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Abstract. In the marine environment, complete datasets de-
scribing the surface layer and the vertical structure of the
Marine Atmospheric Boundary Layer (MABL), through its
entire depth, are less frequent than over land, due to the
high cost of measuring campaigns. During the seven days
of the Ligurian Air-Sea Interaction Experiment (LASIE), or-
ganized by the NATO Undersea Research Centre (NURC) in
the Mediterranean Sea, extensive in situ and remote sens-
ing measurements were collected from instruments placed
on a spar buoy and a ship. Standard surface meteorologi-
cal measurements were collected by meteorological sensors
mounted on the buoy ODAS Italia1 located in the centre of
the Gulf of Genoa. The evolution of the height (zi) of the
MABL was monitored using radiosondes and a ceilometer
on board of the N/O Urania.

Here, we present the database and an uncommon case
study of the evolution of the vertical structure of the
MABL, observed by two independent measuring systems:
the ceilometer and radiosondes. Following the changes of
surface flow conditions, in a sequence of onshore – offshore –
onshore wind direction shifting episodes, during the mid part
of the campaign, the overall structure of the MABL changed.
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(am.sempreviva@isac.cnr.it)

Warm and dry air from land advected over a colder sea, in-
duced a stably stratified Internal Boundary Layer (IBL) and
a consequent change in the structure of the vertical profiles
of potential temperature and relative humidity.

Keywords. Atmospheric composition and structure (Trans-
mission and scattering of radiation)

1 Introduction

The Atmospheric Boundary Layer (ABL) is defined as the
part of the atmosphere directly influenced by the Earth’s sur-
face, often responding with a time scale of about one hour
or less (Stull, 1988). The depth of the ABL (zi) varies in
time and space according to the forcing by surface fluxes of
momentum, and sensible and latent heat. The ABL top is
usually identified by a sharp increase in the potential tem-
perature (Tp) vertical profile (called inversion), and a de-
crease in humidity, that characterize the Free Atmosphere
(FA). The layer closer to the surface, typically about 10% of
thezi , is called the Surface Layer (SL). The layering above
the SL depends on the surface atmospheric stability condi-
tions, i.e. stable, unstable and neutral. The evolution of the
height of the ABL over land and over the sea is caused by
different mechanisms. Over land, the daily solar radiation
cycle leads to a well recognized picture of the evolution of
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the vertical structure of the ABL (Stull, 1988): after sun-
rise, the sun warms up the Earth’s surface, the heat is trans-
ferred by molecular diffusion to a thin layer of air above
the ground, and then further transported upward by rising
plumes of warm air (thermals) deepening the ABL. Two lay-
ers can be identified: the mixed layer (ML), and the en-
trainment zone (EZ) where potentially warm and dry air is
entrained from the FA. After sunset, the release of surface
heat by long-wave radiation induces a ground based inver-
sion in the potential temperature vertical profile, leading to
a stable SL. Upward motion is suppressed and the ABL is
shallow; however, above this ground based inversion, a sec-
ond inversion is often found indicating the presence of the
so called Residual Layer (RL) from the previous day ML.
The surface layer flow is called neutral when the surface heat
and moisture fluxes are close to zero and the ABL mixing is
only governed by mechanical turbulence. Over the ocean the
AML is often called Marine Atmospheric Boundary Layer
(MABL). In the marine environment, due to the high ther-
mal capacity of the water body, the surface fluxes and the
evolution of the vertical structure of the MABL depend on
several factors, mainly the geographic location (open ocean,
coastal waters, enclosed seas) and the synoptic conditions.
In coastal areas, during offshore flow, an Internal Bound-
ary Layer (IBL) develops from the coastal discontinuity, and
eventually merges with the oceanic atmospheric boundary
layer further offshore. Garratt and Ryan (1989) presented the
development of a stable IBL of the coast of southeast Aus-
tralia, during an offshore outbreak of warm and dry air from
land. Using radiosoundings and aircraft measurements they
comparedTp ground-based inversions detected at three dis-
tances from coast, showing that a stable IBL could be found
up to 300 km offshore. Above the ground based inversion,
they found a ML explained by warm dry air advected from
land.

