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Letter from the President of IAGOS-AISBL
Dear Colleagues and Friends of IAGOS,
The year 2021 has been a long road of recovery out of the COVID-19 pandemic and the infrastructure has focused on building solid
foundations for its future operation. Expanding the fleet has been a priority in 2021. IAGOS is excited about a new partnership with Air
Canada. The partnership with Air Canada will reinforce the longstanding network of ozone observations for which Canada is a world
leader. Additionally, it will offer deeper collaborations with Environment Canada particularly with regard to monitoring of air quality
and smoke plumes from wildfires. We are also expanding with established partners Deutsche Lufthansa and China Airlines. A fourth
aircraft from Lufthansa Group will be equipped in 2022, and the installation of IAGOS on a fourth aircraft from China Airlines is in
preparation.
The certification of the package that measures Nitrogen Oxides (P2b) and the revised certification for the greenhouse gas system
(P2d) pave the road for a more diverse set of measurements which will address the needs of users in the coming years.
A considerable part of the modification of the IAGOS-CARIBIC A350 was implemented in Malta and the planning for the new IAGOSCARIBIC laboratory is proceeding successfully. Other projects for IAGOS-CORE on the A350 will secure the fleet in the future.
We welcome the funding and support from the European Commission for the two new European Green Deal projects that will
enhance the services provided by IAGOS for the global community.
IAGOS is prepared for 2022 and the following years, to deliver global and more complete datasets of essential climate variables and
air quality parameters and to expand real real-time data, to improve understanding of a changing climate.

Yours Sincerely
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Executive Summary
Since IAGOS was formed as an AISBL in 2014, it has been pursuing the objective of equipping 15-20 aircraft with the aim of feeding the data
centre for the scientific community and operational services. This executive summary presents an overview of data, products and services
provided by IAGOS which are important European contributions to the integrated global observation system which monitors the state of
the Earth system and climate. It sets out how the IAGOS data has been used in regard to the ESFRI sustainable development goals and KPIs.

IAGOS in the Global Observing System

Development and Expansion

IAGOS has a central and unique role in the global observing system,
providing important measurements in the vertical which surface
stations do not provide, and important information in the climatesensitive upper troposphere and lower stratosphere with a high
resolution which satellites cannot acquire. Through ENVRI-FAIR we
endeavour to ensure that the data are freely and easily accessible
and maintain FAIR data standards. Together with ICOS and ACTRIS,
the 2 other RIs from the atmospheric domain, we are working on
further harmonisation of data products and services for the
benefits of users. Indeed, the new project ATMO-ACCESS which
started on 1st April 2021 for 4 years will deliver a series of
recommendations for establishing a comprehensive and
sustainable framework for access to distributed atmospheric
Research Infrastructures. IAGOS is a contributing network to the
WMO Global Atmospheric Watch program and our data are used
in the daily monitoring of global air quality models via the
Copernicus Atmosphere Monitoring Service which has been
operational for more than six years.

In 2021, IAGOS began the preparation work for several new
installations which will expand the geographical coverage of the
network. A new partnership with Air Canada will enhance the
measurements in the climate sensitive regions of the far northern
latitudes which are warming three times faster than elsewhere
and where the harsh environment makes obtaining in situ
measurements particularly challenging. Air Canada will reinforce
the measurements in the North Atlantic flight corridor which has
been the backbone of IAGOS over the last 25 years and which is
key to long-term climate monitoring.

Technology and measurements
The move of the IAGOS-CARIBIC cargo container to an Airbus A350900 aircraft of Deutsche Lufthansa advanced significantly in 2021.
The modifications to the aircraft, specifically the opening of the
fuselage for the inlet housing, were completed in Malta.
The revised supplemental type certificate (STC) for the P2d
greenhouse gas package was obtained from EASA and the P2b
package for nitrogen oxides was also certified. This diversifies the
range of measurements that can be obtained from IAGOS and
allows these instruments to be installed on all Airbus A330/340
aircraft operated by European airlines.

FAIR and Open Data: IAGOS, under the lead of
Forschungszentrum Jülich, is coordinating the European ESFRI
cluster project ENVRI-FAIR which is aiming towards easy and
seamless access to research data and services from all sectors of
the Earth system, provided by the community of European
Environmental Research Infrastructures. Well advanced flagship
Research Infrastructures like IAGOS with a high level of maturity
lead the development and implementation of common policies,
open standards, interoperability solutions, operational services, and
stewardship of data based on the FAIR principles. In this
framework, IAGOS is continuously developing and improving its
data management systems towards full compliance with the FAIR
principles, with the long-term goal of exposing IAGOS data for
interoperable use and interdisciplinary research on the ENVRI-Hub.
The ENVRI-Hub will be the interface to the ENVRI ecosystem on the
emerging service catalogue of the European Open Science Cloud.
Major achievements reached in 2021 include the development of
scientific show cases of the Atmospheric subdomain for future
integration into the ENVRI-Hub, the implementation of a fully
automated data processing workflow with embedded data quality
assessment and control tools, the improvement of machine
accessibility of IAGOS data and services, and the continuous
improvement of the IAGOS internet presence.
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Executive Summary
Sustainable Development Goals
By nature IAGOS is committed to being relevant to several of the
ESFRI or UN sustainable development goals.

SDG 13 “Climate Action”: IAGOS has provided continuous
measurements of greenhouse gases and short-lived climate
forcers on the global scale over more than 25 years. It is the
continuity of measurements that enables us to assess the impact
of mitigation policies and emissions protocols. IAGOS is one of the
most important datasets of in-situ observations in the upper
troposphere-lower stratosphere with dense and high resolution
measurements. Over several decades, IAGOS has acquired the
essential characteristic of adding statistical robustness to
climatologies and trend analysis. Therefore, IAGOS is important as a
validation reference for climate and air-quality models and in the
validation of satellite observations. Work began on a new project
ICOS-Cities, funded by the European Commission as part of the
European Green Deal. ICOS-Cities is dedicated to the monitoring of
greenhouse gas emissions over large cities where profiles from the
P2d greenhouse gas package will be incorporated. This
cooperation is largely with the ICOS research infrastructure.
IAGOS data are used to understand the budget and trends of
tropospheric ozone. The homogeneity of the time-series of the
ozone measurements, and hence their suitability for long-term
trends was demonstrated by Blot et al (2021). There were a
number of scientific publications on the budget and trends of
tropospheric ozone in 2021 such as Dufour et al. (2021), who
focused on ozone trends in the free troposphere over China. Van
Malderen et al. (2021) compared 50 years of balloon
measurements with trends derived from IAGOS measurements,
and Lannuque et al. (2021) examined distributions of ozone and
carbon monoxide in the upper troposphere over Africa.
IAGOS data are an essential independant dataset for the
validation of Earth System Models both routinely through the
daily validation of the daily forecasts from the Copernicus
Atmosphere Monitoring Service (CAMS) available online, and for
the validation of the CAMS global reanalysis (Wagner et al., 2021). A
new method for validating global models was developed by Cohen
et al. (2021).
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SDG 3, “Good Health and Well Being”: IAGOS provides essential
information on the composition of the atmosphere throughout the
troposphere over different regions. IAGOS data are transmitted in
near real-time to real-real time to the operational services of
Copernicus and contribute to the improvement of air quality
models allowing monitoring and forecast (www.iagos.fr/cams), and
assessment of mitigation scenarios. Work started on the project RIURBANS, a project funded by the European Commission for the
European Green Deal, and dedicated to developing new tools and
services to aid improvement of urban air quality models. This
cooperation is largely with the ACTRIS research infrastructure.
There were three articles that examined the effects of the reduction
in pollution during the COVID lockdowns on the atmosphere (Clark
et al 2021; Gkatzelis et al 2021 and Chang et al, in press 2022).
SDG 9 “Industry, Innovation and Infrastructure”:
As an infrastructure we are implementing global standards for
measuring air quality indicators that meet the standards of the
World Meteorological Organisation. We are ensuring that our data
meets the FAIR criteria and are coordinating the ENVRI-FAIR project.
Aviation Industry: As the airlines and the aviation industry try to
recover from the COVID-19 crisis, IAGOS can play an important role
in helping them to develop along a more environmentally
sustainable path. We participate in European projects on the
impact of aviation on climate such as the project ACACIA. A new
project known as TP Change has been funded in Germany to
improve our understanding of the climate-sensitive tropopause
region in particular to help assess the impact of aviation on this
critical region. During 2021, we have strengthened our links with
Airbus with a new plan to install the aerosol counter and a package
1 on the A350 test aircraft based in Toulouse. As well as providing
additional data to the IAGOS data centre, the data will assist Airbus
with their product development along more environmentally
sustainable lines.
Whilst the focus is often on the impact of aviation on climate, we
must not neglect the importance of the impact of weather or
climate on aviation. Projects are continuing with engine
manufacturers that aim to improve engine performance (Sand &
Dust Threats to Aircraft Engines), and on issues relevant to aviation
safety such as icing. Wilhelm et al. (2021), looked at the impact of
weather conditions on the uncertainty in the likelihood of contrail
formation and the consequent uncertainties in the radiative forcing
of contrail cirrus. Forster et al. (2021), in the workshop on “Climate
Change and the role of air-traffic control”, used IAGOS data to
demonstrate how real-time information on thunderstorms and
how to avoid them can offer fuel saving on long-haul flights.

