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Lagrangian ice crystal tracking module (Overview) 

The EULAG-LCM (Lagrangian Cirrus Module) is a cirrus-cloud resolving Large 
Eddy simulation (LES) model to study the formation and persistence of cirrus 
clouds and contrails, forming below 235 K.



Mixed Eulerian/Lagrangian two phase flow approach
Eulerian approach (continuum) Lagrangian approach (dispersed phase)

- fluid variables                                            - ice crystals 
- water vapour
- trace gases and size-resolved aerosols

Assume typical upper-tropospheric conditions (T=220 K; p=300 hPa)
In an air volume of 1 cm3 :

- 1019 air molecules                                     - at most on ice crystal
- 1014 - 1015 water molecules

-> Treating the air as continuum and the ice phase as dispersed particles appears
to be well suited for cirrus cloud simulations



Mixed Eulerian/Lagrangian two phase flow approach
To treat the ice phase, the LCM employs Lagrangian ice particle tracking, in which 

a large number of simulation ice particles (SIP), serving as surrogates for real 
ice crystals, are transported and modified in the trubulent flow field.

In the EULAG grid:

SIP

dx

Main assumptions:

i) The macroscopic properties of the 
ice phase can be deduced from the 
knowledge of the properties of a 
limited number of SIP

ii) The SIP interact with the gas 
phase using the volume averaged 
values at the grid point



Coupling to the EULAG model equations



Coupling to the EULAG model equations - issues

The small mass loading of ice crystals in air allows to neglect their influence on 
the air motion.

Advantages of the LPT approach:
+ Individual SIPs can be associated with statistic flags (chemical nature of ice 
precursor, habit, time dependent variables e.g. location, supersaturation).
+ We avoid numerical diffusion solving for the growth of the ice crystals or during 
sedimentation compared to a continuum approach.

Disadvantages:
- Higher computational demand (we track O(106-107) SIP in a typical 2D 
simulation with one SIP representing O(104) real ice crystals).
- Discrepancies between the treatment of turbulent dispersion in an Eulerian and 
Lagrangian approach.



Modelling turbulent dispersion 

For the calculation of the trajectories 
of an individual SIP an additional 
turbulent velocity component is 
added to the grid scale velocities.. 

The standard deviation of these 
velocities is taken to be proportional 
to the turbulent kinetic energy per 
unit mass, which is prognosed in the 
EULAG model and is, therefore, 
consistent with the subgrid scale 
closure scheme of the underlying 
dynamical core. 

Additionally the turbulent velocity 
components are assumed to be 
autocorrelated over the
Lagrangian time scale. 



Process-oriented simulations on scales of single clouds



Case Study ARM IOP 9 March 2000

As an example for the model perfomance we apply the EULAG-LCM to simulate 
the evolution of a cirrus cloud field observed during the U.S. Atmospheric Radiation 
Measurement Program Intensive Operations Period in March 2000. The data set 
allows us to evaluate and study the process-oriented representation of 
microphysical processes in great detail.



Simulation strategy
We simulated cloud formation and evolution in a 2-D or 3-D domain, initially located 

upstream of the site and oriented parallel to the prevailing horizontal wind 
direction. We follow the domain as it is advected across the site. 

It is not possible to determine the exact moment and location when individual cirrus 
segments formed that where probed at the site. Hence there is no unique 
solution for the initialisation of the simulation.

The data sources, however, constrain the key initial profiles. Furthermore, we make 
plausible assumptions regarding possible ice nucleation pathways.



Data sources ARM IOP 9 March 2000



2D/3D simulation runs

http://www.goastro.de/

2D/3D domain with periodic lateral 
boundary conditions.

Dx=30 m, Dz=20 m; Dt= 4 s

Microphysics subcycled: Dt_m=2 / 0.25 s

Grid scale ambient turbulence field is 
superimposed



Comparison to observations
We mimic the horizontally drifting spiral descent pattern when sampling air and 
cirrus properties in our model to enable the closest possible comparison with the 
in-situ data.



Ice crystal size distributions



Sensitivity Runs



Cluster―cluster aggregation algorithm

We simulate aggregation due to 
differential sedimentation.
Compared to lower level warm 
clouds turbulent enhancement of the 
collision efficiency in stratiform cirrus 
is low.

We calculate the probability for the 
trajectory of a real ice crystal in SIP i 
to intersect the effective collision 
area surrounding the real ice crystals 
represented by SIP j

Aggregation: ice crystals collide and eventually stick together → larger clusters



Formation of large ice crystals

t / 
min

The formation of the 
largest crystals in the 
deep cirrus is
controlled in part by
the nucleation of new 
ice crystals in 
dynamically active 
upper cloud regions.



Summary and Outlook

 We have learned from the case study that the formation and evolution of the 
cirrus is very sensitive to the vertical updraft speed and the moisture field. In 
order to arrive at a more realistic scenario a coupling between the LES approach 
with EULAG and a numerical weather prediction model is desirable.

Which way to take?

1) Fixed multiple domains - Difficulties in tracking an evolution in the cloud

EULAG-
LCM

Buffer Zone - Relaxation

Host



Summary and Outlook

 We have learned from the case study that the formation and evolution of the 
cirrus is very sensitiv to the vertical updraft speed and the moisture field. In order 
to arrive at a more realistic scenario a coupling between the LES approach with 
EULAG and a numerical weather prediction model is desirable.

Which way to take?

2) Floating EULAG domain - How can we pass the changing environmental state to 
EULAG?
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Summary and Outlook

 We have learned from the case study that the formation and evolution of the 
cirrus is very sensitiv to the vertical updraft speed and the moisture field. In order 
to arrive at a more realistic scenario a coupling between the LES approach with 
EULAG and a numerical weather prediction model is desirable.

Which way to take?

3) Adaptive grid approach - Is it possible to concentrate the grid on the cirrus?
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