During the last decade, the depth of the ABL has been
progressively recognized as playing a key role in the surface
layer turbulence structure, and the interplay of processes at
different spatial and temporal scales (Sempreviva and Gryn-
ing, 2000; Smedman et al., 2007; Katul et al., 2008; Larsen
and Sempreviva, 2008). Recently, Gryning et al. (2007) sug-
gested that the wind profile above 50–80 m height is con-
trolled by the surface conditions, the height of the ABL, and
the conditions above the boundary layer, in the FA. Also, the
amount of water in the air partly depends on the inversion
height, affecting the evaporation from the sea surface as well
as the cloud formation (Gryning et al., 2002). Moreover, the
transmission of radar and microwave signals over the ocean
may be disturbed by the layered structure and height of the
MABL (Brooks et al., 1999).

To achieve a detailed characterization of the mean vertical
structure of the MABL, and of the turbulent fluxes at the air-
sea interface, extensive ship- and buoy- based meteorolog-
ical and oceanographic observations must be carried out by
in-situ and remote sensing devices. However, due to the tech-

nical and environmental difficulties, along with high costs,
a complete set of measurements, spanning from the surface
throughout the entire MABL, are rare. Therefore, most of the
studies have been carried out mainly from coastal locations
at the shoreline and/or from islands (Sempreviva and Gryn-
ing, 2000; Helmis, 2007; Edson et al., 2007; Smedman et al.,
2007).

The intensive Ligurian Sea Air-Sea Interaction Experi-
ment (LASIE), carried out from 16 to 23 June 2007, in the
Mediterranean Sea (Teixeira, 2007), was organized under the
auspices of the NATO Undersea Research Centre (NURC),
located in La Spezia, Italy, with the participation of sev-
eral European research centres. The main scientific goal of
this field campaign was to contribute to the evaluation and
development of parameterizations of the oceanic and atmo-
spheric boundary layers and their interaction. Therefore, the
LASIE campaign was designed to provide one of the few
comprehensive air-sea measurement campaigns carried out
in the Mediterranean Sea area, which plays a crucial role
as source of energy and moisture for the European Climate.
The Mediterranean area is a transitional zone between the
subtropical desert area of North Africa and the continental
regions of Central and North Europe. Therefore, its climate
regime shows both mid-latitude and tropical aspects (Schi-
ano et al., 2005). In addition, the surrounding orography of
this enclosed basin is greatly complicated by the presence
of steep high mountains along its Northern coastline, along
with large mountainous islands, having a strong influence in
the general regional atmospheric circulation, and also pro-
ducing local intense phenomena. Because of these peculiar-
ities, the atmospheric and marine features of this basin are
very different from those of the open ocean, particularly for
what concerns the amount of water vapour at the atmospheric
surface (Schiano et al., 2000). The Ligurian Sea is the most
inland sea of the Mediterranean; the northern part is bounded
by Alps, and the Southern part by the Corsica Island. These
steep orographic features, and the thermal contrast between
land and sea, give rise to specific local effects that influence
the circulation of both atmosphere and ocean. Particular pro-
cesses in this area are, for example, the Genoa cyclogenesis,
where low pressure systems develop South of the Alps, and
local conditions, which are responsible for intense convec-
tion phenomena, often leading to extreme precipitation along
the coastal areas (Kelsh et al., 2001).

The purpose of this paper is twofold: to draw the atten-
tion of the scientific community to this unique database; and
to focus on the atmospheric part of the database presenting
a particular case study of synoptic-driven time evolution of
the MABL structure in the cruise area. We follow the re-
sponse of the vertical structure of temperature and humidity
in the MABL during a sequence of onshore – offshore – on-
shore flow event, affecting the stability conditions at the sur-
face. In Sect. 2, we introduce the experimental setup, the ex-
ploited database and the applied methodologies; in Sect. 3,
we present the case study of the evolution of the vertical
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Fig. 1. Urania operational areas during LASIE. Day 21 and 22 the ship was sailing within large areas back and forth from and to the cost.
The black lines delimit the “land” sector with outflow from the coast.

structure of the MABL; and in Sect. 4, we present our final
remarks.

