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Highaccuracy measurements of water vapc
from ground to space: the Swiss@®Hub

Water vapor critical for radiative forcing at the middle atmosphere and troposphere

A Longwave radiation excess is about L& W/n¥ ¢ long-wave radiation flux measurements
are uncertain to about 4 W/Adue to water vapor

A WMO reference water vapor measurements are based on CFH (Cryogenic Frost Point
Hygrometer), which requires R23 (to be banned)

A Standard operational radiosondes do not provide the required altitude coverage

A Hunga TongeHungal | Ivdldanic eruption



Highaccuracy measurements of water vapc

from ground to space: the Swiss@®Hub

Remote sensing
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PCFHfrom a prototype to a meteorological sensor

Goal

AreplaceR23by Peltier
elements

Areducelogistic and
preparation efforts

Aidentify artifacts and
contamination

Realization

Acoolingby ambient air with
solid state thermoelectric
devices

Atwo independent subunits
Asimple application

Operation principle

Sub-unit 1 Sub-unit 2
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Formore detailsseePoster #11:
"Development and Application of the Peltier Cooled
FrostpointHygrometer (PCFH) for Water Vapor
Measurements up to the Lower Stratosphere”
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ALBATROSS laser absorption spectrometer

w Mid-IRlaser absorption spectroscopy
w Quantum cascade laseCl at 6.01> Y

w Segmented circular multipass c&GMPQ
¢ Diameter 10.8 cm Laser :
¢ Optical path length 6.1 m * o SC-MPC ALBATROSS in fight config

w Compact and robust optical design
w Lightweight 8.6 kg

w Openpath sampling technique

w Fast response (1 Hz)

w Low power consumption (15 W)
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w SHraceable high accuracy and precision L= ¢
t.» Detect()r ‘

Brunamonti et al., Atmos. Meas. Tech., 2023; 2025

Graf et al.,Atmos. Meas. Tech.2021



CRYOWARA development

A Atmospheric sounding 24/7 N T
A Intercomparison instruments to satellite observations —
A Insights on middle atmospheric,@

A Provide variability on different timescales

A Increasing demand, due to MLS decommissioning

A Swiss KO Hulg intercomparison with in situ instruments

Design of quasi optics 2023

: : Integration of breadboard
Formore detailsseePoster #3: Component test and in main frame and first light
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Development of a new radiometer

A MIAWARA radiometer covers the
middle atmosphere, 3@0 km

A 24 years of continuous operation

A Long term monitoring of the
middle atmosphere

A New radiometer will take over and
continuous the successful time
series of MIAWARA

A Improved temporal resolution

Pressure (hPa)
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A. Bell, et al., Atmos. Meas. Tech., 18025.
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MeteoSwissRALMO- Payerne(Lidar)

w Continuous water vapor measurements since 2008 (Brocard et al):2013
Atmospheric region: 0 km to tropopause + 2 km

w Continuous temperature measurements since 2011 (Martucci et al, 2021):
Atmospheric region: 0 km to tropopausel-km

w Continuous aerosol measurements since 2011 (e.g. Brunamonti et al, 2021).
Atmospheric region:-25 km

q, g kg1, 20.Mar-28.Mar.22

Backscatter ratio, Bt /Bma 20.Mar-28.Mar.22
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Balloon campaign plannirand payloadgreparation

Balloon
TOTEX
3000 g

A Total29balloon flightsin 3 years

A Tandem balloon flights (2 min flight
separation)

A Coordination withSkyguidedue to
heavy payload$> 3 kg), transponder

Cut-down system

Transponder

A Only night operationgflight window
from 00:00-:06:00LT)

A Careful flight planning and landing
point prediction)

Parachute

A All payloadssuccesfullyecovered after
flights

A Altitudes up to 35 km reached

Unwinder 60 m




Balloon campaign planning and payload preparation

A Total29 balloon flightsin 3 years

A Tandem balloon flights (2 min flight
separation)

A Coordination withSkyguidedue to
heavy payload¢$> 3 kg), transponder

A Only night operationgflight window
from 00:00-:06:00LT)

A Careful flight planning and landing
point prediction)

A All payloadssuccesfullyecovered after
flights

A Altitudes up to 35 km reached







Pressure [hPa]

High accuracy measurements of®l from ground to space

Altitude range 0-96 km
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Altitude (km)
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Conclusions

A internal TCM gradient diagnostics
improve air temperature agreement
to <0.1K

A similar correction for water vapor
yields margins @) of 1K for frost
point temperature,1 ppmvfor H,0O
mixing ratio

A WMO Commissiofor Instruments
and Methods (CIMO) requirements:
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w Good agreement with
CFH/RS4110 %) up to
~12 km altitude
achieved in all flights

w Including fine structures
in vertical distribution
of H,0, cirrus clouds

w Best agreement with
CFH in F&5thanks to
payload configuration
(same ballooin

Pressure [hPa]

Pressure [hPa]

200

w
-1
=]

Iy
=1
a

500

600

700

800

200

w
-1
S

=
o
S

o
S
S

@
=1
S

~
=3
S

@
=4
S

F2

ALBATROSS results: Troposphere
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ALBATROSS results: Stratosphere

w Best result on F3: good agreement
with CFH%10 %) up to ~25 km
altitude (30hPapressure)

w Limited amount of valid data due to
seltcontamination(interference by
Y2AAa0 | ANJ AYAARS

w Mechanical solutiorgin-flight
purging systermimplementedto
minimize these effects

Formore detailsseePoster #1:

"Accurate insitu monitoring of UTLS water vapor
by laser absorption spectroscopy"”
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To Do I» Do I I

Comparison between MIAWARA and CRYOWARA

Early retrieved profiles with CRYOWARA

Good overall agreement with MLS and MIAWARA

Better agreement in higher altitude with MLS
compares to MIAWARA

Lower integration time, longer monitoring of,@&
Daily variability of middle atmospheric®
Opportunity to detect polar mesospheric clouds

Parameter MIAWARA CRYOWARA

Location

Receiver noise
temperature

Integration time

Altitude range

ZITmE e Roof ofUniBE
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The retrieval algorithms of CRYOWARAare based on MIAWARA and has not yet tailored for
the new the radiometer (A. Bell, et al. Atmos. Meas. Tech, 18, 2025.)



Hunga Tongadungal | W lvaldlaric eruption(15" January 202p

Vadas, S. L., Becker, E., Figueiredo, C., Bossert, K., Harding, B. J., & Gasque, L. C. (2023).
https://doi.org/10.1029/2022JA031138



https://doi.org/10.1029/2022JA031138
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HTHH signal over Switzerland observed in balloon data

56.2 hPa MLS v5 overpass payerne
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Formore detailsseePoster #6:
"Swiss H20 Hub observations of post Hdihgaga UTLS
water vapor with balloofborne frost point hygrometers"



