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

Á Long-wave radiation excess is about 0.6-1.0 W/m2 ς long-wave radiation flux measurements 
are uncertain to about 4 W/m2 due to water vapor

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

Á Standard operational radiosondes do not provide the required altitude coverage

Á Hunga TongaςHunga Iŀ ŀǇŀƛ volcanic eruption
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Uni Bern: MIAWARA / CRYOWARA 
(microwave radiometer,)

MeteoSwiss: RALMO 
(Raman lidar)

Empa: ALBATROSS 
(mid-IR laser spectroscopy)

ETH Zürich: PCFH 
(peltier-cooled frostpoint hygrometer)

In-situ / Balloon-borne

Remote sensing

Remote sensing



PCFH: from a prototype to a meteorological sensor

ETH prototype 2022/2023

Revised Mylab PCFH 2025/2026

Goal

Åreplace R23 by Peltier 
elements

Åreduce logistic and 
preparation efforts

Åidentify artifacts and 
contamination

Realization

Åcooling by ambient air with 
solid state thermoelectric 
devices

Åtwo independent sub-units

Åsimple application

thermocouples

Operation principle

thermocouples

FormoredetailsseePoster #11:
"Development and Application of the Peltier Cooled 
Frostpoint Hygrometer (PCFH) for Water Vapor 
Measurements up to the Lower Stratosphere" 



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

ALBATROSS laser absorption spectrometer

ωMid-IR laser absorption spectroscopy

ωQuantum cascade laser (QCL) at 6.01 ˃ Ƴ

ωSegmented circular multipass cell (SC-MPC)

ςDiameter 10.8 cm

ςOptical path length 6.1 m

ωCompact and robust optical design 

ωLightweight (3.6 kg)

ωOpen-path sampling technique

ωFast response (1 Hz)

ωLow power consumption (15 W)

ωSI-traceable, high accuracy and precision

ALBATROSS in flight config. 

Size:31ĭ23ĭ12 cm3

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



CRYOWARA development

ÅAtmospheric sounding 24/7
Å Intercomparison instruments to satellite observations
Å Insights on middle atmospheric H2O
ÅProvide variability on different timescales
Å Increasing demand, due to MLS decommissioning
ÅSwiss H2O Hubς intercomparison with in situ instruments

CRYOWARA

Design of quasi optics 2023

Component test and 
breadboard assembly 2024

Integration of breadboard 
in main frame and first light 
outside the lab on the roof 
of the EXWI 2025

FormoredetailsseePoster #3:
ά! ŎǊȅƻƎŜƴƛŎŀƭƭȅ ŎƻƻƭŜŘ ǊŀŘƛƻƳŜǘŜǊΣ ŦƻǊ ƳƛŘŘƭŜ 
ŀǘƳƻǎǇƘŜǊƛŎ ǿŀǘŜǊ ǾŀǇƻǊ ǊŜǘǊƛŜǾŀƭǎ ά 



Development of a new radiometer

ÅMIAWARA radiometer covers the 
middle atmosphere, 30-80 km

Å 24 years of continuous operation 
Å Long term monitoring of the 

middle atmosphere
ÅNew radiometer will take over and 

continuous the successful time 
series of MIAWARA

Å Improved temporal resolution 

A. Bell, et al., Atmos. Meas. Tech., 18, 2025.



MeteoSwiss RALMO- Payerne (Lidar)

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

ω Continuous temperature measurements since 2011 (Martucci et al, 2021): 
Atmospheric region: 0 km to tropopause +4 km

ω Continuous aerosol measurements since 2011 (e.g. Brunamonti et al, 2021): 
Atmospheric region: 0-25 km



Balloon campaign planning and payload preparation

GoPro camera onboard H2O-Hub Balloon Flight F6 (4 Sept 2023)

View of Lake Geneva from 32 km altitude

CFH/PCFH payload

Payload

Balloon  

TOTEX 

3000 g

Cut-down system

Parachute

Unwinder 60 m

Transponder

RS41

GPS

CFH ALBATROSS

ALBATROSS payload

ÅTotal 29 balloon flights in 3 years

ÅTandem balloon flights (1-2 min flight 
separation)

