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We employed the LES model EULAG-LCM for simulations of naturally forming cirrus and for
aircraft induced cirrus, so-called contrail-cirrus. The microphysical module LCM uses Lagrangian
particles to transport the ice crystals and calculate the microphysical processes along their paths
(Solch & Karcher, 2010). The simulations can be grouped into two categories: Simulations of young
contrails (age < 5min) and simulations of contrail-cirrus and natural cirrus. We label the simulations
as in the request form 2013.

VORTEX_1 and AIRCRAFT:

We performed simulations of young contrails for 6 different aircraft types. Contrail-cirrus
simulations have shown that aircraft type has a long-lasting impact on the properties of the evolving
contrail-cirrus. In the meantime, the results have been published in Unterstrasser & Gdrsch, 2014,
JGR. The figure shows the long-term evolution of the contrall total extinction (WhICh is ba3|cally a
measure of the total shortwave 5

CRJ
radiative effect). A O> T b)
) . B76Z/ABOO
Moreover, an observational contrail sF 874

study which was accompanied by

\
)

total extinction / 10°m

EULAG-LCM simulations appeared in =
Jel3berger et al, 2013 (not yet e y
published at the time of the last report). ol - Z i
1 2 3 4 5 6 0 1 2 3 4 5 6 ¢} 1 2 3 4 5 6
t/h t/h t/h

VORTEX_2:
Prior to the vortex_1-simulations, simulations for a fixed aircraft type were performed.

In a first step, the dilution of a passive tracer in the wake vortex behind an aircraft was evaluated for
many atmospheric parameters. The results have been published in Unterstrasser et al, 2014, ACP.
In a second step, the focus was on contrail evolution and variation of the microphysically relevant
parameters. In the meantime, the results have been published in Unterstrasser, 2014, JGR. The
figure shows cross-sections (perpendicular to the flight direction) of ice crystal number
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concentrations in a 1, 2, 3, and 5 minute old contrail for relative humidity RH_i=120%. The right
most panel shows a 5 minute old contrail for RH_i =110%.

All of the above mentioned simulations as a whole represent a large database of early contrail
evolutions which helped to gain fundamental and detailed process understanding. Based on them,
| devised an analytical parametrisation of contrail properties (after 5 minutes). This work will soon
appear in ACPD. The great advantage of this parametrisation is that more realistic contrail
initialisation in GCMs can be developed with it. This will allow for more robust climate-related
estimates, e.g. how biofuels alter the contrail radiative forcing.



CLUSTER:

Several types of contrail-cirrus and contrail-cluster simulations have been performed. One set of
simulations dealt with the question how similar contrail-cirrus and natural cirrus are. This helps to
interpret in-situ measurements of cirrus (as taken during the large HALO campaign ML-Cirrus),
where it is a priori not clear, whether contrail-cirrus or natural cirrus or a mix of both is sampled.

Two manuscripts on this are currently under preparation and should be ready to submit by the end
of the year.

Moreover, EULAG-LCM reference simulations for a dedicated comparison with CoCip (a simplified,
global scale contrail model; Schumann, 2012) have been performed and allowed to rate the
performance of the simplified model (Unterstrasser & Graf, 2014).

GMDD-paper:

For the review of the GMDD-paper, some new simulations had to be carried out. In the meantime,
the paper has been published. EULAG-LCM simulations rely on a particle based approach for ice
microphysical treatment. Contrary to Eulerian approaches, where the cirrus properties are defined
on a grid, our Lagrangian approach uses a large number of simulation particles that represent the
cirrus. Clearly, the computational effort scales (mostly linearly) with the number of used simulation
particles. In the GMD-paper, several techniques are described, that allows a significant reduction of
simulation particles and makes the simulations less demanding in terms of computing time and
memory space.
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