering impor- 
tance and cite his original works which confi rm 
his primacy in order to reaffi rm the true paternity 
of some ideas and techniques accepted world-
wide.

2.  Great Britain

Fiocco had just graduated as an Electrical 
Engineer in 1956; what could he become if not 
an employee of one of the «diamond tips» in the 
electronics industry at that time: the Marconi 
Company.

The fact that
   i)  going abroad for a job at that time was not 

common (during the Italian economic «boom» 
of the late fi fties, job opportunities at home were 
abundant),

 ii)  the choice of the U.K. was even less com-
mon for Italians and

iii)  the choice of working for the fi rm founded 
by a very famous and brilliant Italian inventor, 
may or may not be relevant. Surely it was the fi rst 
(and, probably not easy) step forward in view of 
his next big jump overseas.

The facts are that he was right away involved 
in advanced research in Radar and navigation-
al aid systems and his contribution was such 
that some of his discoveries were patented for 
Marconi (Fiocco,1958a-e, 1959a-e; Adam and 
Fiocco, 1959).

Being in private industry, his contributions 
at that time are published as Internal Reports. 
Moreover, most of the discoveries and devel-
opments which were the ultimate thing at that 
time, are probably nowadays outdated by any 
of the computer chips that control our kitchen 
appliances (on the relationship between the sci-
entifi c knowledge of different generations of stu-
dents, in this same issue, there is an interesting 
essay by L. Smullin, a teacher and good friend 
of Fiocco’s).

Of his «science» there, we, friends and at-
mospheric physicists, do not have much record. 
What we believe is that Marconi’s, like England, 
was the training entrancehall where Fiocco fi rst 

came in touch with the true, «dirty» world and its 
fascinating applied sciences after his book-based 
university years. Since then the enchantment of 
such devices as Radars, able to sense far objects, 
never left him and always spurred his knack for 
practical and brilliant solutions to new and 
challenging problems.

In particular, he was interested in a deeper 
understanding of what professional radar people 
consider noise but is indeed the atmospheric 
signature. At that time it probably occurred to 
Giorgio Fiocco that studying the source of the 
radar noise could become a new branch of the 
geophysical sciences.

3.  United States

We must face it that to be successful in 
scientifi c research it is not often suffi cient to be 
talented, one needs certain amount of luck: to 
be at the right place at the right time. This was 
the case in the laser fi eld in the early sixties. The 
fi rst laser was constructed in 1960 in the U.S. 
During the next 2-3 years various types of lasers, 
laser effects and applications were discovered or 
invented, each of which became the foundation 
of a whole new research fi eld. Two of these were 
associated with the name of Giorgio Fiocco. He, 
like many young European researchers, went to 
the United States in order to perfect his research 
skills and learn the latest techniques.

One of the outstanding professors of the 
Electrical Engineering Department at MIT was 
Louis Smullin, formerly a member of the Ra-
diation Laboratory of the same university where 
the microwave Radar had been developed. 
Smullin chose young Fiocco to set up an active 
optical instrument able to measure the distance 
from the Moon: one of the fi rst optical radar 
or LIDAR (acronym for LIght Detection And 
Ranging, an obvious readjustment of the acronym 
RADAR, RAdio Detection And Ranging). When 
one considers how diffi cult is was to observe a 
few photons of laser light refl ected from the lunar 
surface without the benefi t of the retro-refl ector 
placed much later on the Moon by astronauts, 
everybody can appreciate the sense of humor 
in the chosen code name used for the lunar 
ranging program - «Project Luna See» sounds 
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like «project lunacy». After struggling with 
electronics that nowadays can be seen only in 
science museums, they got the fi rst light pulses 
echoed from a half Moon during three nights of 
May 1962. The news was soon highlighted in 
newspapers all over the world (it made the fi rst 
page in the New York Times); in particular, the 
scientifi c report was published in the outstanding 
journal Nature (Smullin and Fiocco, 1962).

Next came the application of laser pulses 
to diagnose a plasma by Thomson scattering 
(Fiocco and Thompson, 1963). The advantages 
of laser light are: negligible disturbance of the 
plasma, high spatial and temporal resolution (a 
very short laser pulse is used), remoteness from 
the plasma. At the same time, the laser beam 
is suffi ciently powerful to produce observable 
effects. In the case of the Thomson scattering the 
originally narrow spectrum becomes broadened 
after interacting with the hot electrons of the 
plasma. The broadening is directly proportional 
to the temperature and the amount of light 
scattered depends on the plasma density, thus 
providing information on the two most important 
parameters of a plasma while the centroid of the 
spectrum provides a measurement of the radial 
bulk velocity of the medium. Lasers became the 
standard diagnostic tools for fusion plasmas all 
over the world, fi nding many other applications, 
but Fiocco’s was indeed the pioneering paper. 

