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Extended abstract
Impact of Aeolus on tropical dynamics:
The main aim of this project is to analyse the impact of Aeolus measurements on the prediction of
tropical waves and their connections to rainfall. For this purpose, we will analyse data denial
experiments conducted by Michael Rennie at ECMWF, conduct additional forecast experiments from
these analyses and conduct additional assimilation/forecast data denial experiments for specific
periods.

Project Description:
In August 2018, the Aeolus satellite carrying the first UV Doppler lidar in space (ALADIN) was
successfully launched. The particular gap that Aeolus is closing in the global observing system is
measurements of winds in cloud free regions and thus Aeolus is expected to substantially improve
respective analysis fields. Figure 1 shows some first very promising results of data impact
experiments that indicate that statistically significant improvements in forecasts of winds in the
tropics are found out to about five days. Despite these large impact in the tropics, where wind cannot
be inferred from the balance with the mass field, most studies so far have primarily focused on
midlatitude dynamics and global statistics.

Figure 1: Change in wind forecast errors (shading) through the assimilation of Aeolus data during 2 August–18
October 2019. Cross-hatching indicates statistical significance at the 5% level. Credit: ECMWF.

The project we would like to propose here aims to close this gap through a sophisticated analysis
of tropical dynamics, specifically the coupling of tropical waves with precipitation.
A prime opportunity for this research is the upcoming Aeolus Cal/Val campaign during three weeks
in June-July 2021 in Cape Verde, which will involve three research aircraft (German and French
Falcon, NASA DC8). Our study of the coupling of wind, waves and convection will be integrated in
the international research program ASKOS, which will also deploy advanced instrumentation on
Cape Verde to provide observations of unprecedented quality and coverage for the wind and aerosol
components of Aeolus. Cape Verde during boreal summer is ideal for such a study. The generally
high aerosol loading is interesting because it will allow the measurement of both aerosol optical
properties and wind, thus opening the way to the study of the interaction between the two.
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During this time of year, Cape Verde and the adjacent coast of West Africa are located close to the
axis of the midlevel African easterly jet that allows for the formation of synoptic-scale African
easterly waves (AEWs) that typically reach their maximum intensity in this region. AEWs interact
with convection and its mesoscale organization through modifications in humidity, temperature and
vertical wind shear [Fink and Rainer, 2003; Schlueter et al. 2019a], and often serve as initial
disturbances for tropical cyclogenesis. In addition, the tropical atmosphere sustains different types of
planetary waves (inertia-gravity waves, mixed Rossby-gravity waves, Kelvin waves, ...) that also
interact with monsoon convection and AEWs [Schlueter et al. 2019b].
It will be of particular interest to investigate to what extent and how improvements in analysis data
carry through to better forecasts. This applies to both the waves themselves and also to the associated
rainfall (and possibly dust in collaboration with ASKOS-AEROSOL). This aspect may even be
extended to tropical cyclogenesis. The analysis of tropical waves requires the application of adequate
tools to extract wave information from the model data. Techniques using time wave filtering [Wheeler
& Kiladis 1999] or instantaneous projection onto wave patterns [Yang et al. 2003] will be applied.
These tools will enable extracting planetary equatorial waves information, solutions of the classical
shallow water theory, and waves generated by synoptic-scale tropical disturbances (AEWs) (see
example Figure 2).

Figure 2: A) Observational evidence for the appearance of the Kelvin mode in frequency–wave number spectra
of the atmosphere. From Wheeler & Kiladis (1999) B) Composites of days with significant tropical depressions
(AEWs) signal in phase 5 (wet phase) over West Africa during the extended monsoon season (March–October):
Significant anomalies of 850-hPa wind (green arrows) and divergence at 200 hPa. Adapted from Schlueter et
al.(2019b).

Proposed experiments:
It is proposed to conduct additional data denial experiments (with and without the assimilation of
Aeolus) for a selected period of interest (e.g. the 1-month Cal/Val field campaign in 2021) in the first
year. The resolution of the experiments shall be TCo399 following previous impact experiments of
Michael Rennie at ECMWF and the experiments shall include forecasts up to a lead time of 15 days.
Furthermore, we propose to conduct additional forecast experiments with a lead time of 15 days for
selected periods (1-2 months) with increased temporal output for a more detailed analysis of tropical
waves. These forecast experiments shall be conducted in years 2+3 and shall be initialized using
assimilation experiments conducted by Michael Rennie.
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Wave information will be extracted from both the control run and denial experiments and
comprehensive analyses will be conducted to statistically compare the impact of Aeolus data on wave
type, amplitude, propagation and coupling to rainfall. These results can again be compared to those
obtained from satellite information of rainfall and OLR.
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