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SUMMARY:. -~

1) TRL provides a metric locating where we sit in
the R20 chain of action

2) Organize the R20 discussion around “TRL level”
3) Need to provide more funds for R20

4) We need much more data for assimilation

5) Focus on low-hanging fruit:

(relatively inexpensive small systems)

e.g. deploy ground-based systems in place of a
satellite mission

CONFIDENTIAL & PROPRIETARY
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Air Force SBIR Program
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NOAA R20 Fugnel— T Rocations

<— All of atmospheric and oceanic science and technology —-

TRL-1

General research and development

Related to NOAA’s mission.
search Partners

TRL-3 20 Years —

-

Mission-oriented research and
development to improve
NOAA's operational and

information services
5 Years —
Science and Technology NOAA
oy Mission
TranSItIOI'l Research and
Development
TRL-7
2 Ve L Advances in TESt BEdS Requirements
Science and and
Technology Operational system Operational
Concepts
development and
implementation
TRL-9 Current L
Operations |

Science and technology

specific to NOAA The TRL-9 End of the Funnel
e s Really Should be Wide
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Physics-Based

Modeling
(TIEGCM, TIMEGCM
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lonospheric DataAssTmilation ™™ = imiain: 58
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Wartical Total Electron Cordent {TECL)

(U

Do we have the right data types? Ground-based or space-based?
Do we have enough data? Do we have more than we need?
Do we have data in the right locations? Would more data be helpful?

Is the data quality adequate? Should we invest in new measurements or new systems?

4
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NASA’s ICON Mission:” fodel Support At

High latitude forcing

!

TIEGCM > SAMI
AN

Lower Boundary
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NASA’s ICON Mission:” flodel Support ¢fmictons = .

AMIE

High latitude forcing

l

TIEGCM > SAMI

Lower Boundary

File based interface

Hough Mode
Extensions
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for ICON Mission

++ Applications

Northern Hermisphere

400 mbi/m ewmba
4.0 nT magoba

Mow 20, 2003 Electric Potential Morthern Hernisphere MNow 20, 2003 Electric Potential
12

az:a0

AMIE
Assimilative Mapping of
lonospheric Electrodynamics

-Output typically saved every 5 min
-Latitude resolution is 1.6°

e Magnetometer Data (Ground and Space)

e SuperDARN Radar Drifts

* In-Situ DMSP Drift Data

e AMPERE magnetic perturbations due to Field
Aligned Currents

* Incoherent Scatter Radar Electric Field Data

* Energetic particles (e.g. DMSP J4/5)

180-250 Mags
12-20 SuperDARNSs
3-4 DMSP Satellites

40.0 myi/m mwmba 2 T
4000 nT magoba

13:25

Electric Potential distribution (>40° Mag. lat.)
Electric Fields (>40° Mag. Lat.)

Field Aligned Currents (>40° Mag. Lat.)
lonospheric Conductance, 2 3,, (>40° Mag. Lat.)
Joule Heating (>40° Mag. Lat.)

Auroral Boundaries (>40° Mag. Lat.)
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Download ACE,
DST, Power, KP
Data

Download \ Process
Mag Data Mag Data

Download \ Process
SuperDARN Data SuperDARN Data
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Magnetometer availability tk
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Northern Hemisphere

Magnetic coordinates
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MLT (Hours)
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d) AMPERE/Iridium:Constellation "%, 0

20108529 North Hemi, Time=22:00 UT
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AMIE-AMPERE comparison
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DRAGSTER

REDUCING CONJUNCTION ANALYSIS ERRORS WITH AN
ASSIMILATIVE TOOL FOR SATELLITE DRAG SPECIFICATION

or
Improved Orbit Determination and Forecasts
with an Assimilative Tool for Atmospheric Density and Satellite Drag

Dr. Geoff Crowley

M. Pilinski, Eric Sutton, M. Codrescu
T. Fuller-Rowell, Mariangel Fedrizzi, S. Solomon, L. Qian, J. Thayer, T. Matsuo



Resident Space Objects (LEO) Dragster Architecture

satellite drag and
density observatjons

HIGH LATITUDE FORCING SOLAR FORCING

* Orbit observations SUPER-EMSEMBLE OF FULL-PHYSICS MODELS
*GP5

* Accelerometers
+O/N,

* Mass Spectrﬂm eter [ NOWCAST AND FORECAST OUTPUT PROCESSING, VALIDATION

LO'WER BOUNDARY FORCING

Image credit-NASA

conjunction orbital analysis

analysis D ra g St er

Results

* Improved satellite orbit nowcast
and 72h forecast
* Improvements over HASDM and JBO8