In the experiments by Fiocco and Smullin 
(Fiocco and Smullin, 1963), laser echoes from the 
mesosphere were tentatively attributed to incoming 
micrometeorites (Fiocco and Colombo, 1964).

The presence of aerosol layers near or below 
the mesopause has been established by numerous 
visual observations of noctilucent clouds. Fioc-
co and Grams (1966, 1969) conducted lidar 
measurements at high latitudes where noctilucent 
clouds are observed.

Observations of transient features of a noc-
tilucent cloud were also obtained during that 
experiment. Fiocco and Grams (1971) related 
latitudinal and seasonal changes in the vertical 
distribution of extraterrestrial particles below 
100 km to the general circulation of the upper 
atmosphere. Estimates of the mass fl ux of extra-
terrestrial dust based on lidar data obtained at 
high latitudes (Fiocco and Grams, 1969) are in 
agreement with results obtained by other tech-

niques (summarized, for example, by Parkin and 
Tilles, 1968).

It is interesting to recall that volcano Agung 
was timely enough, in 1963, to explode and inject 
into the atmosphere dust and gases, that would 
form in the lower stratosphere the liquid and 
solid targets to be detected by Giorgio Fiocco’s 
lidars. The first application of lidars to study 
the stratospheric aerosol layer was the work of 
Fiocco and Grams (1964). The lidar could rapidly 
acquire backscattering profiles of the layer of 
aerosols found in the interval from 15 to 25 km. 
These observations permitted the study of short-
term temporal variations in the aerosol layer. 
Stratospheric aerosol observations were made 
with a lidar operated at Lexington, Massachusetts, 
during 1964 and 1965 (Grams and Fiocco, 1967). 
Some observations were also conducted at College, 
Alaska, in the summer of 1964. Vertical profi les of 
aerosol concentration were obtained by dividing 
the backscattering coefficients measured with 
the lidar echoes by the expected return from a 
molecular atmosphere. The lidar «scattering ratios» 
introduced by Fiocco and Grams have been used 
extensively by other lidar groups since that time.

Other large volcanoes (St. Helens, in 1980; El 
Chichón, in 1984, and Pinatubo, in 1991) exploded 
during the following years, all at the right time to 
be monitored by lidar, and to prompt important 
research on stratospheric composition, dynamic, 
chemistry and radiation.

The work at Marconi’s with Doppler Radars 
probably also triggered the idea that such 
technique applied to lidars would have made 
it possible to detect the velocity of the small 
light scatterers present in the atmosphere. In case 
such scatterers were large and dragged by the air, 
their average velocity would be equal to the wind 
velocity; if the scatterers were air molecules, their 
velocity distribution would be directly related to 
the gas temperature. The theoretical treatment of 
such phenomenon is extensively developed in an 
often cited paper of Fiocco and a bright young 
student: Fiocco and De Wolf (1968). At the same 
time he started working at the way to measure 
such properties in the laboratory. The fi rst devices 
were built in the U.S. but soon he was called by 
ESRIN in the laboratory of Frascati and he was 
allowed to carry with him many of the already 
constructed devices.
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It is worth mentioning that in those fi rst years 
at MIT, Fiocco conceived and literally designed 
for the laboratory a sort of optical «Meccano» 
that all his co-workers know very well. With 
the aid of a score of different modular pieces (a 
compromise between metric and anglo-american 
sizes but always perfectly fitting) precisely 
machined in anticorodal, bronze and steel on the 
original drawings of Fiocco, it has been possible, 
since then, to construct any kind of optical 
system. Such versatility is hardly found even in 
catalogues of important optics producers. Several 
of his former co-workers, who have continued 
their work in atmospheric optics by themselves, 
are still using Fiocco’s «Meccano».

