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The WSA+ENLIL
Model Suite

Wang-Sheeley-Arge (WSA
Model)
1 Rs — 21.5Rs (0.0046 -0.1AU)

Photospheric magnetic field N .
maps (can be from satellite 14
observations such as
SOHO/MDI or SDO/HMI or
ground-based observations
such as the GONG
magnetogram) are used as L
input to the WSA model 1N
(model solar corona up to :
21.5 Rs) to represent the
ambient solar wind.

ot
N

R3]
o
-l
[N

ENLIL: 0.1 AU -2

AU (operations) Model of the solar wind in the hellospher§
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EN = Lord + LIL = Storm, "Lord (of
the) Storm"”

Courtesy: Dusan Odstrcil
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WSA+ENLIL:

capable of modeling the
solar wind for both “fair’
weather and ‘storm’
conditions
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Fair weather: ambient solar wind
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Stormy Weather: Eruptions (CME)
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Modeling of solar wind under stormy conditions
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ENLIL Visualization

Courtesy of Stijn Calders @BIRA
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Modeling of solar wind under stormy conditions

Earth-directed
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Forecasting capability enabled by WSA+ENLIL

WEAENLL-CONE Mo CME Evounen - Dermaty | ncer Pamets + |

WSA+ENLIL+cone WSA+ENLIL

Predicting impacts of CMEs Modeling and predicting the
ambient solar wind
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. @ Space Weather Modeling
h— Framework

Flare/CME ~ Upstream
Observations Monitors

" F10.7 Flux
Gravity

Synoptic
Magnetograms

Radars
Magnetometers
In-situ

The SWMF is freely available at http://csem.engin.umich.edu
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Flare Prediction Model

ASAP (Automatic Solar Activity Prediction)
http://[spaceweather.inf.brad.ac.uk/asap/
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http://spaceweather.inf.brad.ac.uk/asap/
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Flare Prediction Model
ASSA (Automatic Solar Synoptic Analyzer)

Detected Sunspot Groups
(displayed on SD ;,%M‘l‘_ﬁﬁh'f” urﬁ"’éf?@ 09 0400 UTC)

C-Flare : 95 (%)
M-Flare : 38 (%)
X-Flare : 1 (%)
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Flare Prediction Model
MAG4 (UAH/MSFC, Falconer et al.)




Space Weather Training 2020

Flare Scoreboard

https:/ccmc.gsfc.nasa.gov/challenges/flare.php

Currently registered models and particpating partners:

The University of Dublin

Automatic ." ASAP ME UNIVERSITY of RW\-
Mcinkosh-tased Automated Solar Activity Ow BRADFORD ASSA e
Occurrence K . KYUNG HEE - Automatic Solar Synoptic Analyzer KOREANSPACE

. orea Meteorological UNIVERSITY Prediction WEATHER CENTER
prObab'“ty of Administration
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D . EW  Australian Gov t Met Office >
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probabilistic  **fa=# ¥ Bureau of Meteorology Magnetogram Forecasts iy ar?d cuneoot Reaion Summms "
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model
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https://ccmc.gsfc.nasa.gov/challenges/flare.php
https://iswa.gsfc.nasa.gov/IswaSystemWebApp/index.jsp?i_1=606&l_1=7&t_1=33&w_1=1721&h_1=865&s_1=0
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SEP prediction
REIeASE (Relativistic electron
Alert System for Exploration)

Proton flux forecast model based on electron measurements by SOHO/COSTEP

developed by Arik Posner
Reference: Posner, A. (2007), Up to 1-hour forecasting of radiation hazards from solar energetic ion

events with relativistic electrons, Space Weather, 5, S05001, doi:10.1029/2006SW000268.