2 The experimental setup and methodology

We use the atmospheric observations collected at the CNR
ODAS Italia 1 spar buoy, and from the CNR N/O URA-
NIA research vessel, from 16 to 23 June 2007. During this
period, the ship was stationed either in a small area in the
vicinity of the buoy position, or between the buoy and the
coast (Fig. 1). The ODAS Italia 1 spar buoy is moored in
the Ligurian Sea (Fig. 1) at 43◦47.36′ N, 009◦09.80′ E, about
73 km off Genoa, at a water depth of 1377 m (Nittis, 2007).
The buoy weighs about 11 t, has a small laboratory built at
the top, and has a design (e.g. total mass, unity buoyancy at
sea level and damping disk) such as sensitivity to sea heave
is negligible (Bertaux, 1976; Cavaleri et al., 1981). The
buoy is equipped with an acquisition system that collects data
from the meteorological and marine sensors. The sampled
records are transferred in real time by a satellite phone link
to the shore station, where they are quality checked. During
LASIE, the ODAS Italia 1 acquisition system routinely col-
lected the atmospheric and marine parameters, shown in Ta-
ble 1, at a frequencyf of 0.2 Hz. Particularly, wind speedU
(m s−1) and wind direction DIR (degrees) were recorded by a
bi-dimensional sonic anemometer mounted at 14.4 m height,
while solar and atmospheric radiation (W m−2) sensors were
mounted on the bulk of the structure. In order to measure and
control the data quality, two sensors were used for air tem-
peratureTa (◦C), atmospheric pressureP (hPa) and relative
humidity RH (%), while the sea surface temperatureTs (◦C)

was obtained by SBE 39 probes, mounted at different depths.
The SBE-39 is a temperature recorder with an extremely ac-
curate and precise thermistor (its drift is less than 0.002◦C
per year). All probes installed on the ODAS buoy during the
LASIE experiment have a ruggenized thermistor, embedded
in a titanium end cap, and sample in an autonomous way ev-
ery 15 min.

At the same time, the development of the vertical struc-
ture of the MABL was monitored by radiosondes, using
the Vaisala DigiCORA Sounding System MW21, and by a
ceilometer Vaisala CL31. The radiosondes were launched
from the main deck, about 2 m above the sea surface, every
3 h, recording vertical profiles ofP , U , DIR, Ta and RH, ver-
tical profiles of the potential temperature were derived by

Tp = T

(
P0

P

) R
cp

whereP0 is the pressure at the 1000 hPa,R is the gas constant
of air, andcp is the specific heat at constant pressure.

The ceilometer was mounted on the upper deck, about 8 m
above the sea level, and was continuously recording at a fre-
quency of 0.2 Hz. Seibert et al. (2000) reviewed the most
used algorithms for determining the height of the MABL us-
ing vertical profiles ofTp, RH, U and DIR, by radiosond-
ings. However, when the number of radiosondings is limited,
the visual examination of the profiles is performed to iden-
tify the height of the inversions (Sempreviva and Gryning,
2000; Gryning et al., 2002; Hennemuth and Lammert, 2006;
Helmis, 2007). In Fig. 2, as an example of the procedure,
profiles ofTp and RH are shown for 21 June at 15:00 GMT.
Here, the inversion that forms the top of the mixed layer can
be recognized at a height of about 900 m, above this lower
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Table 1. Equipment on the ODAS Italia 1 buoy.

