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DKRZ

(German Climate Computing Center)
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IPCC AR5

Modeling of different CO, scenarios

3D coupled systems (ocean, atmosphere)

Full carbon cycle with biosphere & oceanbiogeochemistry
Simulated time: 10.000 years

Horizontal resolution: 50 — 100 km

Multiple ensembles, result data: approx. 3 PB
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Understanding
Ocean Currents
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US Coast Survey
(1860)
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Ocean Currents (1911)
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Great Ocean Conveyor Belt
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Thermohaline Circulation

Temperature and salinity . Freshwater

surface current %

from Arctic H Faroe Bank

differences 3 Chantel

Overflow

Mass (water, minerals, gases)
and energy (heat) transport
Transit time around 1600 years




SimVis 3.4.0-BETA 0| x
File View Options Help

SimVis: View3D
Cells: Qof 0 =
Vertices: 11953040 of 23906080
[T v+
Featureset 0

@ Featuredescription 0
Featurecomponent (Scatterplot0)
Featurecomponent (Histogram0)
Featurecomponent (Scatterplot0)

@ Featuredescription 4
Featurecomponent (Histogram4)
Featurecomponent (Histogram4)

Featureset 1
@ Featuredescription 1
Featurecomponent (Histogram1) -

Name: FDL Roct

Name Cells Vertice:
+- | atlantic3d_single.sff

0 data.DerivedData
0 data.DerivedData
mag

TimefAngle: TimefAngle:
576 576

= =
Parts:
Derived Data View SimVis: ScatterplotView [Featurecomponent (Scatterplot)] SimWis: HistogrammView [Featurecomponent (Histogram)] SimVis: HistogrammView [Featurecomponent (Histogram}] sir 4|k
A
4 3
SimVis: BlockTreeView
SimVis: DerivedDataView
SimVis: HelpView
SimVis: LinkView
SimVis: TimeControlPanel
Child views:
SimVis: TransferFunctionView

SimVis: TreeView

SimVis: View3D del

SimVis: View3D del

SimVis: DOIView del
Mark: bd
Enable: bd

X | Sea water potential temperature (C) + | ¥ | Sea water salinity (psu) S

Export CSV: Export

Time: (576.0000-576.0000)










01/01/09

-
W TR

A e St .y
s oS G K U
“‘ “:E:’L-:-gv Y *é‘_';ab: ﬁg@,"‘_ o 5

; 3 ke 3 =50 ‘J‘“{"ﬁ"ﬂ "‘ ;%‘;f?

L
e
S PR O
S Ve ‘




Temperature and Valocity
at 75m depth
MPI-OM TP&6M




Measurement of
Ocean Currents

<= DKRZ



Ocean Buoys
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Friendly Floatees

Accident in the Pacific in 1992
Around 29.000 plastic toys
went over board

Washed up on shore around
the world
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01/02/1998

(C) DKRZ & MPI-M




MIT General Circulation Model : 1 ﬁ; 4 Y | 20 Apr 2010

(8 Km Resolution)

__ Current speed at 100 m depth
Simulated 0il Slick spreading
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Climate Modeling
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Physical climate model

Sun

Gas concentration
Atmosphere (Greenhouse gases, SO,)
Impuls
Energy [« Surface
Water

| [ Coupling]

Ocean
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Earth system model

Sun Emissions |'
y
Atmosphere
Dynamics Aerosols [«— Chemistry
L a A
y : .| Land Surface
Momentum Dust D'ﬁ"s G2 Hydrology
Energy < »  Photosynthesis
Water < ! Phenology
T Ocean Respiration
Dynamics
> Seaice -
Biology 8
Chemistry unlen
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ECHAM / MPI-OM + LPJ + SICOPOLIS: 1% CO7 Increase up to 4 x CO9

Convection ST, 1930
Depth (m)
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ECHAM / MPI-OM + LPJ + SICOPOLIS: 1% CO7 Increase up to 4 x CO9

Convection ST, 1930
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Models

MPI-OM (ocean)
e HAMOCC (ocean carbon cycling)

ECHAM (atmosphere)
e JSBACH (biosphere)

REMO (regional atmospheric model)
MITRAS / METRAS (micro- and mesoscale atmospheric models)
ICON (atmosphere, ocean)
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Regular, rectilinear, rotated and
curvilinear grids using NetCDF CF-1.0

ICON (ICOsahedral Non-hydrostatic)
no poles, nested grid
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Data Sizes

Projekt STORM:
* Atmosphere(768 x 394 x 199)

(u,vwt,p,q,ws,sn, ...)
 QOcean (3002 x 2394 x 80)

(uko,vke,wo,tho,sao, ... )

e QOcean now up to 1/20 degree
resolution




Software & Techniques

e 2D: Grads, Ferret, NCL, IDL, Matlab, ncview
 3D: AvizoGreen, SimVis, (Vapor, Paraview)
e Methods: Stream- and Pathlines, Embossed Slice,

Arrows & Glyphs, LIC, Iso Surfaces
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1.5 m/s

MITRAS - Wind Velocity in Hamburg encoded using Color (m/s)




Atmosphere
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ECHAMG6 T255
Relative Humidity

—

01/08/1985 00:02 (C) DKRZ / MPI-M



[a/kg]
0.002

0.001

Volume rendering:

Liquid Water Mixing Ratio
Isosurface:

Rainwater Mixing Ratio 5 e-6 kg/kg

0 60 120  [min] © DKRZ / MPI-M






Closing Thoughts

<= DKRZ



Challenges

 Ocean models now eddy resolving — lots to find and learn
* Topology can be of assistant. Can it?

* Still many regular visualization problems need to be solved
* Zonal jets
* Complete conveyor belt
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General Issues

|/O problems (data sizes are getting bigger and bigger)
* Distributed and/or in-situ visualization?
* Interactivity?

Uncertainty visualization (through ensembles)
(Multivariate data sets)

New computing architectures (heterogeneous systems for
simulation AND visualization)
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Hamburg?

Address:

Deutsches Klimarechenzentrum
Bundesstralle 45a
D-20146 Hamburg

www.dkrz.de
roeber@dkrz.de




