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Background

« Continuous measurements of temperature are needed to fill the gap of under-sampled
troposphere.

* Need of well established, good-quality reference to validate the temperature profiles
retrieved by RALMO.

Aim of the study

1. To validate the operational radiosounding system in use at Payerne using the GRUAN
RS92

2. To use the validated sonde to validate 1.5 years of temperature data retrieved from
RALMO, July 2017-October 2018.

Applications

» Long timeseries of temperature data with small systematic and total uncertainty can be
used for DA experiments.

» (Good-quality temperature data can be used, in combination with humidity measurements )
for studies of supersaturatlon at the base of |IC|UId clouds v |
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The RAman Lidar for Meteorological Observations - RALMO
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Validation of the reference radiosounding systems

» MeteoSwiss participates in the GRUAN programme with the Vaisala sonde RS92 since 2012. 300 RS92
sondes have been launched since 2012 at Payerne.

« The RS92 sonde has been used by MeteoSwiss as working standard in the framework of the quality
assurance programme of the different versions of the Meteolabor Swiss RadioSonde (SRS). Starting from
2012, the SRS-C34 and SRS-C50 have been compared to the RS92 sonde.

» 1In 2014, the Vaisala RS41 sonde was added to the GRUAN programme and performed numerous multi-
payload flights with the RS92 and the SRS carried under the same balloon

During the studied period, two RS operational systems have been launched regularly at 11 UTC and 23
UTC, i.e. the SRS-C50 (February 2017- March 2018) and the Vaisala RS41 (March-October 2018 ).
With multi-sensor flights the SRS-C50 and RS41 have been validated by the GRUAN sonde RS92
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Validation of the reference radiosounding systems
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Validation of the reference radiosounding systems
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The overall (11~UTC and 23~UTC) performance of the two RS in terms of bias with respect to
the reference sonde RS92 confirms that in the first 15~km the two RS remain below the -0.1 K
bias. The RS41 shows closer value to the RS92 than the SRS-C50 especially in the
stratosphere.
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Temperature polychromator of RALMO
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Temperature polychromator of RALMO
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Retrieval of PRR temperature and uncertainty budget

Based on the calculations shown by Behrendt et al., (2005) and for systems that detect only one
PRR line in each channel (J,,, and Jy4,), the relationship between T and Q, the ratio of J,,,, and
Jnigh» takes the simple form where the approximation symbol indicates that the detection system
detects more than one PRR line.

]low T ~ A .
B+1nQ

Q=

Jhign

The total uncertainty of the retrieved temperature profile calibrated by a co-located
radiosounding is the combination of the assumed independent error contributions due to the
linear fit between LIDAR and sonde plus the Poisson noise:

AT = \/Ar}%’z.t + AT?

stqg

U Meteoswiss 0 o o ICM-11,21.05.2019 . G.Martucci. 9



Calibration of RALMO by RS and stability over time

SRS-C50 vs RALMO, A = 372.360, B = 0.405, on 2018/09/04 23:30 UT
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Continuous temperature measurements
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Validation of PRR temperature: nighttime
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Validation of PRR temperature: daytime

The analysis of daytime bias and RMSE is still ongoing. Currently the daytime statistics suffer a
mean 1 K negative bias and 1.5 K RMSE. The large difference between day and night is
caused by the combined effect of imperfect dead-time and background correction. The J,,,/dpign
is highly sensitive to both saturation and background. A difference of £1% in the ratio can lead
to a variation of +2K. The mean daily cycle of the temperature bias of RALMO with respect to
the HATPRO MWR has been studied. It comes out that from sunrise to sunset the bias
changes and reaches a maximum accordingly to the solar Zenith angle.
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Measurement of supersaturation in liquid stratus clouds

A radiosounding-based validation of the relative humidity (RH) measured by RALMO has been performed by
Navas Guzman et al. (2019), finding that in the first 2 km the RH suffers a mean systematic and total
uncertainty of ARH= +2% + 6 %RH

Previous studies (Hudson et al. (2010); Martucci and O’'Dowd (2011)) show that for different types of liquid
stratus clouds forming within continental polluted or marine clean air masses, the characteristic values of
supersaturation span between 0.1 % to >1 %, respectively.

The RH retrieved from RALMO cannot be used quantitatively, as the relative error is bigger than the expected
maximum supersaturation. Then a qualitative study about the occurrence of supersaturation in liquid clouds is
performed instead.
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Measurement of supersaturation in liquid stratus clouds

4 Total Backscatter Ratio, 11-18 UT 20/05/2018
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Summary

« Almost 1.5 years (July 2017-October 2018) of LIDAR pure rotational Raman temperature
data have been compared to reference radiosounding temperature profiles at Payerne at
12~UTC and 00~UTC.

» The reference radiosounding systems are the Meteolabor SRS-C50 sonde and the Vaisala
RS41, validated by direct comparison with the GRUAN-certified Vaisala RS92 sonde.

» The nighttime temperature profiles retrieved from RALMO PRR data are in excellent
agreement with the reference radiosounding system showing a maximum mean cold bias of -
0.12 K and a RMSE of ~1.1 K in the first 8 km.

* The daytime temperature validation is ongoing, trying to remove the background- and
saturation-induced additional bias.

e A qualitative study to assess the supersaturation of water vapor in liquid stratus clouds has
been performed, fitting very well the microphysical scenario of continental warm stratus
supersaturation values.

U Meteoswiss i E LT o ICM-11,21.05.2019 . G. Martucci. 16



Schweizerische Eidgenossenschaft Federal Department of Home Affairs FDHA
Confédération suisse Federal Office of Meteorology and Climatology MeteoSwiss

Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

MeteoSwiss

Operation Center 1
CH-8058 Zurich-Airport
T+4158 460 91 11
WwWw.meteoswiss.ch

MeteoSvizzera MétéoSuisse MétéoSuisse

Via ai Monti 146 7bis, av. de la Paix Chemin de I'Aérologie
CH-6605 Locarno-Monti CH-1211 Geneve 2 CH-1530 Payerne

T +41 58 460 92 22 T +41 58 460 98 88 T +41 58 460 94 44
www.meteosvizzera.ch www.meteosuisse.ch www.meteosuisse.ch

; IMet:eoSwiss . ICM-11, 21.05.2019 © _ G. Martucci 17



	Operational and GRUAN radiosounding validation of PRR temperature data retrieved by the Raman Lidara for Meteorological Observations (RALMO) at Payerne
	Foliennummer 2
	Foliennummer 3
	Validation of the reference radiosounding systems
	Foliennummer 5
	Foliennummer 6
	Temperature polychromator of RALMO
	Temperature polychromator of RALMO
	Retrieval of PRR temperature and uncertainty budget
	Calibration of RALMO by RS and stability over time
	Continuous temperature measurements
	Validation of PRR temperature: nighttime
	Foliennummer 13
	Measurement of supersaturation in liquid stratus clouds
	Measurement of supersaturation in liquid stratus clouds
	Summary
	Foliennummer 17

