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Executive summary 

The water cycle is one of the most important cycles on Earth. It is important to understand the H2O cycle in the context of climate 

change because water vapor is the most abundant greenhouse gas. Yet precipitation is far less predictable than temperature on 

local, regional, and global scales. This has to do with the fact that we don't know enough about clouds, in particular we don't know in 

detail how clouds form. However, this is the key to understand whether and/or to what extent clouds precipitate. Here, water 

isotope measurements will be helpful as they can distinguish between the different processes involved. In this context, we propose 

vertical and horizontal profiles of the stable water isotopes (d18O, d17O, dD) as well as their secondary parameters (dex, D17O), 

which are requested by the scientific community [Sodemann et al., 2022]. These will be produced in collaboration with various 

research groups and using AirCore, drone and balloon collectors as well as a water calibration system. These measurements are 

supplemented by measurements of pressure, temperature and humidity as well as greenhouse gas concentrations of CO2, CH4, CO 

and O2. This campaign is an example of collaboration between experimentalists, modelers as well as technicians, engineers and last 

but not least students. 

Scientific objectives 

An international team of expert scientists from Norway, the Netherlands and Switzerland (see group list and references) proposes a 

coordinated drone and balloon-based field campaign at Sodanklyä in order to test and compare multiple methods for water vapour 

stable isotope determination. State-of-the-art measurement techniques and calibration procedures will allow us to ideally compare 

different sampling approaches such as AirCore, flask sampling and continuous in-situ observation of water vapour stable isotopes. 
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We will focus on vertical (balloon) and horizontal (drone) profiles to and at different altitudes ranging from ground level up to 500 

meters above it by drone and up to 35’000 meters by balloon experiments. Due to very low H2O concentrations, isotope ratio 

accuracy and precision will significantly decrease [Bailey et al., 2023], which is expected unless large amounts of water could be 

sampled. Here flask sampling will deliver an important way of calibrating continuous low level (ppm) upper troposphere, lower 

stratosphere water vapor measurements using AirCores by means of discrete stable isotope determination of extracted water vapor 

from these flasks. Specifically, we will perform water stable isotope measurements using Picarro 2140 in order to get the 

conventional (d18O, d17O, dD) as well as the second-order parameters (dex, D17O) using AirCore, Drone- and balloon-flask samples 

from which vertical and horizontal profiles can be retrieved. Altitude assignment for vertical profiles follows the procedures 

developed by the AirCore community [Tans, 2022; Wagenhäuser et al., 2021]. Calibration of the isotope values will follow guidelines 

communicated by the IAEA following [Rozmiarek et al., 2021; Schoenemann etal., 2013]. In addition to these targeted 

measurements, the common greenhouse gases CO2, CH4, CO, N2O as well as O2 are measured with a direct triple Picarro setup 

(2207, 2401, 2140) introduced by the University of Bern during the OSTRICH campaign 2023 

(https://space.fmi.fi/2023/08/30/aircore-and-ftir-measurements-at-the-arctic-space-centre-in-sodankyla/). The different profiles 

will be compared to satellite retrievals from TROPOMI and or ground-based FTIR retrievals(TCCON) [Schneider et al., 2020; Schneider 

et al., 2022], the latter being also observed at Sodankylä. In addition, the in-depth analysis of the horizontal and vertical profile with 

a hierarchy of isotope-enabled atmospheric models including a trajectory-based moisture source diagnostic tool [Sodemann et al., 

2008], Lagrangian Analysis Tool (LAGRANTO) [Sprenger and Wernli, 2015], box models (simple isotope-enabled moist-adiabatic or 

trajectory-based ascent models) [Thurnherr and Aemisegger, 2022] and high resolution simulations using COSMOiso [Pfahl et 

al.,2012] will eventually be used for interpretations of obtained isotope profiles. 

Reason for choosing station/ infrastructure 

 

Activities during the TNA (research, training, events, ...)  

 

Method and experimental set-up 

During the campaign from July 21 to August 2, 2024, the group of University of Bergen with the help of the University of Venice 

installed, tested and operated their water stable isotope measurement line. It consistent of a dedicated line with a sample 

conditioning and flushing unit connected to a Picarro L2120-i. Additionally, they installed a calibration unit that allowed to calibrate 

the Picarro readings with several in-house standards (Steen-Larsen and Zannoni, 2024). The University of Bern team installed their 

triple Picarro line (2207, 2401, 2140) to monitor O2, CO, CO2, CH4, H2O and their isotopes. This setup was used for measurements 
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of AirCore, balloon and drone flask samples. We received tremendous help from the local staff at FMI Sodankylä. They supplied their 

new flask samplers, both light-weighted. The balloon soundings were well prepared and within the short campaign period 10 flights 

with several payloads (see below) were done. For the drone soundings the time was limited to a last few days. A problem with leaky 

flask valves have been experienced at the start. It was resolved after time-intensive checking of each single valve by the FMI group. 

This was highly appreciated by the other project partners.  