Parameter Manufacturer Model Height/depth [m]

Meteorological measurements

Global solar radiation Eppley PSP +14.6
Infrared solar radiation Eppley PYR +14.6
Wind speed Gill WindSonic +14.4
Wind direction Gill WindSonic +14.4
Air temperature Vaisala HMP45A +14.3
Relative humidity Vaisala HMP45A +14.3
Atmospheric pressure Vaisala PTB100A +7.8
Air temperature Vaisala WXT510 +14.5
Relative humidity Vaisala WXT510 +14.5
Precipitation Vaisala WXT510 +14.5
Atmospheric pressure Vaisala WXT510 +14.5

Oceanographic measurements

Water temperature Seabird SBE39 −0.5,−12.0,−28.0

Service measurements

Geog. position (Lat/Lon) Garmin GPS16LVS +10.6
Heading RMYoung 32500 +7.8
Roll /Pitch Planar Tech. GmbH NS-15/V2I −10.5
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Fig. 2. Example of the detection of first and second inversion
heights from radiosonde vertical profiles of Potential Temperature
(right) and Relative Humidity (left) during 21 June 2007.

inversion, at about 1600 m, a similar feature in both poten-
tial temperature and humidity vertical profiles is identified.
The presence of this second inversion will be discussed in
the following section.

Unfortunately, intensive radiosonding measurements are
not easily available. Their high operational costs often limit
their routine use over the ocean at synoptic hours. There-
fore, during the last few years, remote sensing techniques,
like acoustic (SODAR – SOnic Detection And Ranging), or

optical (LIDAR – LIght Detection And Ranging) for continu-
ously monitoring of the MABL structure, have been explored
with success. Recently, ceilometers have been successfully
employed for detecting the MABL height. Ceilometers in-
corporate diode laser based LIDAR technology, which allows
an active range-resolved optical remote sensing measuring
technique. A LIDAR transmits a laser pulses vertically (or
close to vertical), and measures the backscattered signal that
depends on the amount of scattering particles in a volume at
a certain distance from the instrument.

The algorithms for retrieving the height of the inversion
are based on the characteristic of the top of the MABL:
the entrainment of dry air from the FA, clean from ma-
rine aerosols, into the moist air below; and the discontinuity
in the air properties at the MABL-FA interface (Hayden et
al., 1997; Flamant et al., 1997; Eresmaa et al., 2006; Hen-
nemuth and Lammert, 2006; M̈unkel, 2007). Essentially, the
high temporal variability of the entrainment process of warm
and dry clean air leads to considerable fluctuations of the
aerosols concentration then to a large variance in the optical
backscatter. On the other hand, the low content of aerosols
in the FA results in a large vertical gradient of the aerosol-
concentration and then in a minimum scatter of the LIDAR
signal. Therefore, the height of the maximum variance, and
the height of the largest negative peak of the derivative of
the optically attenuated backscatter intensity, can both be as-
sumed as being the height of the MABL (Emeis et al., 2008).

Ann. Geophys., 28, 17–25, 2010 www.ann-geophys.net/28/17/2010/
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Fig. 3. From top to bottom, time series of the surface pressureP ,
wind direction DIR, wind speedU , air temperatureTa and sea tem-
peratureTs (in the same plot), relative humidity RH, Sensible heat
flux Qh and latent heat fluxQe during LASIE. Note that positive
values indicate downward fluxes. The shaded area corresponds to
offshore flow that causes an increase of air temperature and the evo-
lution of the vertical structure of the Marine Boundary Layer in
Fig. 4.

In the following section, we show the evolution of surface
flow characteristics, monitored at the ODAS buoy, and the si-
multaneous evolution of the vertical structure of the MABL,
monitored by both the ceilometer and the radiosondes.

3 Evolution of the vertical structure of the MABL dur-
ing LASIE

The intensive observation period of the LASIE experiment
lasted seven days and was characterized by highly variable
meteorological conditions, so that different atmospheric sit-
uations, affecting the development of the MABL structure,
were observed.

