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ABSTRACT in the UTLS regiofl], but being yet too

In November 2012He University of BASILicata €xpensive to be used on operational basis.
Raman Lidar systemB@ASIL) was approved to For theabove motivationsin the early 2000s, the
enterthe InternationaNetwork for the Detection International Network for the Detection of
of Atmospheric Composition ChangdlDACC).  Stratospheric Change (NCSC), ndvetwork for
This network includes more that® highquality, ~ the Detection of Atmospheric Composition
remotesensing research stations for observingChange (NDACG, decided toinclude water
and understanding the physical and chemical stat¥@Par Raman lides amongits instruments

of the upper tropospheand stratosphere and for In fact, while NDACC remas committed to
assessing the impact of stratosphere changes ong-term monitoring of changes in the
the underlying troposphere and on global climate.Stratospherewith an specific emphasis on the

As part of this network, morthan thirtyground evolution of the ozone layer, its priorities have
based Lidars deployed worldwidere routinely ~ broadened tancludeissues such as the detection

operated to monitor atmospheric ozone, of trends inthe overall atmospheric compaosition
temperature, aerosols, water vapour, and pola@Nd understanding their impacts on the
stratospheric clouds. stratosphere and troposphere, and establishing
In the frame of NDACC BASIL performs links between climate change and atmospheric
measurements on a routine basis each ThursdayFOmposition.

typically from local noon to midnight, covering a 1he Raman Lidar systeASIL joined NDACC
large portion of the daily cycleMeasurenents N November 2012, with the primary goal of
from BASIL are included in the NDACC database Providing accurate routine mearements of the
both in terms of water vapour mixing ratio and vertical profile of water vapour mixing ratio and
temperature. This paper illustrates some (emperature these two parameters being of
measurementexample from BASIL, with a  Primary importance for the purposes of NDACC,
specific focus on water vapour measurementsWith valuable contribution to the NDACC

with the goal to try and characterizthe system Primarily expected in terms of water vapour
performances. measurements.

1. INTRODUCTION 2. BASIL

Water vapour isa key atmospherictrace gas Lidar measurements discussed in this paper were

controlling weather and climate. The effects of Performed by the Raman Lidar syst@ASIL in
water vapour are large in the pgy troposphere Potenza, Italy (4880450 N, ¥BO290 E, 730 m

and lower stratosphere, but there are fewa@bove mean sea level). The system is hosted in a

measurements of water vapour concentrations angéatainer located on the roof of thgcuola di
its longterm variation in this altitude region. Ingegneriaat the Universit” degli Studi della
Measurements in this altitude region have beenBasilicata. The major feature ofBASIL is
traditionally guaranteed bthe use of operational fepresented by its capability to perform high
radosondes or  balloonborne frostpoint ~ resolution and accurate measurements of
hygrometes, the latter remaining theest source atmosphericwater vapour andemperature, both

of high quality water vaps measuremenis the in daytime and nighttime, based on the aptlan
of the vibrational and rotational Raman lidar

techniques in the U\2, 3, 4, 5, §. Besideswvater
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vapour andtemperature BASIL, in its NDACC Signal selection is performed by means of
configuration, alsoprovides measurements of narrowband interference filters while dgnal
particle backscatter at 355 and 532 nm, particledetection is accomplished by means of
extinction at355 nm and particle depolarization at photomultipliers located in cascade with each
355 nm. and water vapor mixing ratio. All lidar interferencefilter; detected signals aréinally
based measurements of relative humidity can alssampled by means g@hotoncounting unitsData

be obtained from the simultaneouwsater vapor are acquired with avertical and temporal
mixing ratio and temperature measurements. resolutionof 30mand 1min, respectivelyA block

As stated in theaffiliation letter a valuable  diagram of the systems givenin Fig.1.

contribution to the NDACCfrom BASIL is i
primarily expected in terms of water vapour ﬂ
mixing ratio measurementdszor this reason, a

major emphasidias been put on this parameter ”/5
especially in terms of calibration and validation ll \

efforts. ”‘”D

In the frame of NDACC, BASIL operates on a
routine basis each Thursday, typically from local

335 pm
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noon to midnight, covering a large portion of the i RTTRI e
daily cycle. Water vapour mixing ratio e | Esm o o B ier
measurements routinely performed by BASIL in : ac| | = g e
the frame of theNDACC program besides being : Ll ¢ Fo o= '
included in thelongterm measurement activities ' = _

NDACC databasgare alsaised for the purpose of - l:plo_‘_“ -

validating the water vapor measuremefitsm nel s

other sensors, especially satefliterne sensors, of S i

studying upper tropospheri©iumidity variahlity [

at timescales varying from minutesdays. Fig.1. Block diagram of the system setup.