ÅCoordination with Skyguide due to 
heavy payloads (> 3 kg), transponder

ÅOnly night operations (flight window 
from 00:00-06:00 LT)

ÅCareful flight planning and landing 
point prediction)

ÅAll payloadssuccesfullyrecovered after 
flights

ÅAltitudes up to 35 km reached



Balloon campaign planning and payload preparation

CFH/PCFH launch ALBATROSS launch

ÅTotal 29 balloon flights in 3 years

ÅTandem balloon flights (1-2 min flight 
separation)

ÅCoordination with Skyguide due to 
heavy payloads (> 3 kg), transponder

ÅOnly night operations (flight window 
from 00:00-06:00 LT)

ÅCareful flight planning and landing 
point prediction)

ÅAll payloadssuccesfullyrecovered after 
flights

ÅAltitudes up to 35 km reached

GoPro camera onboard H2O-Hub Balloon Flight F6 (4 Sept 2023)

View of Lake Geneva from 32 km altitude
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Conclusions

Åinternal TCM gradient diagnostics 
improve air temperature agreement 
to  < 0.1 K

Åsimilar correction for water vapor 
yields margins (2s) of 1K for frost 
point temperature,1 ppmv for H2O 
mixing ratio

ÅWMO Commission for Instruments 
and Methods (CIMO) requirements:
Á  20 ҈ ΨōǊŜŀƪǘƘǊƻǳƎƘΩ
Á  мл ҈ ΨǘƘǊŜǎƘƻƭŘΩ                      
Á  4 ҈ ΨƎƻŀƭ

PCFH results

CIMO breakthrough



ALBATROSS results: Troposphere

ωGood agreement with 

CFH/RS41 (±10 %) up to 

~12 km altitude 

achieved in all flights

ωIncluding fine structures 

in vertical distribution 

of H2O, cirrus clouds

ωBest agreement with 

CFH in F4-F5 thanks to 

payload configuration 

(same balloon) 



ALBATROSS results: Stratosphere

ωBest result on F3: good agreement 

with CFH (±10 %) up to ~25 km 

altitude (30hPapressure)

ωLimited amount of valid data due to     

self-contamination (interference by 

Ƴƻƛǎǘ ŀƛǊ ƛƴǎƛŘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ŎŀǎƛƴƎύ

ωMechanical solution (in-flight 

purging system) implemented to 

minimize these effects 

Tropopause

Tropopause

FormoredetailsseePoster #1:
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Comparison between MIAWARA and CRYOWARA

Parameter MIAWARA CRYOWARA

Location Zimmerwald 
Observatory Roof of UniBE

Receiver noise 
temperature 135 K (SSB) 45 K (SSB)

Integration time 24 h 4 h

Altitude range 30т80 km 30т85 km

Å Early retrieved profiles with CRYOWARA
Å Good overall agreement with MLS and MIAWARA
Å Better agreement in higher altitude with MLS 

compares to MIAWARA
Å Lower integration time, longer monitoring of H2O
Å Daily variability of middle atmospheric H2O
Å Opportunity to detect polar mesospheric clouds

The retrieval algorithms of CRYOWARA are based on MIAWARA and has not yet tailored for 

the new the radiometer (A. Bell, et al. Atmos. Meas. Tech., 18, 2025.)



Hunga Tonga-Hunga IŀΨŀǇŀƛ volcanic eruption (15th January 2022)

NOAA

High Altitude Mechanistic Circulation Model 

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


GOES-West - Pacific

ωHunga-Tonga Hunga-IŀΩǇŀƛ 
submarine volcano erupted on 
15 January 2022

ωUnprecedented amount of H2O 
injected directly into the 
stratosphere

Hunga-Tonga injected 150 Tg H2O =  
13 % of global stratospheric H2O

Khaykin et al., 2022



HTHH water vapor increase

HTHH signal over Switzerland observed in balloon data
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