4.  Italy, Frascati

As mentioned above, in 1969 Fiocco was 
called back to Italy to set up a group of atmospheric 
physics at ESRIN, a child laboratory of ESRO, 
born with great auspices that soon faded under 
the weight of diplomatic-political questions. 
The fact that ESRIN was in the neighborhood of 
Rome, famous for an inexplicably too abundant 
production of low-quality wine, has probably 
nothing to do with what happened next, but the 
laboratory eventually turned out to be quite short 
lived. One of its merits is that its wealth of funds, 
space and facilities, was the defi nitive bait that 
brought Giorgio Fiocco back to Italy. If it were 
not for that outstanding laboratory, Fiocco would 
probably still be in the U.S.

The Doppler effect on visible radiation had 
been known by astronomers since the begin-
ning of the 20th century but the involved veloci-
ties were very high and the famed «red shift» 
of the expanding universe was easily studied. 
Conversely, the velocities involved in atmos-
pheric physics requires a quite high instrument 
resolution not easily achieved.

The apparati like Radars which use radio 
frequencies that have the advantage of keeping 
their coherence, solve the problem by mixing 
the signal with a reference oscillator (homo- or 
hetero-dyne technique). Such technique shifts 
the frequency of the signal to be analyzed to a 
much lower range where the required resolution 
is more easily reached. Applying the same 

technique to optical frequencies is possible 
(and indeed is done) but has several limitations. 
Giorgio Fiocco at that time took the «ultimate 
decision» that put him for good on one of the 
two exclusive parties of the lidar community: on 
one side the «coherent» Doppler lidar guys who 
use the mixing technique and on the other, the 
«incoherent» Doppler lidar guys who perform the 
analysis of the raw signal without any mixing. 
The effort from the second party to discourage 
being nicknamed «incoherent» by demonstrating 
that their method utilizes somehow light coher-
ence as well, has gone unheard to date. Here, 
for sake of impartiality (which is not the case 
because some of us belong to this very side), the 
denigrating defi nition «incoherent technique» is 
called «direct detection technique».

The application of the direct detection 
technique for measuring the atmospheric tem-
perature and wind, proposed and published 
for the fi rst time by Fiocco, is based on the 
spectral scanning of the lidar echo signal with 
a very high resolution interferometer. Fiocco’s 
idea was original also in proposing the use 
of an interferometer known in the hyperfi ne 
spectroscopy community but otherwise seldom 
used: the Fabry-Perot etalon. Typically a Fabry-
Perot used to study hyperfi ne transition lines in 
laboratory experiments where there is abundance 
of signal has a diameter of 2'' or less; Giorgio 
Fiocco had special 4'' plates made and coated 
for him with very high precision by a U.K. glass 
manufacturer. He designed from scratch also the 
mechanics that held the plates and made possible 
the frequency scanning either piezoelectrically or 
by pressure change.

In a search for the optimum light transmittance 
(although Fiocco, talking to his junior co-worker 
would often say that «optimum is the enemy of 
good»), with G. Benedetti-Michelangeli, he dug 
out of the books an even more obscure spectro-
scopic device: the spherical Fabry-Perot invented 
and studied by Connes (1958). At very high 
resolutions needed for the Doppler technique it 
can be demonstrated that confocal mirror cavities 
have a great advantage over at mirror cavities. 
He and his team made a whole series of different 
spherical Fabry-Perot cavities with impressive 
resolutions that allowed the measurement of the 
wind velocity with such accuracy to compute 
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the turbulent eddy diffusion coeffi cient in the 
boundary layer.

The papers written in those years are the fi rst 
record of utilizing the lidar Doppler technique in 
the atmosphere (Fiocco et al., 1971; Benedetti-
Michelangeli et al., 1972, 1974). Many years 
later when the lidar Doppler technique became 
a fashionable sort of topic in the international 
scientifi c community, the main problems invol-
ved were still the same and Fiocco had some 
solutions to suggest for following the drift of a 
laser line (Zuccheretti et al., 1992).

As with the two kinds of Fabry-Perot inter-
ferometers, he took another little known idea 
from the books and set it into use. An astronomer 
from Bologna Observatory, G. Horn-D’Arturo, 
had thought that instead of having a very ex-
pensive large area telescope built, he could 
use an array of properly made small telescopes 
(Horn-D’Arturo, 1935). The idea comes from the 
observation that due to the extreme diffi culty of 
making large precise optical surfaces, the cost of 
many small mirrors was by far less than the cost 
of a large mirror with the same total area. At 
that time, mirror arrays were already used 
for solar furnaces or other non-optical grade 
applications, here the point was to obtain a tele-
scope good for astronomers and, in the case of 
Fiocco, good for a lidar. Incidentally this idea is 
still valid and seems one of the better solutions 
for large telescopes in space.

