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MOSWOC solar wind / CME forecasts use WSA Enlil and
persistence models.

e 4 x L5 examples
* Persistence modelling with STEREO - value of L5 in-situ
observations

« CME analysis tool (CAT) — value of L5 coronagraph and
HI observations

« Magnetofrictional model — potential value of L5
magnetograms; DuMFric Enlil producing results.

« Assimilating in-situ solar wind data to improve the
representation of the heliosphere. Large potential for
assimilating L5 data into Enlil
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./-- Solar wind & CME forecasting at
r--/ MOSWOC
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to identify CMEs and use
WSA Enlil & persistence
model to predict solar wind /

CMEs

CMEs can also be forecast _ B H‘ |

Run Time: 2014-09-24 04:00 UT Mode: CME

Image Created: 2014-09-24 08:22 UT

Real-time persistence forecast using ACE beacon data
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Solar Wind Persistence Model

Table 2. 5kill 5cores and Linear Correlation Coefficients for ACE and STEREO-B-Based
Persistence Models for Various SolarWind Parameters Over the Period Manch 2007 to
March 20139
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Met Oﬁlce Parameter Skill rn Skill Ag n A,

B 9.1 050 4059 0.56 0.06

Driven by L1 or STEREO-B data - R = T R R

L1 f/cast 27 days ahead; STEREO- o o ms w2 om  om
B around 4-5 days ahead (near L5) 42

041 232 -31.0 0.41 0.00
56.3

— benefit? T

ASTEREOQ-E values show the difference in skill score A: and correlation coeffi-

O p e ratl on al at M O SWO C (AC E / cient A, relative to ACE values. Bold numbers show where these differences indicate

the 5TEREQ-B-based persistence forecast improves over the ACE-based persistence

DSCOVR forecast.
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N compared versions for
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Generally positive
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Thomas et al (2018)
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Figure 7. (top) Skill scores and (bottom) correlation coefficients for ACE (dashed lines) and STEREO-B (solid lines)
evaluated over different periods. Years 2007 -2013 (black line} show the entire period, corresponding to the results in
Table 2, 2007-2009 (blue) show the period when the STEREO-B azimuthal angle & was < 50%, 2009-2013 (green) the
period when & was =50, and 2009- 2010 (red) the & month pericd (2 August 2009 to 29 January 2010) when

50°< @ <70°, ie., the period roughly corresponding to the &=60° values of an L5 mission.




~> CAT-HI
Met Office
CME analysis tool (CAT) uses SOHO

+ STEREO c/graphs to estimate
CME speed, location, width

77777

Absence of STEREO degraded
MOSWOC CAT estimates

Enlil Start Time

CAT-HI uses STEREO HI in addition
to c/graphs

PoC study (Wharton et al, submitted) N Y
- benefit in pruning ensembles rather  samuel Wharton (Leicester)
than improved CME forecasts

0
-10

Further work on CAT assumptions —
fixed speed, circular, etc...
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 NLFFF magnetofrictional
approach better represents
evolution of coronal
magnetic field

 Mackay et al (2016) —
simulate L5 and Earth
magnetograms — show 26-
40% improvement in global
Integrated quantities (eg
flux rope ratio, current ratio)

 DuMFric Enlil (using Earth Gonzi et al (in prep.)
m/grams) show promising
results — ready to be
exploited...
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Observations of the solar Mapping this information Running the update forward Running the model forward
wind contain information  back in time allows the inner  in time updates conditions Lo the [orecast time resulls
about the inner boundary boundary condition to be between the Sun and the in improved forccasts in
condition at previous time  updated by the observations point of observation near-Earth space

RMSC at STCRCO &

RMSE in near-Earth solar wind
speed Blue = prior state, from
the MAS ensemble. Green =
posterior state, from DA of
STERE@:Afand:B

* Need data ahead of Earth to improve forecasts at Earth

 But need to run model back in time to update inner boundary -
otherwise information gets swept out beyond 1 AU by solar wind

*Lang et al (2017) showed that EnKF can’t work with Enlil for this
reason

*Applying 4D-Var to 2D solar wind model (Riley & Lionello) much
more successful (Lang et al, 2018) since adjoint updates previous
model state

*Window = 27 days. Simple linear model (NWP = 6 hrs). What about
for an MHD model?
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« MOSWOC solar wind forecasts currently use Earth based
magnetograms, L1+STEREO c/graphs (WSA Enlil), L1 in-

situ data (persistence)

* Further exploitation of STEREO and associated research
shows potential benefits of L5 observations, notably:

In-situ (speed, density, magnetic field)

Heliospheric Imager

Coronagraph

Magnetograms

 New models (eg DuMFric) and analysis methods (eg DA)
will maximise the benefit of these new observations
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