Executive Summary
Key Performance Indicators (KPIs)
The KPIs are based on the 10 chosen KPIs from the list of 21 proposed by ESFRI. We implemented these KPIs for the first time in 2020
and the same KPIs are reported here for 2021.

3

Highlights
Expansion of the Fleet
IAGOS is excited to announce that an agreement was reached with
Air Canada to equip an A330 in 2022. This new partnership will
support the long term climate monitoring over the North Atlantic
and enhance the historic Canadian ozonesonde network through
collaborations with Environment Canada.
IAGOS ideally
complements the ozonesonde network through a higher
frequency of measurements and provides measurements of
ozone precursors and other greenhouse gases in addition. There
will be daily profiles over Canadian cities for monitoring air quality
and for the validation of North American air quality models for
tracking wildfire plumes across the continent.
The 4th aircraft from Lufthansa Group will be equipped in spring
2022 with a full set of IAGOS instrumentation. This will mean that
Lufthansa Group is operating 3 IAGOS-CORE and 1 IAGOS-CARIBIC
aircraft. China Airlines will also be increasing its engagement with
IAGOS, with a further 4th Aircraft equipped (or 3rd currently
operating) with the greenhouse gases and NOx packages.

EU Greendeal projects
The new project RI-URBANS
(https://cordis.europa.eu/project/id/101036245) is funded by the
European Commission to identify and address the risks posed to
human health by urban air quality and in particular by airborne
particulate matter. RI-URBANS is organised within the framework
of the two ESFRI Research Infrastructures of the Atmospheric
domain, ACTRIS and IAGOS. While IAGOS’s most relevant air quality
data are acquired within the vicinity of several large European
airports, ACTRIS data originate from approximately 60 observation
platforms located in different environments in Europe, including
some in urban and peri-urban areas. There are nine target cities for
air quality monitoring. (Athens, Barcelona, Birmingham, Bucharest,
Helsinki, Milano, Paris, Rotterdam-Amsterdam, Zurich). IAGOS will
contribute to RI-URBANS with its observations of ozone, carbon
monoxide, nitrogen oxides and in the near future with
observations of particulate matter and NO2, and with services
developed from these observations.

Work began in 2021 on a new project ‘ICOS Cities (PAUL – Pilot
Applications in Urban Landscapes)’ which is a Horizon 2020
project that aims to develop a systematic greenhouse gas
measurement system for urban areas. ICOS-Cities is dedicated to
the monitoring of Greenhouse gas emissions over large cities.
Urban areas contribute to a large share of global and European
fossil fuel emissions - cities are therefore at the heart of emission
reduction efforts. Pilot studies in Paris, Zürich and Munich. The
concept will then be extended to 12 other cities – Helsinki,
Copenhagen, Rotterdam, Antwerp, Krakow, Brno, Heidelberg,
Basel, Porto, Barcelona, Rome and Athens. Profiles of greenhouse
gases carbon dioxide and methane from IAGOS P2d will be
incorporated. This cooperation is largely with the ICOS research
infrastructure.
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Highlights

New Developments for IAGOS on the Airbus A350
The IAGOS-CARIBIC Aircraft
The Deutsche Lufthansa aircraft A340-600 “Leverkusen” (DAIHE) that carried the IAGOS-CARIBIC Container-Laboratory
since 2005 was retired in April 2020 due to the COVID-19
pandemic. A new aircraft was chosen by Lufthansa and KIT to
house the next generation of IAGOS-CARIBIC ‒ a new
Container-Lab with an updated payload. The aircraft is the
Lufthansa Group’s most fuel-efficient long-haul aircraft A350900 named “Erfurt” (D-AIXJ).

with the CFD simulations of the aeroelastic effects of the air
intake on the aircraft by LHT are the prerequisites for
qualification, final design and subsequent production of the air
intake. The start of the air intake production is planned for April
2022 and the flight test for August 2022.

A detailed feasibility study was conducted in 2018/2019, with a
presentation at EASA in October 2019, during which the
container concept, the way of operation and the safety
concept were presented. Directly thereafter the
implementation phase started. Together with Lufthansa (LH),
Lufthansa Technik (LHT), Safran Engineering Services (SES),
enviscope GmbH and further highly specialised companies,
the first step of the modifications of the A350 “Erfurt” was
carried out successfully in Malta in March 2021 (see press
releases) and in Munich in November 2021.
The move of IAGOS-CARIBIC to the new A350 is subdivided in
three steps (each requiring its own STC, supplement type
certificate or certification resp.). This first step comprises the
modification of the A350 (without the air inlet system). The
fuselage breakthrough including all structural reinforcements
for the out-board air intake system and almost all aircraft
modifications has been completed successfully (see below).
The latter comprises the electrical and pneumatic IAGOSCARIBIC Container-Lab interface panel, the air sampling
system to this interface panel, the entire wiring including
ARINC- and Downlink-communication system, and all IAGOSCARIBIC-specific safety installations required as part of the
aircraft.
In step 2, the air intake system will be installed for a test flight,
during which effects regarding vibration, buffeting, and
electromagnetic interference will be checked and recorded.
Over the year, the design organisation SES together with
enviscope and Dynatec negotiated the certification and the
qualification strategy of the air intake system with the
European Union Aviation Safety Agency (EASA). In December
2021, a specific crash test that mimics a bird strike event with
a homologous air intake model was performed in the
presence of EASA by IABG together with enviscope and
Dynatec. The results of this physical crash test will be used to
validate the reliability of the stress analysis based on FEM
crash simulations performed by invenio GmbH. This together
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Press release by Lufthansa Group (top) and Spiegel (bottom).

Modification Part 1 of the A350-900 “Erfurt” (D-AIXJ), shown here,
the fuselage breakthrough for the air intake system (top left) with
structural reinforcement and air intake interface panel (top right),
the air sampling system from the air intake to the IAGOS-CARIBIC
Container-Lab (bottom left) and the electrical and pneumatic
Container-Lab interface panel (bottom right).

Highlights

In the third step, the new IAGOS-CARIBIC laboratory with a
strongly modified payload will be installed and tested for
interference with the aircraft systems. If all works well, the full
EASA certification of the new IAGOS-CARIBIC system can be
foreseen in January 2023 after which the usual IAGOS-CARIBIC
operations can restart. The largest uncertainties in this process
are safety issues related to the Smoke Detection and Fire
Suppression System of the cargo compartment and the use of
the hazardous material butanol. For other safety issues such as
uncontained engine rotor failure (UERF) and risks induced by
pressurised gas cylinders, especially those with pure oxygen,
mitigation and design solutions and precautions have been
developed by enviscope in cooperation with Apsys – an Airbus
subsidiary specialised on risk assessments. However, the final
safety concept for the Container-Lab is still under discussion
between enviscope and SES. Therefore, the final risk
assessment by SES is still pending. First discussions with EASA
will be in March 2022. As only a subset of instruments (around
13-16; see table p. 19) can be certified in this first modification
phase, a shorter flight pause of ~8 weeks for integrating the
remaining instruments and a further laboratory EMI test of the
Container-Lab is expected earliest for the end of 2023.

Developments on the A350 Test Aircraft
IAGOS has chosen the Portable Optical Particle Spectrometer
(POPS), developed in cooperation with NOAA's Earth System
Research Laboratory in Boulder Colorado, USA, to be used as
part of the newly developed Air Quality Package P2e. The
instrument was modified at Jülich for a new gas flow system,
the 3D-printed optical cavity was substituted by an aluminium
body resisting the pressure gradient between the cabin and
ambient conditions at flight level. Compared with the original
version, the instrument is more stable and can detect particles
within a wider range of 125nm up to 4 µm. A photo of the
instrument is shown below.

