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Overview

* Data assimilation (DA)
— “reanalysis” (models not ready yet)
— model testing (really useful)

* |nitial DA study
— dust vertical distribution crucial
— cap edge resolution

* Opensource DA system (MarsWRF and DART)

— ensemble kalman filter approach
— radiance assimilation (retrieval assimilation option)
— www.marsclimatecenter.com
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Data Assimilation and Reanalysis

ASHIMA RESEARCH

* For many dynamical problems we want to
recover the full global state from limited
observations (as best we can)

Extrapolation options (a question of constraints):

— linear (e.g. zonal average)

— wave fitting (e.g. spherical harmonics)

— dynamical model (physics, mechanics of rotating spherical shell)
* Reanalysis only as good as the dynamical model

— error in model = error in extrapolation
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Data Analysis with DA

ASHIMA RESEARCH

* Modeling of data is essential for knowledge
gain
* DA provides the most complete means of
testing models with data:
— rejection [ acceptance statistics, distributions

— prior vs. data biases

— isolation of model errors from real transient
phenomena (best possible)

— can obviate need for intermediate retrieval step

* Frame work for iterative model improvement
and testing
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Dust vertical distribution

Dust mass mixing ratio
peak looks to be about
20-30 km based on MCS

0.2 04 06 0.8 1
Uhcs (not data)
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Result of dust peak:

mcd
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Assimilation
with MCS-like
dust
distribution

Much better but
still too warm

(dust optical
properties)

Ls=150
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Latitude

Ground Temperature Errors
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Where We Stand with DA for Mars

Several DA systems now working

— Open University / Oxford; Maryland; as well as our
(Ashima/NCAR) Mars DART system

Model biases mean “reanalysis” creation not yet

viable (not useful)

DA provides a very powerful tool for isolating and
correcting errors / omissions in “physics”

— a crucial aspect of data analysis in itself

With effort put into the instrument forward
models, DA can provide a much more convenient
way of using a whole range of spacecraft data to
test dynamical models
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DART for Mars

DART — ensemble DA framework

Can drive (pretty much) any model
— Needs access to ‘namelist’ and output/restart files

Includes TES forward radiance model

Can ingest “retrieved” data from any
iInstrument

Hope to include MCS and TES forward limb
radiance models in the near future

Completely open source
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Demonstration of ensemble data assimilation for Mars using
Can download: DART, MarsWRF, and radiance observations from MGS TES

* MarsWRF GCM, C. Lee,' W. G. Lawson2 M. L. Richardson,' J. L. Anderson? N. Collins? T. Hoar.?
 DART system including TES ~ and M. Mischna®
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forward mOdeI’ [1] We describe a global atmospheric data assimilation scheme that has been adapted for
e other random goodies (||ke use with a Martian General Circulation Model (GCM), with the ultimate goal of creating

globally and temporally interpolated “reanalysis” data sets from planetary atmospheric

full MGS MOC WA color observations. The system uses the Data Assimilation Research Testbed (DART) software
. to apply an Ensemble Kalman Filter (EnKF) to the MarsWRF GCM. Specific application
dally gIObaI maps) to Mars also required the development of a radiance forward model for near-nadir

herm mission Spectrometer (TES) observations. Preliminary results from an

/o | astiva researcr y radiance data, taken around L; = 150° (August 1999, Mars
llion TES observations are ingested and used to improve the
with bias and emor reductions obtained throughout the
assimilation suggest steepening of the latitudinal and vertical

ASHIMA B e Y 3 : > A .
MARS ‘\ " R et : rent strengthening of the mid-latitude zonal jets, and a
CLIMATE W , N Z S . ern polar ice edge than predicted by the unaided GCM.
i, N B fust model are highlighted by the presence of an atmospheric
CENTER ults suggest the prescribed dust vertical profile might not be
cordance with more recent observations of the vertical
ars Climate Sounder. The tools developed using this DA
[ Welcome to the Ashima Mars Climate Center www.marsclimatecenter.com. A tutorial and example TES
This site provides access to processed spacecraft data related to the Martian atmosphere and pl‘OVIddj
climate that we've either generated at Ashima Research, or that we use at Ashima and we
know is not otherwise widely available. Currently, the site provides processed Mars Daily A. I.Richardson, J. L. Anderson, N. Collins, T. Hoar, and M. Mischna (201 1), Demonst
Global Map (MDGM) images from the Mars Global Surveyor (MGS) Mars Orbiter Camera . . .
(MOC) instrument and Iiniﬁal "reanalysis” data from the :ArésyT;\ennal Emission S'perctrometer ars using DART, MarsWRF, and radiance observations from MGS TES, J Geophys.
(TES). We expect to increase the available processed data to include the Mars 13815,

Reconnaissance Orbiter (MRO) Mars Color Imager (MARCI) and Mars Climate Sounder (MCS)
data in the future, as well as complete reanalysis from TES. Itis important to note that we only
support processed data products. This is not a replacement for the Planetary Data System

(PPS;) our goal is to provide high level processed products that are not available from the context Of cl te lchng and ther ﬁ)ra
. this work, Hoffman et al. [2010b), and Mowudden

In addition to the processed data, this site also provides access to the models used to derive thc pwular term m geo- POl OD )

the reanalysis data products. Currently, the Martian versions of the Data Assimilation Research oblems Of mbm g t}t = . i X i

Testbed and the planetWRF GCM. Additional models may be added as they are used in the i [3] In orderto mgest observations imto a GON

system. tions and models. In the

a method that allows us to objectively compare

obschations ofthe Martian 050t with dbecrvations whilc woourking fr
R MR W emor in both processes. One such method is

latirnn Madale (MMM tn



