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1. Introduction and motivation of the TNA
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2. Scientific objectives

The present proposal is focused on water vapor, one of the most challenging meteorological
atmospheric variable to measure and currently the second key meteorological variable considered after
temperature.

The present proposal is built in the frame of the HEMERA H2020 european project, a new research
infrastructure involving a large community in balloon-borne researches. This proposal focuses on the
definition of standards and protocols for balloon measurements relevant for Copernicus and a set of
Light Innovative Instruments for transnational access (TNA) payload and data during TNA flights.

This campaign would be one piece of a larger project which aims at including metrological institutes to
help defining good practices and standards for essential climate variables, facing the need of
increasingly accurate and precise atmospheric data. The AquaVIT-4 campaign objectives are :

- To support the development of newly-developed atmospheric hygrometers

- To characterize atmospheric hygrometers for the TNA flights

The current requirements in terms of science are more and more strigent. Medium to long-term climate
forecasts are limited to the capability of reproducing large temporal and spatial scales events. Large
uncertainties remain with the issue for models to reproduce fine-scale variabilities which implies highly
precise sensors agreeing with each other to within instrumental uncertainties.

The stratosphere is sensitive to changes linked to global warming and the understanding of humidity
variability in this layer is a barrier to progress further on the prediction of our future climate. Over the
last decades, numerous studies aimed at comparing in-flight measurements of water vapor from
different hygrometers. Due to the dryness of the stratosphere, measuring stratospheric water vapor
remains a real technical challenge. To overcome this limitation, previous AquaVIT-1 and 2 campaigns
were organized in 2007 and 2013. However, the first 2007 campaign was missing the participation of a
reference instrument, eventhough the definition of reference humidity measurements is challenging to
address. During the second 2013 campaign, the conditions simulated in AIDA were mostly not
representative of the atmosphere in its driest layers. The goal for the present AquaVIT-4 is to generate
ONLY atmospherically-relevant conditions. The AquaVIT-4 campaign will allow to access intrinsic
biases. To complement, a balloon-borne campaign is organized 3 months afterward (Pl : M. Ghysels-
Dubois) to access environmental biases in real environment.

3. Reasons for choosing the Facility/ies

In Europe, AIDA is the only atmospheric chamber able to simulate atmospheric humidity in realistic
pressure and temperature conditions, characteristic of the upper atmosphere, a key region for
atmospheric exchanges and atmospheric humidity regulation.

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

The AQUAVIT-4 campaign took place at the AIDA simulation chamber from March 21 to April 8, 2022.
Ahead of the campaign, several virtual meetings have been organized in order to prepare the
instrument to the integration in the chamber. Several weeks of discussions between scientific teams
and AIDA staff have been necessary to prepare for the campaign.

The AQUAVIT-4 campaign has been organized within a strong European and international dynamic,
gathering French (Pico-Light, SAWfPHY), Swiss (Albatross), American (NASA Langley TDL) and
German (MBW et ApicT) hygrometers. The hygrometers have been tested against humidity standards
simulating characteristic atmospheric conditions spanning mid-latitudes and tropical latitudes and
specific saturated conditions for an altitude range from 14 to 35 km. The instruments were located
in the chamber such as the Pico-Light and SAWfPHY hygrometers were inside the mainvessel
separated by a 1m distance, the DLH hygrometer was located in the cold part of the chamber
between the main vessel envelope and the outside wall; a reference for those 3 instruments are
measurements provided by the ApicT diode laser hygrometer, measuring inside the main vessel by
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2. Level manifold Flows/SLM
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Figure 1: Schematics of the chamber together with instruments'location.

diode laser spectroscopy. The ALBATROSS and MBW hygrometer were sampling the air from the
main vessel through an inlet tight tubing in dynamic regime. MBW being a reference measurement
for ALBATROSS.

A referee board has been build in order to define the moisture conditions to be generated during
the blind week of the campaign, as well as to perform the analysis of the blind data.