BASIL makes use of a Neodymiudoped
Yttrium  Aluminium Garnet (Nd:YAG) laser 3. METHODOLOGY

source, equipped with second and third harmonicThe Raman lidar technique for the determination
generation crystals and capable of emitting pulsesf the water vapor mixing ratio profile has been
at 355 and 532 nm, with singfrilse energies of extensively discussed in literature (for a review
500 and 300 mJ, respectively, a pulse repetitionsee Whiteman 2003a and 2003bje gproach is
rate of 20 Hz and a pulse duration @b5s.Laser  based on the collection of the vibrational Raman
beams at 355 and 532 nm are simultaneouslybackscattered signalérom water vapar and
transmitted in the atmosphere along the zenith.  nitrogenmolecules, i.e.:

The receiver is built around a telescope in cAt 4,
Newtonian  configuration (40m diameter PHZO(R)=E)7 R? OR)1y,0(R)O o T, (R)T,,, (R)
primary mirror). Collected radiation is split into cAt A

eight separate portions by means of dichroic or P, (R)=P()7R’§’ OR)ny, (R)oy, T; (R)T, (R)
partially reflecting mirrors. Specifically, two

portions are fed into the detection channels use@rpqo \vater vapor mixing ratio x, (g) can be
for temperature measements; two other portions 0

are sent to the water vapour and nitrogen RamarpPtained from the power ratio of water vapao
channels; another two portions are fed into theMolecular nitrogenvibrational Ramansignals
355 and 532 nm elastic channels; and a fraction offrough the application of the expression:

the signal entering the 358n channel is split into

two additional portions t@llow the detection of

the parallel and crogsolarized elastic signals
used for the determination of particle
depolarization.

Xu,0 (R) =k
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with k being the lidar system calibration left side of the figurewith noisy data abe 45
coefficientand AT, , =T, (R)/E (R) being  km.
the differential transmission term, which accounts ..
for the different atmospheric transmission at the ‘
two RamanwavelengthslHZO and /INZ. When

g/kg

stimulated at354.7 nmthe water \apour and
molecular nitrogervibrational Ramarsignds are

located atA, ,=407.5 nm andA, =386.7 nm,

Height (km)

respectively. AT/IHO’M is primarily caused by

Raylelgh Scatterlng and Can eaSIIy be CorreCted fOI 0‘016 36 17:27 18:17 19:09 19:59 20:50 21:41 22:31 25 22
by the use of radiosonde or standatchospheric . Time (UTC)

profiles of number density. An additional _. . . .

) . . Fig. 2. Time evolution of the watevapor mixing
component ofAT; , is associated with the ratio over a7 h period of from 16:36 UTC to
wavelength dependence of rpale extinction, 23:22 UTC on 09 October 2014.
which is usually very small (-2 %) and is easily
determinable from lidar measurements ofticke
extinction at 34.7 nm (Whiteman, 2003IB)or the
purposes of NDACC the calibration coefficidnt
was determined based on the comparison between
simultareous and cdocated water vapour mixing
ratio profiles from the Raman Ilidar and 12000
radiosondes for an extended measuremantple.
The comparison is prmed over an altitude
region with an extent of-8 km in order to have a
statistcal significant number of data points per
profile to be comparedThe selection of this
altitude region accounts for the existingtdnce
bewwveen the lidar site and the radiosonde 6000 -
launching facility.

The statisticalerroris calculated by means the
analytical expression

P, (2)+b
AXHZO(Z)=XH20(Z)\/ i120(2) +binno +
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4. RESULTS

As an example of the measurements carried out in
the frame of NDACC, figur® illustrates the time
evolution of the watevapor mixing ratio over &

h period offrom 16:36 UTC to 2322UTC on09  Fig. 3. Vertical profile of the water vapour mixing
October2014.Figure 2 is plotted as a succession ratio with the error barss obtainedonsidering a
of 1 min averaged consecutive profiles. To reduce2 h time integration between 21:22 and 23:22
signal statistical fluctuations, vertical smbioig is UTC on 09 October 2014, together with the
applied to the data to achieve an overall verticalsimultaneous profile as measured by a radiosonde
resolution of 150 mThe figure clearly highlights |aunched from the nearby site of Tito Scailb

the day-to-night transition with thefinal part of 18:00UTC on 09 October 2014.
the daytime portion clearly distinguishable on the

Water vapour mixing ratio (g/kg)
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Figure3 illustrates the wgical profile of the water

vapour mixing ratio as obtained for the same day,

considering a 2 h time integration between22
and B:22 UTC. The vertical resolution is 300 m

up to 6 km, 600 m up to 9 km and 1200 m above.

For comparison thealmost simultan@us water
vapour mixing ratio profile as measured by a
radiosonde launched from the nearby site of Tito
Scalo(7 km away)at 18:00 UTC on 09 October
2014. The agreemertietween BASIL and the
radiosonde is quite good, especially when
considering the distance between the two sites
The idar profile from BASIL is found toreach
approx. 14 km, with acapability to go down to
0.02g/kg. The capability to reacii4-15 km anda
detection level of 0.0D.02 g/kg has been

[2] Whiteman, D. N., 2003: Examination of the
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Opt., 42, 25712592.

[3] Behrendt, A. and Reichardt, J.: Atmospheric
temperature profiling in the presence of uds
with a pure rotational Raman lidar by use of an
interferencefilter-based  polychromator, Appl.
Optics, 39, 1371378, 2000.

{4] Di Girolamo, P., R. Marchese, D. N.
Whiteman, B. B. Demoz, 2004: Rotational Raman
Lidar measurements of atmospheric tempeeat

observed in most of the 2 h averaged clear sky

measurements from BASIL in the frame of

NDACC. In the case of measurements integratedNulfmeyer,

over all night, thelidar profile from BASIL is
found to reach approx18-20 km. More results

from this measurement effort, also focused on ahumidity

statistical analysis othe collected data, will be
illustrated and discussed at the Conference.
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