Figure 3 shows the evolution of the surface parameters
measured by the sensors mounted on the buoy (U , Dir, Ta,

Ts, RH) and of the derived sensible and latent fluxes,Qh and
Qe, respectively, computed following the algorithm provided
by Fairall et al. (1996), during the period from 16 June to 22
June. In Fig. 3, we use the convention that positive values
indicate downward fluxes. Figure 4 shows the time-height
cross section of the vertical structure of the MABL, in terms
of vertical profiles ofTp (top) and RH (bottom), monitored
by radiosondes from 17 June to 22 June and the heights of all
the inversions estimated by visual inspection of the vertical
profiles.

The impact of the change in wind direction on the entire
MABL structure can be well observed in both Fig. 3 and
Fig. 4. During the first day of the campaign (16 June) a
low pressure system was centered over England, inducing
large pressure gradients and strong winds over South Eng-
land and North France. A second low was located over the
Sahara Desert. The presence of these two low-pressure sys-
tems generated a predominant Southwestern flow through-
out West Europe. Particularly, over the Ligurian Sea, the
winds were relatively strong and from the Southwest. The
sky was covered with a significant amount of low cumulus
and the sea was rough. Although the wind speed was higher
than 6 m s−1, the turbulent air-sea fluxes were low due to the
small temperature and humidity gradients between air and
sea, most likely due to the offshore long fetch traveling time
of the air masses that induced the thermal equilibrium. Dur-
ing 17 June, the low pressure centered over England dissi-
pated and a high pressure center formed over Italy, leading
to a weak Southern flow over the Ligurian Sea region. The
meteorological conditions improved, but a thin cover of high
clouds was always observed. The turbulent air-sea fluxes
were still close to zero due to the low wind speed. The
surface conditions became more stable with increasing wa-
ter vapor in the surface layer. The calm condition persisted
until the late afternoon on 18 June, when a weak anticyclone
formed over the Northern Italy, leading to a Northwestern
offshore flow over the Ligurian Sea. In Fig. 3, we observe a
consequent rapid decrease of the surface humidity, and an in-
crease in air temperature, which became higher than the sea
surface temperature. This situation resulted in large negative
(downward) heat fluxes and stable conditions at the surface.
In Fig. 4, we note the stable ground based inversion of the
Tp profile at around 150 m, which trap the moist along with
a drop of the vertical RH, and a ML topped by a second in-
version. Figure 4 is similar to Fig. 4a in Garratt and Ryan
(1989) that shows the impact of an outbreak of warm and dry
air from land, offshore of the southeast coast of Australia.
ComparingTp ground-based inversions, detected at three dis-
tances from cost, Garratt and Ryan (1989) found that the IBL
can be observed up to 300 km reaching up to 400 m height at
the longest fetch. According to Garratt and Ryan (1989), the
ML above the inversion reflects the warm dry air advected
from land. Therefore, we might conclude that in our case
we observed an internal boundary layer developing from the
coast. The IBL ground-based inversion was stationary until

www.ann-geophys.net/28/17/2010/ Ann. Geophys., 28, 17–25, 2010



22 A. M. Sempreviva et al.: Development of the vertical structure of MBL during LASIE

 1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time (Day-month-hour) 

H
ei

gh
t (

m
) 

H
ei

gh
t (

m
)

Potential Temperature

Relative Humidity

Fig. 4. In the top figure, we show the time-height cross section of the vertical structure ofTp (◦C) and the heights of the inversions found by
visual inspection. The bottom figure shows the vertical structure of RH(%). These figures clearly show the impact of the changes in synoptic
conditions on the vertical structure of the MABL during the period corresponding to the shaded area in Fig. 3. Multiple inversions can also
be noted.

a weak instability occurred over the Ligurian Sea the after-
noon on 20 June, where the wind direction started to slowly
rotate from offshore to onshore, both wind speed and air tem-
perature decreased while the humidity, mostly trapped in the
surface layer, increased. The sky was clear, the sea was calm
and the atmospheric stability alternated between stable and
neutral. During 21 June and 22 June a low pressure center
moved towards England. The winds rotated from Southwest
to South and increased in intensity. The cloud cover was

highly variable, with dense low clouds near the coast, and
clear sky offshore. This depression influenced the meteoro-
logical conditions over the whole Europe until it dissipated
later on 23 June. Over the Ligurian Sea this phenomenon de-
termined the passage of a weak perturbation on 22 June, and
near-neutral – stable conditions until the end of the experi-
ment.