In 1973, the 3 m mosaic telescope made of 36 
hexagonal mirrors in a 12 m high tower adjacent 
the ESRIN laboratory started to collect the fi rst 
lidar echoes from the stratosphere. A unique 
facility in the world. After going through few 
lifting jobs and passing from ESRIN to the Italian 
National Research Council (CNR), it worked and 
produced a fair amount of scientifi c results up 
to a few years ago (1999) when the laboratories 
were moved to a new site and the relocation of the 
tower was not considered economically viable. 
The building and some of the steel innards are 
still there like an old pharaoh’s monument. 

As previously mentioned, in 1980 Mt. St. 
Helens exploded, and in 1984 so did the volcano 
El Chichón. In the period following the eruptions, 
most of the lidars all around the world made 
measurements of the aerosol distribution and 
evolution in the stratosphere. The lidar in Frascati 

made measurements (Adriani et al., 1983), that 
were also used as ground truth for the Stratospheric 
Aerosol and Gas Experiment II (Ackerman et al.,
1988). Studies on the interactions between aerosol 
and ozone in the stratosphere were also conducted 
(Adriani et al., 1987).

In the early to mid-1970s, Fiocco was a fre-
quent visitor at the National Center for Atmos-
pheric Research (NCAR) at Boulder, Colorado, 
where he worked with the «ol’ good times» and 
great friend Gerry Grams on a series of papers 
involving the energetic equilibrium of small par-
ticles in the Earth’s upper atmosphere. Aerosols 
absorb energy from the solar and planetary 
radiation fi elds, exchange energy by collisions 
with the ambient gas, and emit thermal radiation. 
Interactions with the atmospheric radiation fi eld 
is a function of size and refractive index of the 
particles and of the spectral density and anisotropy 
of the radiation fi eld. The heat exchanged through 
collisions is a function of the temperature and 
density of the ambient gas and of the temperature 
of the particles. Equilibrium conditions for any 
given particle size and composition are thereby 
functions of the altitude, time of day, season, 
and planetary albedo. Equilibrium particle tem-
peratures can be substantially different from the 
ambient gas temperature; Fiocco et al. (1975) 
showed that the effects could be very large above 
60 km where differences in excess of 100 K could 
be obtained in daytime. These differences could 
account for substantial increases in the sublimation 
rates of certain species (Fiocco and Visconti, 1973) 
and for a reduction in the altitude interval where 
ice particles could exist in the mesosphere (Grams 
and Fiocco, 1977). The identifi cation of the role 
of aerosol on the atmospheric heating and on the 
photodissociation rates treated in those years with 
different colleagues (Fiocco et al., 1974, 1976, 
1978; Mugnai et al., 1978, 1979; Petroncelli 
et al., 1980) constitutes one of the many fun-
damental contributions to the understanding of 
the atmospheric processes. 

At the same time, he dedicated some ef-
forts to the development of acoustic sounders 
(Mastrantonio and Fiocco, 1982), to the charac-
terization of the atmospheric boundary layer 
(Fiocco and Mastrantonio, 1983), and to the 
combination of different techniques (Congeduti 
et al., 1981).



178

Glauco Benedetti-Michelangeli et al.

 In his neverending search for literally 
«pioneering» challenging measurements, he 
deployed in person and with other adventurous 
co-workers an acoustic sounder on a ship 
cruising the Red Sea and, later, on one of the 
highest possible sites in Europe: Capanna 
Margherita on top of Mt. Rosa (4400 m a.s.l.).

In the same years of ESRIN Fiocco, using 
his expertise in optical spectroscopy, stud-
ied the properties of few minor atmospheric
components such as OH (Fiocco et al., 1970;  
Visconti and Fiocco, 1970, 1973; Fiocco and 
Grams, 1971; Visconti et al., 1971; Fiocco and 
Visconti, 1973, 1974).

5.  Italy take 2: Rome

In 1984, Fiocco started a new laboratory in 
the Department of Physics of the University of 
Rome. The fi rst experiment in the laboratory 
was dedicated to the measurement of the ozone 
absorption cross section in the ultraviolet spectral 
range (Cacciani et al., 1989), and, later, in the 
visible (Amoruso et al., 1990). Of particular 
interest was the dependence on temperature. 
These measurements had been carried out by few 
groups previously. The small differences among 
the published measurements had a signifi cant 
impact on the ozone values retrieved from the 
surface and from space: the change of the ozone 
absorption, mostly in the Huggins bands, with 
wavelength, is used to derive total and vertical 
profi les of ozone by remote sensing.

