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Objectives

The General Objectives

Today, it is widely recognised that the present changes in the earth's environment, challenges our
ability to detect and understand the various atmospheric processes and to assess the resulting
impacts. The urgently needed knowledge about the present state of the atmosphere as part of the
earth system, its atmospheric trace gas and aerosol budgets and their future variability requires
reliable analyses, resting on information about observations of the governing processes.

The prevailing problem

Even increasingly accurate and comprehensive measurements, only provide sparse snapshots of
the instantaneous state of the system. Numerical models produce complete space-time data sets,
based on our present, yet incomplete knowledge of the underlying processes. Hence, the results of
pure model calculations are of limited and, more importantly, often unknown validity.

The solution: Inversion

Improved conclusions must be inferred from processing procedures, which are able to
combine observational data with models in a consistent and synergistic manner. The
requested techniques can only be provided by advanced spatio-temporal data assimilation
and inversion methods. The mission, objective and work program of IMACCO are aligned to
this basic principle. A key technique adopted here is the variational calculus, resting on the
tangent-linear and ad joint model derivatives. The four-dimensional variational data assimilation
method is central to the methods used.



Recent Results

Results from the Workshop in Cologne, November 2006

Topic Author Collaboration
CRISTA-NF Lars Hoffmann RIU and ICG-I
El Adaptive observation optimisation Nadine Goris IMK and RIU
MIPAS observations of biomass burning plumes Thomas von Clarmann RIU and IMK
El High resolution 4-dimensional data assimilation for campaign  Ketevan Kasradze ICG-I, IMK, and
applications RIU
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IMACCO Organisation

SAPHIR,
troposphere:
assimilation

global
tropopause:
trace gases
water
Satellite data
observation
configuration
optimisation

Principal interactions (broad arrows) in the foundation configuration of the virtual Institute. Further
connections will be added upon approval of ensuing new projects.
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Organisation Troposphere

Trace gases of the troposphere:
SAPHIR and field experiments (ICG-II with IGM/RIU)

E: ICG-ll plans a comprehensive study of the budget of reactive nitrogen and carbon compounds
and of the radicals OH, HO,, including organic peroxy radicals. By simulation of the trace gas
composition in the atmosphere in the chamber with measured compounds, the influence of other,
yet unknown compounds is to be identified. In order to fully exploit the options of E= SAPHIR, a
simulation of the transport processes inside the chamber is required. Inverse modelling of the
chemistry mechanism is scheduled to be a key method for the quantification of the chamber
parameter, gas-surface interactions, and data analysis.

It is further planned to devise suitable assimilation tools for the planning of field experiments and
the interpretation of their results.

Organisation Tropopause

High resolution satellite retrievals of trace gases at deeper tropopause levels
(IMK-ASF and ICG I with IMG/RIU)

The E- MIPAS sensor on board of B ENVISAT provides reliable height profiles of numerous species
for the middle and upper stratosphere, while retrievals of atmospheric parameters from spectra
observed in the lower stratosphere and upper troposphere is subject to major difficulties. The
general aim here is to extent the usable height levels of MIPAS observations significantly
downwards. An essential portion of these difficulties is attributed to small scale atmospheric
structures, which were as yet not taken into account for radiative transfer modelling, with the
consequence of biased and noisy results. The concept of model based data assimilation,
especially the four-dimensional variational approach, introduces further updated a priori information
for the retrieval. This is expected to overcome the limitations of spatial resolution experienced
today. Forschungszentrum Karlsruhe E: IMK-ASF will use the results of the refined assimilation
method primarily fort he retrieval of trace gases, while E- ICG-I will place the emphasis on the
retrieval of water.

Organisation Satelite Data
Optimisation of the retrieval configuration (UK-IMK and IGM/RIU)

The objective of this project is to optimize the configuration of future satellite instruments (as well
as the analysis of currently available satellite measurements) such that they contribute the largest
possible amount of information to a scientific question. For example, the improvement of the spatial
resolution of a measurement will lead to reduced precision and vice versa. Typical competing data
characteristics are

»= precision

= horizontal resolution
= altitude resolution

= time resolution

= spectral resolution

The optimal trade-off between competing data characteristics depends on the particular scientific question
under investigation an shall be optimized by sensitivity studies in the context of inverse modelling. This then
leads to optimized instrument and retrieval configuration.
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Virtual Institute

What is a Virtual Institute?
A virtual institute is a co-operation of HGF partners and universities on a well-defined topic;

emphasis is lead on education and training by offering lectures, summer schools, training courses
etc., exchange of students between the partners by joint supervision of theses.
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II'\/Ian kann sie aber auch umgekehrt betreiben, indem die
Modellvorhersage mit Messungen verglichen wird, um
aus den Unterschieden SchlUsse Uber einen friheren Zu-
stand der Atmosphare oder Uber atmospharische Pro-
zesse zu ziehen. Die Inverse (umgekehrte) Modellierung
ist ein Ansatz, um dieses Problem quantitativ und syste-
matisch zu lésen. Die Wissenschaftler kdnnen zum Bei-
spiel durch Inverse Modellierung von Schadstoffver-
teilungen auf Emissionen zurtickschlieBen oder aber aus
Messungen chemischer Spurenstoffe die Geschwindigkei-
ten berechnen, mit denen sich die Spurengase ineinander
umwandeln. Ebenso ist es moglich, aus zeitlich versetzten
und lickenhaften Messungen atmospharischer Zustands-
groBen fur einen festen Zeitpunkt ein komplettes und in
sich schltssiges Gesamtbild der Atmosphére zu erzeugen,
das bestmoglich mit den Messungen Ubereinstimmt. Es

lasst sich mit Methoden der Inversen Modellierung wei-
terhin bestimmen, welchen Spurenstoffen eine Schlussel-
rolle zukommt, auf deren Beobachtung nicht verzichtet
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Studie, wie gut sich Reaktionsmechanismen auf die
Chemie der Atmosphéare anwenden lassen. Die chemi-
schen Experimente werden in der Julicher Experimentier-
kammer SAPHIR (Simulation of Atmospheric Photoche-
mistry In a large Reaction Chamber) stattfinden, in der

atmospharische Prozesse unter natirlichen Bedingungen
nachgestellt werden kdénnen.
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In einem weiteren Projekt untersuchen das ,Institut fur
Meteorologie und Klimaforschung - Atmospharische
Spurengase und Fernerkundung” (Forschungszentrum
Karlsruhe), das ,Institut fur Chemie und Dynamik der
Geosphare 1” (Forschungszentrum Julich) und das
»Rheinische Institut fur Umweltforschung” die Spu-
rengasverteilung im Tropopausenbereich. Dazu werden
die Hohenprofile vieler Spurengase mit dem MIPAS-
Sensor (Michelson Interferometer for Passive Atmos-
pheric Sounding) an Bord des Satelliten ENVISAT
(Environment Satellite) gemessen. Zusatzliche Informa-
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