HESPERIA REIeASE (v20190101)


https://kauai.ccmc.gsfc.nasa.gov/CMR/view/model/SimulationModel?resourceID=spase://CCMC/SimulationModel/HESPERIA_REleASE/v20190101
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RELeASE: Example

REIASE proton flux forecast at CCMC (data source: costep2
by ETPH IEAP CAU Kiel and SWRI — data gaps due to limited DSN coverage
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SEP Prediction
UMA Proton Flux Forecast

Nunez, M. (2011), Predicting solar energetic
proton events (E > 10 MeV), Space
Weather, 9, S07003, dol
10.1029/2010SW000640.
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UMASEP Model

Forecast of integral
UMASEP 1.2 real-time SEP forecaster now proton flux (E > 10 MeV)
y (pfa)
Imtegral 55 o 10000
proion flux
G10MeY) 1000, . . . . ... Ihomn
100 100 Curmrent
proton
flux:
SEP threshold: 10 10 21.1 pfu
Time (UTC) P May 22 12:00 May 22 0:00 May 23
Automatic forecast: *
X-Rayﬂux o ,;.&SEPeverftisoccurring. ks prompt component (first

7 hrs abowve 10 pfu) might
reach 264 pfu.

Q= M

Solar
y Region
11745

. Model inferences in real-time:

The earth iswell-connected
with the solarregion 11745
(N16WSS) in which a M50

Magmﬁx: flare has erupted at 13:32.
connectivity - signatures of well-connected
timati - protons were recognized in

e tion & e . the energy ranges:

. - P3 (8—15 MeV)

wediura | | pq(15—40 Me)

lowr - PS5 (38—82 Mel)

- PG (84—200 MeV)

« Earth
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Models

ISEP & SEP Scoreboard
https://kahala2.ccmc.gsfc.nasa.gov/isep/
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ISEP & SEP Scoreboard
https://kahala2.ccmc.gsfc.nasa.gov/isep/

Peak Intensity Forecasts:
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Examples of April 5 events
SWMF + Fok Ring Current Model
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Fok Radiation Belt Model

Fok Radiation Belt Electrons - L Shell-Time ( 100 - 400 keV )
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Auroral Model: Ovation Prime

allle 2013/06/07 04:00:00 48.9 GW

Empirical model

T ISS
based on ACE
ergsicm2s / measurements at L1
I 8.00 '/‘
4.00 ;"":'
0.00 L
-150
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'-1120

Newell et al., 2007, JGR
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CTIPe

Coupled Thermosphere Ionosphere Plasmasphere Electrodynamics Model
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PBEMOD
Scintillation Model

http://ccmc.gsfc.nasa.gov/RoR_ WWW/pbmod-rt/PBMOD-Text.html
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http://ccmc.gsfc.nasa.gov/RoR_WWW/pbmod-rt/PBMOD-Text.html
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ABBYNormal
HF Signal Absorption due to Solar
Flares

http://ccmc.gsfc.nasa.gov/models/modelinfo
.php?model=ABBYNormal

' lono Freq 2.5 MHz Absorption 4 3 | lono Freq 10.0 MHz Absorption -

08,/07/2013 Time = 08:00:00 UT 06 /07/2013 Time = 08:00:00 UT

- 180. -120. - 60, 0. E0. 120. ~180. -120. - 60,

0.
Lon [ 7] Lon [ 7]
Model at COMC: Abbyhormal Maodel at COMC: Abbytormal

" 2050607050000 ~ | > I : " 20159607 050000 - | > I

60. 120.



http://ccmc.gsfc.nasa.gov/models/modelinfo.php?model=ABBYNormal
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Predicted Kp, Dst

Kp based on Newell et al. Formula
Dst from SWMF
Dst from WINDMI

http://ccmc.gsfc.nasa.gov/imodels/modelinfo.p
hp?model=WINDMI



http://ccmc.gsfc.nasa.gov/models/modelinfo.php?model=WINDMI
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NAIRAS

* The Nowcast of Atmospheric lonizing Radiation for
Aviation Safety (NAIRAS) model is a real-time, global,
physics-based model that predicts human radiation
exposure from galactic cosmic rays (GCR) and solar
energetic particle (SEP) events from the surface of the
Earth to free-space. Realtime model products are now
available on iSWA, which include various types of dose
maps at different altitudes (5km, 11km, 15km, and
40km), the rigidity cutoff images, and the tissue dose
equivalent curtain for the flight route from New York to

Seoul (South Korea).

http://bit.ly/NAIRAS-products
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http://bit.ly/NAIRAS-products
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NAIRAS Products
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