The apparatus developed at the University of 
Rome used a long absorption path and high ozone 
concentrations to measure very low absorption 
cross sections. One of the most challenging aspects 
of the experiment was the ability to produce a 
relatively large amount of ozone: it was produced 
by a high voltage discharge in a pure oxygen gas, 
and stored in the liquid phase at the liquid nitrogen 
temperature. Even the smallest impurity could start 
a fast reaction, leading to noisy explosions famous 
throughout the Department of Physics.

The ozonizer had to be rebuilt several times 
before all the measurements could be completed. 
Later on, measurements were extended also to 
NO2, a gas easier to handle than ozone (Amoruso 
et al., 1993). 

At the same time, experiments on the detec-
tion of small changes of the refractive index 
of air were carried out with a Michelson inter-
ferometer (Crescentini and Fiocco, 1988).

The spectroscopic measurements were then 
moved to the Gran Sasso Laboratory. This large 
laboratory, built in the inner part of the Gran 
Sasso Mountain, 100 km east of Roma, shielded 
by approximately 1000 m of rock, is mainly de-
dicated to experiments in nuclear physics and 
astrophysics. At the time of the construction of 
the laboratory it was possible to foresee the use 
of some of the service tunnels for geophysical 
experiments (Fiocco et al., 1986). One of such 
experiments had to do with the deformation of 
rocks (Crescentini et al., 1997) and the detection 
of relatively slow phenomena like tides. For this 
purpose a Michelson 90 m long interferometer 
was ideal. The interferometer beams were to 
travel in a vacuum system. In addition to the 
geophysical metrology, the existence of a 90 m 
long pipe was useful for spectroscopy. To allow 
detailed measurements of very low absorption 
cross sections, a multi-pass cell was developed, 
and measurements of the O2 absorption in the 
Herzberg continuum were carried out (Amoruso 
et al., 1995, 1996).

At the University, of Rome, Giorgio Fiocco 
started to develop the lidars that were later 
deployed to different parts of the world forming 
something half-jokingly dubbed as the «small 
but global lidar network». These projects will be 
described later in this paper. At the same time, 
different experiments, including measurements 
on the boundary layer with a combination of 
different techniques (sodar, lidar, radiometers, 
etc.) were carried out (Rao et al., 1995; Casa-dio 
et al., 1996a,b; Rao et al., 2002). 

In one of his pioneering studies, he suggested 
that clouds of different nature, possibly con-
taining chemical compounds other than water 
(namely nitric acid), may form at the tropical 
tropopause (Crescentini and Fiocco, 1983; 
Hamill and Fiocco, 1988). Some of these stud-
ies were done well before the discovery of the 
ozone hole, and of the different properties and 
compositions of polar stratospheric clouds. The 
possible role of the condensation of nitric acid in 
cloud particles in the tropical regions was then 
evoked much later.
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6.  South Pole

When the Italian government signed the 
Antarctic Treaty and offi cially joined the in-
ternational program for research in Antarctica 
setting forth a call for proposals, Giorgio Fiocco 
did not wait long to deliver another original and 
challenging idea: the installation of a lidar at 
the Amundsen-Scott South Pole, station to 
monitor the presence of Polar Stratospheric 
Clouds (PSC’s) during the austral winter. The 
Antarctic «ozone hole» phenomenon had been 
just confi rmed by satellite measurements and 
theories implying the role of such clouds in the 
modifi cation of the chemical reactions in the 
stratosphere were being proposed.

The project was not very simple; it implied 
the design of a reliable lidar system able to run 
without failures and as little as possible human 
attendance for several months. In particular, 
during the winter closure of the South Pole base, 
when the 10-20 personnel are mainly involved in 
staying healthy and safe, the only thing that can 
be required of the person in charge is throwing off 
and on a couple of switches. Any more technical 
intervention is out of the question. Such a sys-
tem needs to be thoroughly tested in the labora-
tory, disassembled, transported to the site, re-
assembled, optically aligned and re-tested. The 
project started at the beginning of 1987 at the 
University of Rome with the aim of deploying 
the lidar around the following December; the 
lidar system was completely built from scratch, 
starting from the acquisition of the laser with a 
special cooling unit, to the construction of the 
telescope and the assembly of the electronics. 
In particular, the electronics, as was usual at 
that time, was made of a chain of different 
units originally designed for research in particle 
physics; the adjustment to a lidar system was 
not always simple. No need to say that it was a 
«tour de force» and not all the desirable tests were 
performed within the deadlines. Fiocco himself 
and his co-workers, within a collaboration 
with the U.S. National Oceanographic and 
Atmospheric Administration (NOAA) and the 
National Research Council (NRC), brought 
along 400 kg of equipment to the South Pole 
just before Christmas 1987, spent memorable 
holidays in the «southernmost place on Earth» 

