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A Simulation Laboratory Climate Science

A Lagrangian Modeling of Trace Gases
A Background
A Structure of the atmosphere

A Lagrangian Transport
A Climate model EMAC
A Chemistry transport model CLaMS

A Simulation results
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Simulation Laboratory Climate Science
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Simulation Laboratory Climate Science

A Earth System Modeling
Reliably predicting climate change is a grand challenge
for the 21st century. Quantitative understanding of the
Interactions of the various chemical and dynamical
processes of the Earth system is the main objective.

A Complexity of climate and weather codes
A e.g. Community Earth System Model (CESM):
1,500,000 lines of code (Fortran)

i high demands on computational power, inter-process
communication and data transfer and storage
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Simulation Laboratory Climate Science

A Tasks of the Simlab:

A Point of contact for the atmospheric science users of JSC
facilities. Interface to JSC local experts and support teams.

A Porting of users codes to the JSC supercomputers.
A Code optimization for different platforms.

A Support community-oriented software developments, e. g.,
numerical libraries, data storage, visualization.

A Research activities and projects with European and
International collaborators.
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Research activities
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Hunting for gravity waves

A

Gravity waves (GWSs) are generated in a fluid medium or at
the interface between two media which has the restoring force
of gravity or buoyancy.

GWs are an important driver of the atmospheric circulation.

They influence the formation of polar stratospheric clouds and
polar ozone loss.

GWs are small- or mesoscale phenomena, not resolved in
climate models. Their effects need to be parametrized.

Detection of GWs in large amounts of satellite data.
Classification of wave types and source mechanisms.

Collaborators: M. J. Alexander, NWRA, Boulder, CO, X. Xue,
USTC, Hefel, China
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Hunting for gravity waves

aft

Gravity wave cloud pattern formed in the wake of the
lle Amsterdam, southern Indian Ocean. (photo credit: NASA)
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Hunting for gravity waves
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Atmospheric Infrared Sounder (AIRS):

aboard NASA Agua satellite, launched in May 2002
hyperspectral measurements, nadir sounding

2.9 million footprints per day; 45 TByte of data in 10 years
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Hunting for gravity waves

gravity waves / seasonal data (MJJA) / nighttime

latitude [deg]

longitude [deg]

Maps of gravity wave hotspots
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Detection of volcanic ash

A Volcanic sulfate aerosols and volcanic ash influence the
E a r trddiat®n budget. Ash particles can pose a severe
danger to air traffic.

A Comprehensive radiative transfer calculations for different
cloud scenarios with JURASSIC on Julich HPC systems.

A Created a reference database of 145,000 spectra.

A Developed a fast ash detection method for satellite data. New
method provides altitude information for ash clouds.

A Analysis of a six-year global record of Envisat MIPAS data.
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Detection of volcanic ash
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A Lagrangian Transport Core for
Climate Models
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Introduction: The stratosphere
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Introduction: Stratospheric trace gases

A Important stratosphericracegases O,, HO, CH, X
A Influenceon radiativeforcing, climatechange

A Mixingratio in stratospheredependson:
1. Transport StratospherelroposphereExchange)
2. Chemistry

A Simulationof trace gasdistributionsdemandsa
coupledchemistryclimatemodel

15



haft

Mitglied der Helmholtz-Gemeinscl|

#) )OLICH

Introduction: Lagrangian transport

Eulerian transport scheme:

A &N or mgid for
meteorological models, e.qg.
ECHAMS5

A Model grid with a fixed vertical
and horizontal resolution
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Lagrangian transport scheme:

A Time-variant irregular grid following
the flow

A Gridpoints = air parcels driven by
the wind field
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