The referee board is composed of:

e Karen Rosenloff, NOAA CSL, USA : co-chair of the SPARC initiative of the World Climate
research programme (WRCP). Karen Rosenloff is specialist of processes in the interface
between tropopshere and stratosphere (UT-LS), particularly processes driving atmospheric
composition of water vapor, ozone and aerosols in the UT-LS.

e Masatomo Fujiwara, Faculty of Earth Environmental Sciences, Hokkaido, Japan: active member
of two international observation networks: the Southern Hemisphere Additional Ozonesondes
(SHADOZ) and GCOS Reference Upper Air Network (GRUAN), as well as TIRA program of
WRCP. Masatomo Fujiwara is specialized in sounding techniques of water vapor, temperature,
particules, and wind. Masatomo Fijiwara is also specialist in modeling of dynamical processes
within the tropical tropopause (TTL).

e Ottmar Méhler, IMK-AAF, Karlsrhue Institute of Technology (KIT), Germany: PI of the simulation
chamber AIDA. Ottmar Mohler is specialist of aerosols, particles detection in field campaigns
and in the AIDA chamber. In this comitee, Ottmar Mohler brings the expertise around the AIDA
capabilities

The campaign has been split into 3 phases:

Installation and technical test (from 21/03 to 28/03)

First active week of measurements, simulating known conditions, discuted daily within all participants
(from 29/03 to 01/04)

Second active week of measurements, blind intercomparison phase. Setpoints were defined by the
referee board (from 04/04 to 07/04)

The measurement schedule consisted in one temperature per day, therefore ensuring a good
temperature stability. Then, total pressure and water vapor mixing ratio were set up by steps.
Transitions between one set point to another were adjusted such that the speed of pressure change
reflects actual flight dynamics.

Meetings were organized on a daily basis during the whole campaign. During the first week, these
meetings aimed at checking the proper operation of each instrument and to discuss the set points for
the following day. On the second week, daily meetings were organized in order to discuss any potential
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issues and to discuss the appropriate way to manage the analysis process.

4. Method and set-up of research

Participating instruments include:

Instrument Pl name Technique
Pico-Light H.0O M. Ghysels/G. Durry Tunable diode laser spectrometer
SAWIPHY A. Hertzog Acoustic wave frost-point hygrometer
ALBATROSS B. Tuzson, S. Brunamonti Quantum-cascade laser spectrometer
DLH G. Diskin Tunable diode laser spectrometer
ApicT H. Saathoff Tunable diode laser spectrometer
MBW H. Saathoff Frost-point hygrometer

The participating hygrometers are based on different techniques.

SAWIPHY is a recently developed instrument aimed at performing water-vapour measurements
onboard long-duration balloon flights in the lower stratosphere. The instrument is a frost-point
hygrometer, where frost is deposited on a Surface-Acoustic Wave sensor. The sensor is enclosed in a
stainless-steel chamber in which air is pumped from the outside. The instrument weighs 3 kg and
consumes 3 W.

During the Aguavit 4 campaign, the sensing chamber was located in the main AIDA vessel, next to the

Figure 2: The SAWfPHY hygrometer.
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Pico-Light open cell TDLAS. On the other hand, the instrument electronics was located outside of the
vessel, in the “warm” laboratory. A number of cables and connections were therefore required between
both instrument parts, making this SAWfPHY configuration less compact than its usual balloon-borne
configuration. In addition, the air flow inside the sensing chamber was ensured during Aquavit by
connecting the chamber to the vacuum line of AIDA through a mass flow controller. During balloon

Pico-Light
(GSMA/DT-INSU)

Figure 3: Pico-Light and SAWfPHY hygrometers integrated within the AIDA chamber
during AQUAVIT-4.

flights, the air flow is ensured by a pump working at atmospheric pressure. the instrument performed
nominally during the two campaign weeks, except for the coldest temperature set point in each week.
During those, a short circuit in the cables and connections between the sensing chamber and the
electronics prevented us to make any measurement.

