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• The laser output at 355 nm is aligned onto the beam expander:

• The elastic and Raman light collected by 4 

mirrors and focused onto optic fibers. 

• The H2O+N2 signals are separated from the 

PRR+O2+elastic signals by a razor-edge filter . 

• The two groups of signals are transmitted

through fibers to two polychromators (both based

on reflective holographic diffraction grating)

• The output signals from the two polychromators

are transmitted to dedicated PMTs and then to 

the acquisition cards (FastCom for PRR and Licel

for the others)

Instrument overview

• Fully automated

• Operated in Payerne since 2008

• Day and nighttime operation

• Analog and digital channels

• Holographic grating filter

• 450 mJ laser-pulse energy
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A first step taken towards lidar GDP. For temperature and humidity retrieved 

from lidar the following procedure is applied operationally:

• Instrument comprehensive characterization

• Random and systematic error budget calculation

• Corrections (systematic)

o Solar and electronic background

o Dead time (non-paralyzable condition)

• Flagging of «uncertain» data:

o Misalignment

o Uncorrectable saturation

What’s needed for a lidar GDP?

GRUAN perspective
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Mixing ratio of a gas with respect to a reference gas. PR(z) is the water vapor signal at 407.49 nm, PRef(z) is 

the Nitrogen signal at 386.69 nm, C is the lidar calibration factor and αRef and αR are the Raman 

extinction from  N2 and H2O molecules.

MIXING RATIO

The random error is calculated developing into Taylor’s series the equation of m(z) with (assumed 

independent) errors on  PR(z), PRef(z) and C is performed. The error units are the same as for the mixing ratio, 

i.e. g/kg.
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Water vapor mixing ratio: equation and observation error

m is the differential extinction contribution accounting for 10%   
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Water vapor mixing ratio: equation and observation error

𝜎𝐻2𝑂
2 𝜎𝑁2

2and       are the combination of 

two error contributions: the signal

variance at time i (0-lag) and the 

atmospheric covariance of PN2 and 

PH2O signals over a time-lag of 10 

minutes (i-5 to i+5) at every altitude. 

The atmospheric component is 

subtracted from the 0-lag variance.

𝜎𝑋 = 𝑣𝑎𝑟 𝑋0−𝑙𝑎𝑔 − 𝑐𝑜𝑣(𝑋0−𝑙𝑎𝑔)

𝑣𝑎𝑟 𝑋0−𝑙𝑎𝑔

𝑐𝑜𝑣(𝑋0−𝑙𝑎𝑔)

𝜎𝑋
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Water vapor mixing ratio: RS calibration

Obs. error, k=2

RS41

Ralmo

Calibration of WV using RS41, 28-Jul-2022, 23h00-23h30



7G. Martucci et al, ICM-14

Water vapor mixing ratio: daytime validation during 01.08.2021-31.08.2022

DAYTIME
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Water vapor mixing ratio: nighttime validation during 01.08.2021-31.08.2022

NIGHTTIME
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TEMPERATURE

Taylor’s linear propagation with respect to 

the A, B coefficient and their related

errors. 

Taylor’s linear propagation of T equation

w.r.t. the errors of Jhigh, Jlow without the 

atmospheric contribution (covariance of 

JH and JL)

Random error:

Temperature: equation and observation error

(JH)2 (JL)
2

rand_T
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Temperature: RS calibration

Calibration of T using RS41, 17-Jan-2022, 23h00-23h30
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Temperature: daytime validation during 01.08.2021-31.08.2022

Daytime

DAYTIME
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Temperature: nighttime validation during 01.08.2021-31.08.2022

NIGHTTIME
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COSMO-1E
WV and Temperature: assimilation experiment
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WV and Temperature: assimilation experiment
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• The data processing retrieves temperature and humidity profiles and calculates the 

associated observation error every 30 minutes.

• The calculated observation error represents main sources of error. T, WVMR and  are 

validated by comparison with the co-located RS41 radiosounding over 13 months.

• The calculated observation error is in good agreement with the std(XRAL-XRS41)

• The XRS41 and XRAL agree within the errors.

• The validated XRAL are assimilated into the 1.1-km mesh size KENDA-1 model. The impact is 

positive and MeteoSwiss moves towards the operational assimilation of XRAL by the end of 

2022.

• We observe a larger value of std(TRAL-TRS41) with respect to Martucci et al. 2021

Summary