and set up the lidar ready for measurements 
during the austral winter of 1988. Flying to the 
Amundsen-Scott station with the well maintained 
but quite old C-130 propeller airplanes with skis 
as landing gear is itself a pioneering deed and, 
even if well sheltered, whoever experienced the 
Antarctic katabatic winds knows it well. Beside 
the extreme cold, the South Pole is remarkable 
also for its height above sea level: more than 
2600 m of geometrical altitude but, at those 
temperatures, equivalent to more than 3000 m 
according to ambient pressure. Giorgio Fiocco 
liked the adventure very much but did not like 
the height feeling and in his worries he enjoyed, 
in particular, the friendly reassurance of the base 
doctor. Such a close and somehow «interested» 
reassuring friendship with a doctor was seen 
again in another remote base where Fiocco went 
to deploy another of his lidars: U.S. Air Force 
Base of Thule, Greenland.

The fi rst Antarctic campaign was mainly a 
test for the instrument but still a few data were 
collected. In the following years the instrument 
was maintained and updated and was able to 
work till 1995 when the project was discontinued 
and the lidar was brought back to Rome.

The collection of a rich and unique data 
set on PSC’s allowed the publication of a fair 
amount of papers on several related topics 
(Fiocco et al., 1989, 1991, 1992, 1996; Fuà 
et al., 1992; Cacciani et al., 1993, 1997a,b; 
Panegrossi et al., 1996). In particular the paper 
of 1991 that encountered a strong criticism 
from the referees but was eventually published, 
presented a rather original and controversial way 
of interpreting the temperature dependence of 
PSC’s to infer their chemical composition.

Following the eruption of Mt. Pinatubo (1991), 
it was possible to study the impact of the presence 
of a large amount of sulfate aerosol in the lower 
stratosphere on the formation and properties of 
the PSC’s (Cacciani et al., 1997b).

7.  Thule 

In 1990, within a collaboration with the 
Danish Meteorological Institute a lidar was 
installed at Thule, Greenland. The lidar was 
designed to observe the upper troposphere and 
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the stratosphere. Later the capability to make 
daytime observations, and to measure temperature 
profi les in the middle atmosphere, was added. The 
observations at Thule allowed the increasing and 
subsequent decaying phases of the stratospheric 
aerosol load formed by the eruption of volcano 
Pinatubo to be studied (Di Girolamo et al., 1994;  
Larsen et al., 1994; Neuber et al., 1994; Di Sarra 
et al., 1998a). The aerosol backscattering shows 
an evident annual cycle, induced by the polar 
vortex but also the infl uence of the large scale 
stratospheric circulation, mainly the Quasi-
Biennal Oscillation. Following previous studies 
conducted after the eruptions of Mt. Agung 
(Grams and Fiocco, 1967) and El Chichón 
(Adriani et al., 1987), an investigation of the 
relationship between volcanic aerosol and ozone 
in the lower stratosphere at Thule was also car-
ried out (Di Sarra et al., 1992, 1995). The Arctic 
vortex strongly modulates the ozone and aerosol 
profi les, that display sudden changes with height, 
and an anti-correlated layered structure. A similar 
behavior had also been observed between PSC’s 
and ozone at the South Pole (Fiocco et al., 1989). 
PSC’s appeared occasionally also at Thule (Di 
Sarra et al., 2002).

Starting from 1993, temperature measure-
ments were also collected at Thule (Marenco 
et al., 1997) and later a study was dedicated to 
the effects of small cirri at the summer Arctic 
tropopause (Benedetti et al., 1997).