In November 2020, Airbus contacted us for a cooperation aiming
for aerosol size distribution measurements onboard the A350
test aircraft for an AIRBUS internal project. Due to the tight time
plan of AIRBUS we decided to set up a standalone IAGOS POPS
system including power management and data acquisition. The
IAGOS aerosol inlet was chosen to be mounted on a blank shield
mounted at window number two (left hand side) of the A350
MSN 001.
The measurement system comprising the POPS instrument, the
IAGOS aerosol inlet, and all necessary documentation, was
delivered to Airbus at the end of March 2021. All qualification
tests were conducted at AIRBUS facilities in Summer 2021. A
cooperation agreement was signed by Airbus and
Forschungszentrum Jülich (FZJ). Thus, the instrument is ready for
installation and is waiting for its first flight.

Moving IAGOS-CORE to the A350-900 Platform
In view of the current developments in the aviation industry as a
result of the global COVID-19 pandemic and the resulting slump
in global travel and transport activities, IAGOS has to prepare the
move of the IAGOS-CORE measuring devices from the current
Airbus A330-300 platform to the future-proof Airbus A350-900
platform to ensure its long-term operation.
The transfer from IAGOS-CORE to the new Airbus A350-900
measurement platform requires close cooperation with
partners from the aviation industry, in particular Deutsche
Lufthansa/Lufthansa Technik for Airbus A350 - specific issues
and the longstanding IAGOS partner enviscope GmbH for IAGOS
– specific work, especially in the conversion and new
development of the instrumentation for the new platform. In
preparation for the transfer to the new platform, FZJ carried out
a feasibility study under the leadership of Lufthansa Technik with
the participation of enviscope GmbH. The feasibility study sets
the framework for the installation of measuring devices on the
new platform, specifies the technically necessary steps and
quantifies the costs to be expected.
In a next step based on the feasibility study, the IAGOS
measurement system needs to be adapted for the A350-900
platform and the infrastructure required in the aircraft for the
installation and operation of the measurement devices are to be
implemented constructively. This next step is prepared for
starting in the year 2022 or 2023.

Front view of the standalone IAGOS POPS instrument. The
instrument is set up in an 19" standard rackmount.
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Highlights

Greenhouse Gas
Measurements in CAMS
The first profiles comparing the carbon dioxide and methane
measurements are now included in the routine validation of the
CAMS greenhouse gas system which includes the global analysis
and high resolution forecasts of greenhouse gases. Profiles are
updated on the IAGOS website www.iagos.fr/cams. The figures
below show a profile of carbon dioxide and methane at
Frankfurt on 24th July along with the CAMS greenhouse gas
system and a profile of ozone and CO from 23rd July.

There is an increase of CO on 23rd July, which is evidence of a
biomass burning plume in the upper troposphere. The
boundary layer is depleted in carbon dioxide due to uptake
by vegetation during the growing season which is of the
order of -10 ppm in summer. The ratio of CO/CO2 emitted in
biomass burning is typically around 10%, so for an increase
in 100 ppb CO seen on 23rd July, there is 1000 ppb (or 1
ppm) increase in CO 2. However, the uptake from vegetation
dominates, giving rise to the negative anomaly in CO 2 above
6000m on the 24th July. Interestingly these biomass burning
plumes over Frankfurt are not captured by the CAMS
simulations, giving room for further analysis and potential
improvements of the system.

Strategy Meeting at
Burg Obbendorf
In September, when all was quiet on the COVID front, the
Executive Board meeting was held in person at Burg
Obbendorf. The meeting was combined with a short strategy
meeting to discuss the fallout and way forward from the
COVID crisis. We welcomed Hervé Roquet from Météo
France to the team. The meeting was the first face-to-face
meeting in 18 months.

The CAMS global analysis (GHG_an; red) and high resolution
forecast (GHG_hres_fc; yellow) for the greenhouse gases (GHG)
and CH4 and CO2 compared with IAGOS measurements (black).
Also shown are ozone and carbon monoxide from IAGOS (black)
along with the CAMS forecast (red) and control run (blue).
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Scientific Highlights
Environmental impact
of COVID-19 seen by
IAGOS
The World Health Organization declared the global COVID19 pandemic in March 2020 (WHO, 2020). The serious
threat to public health led countries to adopt lockdowns
and other coordinated restrictive measures aimed at
slowing the spread of the virus. These measures had an
important effect on economic activity and by consequence
on the emissions of primary pollutants from industrial and
transport sectors. Many of our partner airlines were forced
to ground their fleets due to a fall in passenger numbers
and the imposed travel restrictions. Fortunately, Deutsche
Lufthansa was able to maintain the 26 year time-series of
measurements at Frankfurt airport by modifying one of the
IAGOS passenger aircraft for cargo. The continuation of the
measurements at Frankfurt is important as it allowed the
changes during lockdown to be placed in context with other
extreme events. In May 2020, despite fewer measurements
available, an increase in surface ozone was detected by
IAGOS. It was likely linked to the reduction of NOx during
the lockdowns. More details can be found in Clark et al.
(2021).

Internal consistency
of ozone and CO over
25 years
Since 1994, there have been a total of 17 aircraft equipped
in three different configurations; IAGOS-CORE, IAGOSMOZAIC and IAGOS-CARIBIC. The study by Blot et al (2021),
checks for consistency among the ozone measurements
from these different configurations used since 1994, and
likewise for the carbon monoxide measurements since
2001. For the study, they selected landing and take-off
profiles where two different aircraft sampled the same
airmass (defined by the aircraft's meteorological data)
within a 1 hour window of time. About 8000 profiles met
the criteria to be included. The results (shown for ozone in
the figure below) demonstrate the consistency and stability
of the measurements and therefore their suitability for the
monitoring and study of long-term trends.

The figure above shows the bias associated in IAGOS ozone measurements from all the instruments installed on all
aircraft since 1994.
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Scientific Highlights

TOAR -II kick off
meeting
In January 2021, the second phase of the IGAC activity, the
Tropospheric Ozone Assessment Report was launched under
the co-chairmanship of Owen Cooper (NOAA) and Martin
Schultz (FZJ). TOAR-II will pursue its goal towards ozone
climatologies and trends by adding further analysis of its
precursors. IAGOS is one of the key in-situ datasets for this
assessment report, complementing other ground-based
networks and satellite data. Several working groups have been
set up, two of which are co-led by IAGOS PIs (Herman Smit, FZJ,
for the consistency of measurements, and Bastien Sauvage,
CNRS, for the dedicated analysis over the tropical regions).

Interpol-IAGOS
A method for assessing long-term chemistry–
climate simulations in the UTLS
In partnership with Météo France, Cohen et al. (2021) developed
a methodology for the validation of the output from chemistryclimate models and chemical transport models in the upper
troposphere-lower stratosphere (UTLS). The method was tested
on simulations from MOCAGE (MOdèle de Chimie
Atmosphérique à Grande Echelle) and can be used more widely
to validate the UTLS of other models in the Chemistry-Climate
Model Initiative (CCMI).
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Dynamics in the African
Upper Troposphere
Between December 2005 and 2013, an aircraft operated by
Air Namibia made regular transects across Africa from
Windhoek to Frankfurt and London. There were about 2200
flights over the period making a unique dataset of in situ
measurements over Africa. The study by Lannuque et al.
(2021) combined the IAGOS data with measurements from
the Infrared Atmospheric Sounding Interferometer (IASI)
instrument aboard the Metop-A satellite (2008–2013) and
FLEXPART trajectories to highlight the main transport
pathways affecting the chemical composition in the African
upper troposphere (UT). Along with local transport by deep
convection within the inter-tropical convergence-zone, long
range transport via the tropical easterly jet and the Asian
monsoon circulation were also highlighted.

Scientific Highlights

Addressing Uncertainty
in Climate Impact of
Contrails
Persistent contrails and contrail cirrus are estimated to have a
larger impact on climate than all carbon dioxide emissions from
global aviation since the introduction of jet engines. However, the
measure for this impact, the radiative forcing (RF), suffers from
uncertainties that are much larger than those for carbon dioxide.
Despite ongoing research, the so-called “level of scientific
understanding” has not improved since the 1999 IPCC Special
Report on Aviation and the Global Atmosphere. Using 10 years of
IAGOS measurements of temperature and relative humidity,
Wilhelm et al., (2021) assessed how natural variability in the
weather can cause large variations in the radiative forcing of
persistent contrails which is a major source of uncertainty in the
estimates of the impact of aviation on climate.

