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CSEM Motivation

Our goal is to enable data-model comparisons and to put data into a 
global context

Find relevant data-model pairs

Match coordinate systems (provide translations)

Compare with the same scales/units (may need to scale or even reprocess)
Intuitive drill down through data and model output

SPASE is doing a lot of this for observed data.  We need this for model 
output.

The data-model comparisons are crucial
Validation efforts require it

Visualization is an important component as we are making comparisons 
between very different types of data.
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CSEM
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CSEM Grid Sizes and Number of Variables
Spatial and Temporal Resolutions

10

1

150

8

8

9

Vars Time stepSmallest cellNo. cells

1s5o by 5o by 2 km100,000UA

---1o by 1o16,000IE

5 s7.5o by 0.5o3,700IM

1-5 s1/4 RE1,000,000GM

60 s1/4 RS16,000,000IH

0.02-0.1s1/340 RS2,400,000SC

million state variables total at just one time 
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CSEM SWMF Status

The SWMF is working and it is freely available at 
http://csem.engin.umich.edu

SWMF description is published in the literature: G. Tóth et al., JGR, 
110, A12226, 2005 and the PDF file can be downloaded from 
http://csem.engin.umich.edu/csem/publications/Toth2005_swmf.pdf.

The SWMF has been transitioned to the Community Coordinated 
Modeling Center at NASA Goddard Space Flight Center and it is 
available for runs on request.

The SWMF can model a real and extreme event from Sun to Earth 
somewhat faster than real time!

No, we cannot really predict space weather yet, but we are getting 
closer…
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CSEM Data-Model Comparison
GOES 10 and SWMF

Satellite positions on top

Magnetic field component 
comparison with the SWMF

RMS errors also shown

Requires extraction of satellite 
trajectory through 3D model 
output
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CSEM Data-Model Comparison
GITM and CHAMP

Raw data at 1 minute 
intervals is not useful for this 
type of data-model 
comparison.

Used smoothed 
(reprocessed) data

Model output given with 
error estimate (grid height)
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CSEM

Titov-Demoulin Flux Rope

Model-Data Comparison
1 hour after CME Eruption, Oct. 28 2003 

Synthetic image is specifically constructed to compare with this LASCO image

It is not a default model output.



���������
�	
��
�	��
��	
��

CSEM October 29-30, 2003
Halloween Storm Simulation

The 
magnetosphe
re during 
the  solar 
storm 
associated 
with an X17 
solar 
eruption.

Using 
satellite 
data for 
solar wind 
parameters 

Solar wind 
speed: 1800 
km/s.

Time: October 
29, 0730UT

Shown are the 
last closed 
field lines 
shaded with 
the thermal 
pressure.

The cut planes 
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CSEM Cross Polar Cap 
Potential [kV]

Dst [nT]

Hours from 00:00 Oct 29

Observed
vs.

IMF driven Simulation
vs.

Sun-to-Earth 
Simulation

Multiple runs for the same 
event period with different 
drivers

Many additional possible 
model variations
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CSEM Saturn’s Magnetosphere and Cassini
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CSEM Integrating Data and Models
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CSEM CCMC Magnetosphere Model

Descriptions for the CCMC Magnetosphere Models
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CSEM Conclusions

How is SPASE missing description of model output?
Date model was run, not just date simulated

Code version, description of model(s)

Grid resolution (including adaptive grids that change often)
Solution scheme, limiter, source terms, precision

Inner/outer boundary conditions and boundary distance

Computer job was run on, who made the run
Multiple runs of the same event

What about idealized events without an event time?

Visualization of data-model comparisons is very important, but requires 
good model output description to facilitate plots. 3 levels include:

Standard visualization (default single data plots)

Contextual visualization (adding a global context to data using model output)

Data-model comparisons (1D, 2D, 3D …)
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CSEM Grid description problem

How do you describe this grid?


