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Introduction

Trajectories are a common method to investigate the
pathway of an air parcel through the atmosphere.
Unfortunately, a single trajectory is not able to
represent the air flow inside the atmospheric boundary
layer correctly because of the strong disturbance by
turbulences. The Lagrangian particle dispersion model
(LPDM) uses a stochastic approach to calculate the
turbulent displacement of the trajectory. Thousands of
these trajectories combined yield to the dispersion of
air parcels inside the boundary layer.

Based on the COSMO trajectory modulel! we develop
the LPDM LaPaSi (Lagrangian Particle Simulation)
which calculates the trajectories of weightless
particles that are not able to leave the boundary layer.

Possibilities Performance

Integration

Mean wind trajectiory

« Simulation of transport processes inside the atmos- In the parallel pro-

| B | | | pheriC boundary Iayer gram, a MPI proceSS | serial calculation time per time step -
» The mean wind part () of the particle motion is cal- can only calculate tra- |
culated with an iterative scheme, adapted from the - Stochastic reproduction of particles dispersion jectories in its own 1_? _

COSMO trajectory module!!
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» Accuracy calculation due to the online coupling physical subdomain
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Fig. 1: Calculation time for a
single time step
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work is done by one
process

Turbulent disturbance

 Dry deposition — in test mode
- The standard deviation of the turbulence (o) can be Y 6eP

described as the turbulent kinetic energy (e) with a
directional weighting (m, Tab. 1)

j - Communication between the processes is only ne-
cessary if a particle leaves its subdomaint’
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 The correlation (R) between the actual and the previ-
ous turbulence depends on the model time step and
the characteristic time scale 7

Case study

 7L.is the ratio of the diffusion coefficient (K,,) to the
variance of the turbulence

Leaking pressure gas tank in Vresova
10 November 2010

09:00 UTC 1373 trajectories reach the targets 12:00 UTC 1312 trajectories reach the targets
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iIn the afternoon, complaints
about unpleasant odors in several towns in the Erzgebirge.

This case was simulated with 1000 m spatial resolution of the
COSMO-model; LaPaSi emitted between 09.00 am to 01.30
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pm 36000 particle per hour.
m, | 0.37 0.30 0.30

My | 0.09 0.16 0.30 » Air masses from Vresova reach the target regions on two dif-
fered pathways (Fig. 2).

Fig. 2: Trajectories that reached the target regions above
100m altitude; emission between 09.00 am and 10.00
am (left) and 12.00 am and 01.00 pm (right)

Tab. 1: Weighting factors!?

* The highest particle concentration was calculated in a height

» The first part of the turbulent wind velocity (u}) descri- of 200 m above the target region (Fig. 3), however the sur- 08:00 1300 700 2100
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- The animation shows that the air accumulates in front of the
mountains; early and late emitted particles overlap and reach

» The second part is a random displacement with the
magnitude of o
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| o the targets at the same time. 1800 = s
» d¢ is a normal distributed random number | | 200 — 3
» Based on this study, a link between the gas leak and the odor 200 -
s plausible. 1000 < Crowendort
u,=Ru, ,+0\1—R2d¢ : 200 — 5
400 — —
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- The turbulent part (z’) of the particle motion is calcu- . See an animation |
lated with an Euler forward Step ;‘ with 200 m Spatial 09:%:&:&:40:_
a :-. reSO|UtIOn 78 0 s 0 B % o % B T 7 5 S %9 ‘%,
- il Fig. 3: Vertical trajectory density above the target regions
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