Real-Time Thunderstorm
Information: Fuel Savings
on long-haul Flights
Thunderstorms (Cb – Cumulonimbus) and their accompanying
features like severe turbulence, lightning, icing, hail and heavy
precipitation endanger air traffic and are avoided by aircraft
whenever possible. They are thus a major reason for detours,
holding patterns, and landings at alternate airports. These actions
all result in additional fuel burn, delays and costs. A team of
researchers from DLR, IAGOS and the DLR spin-off company
WxFUSION GmbH show that real-time Cb detections and forecasts
up to one hour (=nowcast) based on geostationary satellite data
are very well suited to find optimal routes around the Cbs with the
least possible additional fuel burn. The team focussed on longhaul flights crossing the inter-tropical convergence zone (ITCZ)
where expected effects are largest.
Two independent approaches were developed to estimate the enroute fuel saving potential for long-haul flights crossing the ITCZ. In
the first approach, a mean value of potential fuel savings is
estimated based on a Cb statistics over the tropical Atlantic in
combination with the number of flights through this region
performing detours around Cbs. In the second approach, the fuel
burn of selected real flown flight routes from IAGOS showing
tactical manoeuvres around Cb cells is compared to the fuel burn,
if these flights are laterally optimised on the basis of the Cb
nowcasts. An average fuel saving potential of 0.548 t per flight for
the flight routes over the tropical Atlantic is conservatively
estimated, if up-to-date Cb-global information is available and

used for the planning of flight adjustments. A fuel saving
potential of up to 3.3t has been calculated for a flight with
the most extreme deviation around Cbs out of 75 selected
IAGOS flights, if Cb-global information is used for flight
route optimization with the Trajectory Optimization Module
developed at DLR. The workshop abstracts will be
published in 2022. The recording of the presentation can
be found at https://www.fabec.eu/topics/climate-change.

Extreme Ice Crystal
Events
Extreme ice crystal events are linked to Biomass and Fossil
Fuel Combustion. Biomass burning and fossil fuel
combustion generate small particles in the atmosphere
which can act as nuclei for ice-crystal formation. Raga et al.,
(2022) defined extreme ice-crystal events, as encounters
with clouds with number concentrations exceeding 5000L-1
were identified in 8 years of ice-crystal measurements from
the IAGOS Backscatter Cloud Probe (BCP). These extreme
ice-crystal events were combined with the carbon
monoxide measurements from IAGOS, back trajectories
and emission inventories to see if they were linked to
regional anthropogenic sources such as megacities.
Lightning data suggested where the ice-crystals were likely
to linked to deep convection. During the period December
2011 to March 2020 in the band between 30°S and 30°N,
6490 events were identified in clouds with a horizontal
extent of > 2.5km. These high ice concentration events are
encountered over almost all the continents where the
IAGOS aircraft fly; however, the majority of the extreme icecrystal events are found between ±30° latitude where a
large number of megacities are located, and where deep
convection can loft aerosols to higher altitudes. These
factors provide the conditions for extreme ice-crystal
events.

Extreme ice-crystal events are clustered along the flight routes
from Europe to South America and to Africa, but the majority
of events are found in the large cluster centred around Taiwan
and radiating towards India, Japan, Indonesia and
Australia/Oceania.
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New Projects
The Tropopause Region in a Changing
Atmosphere - TPChange

A new Collaborative Research Center (CRC) under the name of
“TPChange” (The Tropopause Region in a Changing
Atmosphere, https://tpchange.de/) started in Germany in July
2021. The CRC is funded by the German Science Foundation
(DFG) for a period of four years, with the possibility of two
additional four-year extension phases. Leading universities
are the Johannes Gutenberg University Mainz and the Goethe
University Frankfurt. Participating institutes are TU Darmstadt,
LMU Munich, MPIC Mainz, FZ Jülich, and DLR
Oberpfaffenhofen.
In the Collaborative Research Centre TPChange, UTLS
processes and their feedbacks in climate models will be
studied by a combination of field measurements, laboratory
studies, theoretical approaches, and multiscale numerical
modelling. Based on an improved understanding of relevant
processes at different scales, TPChange will develop
parameterizations to improve state-of-the-art climate models.
The goal is to specify the impact of UTLS processes on
composition, dynamics and ultimately on future climate and
climate variability.
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The CRC consists of 21 research projects, including modelling
projects as well as experiment field and laboratory projects.
The total funding granted by the DFG for the first 4-year phase
is about 12 Million Euros. The CRC will conduct dedicated
research campaigns with the German research aircraft Learjet
and HALO, but will also use data from other research
campaigns (national and international). Additionally, long-term
global UTLS data sets such as IAGOS-CORE and IAGOSCARIBIC are extremely important for the work of TPChange.
Therefore numerous projects will directly include IAGOS data
for modelling studies or for extensive analysis and
comparison with their own experimental data. Several
researchers active in IAGOS are also active as principal
investigators or project partners in TPChange (Johannes
Schneider, MPIC; Heiko Bozem, JGU; Andreas Petzold, FZJ;
Ulrich Bundke, FZJ; Harald Boenisch, KIT).

New Projects

ATMO-ACCESS

Sand & Dust Threats to
Aircraft Engines

The European project ATMO-ACCESS is funded for 4
years (04/2021-03/2025). The ATMO-ACCESS project is a
joint venture amongst the research infrastructures
IAGOS, ICOS and ACTRIS. The aim is to put in place an
economic structure which will provide virtual and physical
access to the observation and experimental platforms for
atmospheric research.

Sand and dust from arid regions is increasingly a problem for
gas turbine engines on both military and civil aircraft. It causes
damage in a number of different ways. The financial impact of
this damage on companies like Rolls-Royce runs into multiple
billions of pounds. Rolls-Royce’s business model depends on
understanding the rate of engine performance and the
deterioration of components so that the company can set the
service charge rate correctly, and ultimately find design
solutions to mitigate the damage. The University of
Manchester is working with Rolls-Royce to better understand
the composition and physical characteristics of atmospheric
sand and dust along frequently used flight routes. Data from
IAGOS aircraft is being used to analyse and model the size
distribution of the dust particles to which civil aircraft are being
exposed on flights operating in and out of the Middle East.

OBS4CLIM
The French project OBS4CLIM is funded for 8 years (20212028) OBS4CLIM is a project funded in France to reinforce the
synergies amongst the three research infrastructures, ACTRIS,
ICOS and IAGOS. OBS4CLIM will help fund the development of
new instruments and services, common to the three
infrastructures, such as a denser measurement network,
longer time-series, links with satellite measurements, or
increasing the global coverage of the network.
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Organisation
IAGOS-AISBL
IAGOS is organised as an International not-for-profit Association (AISBL) with its seat in Brussels.
Members of IAGOS-AISBL are:

Forschungszentrum Jülich GmbH
Jülich, Germany (FZJ)

Centre National de la Recherche
Scientifique
Paris, France (CNRS)

Max-Planck Gesellschaft zur Förderung der
Wissenschaften e.V.
München, Germany (MPG)

Météo France
Toulouse, France (MF)

The University of Manchester
Manchester, United Kingdom (UMAN)

Deutsches Zentrum für Luft- und
Raumfahrt e.V.
Köln, Germany (DLR)

Leibniz-Institut für Troposphärenforschung
e.V.
Leipzig, Germany (TROPOS)

Karlsruher Institut für Technologie
Karlsruhe, Germany (KIT)
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Organisation

Activities of IAGOS-AISBL
The activities of IAGOS-AISBL are twofold (Statutes are available
for download at http://www.iagos.org):
Activities conducted by the organs of the Association
Coordination of the technical and scientific activities carried
out by the Members from their own resources.

The daily management is conducted by the Executive Board
(EB). It is composed of Martin Gallagher, Andreas Petzold
(Treasurer), Valerie Thouret (Chair), Andreas Zahn (ViceChair) and Hannah Clark (Executive Secretary). Christoph
Gerbig joined the EB in October 2021 and was appointed by
the General Assembly on 19 November 2021.

The governance structure of the Association is shown below.
The General Assembly (GA) is the highest decision making body.
It is composed of the representatives of the Members and is
chaired by the President, Andreas Wahner, representative of
FZJ. Jean-Marie Flaud, representative of CNRS, serves as VicePresident.

An Advisory Board (AB) regularly reviews the progress made
and gives advice to the Members of IAGOS-ASBL for future
development and strategic orientation of the IAGOS research
infrastructure in the global landscape. The members of the AB
are J.H. Butler, NOAA, USA (Chair); J. Haywood, UKMO/University
of Exeter, U.K.; G. Pappalardo, CNR, Italy; V.-H. Peuch, ECMWF, D.
Crisp (NASA JPL) and J. Preist from Airbus.
The Technical Planning group and Technical Operations Group
oversee the technical operation and development of the
infrastructure. The TOG works closely with the aeronautical

subcontractors and the associated airlines. In 2021, these
were: Deutsche Lufthansa, Air France, China Airlines, Cathay
Pacific, Hawaiian Airlines, and Iberia (see pictures below for
details of the aircraft involved). The Quality Assessment
Group (QAG) is in charge of the quality assurance and quality
control of the data transferred to the data centre and the
Data Management Group (DMG) is concerned with the data
transmission chains and the evolution of the data centre.
For more information and statutes see www.iagos.org.
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Activities of the Association
Executive Board
Activities of the Association included four meetings of the
Executive Board, two meetings of the General Assembly, one
meeting of the Advisory Board, and 2 Meetings of the
Technical Planning Group.

