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Data: Solar/Coronal Assimilation

Arge, et al., "New Global Solar Magnetic Field Maps Using ADAPT”
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Data: C/NOFS and SSAEM

de La Beaujardiere, et al., "C/NOFS Science Results and Plans for a Follow-on Mission”
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Data: C/NOFS data into PBMOD

Roth, "4 Case Study of PBMOD with assimilation of C/NOFS Electric Field Data

PBMOD

developed for C/NOFS.
Model Components:

Neutral-wind Dynamo, Penetration Electric Fields)
* Assimilation- Electric Field, Neutral Wind

Observations
Satellite Track

Nowcast Forecast
Global Global
Ambl| Scintillation
= Forecast

Model

- Forecast
Model
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Neutralvelocity
Eleciric Field
Temperature

- Products 50 (=7

Specification

Global Parameters
Solar UV Nlux (proxy)
Solarwing
Geomaghens acthity

Predictors
(linear filters)

.......

Physics Based Model (PBMOD) is a low-latitude
ionospheric plasma density and radio scintillation model

* Embedded Models- Solar UV Flux, Neutral Densities, Winds and
Temperatures, Plasma Temperatures, Plasma Velocity (including
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Data: Ionospheric Utility

Bishop, et al., "On the Relative Ulilities of Data Types for Assimilation by Global
Ionsopheric Models”

The 7 ‘Grouse’ Equation Terms P

[The grouse is a game bird]

The Utility of each data type is given by the product:
Utility = NUM x REL x QAL x LEN? x MER x 4D x APP

Table 1.1: Interpretation of the terms in the Grouse Equation

Symbol

Interpretation

. s
\ Ranked Utilities of Data Types, P

L\ )
Qg Based on Default Grouse Terms

NUM

The Number of systems providing this data type

REL

Reliability - The probability that the observing system will provide an
observation at the expected time and place

QAL

The Quality of the data type (quality control and uncertainties)

LEN

The characteristic length covered by each observation (the spatial correlation
length)

MER

The Merit of the observation. [If the data type is the only one that provides
information for a specific region, its (relative) merit is very high.]

4D

Four-dimensional space-time coverage, or [4] coverage

The Applicability of the data type to the current version of GAIM

Data Type

Qty of Systems

Ranked Utility

GPS Slant TEC

1725

Radio Occultation TEC

785

Topside Ionosonde Profile

310

Digisonde Profile

85

DMSP/SSIES Electron Density

DMSP/SSUSI Disk UV Radiance

In Situ Electron Density

DMSP/SSUSI Limb UV Radiance

Low Power Ionosonde Peak Parameters




Data: CubeSats for Drag
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Sutton, et al., "A CubeSat Constellation to Investigate the Atmospheric Drag
Environment”

I. Scales of Density Variability,
Spacecraft
Data Assimilation State

Vector

II. Internal Processes and Coupling

II1. Energy Partitioning - High latitudes
IV. Wave Forcing- Lower Atmosphere

Predicted
Atmospheric Atmospheric
Model density

VII. Driver-Response Relationships

Predicted Predicted Predicted

Spacecraft Ballistic
heating Attitude Coefficient

V. Forecasting Geomagnetic Activity
VI. Forecasting Solar EUV/UV Radiation

CubeSat Mission Concept

STE Supra-Thermal
Electron detector

GPS
MEMS accelerometer

WPLP (micro-Planar
Langmuir Probe)

Star Camera x2
EPS/Batteries

Transceiver Patch
Antenna x2

Solar Panels
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models
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Scintillation
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Field config.
Magn. Pause

9 flux,
Charging

Radio Bursts

CMEs

Solar Energetic Particles

Solar Indices

Magnetosphere

Magnetic Storms

Magnetopause Location

Radiation Belts

High Energy Particles

Magnetospheric Indices

lonosphere/Thermosphere|

Thermosphere

lonosphere

Aurora

lonospheric Indices

Satellite Communications

HF Communications

GPS Navigation

Operational Model
Assessment
HAF Assimilation of SMEI
oata

| Develop SEPSWM,
valdacePoVPPS,

d fon Model
alidation

Validate REFM, REP, Ui,

Validate Smart & Shea cutoff
model
Validate APLKp model

Develop MHD based Radar TR

Auroral Clutter

Validate PBMOD
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Nelson, et al., "An Ensemble Forecast for Geosynchronous Radiation Belt Fluxes

A Stochastic Ensemble Forecast Model for
Geosynchronous Relativistic Electron Fluxes

Steven Nelson'2, Shawn Young?, Kara Perry?.3, Alan Ling*-4, Xinlin Li%
1 - USAF/AFMC/Air Force Research Laboratory 2 — University of New Mexico 3 — Institute of Scientific Research, Boston College
4_ Atmosphere and Environmental Research Inc. 5 — University of Colorado

atgeosynchronous {GEO] Ol'blt. A muh]va'late regression is done on i fent | ecasting
predictive results than any of the individual models alone. Additionally, a stochastic ensemble is created to provide prohd:nl ity results for

Historical Mo_qgl Ensemble Model Weights Model Performance Parameters

Day  |REFM FLUXPRED |LI

, MSE
| Skill Score =1-—
1]0.21121337) 0.56028858 0.21717075|

2| 0.21554675] 0.51705645] 0. MSE = _L_.Lkﬁ_-_r_]_
N=1

3] 0.25810057] 0. 73634854 .
:|__ 6510083 S
1 0 627137 Relative Error = 25— =
3{Re)| 0.20887817| 0.6271276 | 0.18510083 Tl

L Conclusions
Predictive Model - *The Historical Ensemble Model used regression coefficients basedon 11
- years of historical data and resulted in alower relative errorand a higher
prediction efficiency than any individual model
*The Predictive Ensemble Model used regression coefficientsbased on the
previous 81 days to create 1,-, 2-, and 3-day forecasts, resulting in a lower
relative error and a higher prediction efficiency than any individual model.
*The Stochastic Predictive Ensemble Model generated one false negativeand
eight false positives [oulof 159 events)for the 1-dayforecastover 11 years,
where we considered afalse positi a probability over 50% when an
event did not occur, and a false negative is a probability below 50% whenan
event did occur. The Brier Score showed thatthe ensemble had superior
Stochastic Predictive Model results to any of the individualmodels.