 

Figure 1: Peter Nyfeler and Markus Leuenberger (UBern) in front of the triple Picarro line. The white box in the front is the Swiss 

Vertical CO2 analyser and just behind it the 200 meter AirCore both wrapped for the flight no. 2 of this campaign. 



 

 

Figure 2: The setup of the University of Bergen. On the left, the water vapor calibration preparation and injection system, in the 

middle the conditioning and flushing unit and on the right the water vapor isotope Picarro system placed on top of the black box. 



 

 

Figure 3: Left, Pauli Heikkinen with the light-weight drone flask sampler behind the drone. Right, flask setup.  

 

Right, Kivi Rigel (left) and Juha Karhu (right) during the balloon filling procedure. Markus and Peter after a successful AirCore 

measurement. 

Additionally, samples were taken for the University of Utrecht (Prof. Th. Röckmann’s group).  



 

Evaluation will include a comparison to satellite (TROPOMI) and ground-based FTIR retrievals obtained within the TCCON network. 

Additionally, a hierarchy of isotope-enable atmospheric models will be run for this for the specific time period of the campaign. The 

interpretation tasks is ongoing, the modelling will be done as soon as the reanalysis data will be available. 

Preliminary results and conclusions 

The campaign was successful. 10 balloon flights (4 with the flask sampler and 6 with AirCores including the Swiss Vertical CO2 

Analyser on 1 launch) and 2 drone flights with the lightweight flask sampler were performed (table 1). All samples were analyzed on 

the two systems that were available. Additionally FTIR, Ceilometer and in-situ tower greenhouse gas records are available. An 

intercomparison of the water stable isotope standards (table 2) was performed during the campaign with good agreement between 

the two lines. Additionally, the UBern group used the calibration system of the UBergen group for water vapor amount 

calibration of the Picarro instruments. Based on our experience, the different types of Picarro systems are not well 

calibrated regarding water vapor measurements which of course has an impact on the corresponding water-corrected 

species reported such as CO2dry, CH4dry and O2dry for which Picarro applies a water correction but based on a rather 

poorly calibrated water vapor measurement. Depending on the water vapor amount present this might have a 

significant impact, in particular for O2. For the water vapor isotopes, we saw a slightly different dependence on water 

vapor amount for a step-wise versus a transient water vapor change. This is most probably due to 

adsorption/desorption processes in the measuring line. 

Table 1: Balloon and drone flights 

 Date  Water isotopes Info water isotopes and gases only  Info 

Monday 22 July 2024       

Tuesday 23 July 2024 Installation/Calibration   Installation/Calibration   

Wednesday 24 July 2024 H2O sampler valves leaky H2O-Flight 2 AC Bern 220 AC Bern 200 H2O-Flight 1 

Thursday 25 July 2024    CO2 Analyser AC Bern 200 H2O-Flight 3 

Friday 26 July 2024    AC Bern 100 AC Bern 220 H2O-Flight 4 

Saturday 27 July 2024 H2O sampler  H2O-Flight 6 AC Bern 200  H2O-Flight 5 

Sunday 28 July 2024  Calibration with U-Bergen system  Calibration with U-Bergen system   

Monday 29 July 2024 H2O sampler  H2O-Flight 8 AC Bern 220 AC Bern 200 H2O-Flight 7 

Tuesday 30 July 2024       

Wednesday 31 July 2024       

Thursday 01 August 2024    AC Bern 220 AC Bern 200 H2O-Flight 9 

Friday 02 August 2024 H2O sampler  H2O-Flight 10    

 

Table 2: Water stable isotope standards 

  Assigned values Bern   

Lab/University Bottle No d18O d17O dD E17 



 

      

Uni Bern MW 97 -0.3 -0.16 -2.19 -0.00316 

Uni Bern ST-08 -10.95 -5.78 -77.46 0.01872 

Uni Bern Dye-III -27.39 -14.54 -209.28 0.010649 

Uni Bern B-Slap -55.34 -29.21 -263.29 0.4122 

UNIVE NS -15.45 -8.15 -113.4  

UNIVE NVL -31.08 -16.59 -239.0  

UNIVE DCS -51.91 -27.73 -407.2  

UiB Bermuda 0.90  8.3  

Outcome and future studies 

The campaign was overall very successful. We are thankful to ATMO-ACCESS funding this project and the staff of the Sodankylä 

Station to support us throughout the campaign. In view of this success, it would be excellent to continue this kind of AirCore studies 

as there is still plenty to gain as this technique can be applied to many more species as yet done. In particular regarding the different 

isotope related information, i.e. secondary parameters (17Oex, dex) on H2O or site specific 15Na, 15b on N2O).  

Plans for publications: 

UBern:  

- Description of a new triple Picarro instrument setup for combined greenhouse gas, oxygen concentration and water isotope 

measurements. 

- Description of the water vapour calibration scheme for low water level water-stable isotopes 

- Vertical profiles of water-stable isotopes as obtained from AirCore measurements 
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