22 January 2021

19 October 2020
4 EB members, VP, ES)
Review of documents for 16th GA
Preparation of 8th Advisory Board meeting
Update on EU project proposals

(4 EB members, P, VP, ES)
Annual Report 2020
Activity plan 2021
Preparation Annual Meeting in Toulouse
Status of Operations
Strategy Planning

29 March 2021

4 EB members, P, ES)
Report on IAGOS-CARIBIC progress
Approval of KPIs
Approval of Executive summary
REview of comms material
Gender balance plan
ICRI booth
Discussion on QAG composition

7 September 2021

(4 EB members, P, VP, ES)
Update on IAGOS-CARIBIC requirements and
budget
Discussion on IAGOS operations and planning
Preparation of the GA meeting in November in
Brussels
Implementation Plan 2022
Activity Plan 2022
Latest on European projects
CAMS contracts
Creation of Data Management Group (DMG)
Preparation of the AB meeting
Future composition of the AB
Future composition of the EB
Report of ES
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General Assembly
08 March 2021
Approval of the Activity Plan and Implementation
plan for 2021
Decision on threshold for voting rights
Approval of the Budget for 2021
Approval of the Annual Report for 2020

19 November 2021
Report on Operations and Planning
Approval of the Budget for 2021
Approval of the Activity Plan for 2021, pending
availability of Members’ resources (to be
confirmed in spring 2022)
Exoneration of EB members
Report on activities on EU projects
Annual Meeting 2022

Advisory Board
18 November 2021
Review of progress and planning
Review
of
actions
in
response
recommendations made at last meeting
Renewing and extending the fleet
fostering wider use of IAGOS data
Partnerships
Communications –visibility and PR
Future composition of AB

to

Activities

Technical
Planning Group

Technical
Operations Group

08.03.2021 – TPG Report to GA

Teleconferences

Current aircraft operations
Package 1
Package 2
New aircraft planning
Japanese GOSAT
IAGOS-CORE on A350
French project OBS4CLIM
FZJ Report on selected instruments

03.06.2021 – Report on Beluga XL
Information to EB for potential future IAGOS-CORE on
BelugaXL.

05.07.2021 – TPG Report
1. Aircraft current data measurements are limited to D-AIGT
(P1 + P2b) and D-AIKO (P1 + P2d)
2. Best estimate for first spare Package1 availability is July
2021. Additional spare Package1 availabilities are
expected from September 2021
3. Possible IAGOS new installations on A330 (not confirmed
yet):
Lufthansa D-AIKE in Nov. 2021
Air Canada in Mar. 2022
Iberia in June 2022
Investigations started with Airbus to equip A350 test
aircraft and Beluga XL
4. Investigations started with Airbus to equip A350 test
aircraft and Beluga XL.

08.03.2021 – TPG Report to GA
Current aircraft operations
Package 2 STCs
New aircraft planning
Airbus aircraft
IAGOS-CORE on A350

(02.2021, 05.2021, 09.2021, 10.2021)
The teleconferences cover the same five topics with
additional points discussed when necessary.
1. Status of IAGOS-CORE operations P1, ICH, BCP,
P2b, P2d on A/C core
2. Status of CARIBIC operation
3. Status of Maintenance Centre Operations
4. Status of instrument certifications
5. Status of new aircraft installations
Integration study of IAGOS-CARIBIC on A350
IAGOS-CORE on BELUGA XL
IAGOS-CORE on AIRBUS A350 FLIGHT TEST msn1
IAGOS-CORE on AIRBUS A350
Part 145 MO LGM/SNT for P1
FAA agreement for ACC COLUMBIA Jet Service
GmbH - Support and Design (ex Golmolzig)
P2b and P2d EASA STC
P2e design status.
Discussions with Air Canada for new A330.
Discussions with CAL for new A330.
Discussions with Finnair for new A330.
Discussions with DLH for new A330.
Discussions with IBERIA for new A330.

Communication
and Outreach
A full list of conference presentations can be found in
the section “conference presentations”
International
Conference
on
Research
Infrastructures (ICRI), Canada, 2021.
Global Atmosphere Watch (GAW) symposium
2021.
Advancing Air Quality and Carbon Science in Africa
workshop (NCAR/UCAR), 2021
16th IGAC Scientific Conference, 2021.
European Aerosol Conference, 2021.
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Activities of Members under
Coordination of IAGOS-AISBL
IAGOS-CARIBIC
After the premature phase-out of the IAGOS-CARIBIC A340600 aircraft in April 2020 due to the COVID-19 pandemic, the
modification of the Lufthansa AIRBUS A350-900 “Erfurt” (DAIXJ) has been started to prepare this aircraft (Left) for the
new IAGOS-CARIBIC Flying Laboratory (Below). The new
CARIBIC Container-Lab will also be housed in a modified
cargo container and be equipped with state-of-the art
instrumentation for in-situ measurements of trace gases and
aerosols, and for the collection of whole air and aerosol
samples. The new IAGOS-CARIBIC system is an improved
design for more detailed multi-component analysis of the
atmospheric composition at flight altitude. The A350-900
“Erfurt” will carry a new air intake, which is connected to the
instrumentation inside the laboratory, and which will allow
measurements of larger particles and of temperature and
pressure, both with high precision and frequency. Operation
will be discontinuous with in total about 500 flight hours per
year. The number of consecutive flights per deployment
should be extended from 4 to 8 with the new IAGOS-CARIBIC
system. The restart of IAGOS-CARIBIC operation is planned
for January 2023.
2

AIRBUS A350-900 “Erfurt” (D-AIXJ) at Lufthansa Technik Malta in
March 2021 for Part 1 of the IAGOS-CARIBIC modifications (left)
and the logos of all IAGOS-AISBL members, scientific and
commercial partners involved in the IAGOS-CARIBIC A350 project.

CAD drawing of the new air intake system additionally equipped with a modified Rosemount (left) and of the
new IAGOS-CARBIC system on the AIRBUS A350-900 “Erfurt” (right).
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Activities 2021
The new IAGOS-CARIBIC payload on the A350 will consist of 19
instruments provided by 12 institutes (see Table below), 11
from Europe (Germany, Ireland, France) and 1 (NOAA) from the
United States. Five institutions are members of the IAGOSAISBL: Karlsruhe Institute of Technology (KIT), Max-Planck
society (MPG), German Aerospace Centre (DLR), Leibniz
Institute for Tropospheric Research (TROPOS), and
Forschungszentrum Jülich (FZJ). A list of instruments and
partners can be seen in the table below.

The move to the A350 platform and the applicable new version
(compared to A340) of the EASA Certification Specifications
(CS25, Amendment 8) necessitates ultimately a new container
with a new infrastructure, the modification off all existing
instruments and a complete certification of all components of
the IAGOS-CARIBIC system – certification on A340 cannot be
transferred to A350. Consequently, the activities of all IAGOSCARIBIC partners, including the AISBL members, was focused
mainly on the modifications for certification of their existing
and/or build-up of new instrumentation.

Instrumentation of the new IAGOS-CARIBIC payload on the Lufthansa A350 platform. Status indicates the actual estimate, if it
will be part of the first integration of the Container-Lab planned for January 2023. Six new instruments (red) will be integrated
in the Container-Lab.
KIT coordinates IAGOS-CARIBIC, and operated since April 2015,
the IAGOS-CARIBIC Container-Laboratory on the Lufthansa
Airbus A340-600 “Leverkusen” (D-AIHE) until Lufthansa
grounded the aircraft because of the COVID-19 pandemic.
Since then, KIT put all efforts into bringing the next generation
of IAGOS-CARIBIC on the new Lufthansa A350-900 platform.
The foci in this year were on the design of a new safety concept,
the design of the Container-Lab and its infrastructure, the first
modification step of the Lufthansa A350-900 “Erfurt” (D-AIXJ) in
Malta and Munich, and the design of the air intake together
with enviscope.