In Fig. 5, we consider only the four days, from 18 June to
21 June that include the 48 h with the onshore – offshore –

Ann. Geophys., 28, 17–25, 2010 www.ann-geophys.net/28/17/2010/
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Fig. 5. Comparison of the development of the height of the MABL during 18(a), 19(b), 20(c) and 21(d) June 2007 from the ceilometer and
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from ceilometer (middle) and vertical profiles ofTp from radiosondes (bottom). Red lines show the behaviour ofzi from the two systems.
Note that in panels (b) and (c) the humidity is trapped at the surface by the ground-basedTp inversion.

onshore sequence of events. We show the time-height cross
section of the ceilometer backscatter signal along with the
time series of the single profiles ofTp and RH (equivalent
to Fig. 4). The ceilometer backscatter intensity signal is in
arbitrary units, where the dark blue colour indicates stronger
backscatter in contrast to light blue. The darker colour in
the middle of the day above 1500 m represents an effect of
the sun light on the backscatter signal. We would like to
point out an interesting difference between the schemes for
estimating the inversion height from radiosoundings and op-
tical backscatter intensities; this should be noted carefully
because it can induce discrepancies in the comparisons. The
LIDAR approach is based on the fact that the stable strati-
fication at the surface and/or at the top of the mixing layer,
usually confines aerosols in the ABL. Optical waves are scat-
tered at small particles and the backscatter signal is propor-

tional to the aerosol concentration itself (Emeis et al., 2008).
The evaluation ofzi from radiosondes is based on the tem-
perature inversion. Therefore, here, we qualitatively com-
pare the ceilometer signal to the height of the step decrease
of water vapour, which can be considered as a proxy for ma-
rine aerosols concentration. The dotted and dashed lines in
Fig. 5 indicate the evolution ofzi and of the second inversion
detected by both systems.

At the end of 18 June, (Fig. 5a) the wind turned offshore,
following the low pressure system centred over South East
France, and it remained offshore for a period of about 2 days.
During this offshore flow, the sensors at the buoy recorded
warm and dry air from land that, advected over a colder sea,
induced a stable IBL. In Fig. 5a, we observe the adjustment
of the vertical profiles ofTp and RH to the change in the at-
mospheric flow, from neutral to stable, by the lowering of the

www.ann-geophys.net/28/17/2010/ Ann. Geophys., 28, 17–25, 2010
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temperature inversion height. This is also well evident in the
trend of the ceilometer backscatter profile. The ground-based
inversion that caps the stable layer trapped the moist, and
a second inversion was formed between 1200 and 1500 m.
The existence of a second inversion was noted by Sempre-
viva and Gryning (2000) who also produced seasonal statis-
tics of its height analyzing more than 400 radiosoundings in
Denmark, and by Johansson et al. (2005) in the Baltic Sea.
Sempreviva and Gryning (2000) assumed two possible ex-
planations: the second inversion might have been originated
from the residual layer, which remained from the time the
previous inversion reached that height, or the radiosondes
might have recorded an ABL developed over land and ad-
vected over the sea. In the present case, since the height we
detect (zi=1500 m) is higher than the inversion detected dur-
ing onshore flow conditions, we believe that the second in-
version might indicate an ABL advected from land, because
the land ABL is generally higher than over the sea. Later
in the night on 18 June, a ground-based inversion formed at
about 100 m and kept constant for the next two days (Fig. 5b
and c). On 19 June, the MABL collapsed (Fig. 5b). In this
period, the ceilometer backscatter signal became very low
due to low moisture content into the whole layer and no dry
air entrainment. When the wind turned onshore, in the late
afternoon on 20 June (Fig. 5c), vertical mixing started again
and the ground based inversion height increased with time.
The MABL continued to grow during the night of 21 June
(Fig. 5d) and in the early morning, we observe a multi-layer
structure of the MABL, mostly due to the presence of clouds.
After 10:00 a well defined inversion develops but decreases
during the remaining of the day.

