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The roto-vibrational Raman lidar technique, employed to
measure water vapor mixing ratio profiles, has been
investigated over the past decades for its application in CO2

profile measurements (Ansmann et al., 1992; Dionisi, 2006;
Whiteman et al., 2007). Despite its high potential, the technique
faced challenges due to the low signal-to-noise ratio (SNR)
associated with CO2 roto-vibrational Raman signals. However,
recent advancements in laser technology, as well as
improvements in spectral selection and signal detection devices,
have renewed interest in the technique, leading to the
development of a new generation of lidar systems specifically
designed for its exploitation. In the frame of the project
CONCERNING (COmpact RamaN lidar for Atmospheric CO2 and
ThERmodyNamic ProfilING), a Raman lidar has been developed.
This instrument is capable to provide accurate and high-
resolution profiles of CO2 and water vapor mixing ratio,
temperature, particle backscattering, extinction and
depolarization ratio. In this work we present preliminary results
of the CO2 profile measurements carried out by this system.

Introduction

Simulated Rayleigh and Raman spectrum at 1013 hPa and 288
K. The CO2 lines are indicated by the red arrows.
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The CO2 mixing ratio is obtained from ro-vibrational Raman
backscattered signals through the following equation:

The wavelength λCO2 can be selected to be coincident with two
strong vibrational bands. Few roto-vibrational O2 lines lie within
these spectral bands and represent a potential source of
contamination for the CO2 Raman lidar. λCO2 was chosen to be
coincident with the CO2 vibrational band centered at 371.7 nm due
to its lower contamination by O2 lines (Di Paolantonio et al., 2023).
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Calibration

Independent calibration using zenithal measurement
of diffuse sunlight (Sherlock et al., 1999; Muñoz-Porcar
et al., 2018):

CONCERNING lidar

Laser Seeded Nd:YAG (diode-pumped) 
Energy / Power 110 mJ / 11 W @ 355 nm

Frequency 100 Hz
Reception channels ▪ Elastic total 354.7 nm

▪ Elastic ║354.7 nm

▪ Elastic ┴ 354.7 nm

▪ Roto-vib. Raman N2 386.7 nm

▪ Roto-vib. Raman H2O 407.5 nm

▪ Rot. Raman (N2&O2) - Low J 354.3 nm

▪ Rot. Raman (N2&O2) - High J 352.9 nm

▪ Vib. Raman CO2 371.7 nm
Telescope D 500 mm, F 1800 mm, f/3.6
Field of view 0.55 mrad
Full overlap ∼ 800 m
Detector PMTs, 43% nominal peak quantum efficiency
Filter bandwidths 0.15–0.5 nm
Vertical sampling 3.75 m (analog & photon counting)
Acquisition system 16 Bit 40 MHz an. - 800 MHz p.c.

CO2 Raman spectrum and technique
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is the effective cross section (i.e., the

sum over 𝜆𝑖 of the Raman cross section weighted by
the filter transmittance 𝑡𝑋 ), 𝐿𝜆𝑋 is the effective
radiance (i.e., the spectral radiance 𝐿 weighted by the
filter transmittance), and 𝑆𝐵𝑋 is the measured
background signal.

Channel CWL FWHM T

N2 386.7 nm 0.3 nm 83 %

CO2 371.7 nm 0.15 nm 60 %

The profile was compared with satellite data from an OCO-2 overpass showing a good level of agreement. The obtained profile has an uncertainty
< 5 ppm up to 4 km, enough to highlight a clear gradient slightly below 2 km.

Comparison between lidar (black) and OCO-2 (green)
measured CO2 mixing ratio profiles. The uncertainty of the
measurements is represented by horizontal bars and shaded
green, respectively.

• Reduction of the system-derived uncertainties
• Removal of undesired electromagnetic noise

Results

where SCO2(R) is the CO2 ro-vibrational Raman lidar signal at
wavelength λCO2, while SN2(R) is a temperature-independent
reference signal (for the purpose of this research effort we are
considering the N2 ro-vibrational Raman signal), Fcal is a calibration
constant, ΔTCO2-N2(R) is a differential transmission term, which
accounts for the different atmospheric transmission by molecules
and aerosols at λCO2 and λN2.

• Refinement of the calibration procedure
• Comparison with in-situ data (e.g. CNR-IMAA instumented tower)

Future work

Lidar characteristics

Filter characteristics

The measurements here presented (right figure) were performed on 30-01-2024 in a semi urban site. The system was located at the University of
Basilicata (40.647477 N, 15.807204 E, 710 m a.s.l.), Potenza, Italy. The day-time portion of the measurement session was used for the calibration,
night-time (17:00-19:00 UTC) measurements were used for the CO2 mixing ratio profile retrieval.

CONCERNING lidar system.

Raman spectra and filter transmission
(up). Schematics of the calibration
algorithm and inputs (left).
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The figure shows the measured CO2 mixing ratio profile. The vertical resolution is 150 m up to 2400 m, 300 m up to 3600 m, and 450 m in the
higher portion of the profile. The measurements were integrated over a 2-hour time window.
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• 24/7 measurements
• Scanning system

Fcal σFcal AOD380

22 January 2024 4.957·10-2 3.9·10-5 0.092

20 April 2024 3.159·10-2 1.7·10-4 0.142

25 April 2024 3.285·10-2 2.9·10-4 0.215

28 April 2024 3.335·10-2 6.4·10-4 0.304

04 May 2024 3.394·10-2 2.1·10-4 0.112

05 May 2024 3.428·10-2 1.4·10-4 0.099

Lidar (left) and OCO-2 (right) CO2 mixing ratio profiles during BELLA campaign.
Calibration constants for the 22-01-2024 case and during the BELLA
measurement campaign (table).

The system was later active 24/7 during the BELLA (Boundary layer Extensive campaign with muLti instrumentaL Analisys) campaign that took
place in Potenza, Italy between April and May 2024. An assessment of the stability of the calibration constant using the aforementioned data was
conducted. The retrieved values, calculated over 3-hour periods after sunrise, show significant differences between the sessions and low standard
deviations within the sessions, indicating a relatively good short-term stability. The large difference between the January value and subsequent
values can be attributed to the replacement of the collimation lenes, a comprehensive realignment of the system, and adjustments to the photon
counting thresholds. CO2 mixing ratio profiles (00:00-03:00 UTC) measured during the night were compared with OCO-2 satellite data.
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