Furthermore, KIT is responsible for the transfer of 4
instruments (Table 1, #1-4) from the A340 to A350 platform and
in collaboration with the University Mainz for the development
of one new instrument – a modified “Dual Quantum Cascade
Laser Trace Gas Monitor” by Aerodyne Research that allows
high precision and high frequency (up to 10Hz) measurements
(Table 1, #5). In our specific configuration, this instrument adds
two in-situ measured trace gases, i.e. N2O and C2H 6 to the
IAGOS-CARIBIC observations. Both could only be measured in
the laboratory by MPI-C analysing the collected whole air
samples.
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Activities of Members
Here, the great advantage of the high frequency in-situ
measurements is the possibility to gain insight into small-scale
transport processes in the UTLS that are of high scientific
interest and actually one focus of the Collaborative Research
Centre “TPChange” (The Tropopause Region in a Changing
Atmosphere) in which several IAGOS researchers are involved
(see section New Projects).
The new CO measurements by the Aerodyne instrument will
be evaluated for QA/QC reasons against the well-established
in-situ CO measurements in the IAGOS-CARIBIC Container-Lab
by the UV resonance fluorescence instrument (Table p.19, #1)
to ensure the consistency of the very valuable long-time series
of CO measurements by IAGOS. On the long row, the new
Aerodyne instrument should replace the “old” CO instrument
that only can measure a single species.
MPI-C will maintain the operation of 4 instruments (Table p.19)
and is responsible for the transfer of the whole air sampling
systems (HIRES) in collaboration with University Frankfurt, a
single particle soot photometer (SP2), a bio-aerosol analyser
(WIBS) and an aerosol mass spectrometer (AMS) on the new
A350 platform. MPI-C took advantage of the time having the
AMS in their laboratory in order to continue their work on
improving performance and characterisation of this highly
complex instrument.
Beside the work on the modification of the instruments. MPI-C
maintains in the laboratory, 3 GC systems for greenhouse
gases, non-methane-hydrocarbons and further N-and Scontaining species are used for measuring the altogether 88
air samples collected by HIRES during one flight sequence.
DLR is responsible for the operation of the NOY instrument
(Table p.19, #14) measuring nitrogen oxide (NO) and total odd
nitrogen (NOy) in the IAGOS-CARIBIC Container-Lab. The data
gained on the Airbus A340-600 until it was taken out of service
in April 2020 was evaluated and made available for the
database.
The certification and the resulting mandatory modification of
the NOY instrument for the changeover to the A350 is very
complex, because it was not possible to certify gas bottles
containing pure oxygen on the new A350 platform due to
much stricter regulations than for the A340 platform in 2004.
This means that pure oxygen will be substituted by Heliox
(21% oxygen in helium). First tests revealed a significant loss of
performance of the instrument; most critical is loss of
sensitivity and higher detection limit that would not allow
analysing lowest mixing ratios of NO in the UT/LS. This needs
to be further tested and optimised. Furthermore, since the
measurement system is being rebuilt. Design, size and weight
is being modified for future use on an Airbus A350.
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TROPOS is responsible for the instruments measuring small
particles (PNC), the particle size distribution (OPSS) and in
cooperation with MPI-C for the chemical particle composition
(AMS) (see Table p.19). In the first step, TROPOS will modify the
OPSS instrument for the transfer to the A350. In parallel,
TROPOS will develop a new PNC instrument, which will not use
the butanol and they will build-up a IAGOS-CARIBIC version of
the aerosol particle filter sampler HERA that is targeted for
analysing ice nucleating particles (INP) in their laboratory. In the
second step, both instruments will be integrated in the
Container-Lab, ideally together with other instruments that
could not be finalised in the first step (see instruments status
table on p. 19).
FZJ is responsible for the IAGOS-core package-2 (P2) instrument
slot in the IAGOS-CARIBIC Container-Lab, integrated in 2017. In
the new A350 Container-Lab, there will be integrated a second
IAGOS-core P2 instrument slot. Unfortunately, the aerosol
package (P2c) equipped with two CPCs and an OPSS that has
been deployed on the A340 will most likely not be installed in the
first step on the A350 platform, because of certification
problems for butanol instruments that might not be solved in
time.
On top of this, FZJ will bring in a new highly sophisticated aircraft
mass spectrometer instrument (FunMass). FunMass has been
previously deployed on research aircraft and it is now modified
for the deployment in the CARIBIC Container-Lab. FunMass is a
very versatile instrument (Table p. 19) that can measures many
reactive trace gases, and that will fill a long-lasting observational
gap in IAGOS-CARIBIC – SO measurements.
MPI-BGC is responsible for the Picarro CRDS carbon dioxide and
methane measurement system. MPI-BGC has started to design
the modification instrument for the changeover to the A350
platform. These modifications are mainly related to the new
power supply (270 VDC), communication and front plate
connector standards in the new Container-Lab.

Activities of Members

IAGOS-CORE

Activities 2021

IAGOS cooperates with several airlines for quasi-continuous
measurements of trace gases, aerosol and cloud particles from a
fleet of long-haul passenger aircraft. Each aircraft carries the
IAGOS-CORE rack with provisions for installing fully automated
instruments measuring ozone, carbon monoxide, humidity and
cloud particles (denoted P1), and provisions for installing a second
instrument package (denoted P2) for measurements of either
total odd nitrogen (P2a) or nitrogen oxides (P2b) or aerosol (P2c)
or greenhouse gases (P2d). A special plate with dedicated inlet
probes for the different instruments is mounted on the fuselage
in the vicinity of the rack. The seven aircraft shown (next page) are
currently equipped with the IAGOS-CORE Rack and P1. Package
2a and 2b are intermittently flown on Lufthansa D-AIGT. One
Package 2d is flying on D-AIGT.

The Members involved in IAGOS-CORE, Forschungszentrum
Jülich (FZJ), Centre National de la Recherche Scientifique (CNRS),
Max-Planck Gesellschaft zur Förderung der Wissenschaften
(MPG), Météo France (MF), and The University of Manchester
(UMAN), concluded the following tasks:

Instrumentation
Installation and operation on commercial aircraft requires that
IAGOS instruments are fully compliant with design standards,
safety regulations, and quality management of civil aviation. The
aircraft modification has been approved by the European
Aviation Safety Agency (EASA) as a Supplemental Type Certificate
(STC), which was issued in 2011 for A340 and in 2013 for A330
aircraft. For installation in countries outside the EU, the EASA-STC
has to be adopted by the national authorities responsible for the
airline of concern. This process was successfully completed in
2012 for Taiwan (China Airlines), in 2013 for Hong Kong (Cathay
Pacific), and in 2018 for the USA (Hawaiian Airlines). Each new
aircraft to be equipped with the IAGOS modification must be
investigated for compliance with the technical requirements of
the IAGOS installation in terms of structure, electrical load and
safety.
The P2b and the P2d instruments now have an EASA-STC. It is
planned to extend this EASA-STC for the other aviation authorities
such that the instruments can be installed successively on all
IAGOS-CORE aircraft.

FZJ acts together with CNRS as one of the leading institutions in
operating the Research Infrastructure. Its Institute of Energy
and Climate Research - 8 Troposphere coordinates the
German contributions to the European Research Infrastructure
and ensures smooth operation of the IAGOS Maintenance
Center (IMC), the latter in close collaboration with the company
enviscope GmbH which operates the IMC. FZK IEK-8 coordinates
the IAGOS Technical Operations Group and the Data Quality
Assurance and Quality Control (QA/QC) activities. Together with
CNRS, FZJ is responsible for the close contact to the
participating airlines, including contract management and
installations of IAGOS equipment on aircraft.
FZJ is further responsible for the maintenance, operation and
data production from scientific instrumentation for the
measurement of relative humidity over ice, water vapour and
nitrogen oxides on IAGOS-CORE and aerosol particles on
IAGOS-CARIBIC. Particular focus is put on the implementation
and commissioning of a novel instrument for the
measurement of key air quality parameters NO2 and
particulate matter (PM).
FZJ also serves as the coordinator for the EU H2020 project
ENVRI-FAIR (Environmental Research Infrastructures building
FAIR services accessible for society, innovation and research;
www.envri-fair.eu) which is funded under Grant Agreement No
824068. ENVRI-FAIR targets the development and
implementation of both technical frameworks and policy
solutions that prepare Earth system science for the new Open
Science paradigm, based on FAIR-compliant data services. In
this context, FZJ is operating fully automated and scalable data
management and QA(QC workflows for the IAGOS
instrumentation on water vapour/RHice, NOx and greenhouse
gases, the latter in close collaboration with MPI-BGC.
FZJ maintains its strong engagement in the scientific analysis of
the data set from its own resources. As in the past for MOZAIC,
this is achieved through close collaborations with leading
universities and instrument manufacturers, particularly on the
topics of upper tropospheric water vapour distribution, cirrus
clouds and aerosols . FZJ is also engaged in the Copernicus
Atmosphere Monitoring Service.
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In the reporting period 2021, FZJ focused on the operation of
the existing infrastructure under the global flight restrictions
caused by the COVID-19 pandemic. From German resources,
the installation of IAGOS equipment on the 3rd aircraft of
Deutsche Lufthansa was prepared and the certification of the
various Package 2 types was further advanced, with the STC
being received for the NOx instrument. of. In addition major
progress was achieved in the field of instrument
development, near real time data transmission, and data
2
analysis. The implemented automated data inversion
algorithm for water vapour permits the operational provision
of data in NRT mode to the IAGOS data database; this
algorithm was generalised for broader application to all
IAGOS instrumentation and redesigned in compliance with
the FAIR principles. By the end of 2021, this data production
chain is operational for NOx and greenhouse gas data, with
the adaptation to water vapour data being finished in 2022.
The novel Package 2 instrument of type P2e (Air Quality
package) for the simultaneous detection of aerosol and NO2
passed successfully all qualification tests and is prepared for
certification. . Two full years of operation of the IAGOS-CORE
aerosol package on IAGOS – CARIBIC provided excellent data
which are currently exploited for novel insights on the climate
impact of aviation and the impact of volcanic eruptions on
the aerosol of the lowermost stratosphere.