The Pico-Light hygrometer is the lightweight successor of Pico-SDLA H20 (Durry et al., 2008b; Ghysels
et al., 2016). Pico-SDLA H20 was tested against other hygrometers, both in flight and in an
atmospheric simulation chamber (Behera Abhinna K. et al., 2018; Berthet et al., 2013; Durry et al.,
2008a; Fahey et al., 2014; Ghysels et al., 2016; Korotcenkov, 2018, Ghysels et al, 2021 (book
chapter)). Pico-Light H20 is a tunable diode laser spectrometer which allows to measure in situ water
vapor mixing ratio using direct absorption spectroscopy over a 1-m optical path in ambient air. It has
been developed since 2017 by DT-INSU (Division Technique de I'INSU, UAR 855, Meudon, France)
and GSMA (UMR CNRS 7331, Reims, France).

The in situ mixing ratio is retrieved from the processing of recorded atmospheric spectra of two water
vapor lines: the 413414 H2160 line at 3802.96561 cm-1 (troposphere), and the 202—101 H2160
line at 3801.41863 cm-1(upper troposphere and stratosphere). The novelty of Pico-Light H20O lies in its
new electronics, lighter weight (2.7 kg), simpler mechanical structure, and improved energy
management. The dramatic weight reduction made it possible to fly the instrument from a small rubber
weather balloon. Such a hygrometer launched on small balloons could make frequent measurements in
difficult meteorological conditions and at low cost, complementing meteorological sondes, which are not
adapted to probe upper tropospheric and stratospheric humidity.

Pico-Light H20 has been tested in flight seven times. One time during the StratoScience 2018 CNES
balloon campaign from Timmins, CA and two times from the Aire-sur-I'’Adour CNES balloon facility
(France) in 2019. Recently, Pico-Light has been intercompared in flight with the NOAA frost-point
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hygrometer during the AsA 2022 balloon-borne campaign from the Aire-sur-I'Adour where agreement
were found within instrumental uncertainties. The measurement precision is of 277 ppbv for an
integration time of 8 ms (unitary spectra) and 130 ppbv for an integration time of 1s.
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Figure 4: The Pico-Light hygrometer under rubber balloon. Flight from CNES facility at
Aire-sur-I'Adour (France) in 2019.

ALBATROSS (balloon-borne laser absorption spectrometer for UTLS water research) is described in
detail in Graf et al. (2021). The spectrometer relies on a monolithic, segmented circular multipass cell
(SC-MPC), which allows an optical path length of 6 m within a diameter of 10.8 cm. A mid-IR quantum
cascade laser (QCL), tuned to an isolated absorption line of H20 at 1662.8 cm-1 (A = 6 uym), is used as
a light source. The spectra are acquired at a frequency of 3 kHz and co-averaged to an output
resolution of 1 s. The full weight of ALBATROSS is approximately 3.5 kg.

For the AQUAVIT-4 campaign, ALBATROSS was operated in a closed-path configuration, in whichthe
SC-MPC is closed on both sides by stainless-steel lids. The lids were treated by a highly inert coating
(SilcoTek, USA) that minimizes outgassing effects, while the required leak-tightness was achieved
using nitrile O-rings (between the SC-MPC and the lids) and high-vacuum metal fittings for the gas
supply/return. The instrument operated as expected for the entire duration of the campaign, and data
analysis is in progress.

Figure 5: The ALBATROSS hygrometer.
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The NASA Langley Diode Laser Hygrometer (DLH) is an external, open-path near-infrared tunable
diode laser absorption instrument which has flown on several aircraft over the past 25+ years. There
are several versions of DLH, as they are designed and constructed specifically for each aircraft, but in
general, each one consists of a transmitter/receiver and a quasi-retroreflector, between which is the
two-pass optical absorption path. The DLH instrument which was used during AquaVIT-4 (DLH-WB) is
the one which flies on the NASA WB-57F aircraft, a platform which can reach approximately 20 km
altitude during research flights lasting up to 6 hours or more.