— LoV r_ o2
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Model: Ensemble Dst Forecast

Cable, et al., "Data Assimilative Analysis of an Analytical Dst Behavioral Model

/ Operation of the EnKE

/ Time-stepping the Dst Model \
?
@ @’ S— = We use a semi-iimplicit, second-order scheme

20 B DSt
dDst = o, o)
df Ty

. 4

_2-Miny

Dst® = st + (gt )+ et )
24+ 8 Ty, 2+ ATy

* Dst: time-stepped in model; messurementsessimilated; shifted duri o

assimilation Predictive Runs
* 13 and oy constant from one Dst measurementto the nesxdt; nodirg| EnKF derivas _

Ta- 0T @ Measurements available; shifted during assimilation 3 T _}a=_; ;Eﬁ?ﬁéﬁ{:ﬂe\:i’;ﬂh'
* 5vs: calculated from AGE dats and fed diredily into model as “given” - 12==7.7 hr

assimilation -Use these parameters to do purely predicitve {i.e. no Dist

* At held constantat onehour; all messurements avsilable hourly, sof measurzments svailsble) uns:

sssimilation takesplace after 2ach time step ofthe modsl

[Ersambis tcis dats well
unil day 321: Good for 4
days!

10
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Gentile, et al., "Solar Wind Effects on Plasma Density Depletions”
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RELATIVE STANDARD DEVIATION
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odél: yﬁaation of Neutral Density Models
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Wise, et al., "Validation and Implementation of Neutral Density Models for SWFL”

SAT 1583/MODEL STANDARD DEVIATION
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Models: Validation of TIEGCM

Lin, et al., "Validation of Physics-based Neutral Density Modeling Using Thermosphere
ITonosphere Electrodynamics Global Circulation Model”

Dayside TIEGCM Results

" Validation of TIEGCM with CHAMP Fu'leasurement\s\- constanteddy diffusivily CHAMP Equatorial Eddy Diffusivity
[5.0x10%52)

AN a0 gl | oA o TSEE TR | 0 pmer | oA Comarnon. (AT

® TIEGCM model tendsto under-
estimate neutral density
systematically

B TIEGCM neutral density mean is

TIEGCIMCEAMT 1D TIECEMTHAMA

Density Ratio
{model /CHAMP)

hiased lower than CHAMP values

i
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Products: Hybrid CME Forecast

Johnston, "AFRL SWFL: Constructing a Hybrid CME Forecast Methodology

O Forecaster Flowchart .

Solar event .F'.rSt JHREEE Mid-course
in imager 20 ° -

alert from o correction
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other source Lo A e event arrival
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(op ) back-sided)
Fr;’:gifg At 0.5-0.75 A.U.
osition of o Ui
I pd' d ¢ forecaster runs
CME wavefront [l TH: HAF or , ; —r
based on 3-4 other model on : S 1 (b) ! E
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Crown, et al., "Coronal Hole Analysis Tool (CAT).: A New Addition to the WSA Model”

The Coronal hole Analysis Tool (CAT)
A New Addition to the Wang Sheeley Arge Model

Misty Crown’, C. Nick Arge’, Leslie Mayer?
1 - UBAFIAFMC/AIr Foree Recesrch Laboraiory 2— NOAANA & 3pace Waather Prediotion Cender

qmdt-lookcormal hole fiteompanson using sewra! ofthe WSA Model outputs. The Extreme ulet Imagng Telesoope(Em
on the SOlar Heliospheric Observatory {SOHO) is currently being used forfit evaluation. The purpose of the CAT is to make it

L3

The four panel image to the leftis part oftheWS.AMo&output Thesep include the

s ‘ photospheric field, derived coronal holes, the coronal field, and the solar wind D Although
—— ‘ﬁ extremely useful, the plots are difficult for a forecaster to quickly determine the Source location
Bt i: T l of the solar wind. CAT was created to address this requirement.
3 =
GONG

2095 143.00

Next&ps

- make the tool functiinal with other
data sources besides G such as
the Solar Dynamic Observatory (SDO)
or 10830 Helium Data from ¥arious :
observatories like | SOON Actve

2 Reglon
« include the apparent coronal hole
boundaries thaF;pare being generated at The CAT allows the forecaster to rapidly identify the source regions of the solarwind
the Space Weather Prediction Center {observed atL1) back at the Sun for the current day, as well as the next three days. It
. also provides an immediate comparison to EIT, which allows for “on-the-spot™, through =
E;V:PEC) e qualitative, validation of the WSA Model. We are working on a more objective,
v 3.0 gery quantitative means to access the agreement between the model and disk observations.

bt
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Quigley, et al., "Research-to-Operations: Models of SWFL and Products of SEEFS
Model (WBMOD) Scintillation oy YT

WBMOD Version 15.03
AF-GEOSpace
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! s e At Wi 0 et
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Solar Radlio Burst Eﬁ‘ects (SORBE )
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Conclusion

e AFRL Space Weather Center of Excellence
is working on many pieces of the Space
Weather puzzle

e The Space Weather Forecast Laboratory
(SWFL) focuses efforts related to

research-to-ops transition

e Details can be found at the Poster
Session!