Together with its longstanding partners Deutsche
Lufthansa/Lufthansa Technik and enviscope GmbH, FZJ
coordinated the feasibility study on the transfer of the
IAGOS-CORE system to the new platform Airbus A350-900e
feasibility study sets the framework for the installation of
measuring devices on the new platform, specifies the
technically necessary steps and quantifies the costs to be
expected. FZJ is preparing the next step towards the
realisation of the system transfer to the A350.
In the framework of the European research project ACACIA
(Advancing the Science for Aviation and Climate;
https://www.acacia-project.eu/) FZJ conducts analyses of the
IAGOS-CORE and IAGOS-CARIBIC data sets combined with
the data set of the Juelich In-situ Airborne database (JULIA)
to investigate the occurrence conditions of long-living
contrails and resulting aviation-induced cloudiness as well
as aviation-induced aerosol particles in the upper
troposphere. Both studies are key contributions to the
ACACIA key objectives of reducing the uncertainties
regarding the impact of aviation soot particles on natural
cirrus clouds, identifying occurrence patterns of aviationinduced cloudiness to assess the radiative forcing of contrail
cirrus, and improving the estimates of aviation aerosol
effects on low-level clouds.

IAGOS-CORE Fleet in 2021.
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Together with CNRS, FZJ is also contributing significantly to
the European research project RI-URBANs with air quality
observations and the generation of respective data services.
CNRS acts, together with FZJ, as one of the leading
institutions in operating the Research Infrastructure.
Laboratoire d’Aérologie (LAERO), UMR5560, of CNRS
coordinates the technical and legal work in France, and with
the main partners from other countries, particularly FZJ in
Germany, assumes responsibility for establishing contracts
with airlines and maintenance organisations in order to
ensure the timely progression of the work. CNRS acts as the
leading French partner in cooperation with partners in
Germany and U.K., on aircraft modification, including the
acquisition of the IAGOS modification kits. CNRS ensures the
performance, sustainable operation and data quality of the
ozone and CO instruments by pre- and post-calibration
procedures in its laboratory. CNRS also ensures the
coordination of the IAGOS Data Centre in close
collaboration with the French data centre AERIS
(http://www.aeris-data.fr).
CNRS coordinates IAGOS-FR (CNRS and MF), the national
Research Infrastructure of the French Ministry for Higher
Education, Research and Innovation (MESRI), which is the
French contribution to IAGOS.
CNRS maintains its strong engagement in the scientific
analysis of the dataset from its own resources. Since the
beginning of MOZAIC, this has been achieved through data
analysis and modelling activities in collaboration with data
users worldwide. CNRS is also engaged in the Copernicus
Atmosphere Monitoring Service, in particular for the
validation of the regional and global models. Since 2019, this
validation has also included the water vapour, and very
recently carbon dioxide and methane, as data are available
in NRT. See the dedicated pages in http://www.iagosdata.fr/cams and in the highlights section above.
In the reporting period 2021, as planned, CNRS financed
two units of Package 1 and several maintenance kits to
adapt the system to the new maintenance process in
France which is now performed by LGM and Sabena. As
2020, 2021 has been an unexpected year on many aspects
and the different activities have been difficult or very long to
handle.

A major part of the activities concerned the finalisation of the
maintenance process and the operation of the equipment
(including the acquisition system and transmissions) aboard
the two Lufthansa IAGOS-CORE aircraft. Despite the COVID19 difficulties, CNRS activities included logistics, maintenance,
quality assurance of the ozone and carbon monoxide data,
and provision of the data and metadata to the IAGOS
database. CNRS also aims to deliver the data in near real time
(NRT) to ECMWF for the CAMS thanks to the development of
software for data analysis, quality assurance for faster
validation, and availability. This service is required by ECMWF
under the CAMS-84 contract, which focuses on the
evaluation of regional and global models with ozone, CO, and
water vapour data. Even with a lower amount of recorded
data, CNRS continued to produce periodical reports for
CAMS-84. CNRS was engaged in CAMS-84 phase 2 (as subcontractor of KNMI) until November 2021 (a duration of 38
months from October 2018). CNRS will continue this
engagement in Copernicus.
Development of the database in 2021 included the
continuous improvement of the database and reception
servers in Toulouse. The provision of added-value products
produced with SOFT-IO, such as meteorological information
and air-mass history are continuous efforts in addition to the
improvement of the data workflow with automation,
integration of new QA/QC metadata, and flight comparisons.
In 2020, major improvements have been followed up thanks
to additional resources through the ENVRI-FAIR project
(started in January 2019; coordinated by FZJ, with the
Atmospheric domain being co-lead by CNRS as IAGOS
Members). In 2020, the iagos.org web site was moved to
Toulouse, thus facilitating its management by Damien
Boulanger (responsible for the IAGOS Data Center) and
Hannah Clark (Executive Secretary).
In 2021, CNRS was deeply involved in the writing process of
two European projects (ENRISK, and KADI, submitted in
September 2021), in the frame of the Horizon European, and
two new projects (CAMS2-82, CAMS2-83, submitted in
September 2021), in the frame of the second phase of the
Copernicus programme. The writing process and negotiation
phase for the CAMS2-27 also started in 2021.
In September 2021, CNRS has recruited a new personnel,
thanks to the French OBS4CLIM project. Simon Cleris is now
completing the technical team, with additional skills and
partially taking over the tasks left by Gilles Athier since
January 2021.
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The Institute of Biogeochemistry (MPI-BCG) of MPG is
responsible for the operation of instruments for the
measurement of greenhouse gases (GHGs), namely carbon
dioxide and methane , as well as carbon monoxide and
water vapour. The instrument is referred to as Package 2d
(P2d). It has obtained approval by the European Aviation
Safety Agency (EASA) for deployment aboard passenger
aircraft as part of the IAGOS-CORE installation.
The first Package 2d (SN01) was operated onboard the
Lufthansa A330 aircraft (tail sign D-AIKO) during several
extended deployment phases, one from 21 Feb. 2020 to 17
Mar. 2021 with 229 flights, and the current phase that started
20 Jul. 2021 with 257 flights. High quality data was retrieved
from about 60% of the flights, while for the rest of the flights
the data transmission via GSM was not working reliably.. The
exchange of calibration gas cylinders was made during the
deployment periods. The decision to have changes of the
calibration cylinders independent of the maintenance cycle
of the P2d instrument now allows for extended deployment
periods of more than a year.
During the deployment periods in 2021, high quality data
have been acquired from a total of more than 170 flights. Inflight calibration results confirmed excellent traceability of
CO2,CH4 and CO data to WMO calibration scales. Final level 2
P2d data to the IAGOS database have been submitted for the
deployment period that ended 17 Mar. 2021. NRT data
processing has been initiated for the current deployment,
and so far data from 157 flights have been provided. Delay
times have improved significantly after P1 was replaced
during December 2021.
The assembly of three further P2d (SN02 – SN04) has been
completed, and the last two (SN05 and SN06) are in
assembly. The minor change of the STC was approved in
October 2021.This is needed for the deployments of P2d
SN02-SN06 that differ slightly from SN01. This now allows
installation of further P2d systems on other airlines. To
ensure smooth operation of all systems, it is planned to
install them first on the Deutsche Lufthansa aircraft, where
problems can be quickly resolved before deployment on
other airlines.