Both radiosondes and ceilometer detected the lowering of
thezi (dotted and dashed lines). We observe that the ceilome-
ter backscatter is in very good agreement with the develop-
ment of relative humidity vertical profiles but is generally not
able to detect multiple structures in the potential temperature
profiles.

4 Conclusive remarks

The purpose of the LASIE campaign was to contribute
to understand the interaction between the MABL and the
oceanic boundary layer at the air-sea interface, and to pro-
duce case studies for evaluating ocean-atmosphere coupled
models and atmospheric models at different time and space
scales. The combined database of surface and upper air pa-
rameters recorded during LASIE represent an uncommon ex-
perimental case study for the evolution of the Marine Atmo-
spheric Boundary Layer.

In this paper, we have shown the development of the ver-
tical structure of the MABL and of its heightzi monitored
by two instruments based on different principles: a ceilome-
ter and radiosondes. Both instruments detected the MABL
structure evolution, following the sequence onshore – off-
shore – onshore flow when the marine surface layer become

stable and dry, as a consequence of warm and dry air ad-
vected from land over a colder sea that develop a stable Inter-
nal Boundary Layer. However, it appears that the ceilometer
is not able to detect multiple structures in the potential tem-
perature profiles above the first inversion.

It is clearly shown experimentally, for the first time in the
Mediterranean area, how the vertical structure of the MABL
changes according to changes in the synoptic conditions. The
height of the MABL inversion was identified up to 1200 m
and the IBL ground-based inversion at around 150–200 m.
Since the ship operational area was between 50 and 80 km
offshore, the height of the IBL that we estimated is in agree-
ment with the results from Garratt and Ryan (1989) that
found an offshore IBL ranging 150 to 300 m at distances
from the coast between 45 km and 165 km. Above the stable
MABL, we also detect a ML and a second inversion, which
during offshore advection, might indicate the advection of an
inversion developed over land, Garratt and Ryan (1989).

In Fig. 4, we note that often more than two inversions are
detected. We believe that this might be due to the enclosed
sea characteristics of the Ligurian Sea, where ABL from the
surrounding land can be advected over the sea and detected
for hundreds kilometers.

This case study fulfils the purposes of LASIE campaign:
the atmospheric database, together with the oceanic mea-
surements, are of great value for future evaluation of ocean-
atmosphere coupled model systems, and atmospheric models
at different spatial and temporal scales. Moreover in the last
decade, it became increasingly evident that the height of the
MABL and its structure play a significant role on the surface
turbulence, and on wind speed profiles. Therefore, we should
also mention that high frequency measurements (20 Hz) of
wind speed, temperature, moisture and CO2 were collected
onboard of the URANIA; a Gill research sonic anemometer
measured time series of wind speedU componentsu, v, and
w and temperatureT to derive turbulent fluxes of momentum
and heat; and a LICOR 7500 measured time series of humid-
ity q and carbon dioxide CO2 concentration to derive tur-
bulent fluxes of moisture and CO2. However, flux estimates
from a ship are not straightforward. Turbulent components of
the wind speed must be either corrected from the movement
of this platform using i.e. pitch, roll and heave measurements
or using other methods based on the spectral analysis of the
high frequency time series; therefore, this issue is object of
an ongoing investigation. When turbulent fluxes at the sur-
face become available, the database will be valuable to relate
turbulent exchange of momentum heat and moisture at the
surface to the development of the vertical structure of the
MABL and to study the inter-play of processes at different
time and space scales.
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