The transceiver in the DLH-WB is mounted inside an airfoil-shaped fin which is mounted beneath the
aircraft wing, and the retroreflective film is typically located on a thin antenna-like fin mounted beneath
an instrument pod on the same wing. Optical paths on this aircraft have ranged from approximately 13
m to 18 m. For AquaVIT-4, the DLH-WB transceiver assembly (which also contains the laser itself and
all data acquisition and control) was mounted outside the chamber in the cold zone, and the optical
beam was passed through a custom-coated plane parallel window. The retroreflective film was
mounted on the inside of a window blank on the opposite side of the chamber, resulting in a two-pass
optical path in the chamger of approximately 9.4 m. The short path between the instrument transceiver
window and the facility window was purged continuously with synthetic air. External heaters were
added to the transceiver assembly to maintain a minimum temperature of approximately -20 degrees C
while the instrument was unpowered during the overnight hours.

Preliminary project results and conclusions

Figure 6 shows an overview of the environmental conditions simulated in the AIDA chamber compared
to in-situ vertical profiles obtained from various balloon-borne campaigns at the tropics and higher
latitudes. Each data point corresponds to the average of 10 min of measurement at stable conditions in
the AIDA chamber, with H20 mixing ratio values obtained from the MBW373LX dataset.
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Figure 6. Overview of simulated pressure and H2O mixing ratio conditions, overlaid with
two typical atmospheric profiles obtained during balloon campaigns in tropical regions
(campaigns TRO-Pico, Brazil 2012-2013 & Stratéole-2 (2019-2021), mid latitudes and data
from CFH flights

The simulated conditions are typical of the UT-LS with few founds occasionally in some exceptional
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conditions (e.g. overpass of cyclones in the tropical regions).

The analysis of the large amount of data is currently ongoing. The blind week datasets are expected to
be sent to the referee board before October 31.

A first analysis, based on datasets available shows good agreement among the instruments within two
groups: MBW and ALBATROSS instruments sampling the AIDA air through an inlet with the help of a
mass flow controller, and the lot SAWfPHy and Pico-Light being located one meter away in the main
vessel of AIDA.

A thourough analysis will be possible once the DLH and complete Pico-Light datasets will be added.

5. Outcomes and future studies

The AQUAVIT-4 campaign occurs within the framework of the WP11 of the HEMERA european project.
In this frame, we aim at identifying european sensors able to provide measurements of essential
climate variables (ECVs), to document their performances and then, to identify the scienfic questions
which can be addressed with the help of these instruments.

Some of these instruments (not limited to water vapor) will be considered as reference instrument within
the ACTRIS IA.

Chamber intercomparisons,complemented by airborne campaigns, are useful tools to investigate
instruments' performances.

Together with AQUAVIT-4, a balloon-borne intercomparison campaign has been held from september
12 to 23, 2022 from the CNES balloon facility in Aire-sur-I'Adour (France). During this last campaign,
Pico-Light hygrometer (part of AQUAVIT-4) and micro hygrometer (LPC2E, CNRS France) have been
compared to the reference NOAA FPH.

Comparison between Pico-Light and FPH NOAA leads to excellent agreement, within instrumental
uncertainties.

The large amount of data obtained from AQUAVIT-4 are currently under evaluation by the referee
board constituted for the blind intercomparison of the last week of AQUAVIT-4.

6. Plans for publications

(in peer-reviewed journals, conference proceedings, etc. acknowledging the support by ATMO-
ACCESS). Details, including the DOI, need to be provided as soon as available.

A scientific paper will be prepared among all participants, lead by the Pl of AQUAVIT-4 (M. Ghysels-
Dubois) starting by the end of the year. Such paper is intended to be submitted to AMT

(IF: 4.176).
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