8.  A lidar in the island of Lampedusa

In 1999, the group led by Giorgio Fiocco 
installed a lidar for tropospheric aerosol studies at 
the Station for Climate Observations of the «Ente 
Nazionale per le Nuove Tecnologie, l’Energia e 
l’Ambiente» (ENEA) on the small and pleasant 
island of Lampedusa, placed between South 
Italy and Africa. The main objective of the 
measurements was the detection of desert dust 
transport over the Mediterranean. The desert dust 
strongly modifi es the atmospheric structure, with 
large loads of crustal particles, that may reach 
altitudes of 7-8 km. The lidar observations (Di 
Sarra et al., 2001a) were carried out in combination 
with an extended set of other instruments, leading 
to the identifi cation of the radiative effects (mainly 

in the ultraviolet spectral range) induced by the 
aerosol (Di Sarra et al., 2001b).

9.  An airborne lidar

As the South Pole project was approaching its 
completion, Giorgio Fiocco, in his search for new 
and challenging experiences, began to develop an 
airborne lidar which would be installed onboard 
the scientifi c version of the Myasishchev strato-
spheric aircraft M-55, Geophysica. The lidar was 
named ABLE (AirBorne Lidar Experiment). 
ABLE is a completely automated, medium-power 
lidar capable of operating in an unpressurized, 
cold environment such as that of Geophysica, 
observing in the nadir and in the zenith direction. 
The development of this kind of instrument 
that works in very extreme ambient conditions 
requires considering different problems and 
constraints: weight, strength, thermal stresses, 
low pressure, humidity condensation are just few 
of the problems faced in the process. Giorgio 
Fiocco was totally at ease spending hours in front 
of the drawing board trying all kind of solutions 
or discussing with the ever present machinist on 
the way to fi nish a part of the lidar. Little by little, 
a jewel of aluminium looking like a fancy space 
object blossomed in the laboratory. We should 
mention also the frequent, tiring, neverending 
and babilonian (languagewise) meeting with 
the team of Russian engineers in charge of the 
aircraft.

In summer of 1996, the mock-up of ABLE 
was installed for the fi rst time on the M-55, which 
took off from Zukhovsky airport, Russia, in order 
to check how ABLE would behave in real fl ight 
conditions. In fact, the Geophysica usually fl ies 
at 20 km forcing ABLE to work at pressure of 
50 mb (one twentieth of atmospheric pressure at 
sea level) and at a temperature ranging between 
190-200 K (approximately 80° below freezing 
point) (Fiocco et al., 1999).

In winter 1996-1997, ABLE was fl own to 
Rovaniemi, Finland, which had been selected 
as the base for the fi rst measurement campaign 
of Geophysica. The campaign was named APE-
POLECAT (Airborne Polar Experiment-Polar 
Ozone, Lee waves, Chemistry And Transport) 
(Stefanutti et al., 1999; Pace et al., 2003a). 
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Then other campaigns followed: APE-THESEO 
(Airborne Platform Experiment - THird European 
Stratospheric Experiment on Ozone) based at the 
airport of Victoria-Mahé, Seychelles (Pace et al.,
2003b), APE-GAIA (Geophysica Aircraft In 
Antartica) based at the airport of Ushuaia in Terra 
del Fuoco, Argentina, EUPLEX (EUropean Polar 
stratospheric cloud and LEe wave Experiment) 
based at Kiruna (Sweden) and the ENVISAT 
(ENVironment SATellite) validation campaign 
based at Forlì (Italy) and at Kiruna (Sweden). 
The location of Ushuaia permitted the aircraft to 
fl y across the polar vortex down to the Antarctic 
peninsula approaching 70° south.

It is noteworthy that during the campaign in 
the Seychelles, in order to support the operation of 
ABLE and acquire independent ground based lidar 
observations of high equatorial cirrus clouds also 
a twin lidar housed in a container was deployed: 
CABLE, a self contradicting acronym originating 
from the words «Container» plus «ABLE». The 
«small but global lidar network» still rising!

Fiocco is now participating in the proposal to 
fl y a lidar in the International Space Station in a 
complex venture with Livio Scarsi called EUSO 
and described in one of the papers of this issue.

Recently, the external and internal structure 
of the receiver of ABLE has been totally re-
designed and built to reduce its weight and 
make it resemble more a submarine robot. We 
all believe that the fi nal goal of this small but 
complex lidar system is to fl y sometimes in a 
space payload, but nobody is offi cially stating 
it because changing the «A» with another 
meaningful utterable letter is too diffi cult. The 
ABLE project is still going on and absorbs much 
of Giorgio Fiocco’s time (and research funds): it 
is indeed the present enjoyable toy and needful 
thing of such a good ol’ fellow.
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