Météo-France was responsible for the RTTU, i.e. the real real
time data transmission of the IAGOS-CORE data to the WMO
Information System (WIS) for operational users, particularly
the Copernicus Atmosphere Monitoring Service. After the
SATCOM system was changed by Deutsche Lufthansa in
2018 the RRTU stopped transmitting real time data. Several
options have been explored but due to the coronavirus
pandemic, no further progress has been made in 2020
regarding updating the real-time capacity. In 2021, MétéoFrance went through a transition phase with the change of
the representative (Philippe Dandin replaced by Hervé
Roquet) and with a new strategy. Hervé participated in the
strategy meeting in Burg Obbendorf and in several meetings
with the CNRS teams in Toulouse working towards the use of
the onboard wifi to transmit the data in real real time.
UMAN is responsible for operation of the Backscatter Cloud
Probe (BCP) aboard all IAGOS-CORE aircraft. The BCP is a
new instrument, originally designed as simple cloud
detector, which still requires substantial work for
characterisation of its performance with regard to analysing
the size distribution of cloud particles.
UMAN have worked with the supplier (DMT) to deliver
improvements to BCP integrity and to improve and extend
the operational characteristics and lifetime of the BCP. It is
becoming apparent that the older BCPs are now starting to
show deterioration, exposed as they are to extreme
conditions on the outer fuselage. We have been working
with enviscope to improve care and maintenance of these
older instruments until the fleet completely transitions to the
newer BCP (version BCP-H). Certification for the newer BCPH versions has been completed and gradual replacement of
the older instruments is underway.
A new multi-calibration system has been funded ($80k),
called the Universal Cloud Simulator (UCS) and is currently
under construction by a new company, CMS Colorado.
Designed specifically for the BCP-H but can also be used for
research cloud spectrometers used by the community it will
deliver new higher resolution calibration data sets allowing
improvements to data products and to better quantify
instrument to instrument variation whilst providing common
calibration data sets with research aircraft databases.
Metadata file information for the BCP has been improved
and software tools are available to improve routine data
analysis. These will be upgraded once the new UCS system
starts operation. The BCP-DOL version of BCP has now been
permanently installed on the UK FAAM BAe146 research
aircraft for on-going data collection and comparison with
cloud and dust spectrometers operated by FAAM and UK
groups. Two versions are available, the original from
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Manchester designed for non-intrusive wing mounted PMS
canister installation and one from DLR based on the “H”
casing of BCP-H which can be mounted on a window blank.
The BCP-D completed initial operation in 2018 as part of the
UK PICASSO and MOCCA projects. It will also be deployed
as part of recently funded NERC cloud-climate sensitivity
projects including; M-Phase (October 2020 in Canada) and
DC-MEX (July 2021, USA). The data collected will continue to
be used as a reference database for BCP data
interpretation and improvement of retrieval algorithms by
comparison with state-of-the-art research cloud
instruments.
There is agreement with FAAM-NCAS to provide support
for the BCP-D routine data as part of NCAS support for
IAGOS and it is currently offered as part of the FAAM core
cloud instrument fit for facility users. NCAS and NERC have
recently funded (Jan 2020) the Manchester MU-HOLO
project to develop two new high-resolution holographic
spectrometers in collaboration with the University of Mainz,
one for the FAAM aircraft and one for use in the
Manchester laboratory cloud calibration facility which can
be used for validation of BCP ice particle retrievals.
Agreement to deliver FAAM BCP/D and complementary
data products data via the CEDA data portal will be
discussed at upcoming FAAM-NCAS cloud instrument
strategy meetings.
In collaboration with FZJ the power of integrated IAGOS
RHice and Nice (BCP) pdf data products was demonstrated
in a Royal Society Faraday Discussions publication (Petzold
et al. 2017). A grant application to assess impacts of IAGOS
BCP data products among commercial end users began in
2019. Visits and interviews include Satavia UK who are
working with Rolls Royce. Satavia are using IAGOS data to
enable aircraft equipment manufacturers and operators to
minimise unscheduled aircraft maintenance caused by the
environmental impacts and we are providing expertise on
BCP data analysis.

All BCP data from 2019 to 2021 has now been quality
controlled and delivered to the IAGOS database. These data
will form the backdrop for a number of projects examining
the impact of COVID-19 on air traffic.
A scientific article on global in situ cirrus measurements using
IAGOS aircraft was published in January 2021 (see highlights
section). This work was in collaboration with the IAGOS team
at Juelich and the US instrument team at DMT [Petzold,
Kramer & Baumgardner]. This work demonstrated how
stratospheric and tropospheric in situ data can be used to
calculate the cloud fractions routinely experienced by
commercial aircraft. However, further work is needed for a
direct comparison with previous studies that were limited to
mainly cloud fraction calculations for tropospheric data only.
IAGOS data remains a component of Physics Masters degree
projects at Manchester and Dr. Lloyd has supervised two
masters students in 2020-21, assisted by Prof. Gallagher.
Due to the pandemic funding for the proposed dust
programme with Rolls Royce (PI Dr. M. Jones and Rolls Royce
supervisor R. Clarkson) has been delayed until Autumn 2022.
The BCP dust profile data for this project has been analysed
for the appropriate regions of interest and provided to the
team. These data sets also formed part of projects for two
MPhys students.
A new BCP-H was funded ($83k) for the proposed Air Canada
IAGOS aircraft. This has since been delivered and awaits
transfer to Enviscope. An older unused BCP, currently at
Enviscope is being installed on the Lufthansa A330, starting
April 15th 2022.

A new NCAS instrument scientist, Dr. N. Marsden, was hired
in January 2021. He will be responsible for the Manchester
cloud instrumentation on the FAAM aircraft and will also
assist Dr. Lloyd with laboratory calibration of the IAGOS BCP
and the BCP on the FAAM aircraft. Dr. Marsden confirmed
that he is keen to improve BCP laboratory calibration
techniques and, having an extensive track record in
designing aerosol instruments, will look to develop next
generation versions of BCP and is looking to obtain seedcorn funding from NCAS for this.
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IAGOS Maintenance Centre
The company enviscope GmbH is in charge of the
maintenance and aeronautical management of the
instruments operated on board of civil aircraft. Instrument
calibration is conducted at the laboratories of the scientific
partners while enviscope is responsible for the coordination
of the calibration activities and for the quality assurance
related to continued airworthiness of the equipment. The
company has been involved in IAGOS since the beginning
with respect to instrument development and aeronautical
certification. Hence, in-depth knowledge of deployed
techniques and aeronautical procedures is ensured.
Activities in the reporting period covered the following issues:
(i) maintenance of Maintenance Centre Website for interactive
usability including connection with the enviscope database;
(ii) improvements of the database to handle logistics and
documentation;
(iii) logistics like instrument storage and shipment (see Table),
and handling of instrument exchange intervals (even under
COVID-19 conditions);
(iv) instrument maintenance, repair, overhaul, servicing,
testing and the production of parts;
(v) testing of the data transmission between P1 and P2;
(vi) the distribution of instruments and spare part to airlines;
vii) coordination activities for approving legal aviation
requirements;

(viii) participation in the IAGOS Technical Operations Group
and Technical Planning Group, including the organisation of
teleconferences and using redmine tool;
(ix) communication with airlines;
(x) assisting merge of Gomolzig with ACC Columbia Jet Service
(ACJ);
(xi) audit by LBA without findings;
(xii) trainings in order to make enviscope a station of ACJ for
production and maintenance;
(xiii) enviscope personnel becomes certifying staff of ACJ and
can issue EASA Form1 for all IAGOS components (despite of
Package1 unit and pump box). Certifying staff extended to 4
instead of 2 employees;
(xiv) reassessment of FAA repair station for ACJ.
In addition, enviscope supported the revision of the STC for
Package2d (issued by EASA in October 2021) and presented
full documentation for the STC for Package2b, including
issuing the Component Maintenance Manual (CMM) for all
Packages as a new requirement of the authorities. enviscope
developed, manufactured and tested a prototype of the
Package2e, and prepared the documentation for the
certification. The IMC stayed fully operational and was
unaffected by COVID-19 restrictions due to the adaptation of
the working environment.

Table 1: Shipments of instruments and auxiliary parts for IAGOS-CORE operation in 2021
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Balance 2021

Resources dedicated to IAGOS by the Members
In 2020, the Members contributed in total approximately 7.6
Million Euros from own resources in the form of personnel,
equipment and consumables to construction and operation

of the IAGOS Research infrastructure according to the
Statutes of IAGOS-AISBL. The breakdown of costs, calculated
according to Article 22 of the Statues, is listed in Table 1.

Table 2: Contributions by the Members to construction and operation of the infrastructure from institutional resources
and national funding1
1

NOTES: Personnel costs are calculated based on the average salaries of FZJ and CNRS, including overheads (82.4%). Acquisition of hardware is included by 10% annual
depreciation.NotincludedareMembershipfees,fundingfromEuropeanprojects,andworkrelatedtoscientificactivities.
Additionalresourcesofapproximately 400 k€ were deployed in 2021 due to co-funding by the European Union for coordination with other European RIs (ENVRI-FAIR),
andcontributions fromRI-URBANSandATMO-ACCESS.
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