* Up to three-fold improvement during ER: , '
storms and solar minimum o § 5 Er i

* Densities, winds, and composition ‘ _ s caser
e
outputs Output information _ -

* Covers altitudes from 30 km to fee::rfs into _ﬂfﬂmg
1500 km orbit prediction and

. determination tools
* Improved performance during
geomagnetlc storms Image credit: TerraMetrics, Google

Super-Ensemble Approach

L o T 10,28
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SCIENCE + TECHNOLOGY + APPLICATIONS // Bringing it all together

New Data Needed for
Assimilative Models of
Space Environment

ASTRA - www.astraspace.net « 303-993-8039 ¢ solutions@astraspace.net
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lonospheric Electric-Field T Rocations

Are IORD requirements being satisfied?

Quantity Requirement Goal

Rane 0150mV/m 0250 mV/m IORD requirements are

Precision 2 mV/m $0.1 mV/m n Ot b el n g m et g | O b al Iy

Accuracy +3mV/m #0.1 mV/m

In-track Res. 1.0 km 0.1 km an d te m p O ral | y
Ground-based data only DMSP Satellites Added

0
MLT (Hours) MLT (Hours)
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Monitoring the.Gleb "Ionosphere.nppncat_i;,.,s_
Are IORD requirements being satisfied?

Quantity Requirement Goal

range ols0mym 0250 mym IORD requirements are

Precision | 2 mV/m $0.1 mV/m n Ot b el n g m et g | O b al Iy

Accuracy +3mV/m #0.1 mV/m

In-track Res. 1.0 km 0.1 km an d tem p O ral |y
Ground-based data only Realistic constellation

0
MLT (Hours) MLT (Hours)
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Monitoring the.Gl

lonosphere: e

Are IORD requirements being satisfied?

Quantity Requirement Goal

Range 0-150 mV/m 0-250 mV/m
Precision 2 mV/m $0.1 mV/m
Accuracy +3mV/m #0.1 mV/m
In-track Res. 1.0 km 0.1 km

Ground-based data only

Modern Satellite Approach:

Constellation of 100 SmallSats for $40-50M

High spatial and temporal resolution E-field
measurements

Will revolutionize nowcasting and forecasting of
the ionosphere & thermosphere

Realistic constellation
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Real-time Data from Moving Platforms
ASTRA Receiver on Buoys / Ships / Aircraft

ASTRA - www.astraspace.net « 303-993-8039 ¢ solutions@astraspace.net
© 2016 Atmospheric & Space Technology Research Associates, LLC



New Capability: Iog/c?weric"‘*iE"f:Tem.,o.ogy ©-
MOnItOI‘In frOm a cean Platfori;ﬁppl'cat'ons ASTRA

“No one else in the World has done this...”
— recent quote from Technical Director of a multi-Billion
dollar International Commercial Services company that
provides marine data services

o Near real-time ionospheric data from moving platform

o Data Products: TEC, scintillation data products, and system status
Ground link via Iridium or cell towers

Programmable data latency (Nominal 5 minutes)
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With Motion Correction
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& Communication~
Standalone System Support Module

* Provides robust, power, thermal
management and data communications
capability for GAMMA (or other
Instrumentation) deployed in extreme, harsh,
power deprived environments

Electronics enclosure g Qi
‘.f(’r?.“d‘ - e o R SE . Seorw s na & -,.,_,,_7:_“‘

.._"-11‘?\-“"‘- S

Scalable

ASTRA can support
Integration,
customization

and operation

33



Concept/for GPS SCi”t”|a;w0/nitori'ﬁ?ffmno.ogy
from an Existing TA®.Buo * Moplictions

Pressurized payload box

attaches to the buoy frame \
I

Solar panels

34
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1) Organize the R20 discussion around “TRL level”
metric locating where we sit in the R20 chain of
action

2) Need to provide more funds for R20

3) We need much more data for assimilation
4) Focus on low-hanging fruit:

(relatively inexpensive small systems)

e.g. deploy ground-based systems in place of a
satellite mission

CONFIDENTIAL & PROPRIETARY
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@ CARMEL RESEARCH CENTER (CRC)

CRC SPACE WEATHER FORECASTS

o 1-5 hour
forecast of Dst

2005 days 127 - 132 1-hour predictions and actual Dst

Actual Dst Upper bound

\ —N
.‘-J/\V/\ _ﬂ"

Lower bound

Courtesy of Devrie Intriligator
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SPACE ENVIRONMENT TECHNOLOGIES BRERIETIE ASTRA

Space Research Space Operations Space Standards

SET’s real-time aviation radiation monitoring
system for business jets — ARMAS FM5

« FMb5 contains a micro dosimeter, data logger, GPS receiver, Iridium transceiver
battery, and Bluetooth in the size of a large smart phone ol

 Measures ALL radiation in all altitude ranges with NASA technology

 Reports personal dose exposure from anywhere in the world
providing REAL-TIME situational awareness onboard or on ground

 Provides radiation region avoidance during events (like volcanic ash clouds
 FM5 is FAA compliant with its own power and no attachment to plane




Space Research
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Space Operations Space Standards

hiops

Sother Genter

Characterizing Radiation for Aviation Customers

NAIRAS

Effective Dose Rate(E) for 2012-01-20 20:00-21:00 GMT

London,GBR - New York,USA

ARMAS

/GCRS
ARMAS VISION SEPs

FL 400 -]
TEPC
FL 360 il -
TEre
FL 320 —==C
Air Trafﬁci_:'}'i\ Corporate TAM DAR
Control 7 LOpS | =
B=n BEn
NAIRAS ARIVIAS AirDat

Courtesy of Kent Tobiska
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NHSW

Corporate and Hams HF propagation

Space Weather Now
NVIS for 2011/09/29 0300 UTC
Generated by the USLU Space Weather Center
1 MHz Contour Steps

10

Geo-Lat (deg)

5
Max Freq (MHz) for NVIS

USU USTAR

Geo-Lon (deg)

Availaie in

Market

At Q-Up Now we are dedicated to providing the best, most accurate real-time and forecast High Frequency (HF)
radio frequencies for propagation.

What is Propagation?

Radio propagation is the transmission, including reflection, of a radio wave in a specific direction through a usu

medium. Radio waves are a form of electromagnetic radiation [EM) and pass through free space, the ionosphere, Space Weather Center
air, and even solid materials. The reflections of the EM waves are affected by charged particles, such as
electrons, in the ionosphere. As such, having a knowledge of how the ionosphere varies can help us understand
how radio waves will propagate.

Courtesy of Kent Tobiska
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1) TRL provides a metric locating where we sit in
the R20 chain of action

2) Organize the R20 discussion around “TRL level”
3) Need to provide more funds for R20

4) We need much more data for assimilation

5) Focus on low-hanging fruit:

(relatively inexpensive small systems)

e.g. deploy ground-based systems in place of a
satellite mission

CONFIDENTIAL & PROPRIETARY
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VTEC from aBuoy(Hawaii)

++ Applications

Land Based Measurement:

Mauna Kea CORS GPS (25 miles from GAMMA GPS receiver on the ocean

the Wave Glider)
RINEX Data Raw Dote Roleoto IIIIIIIIIIIIIIIII

150:— VTEC — 150:— VTEC — 150 VTEC ]
S Land-based i 3.} Without Motion Ih ¢ ..[ With Motion Correction |
g | ¢ | Correction y - '
S sopfp 3 sols ' g
g Y Z & | Al : g

o ;

1 1 1
.00 16:00:00 20;00:00  06:00:00  16:00
/14 06/25/14 06/24/14 06/ 4/14 06/24/14 08/25/14 05/25/

.....................................
10;00:00  20;00:00 10:00:00  20;00:0
06/24/14 06/24/14 06/24/14 06/25/ 7 05/25/1 06/24/14 06/24/14 06/24/14 05/

Vertical TEC from the CORS receiver

Vertical TEC from GAMMA on the Wave Glider.
at Mauna Kea.

e Accurate TEC measurements are critical for extraction of TID signals.

e GAMMA GPS receiver provides accurate TEC measurements enabling TID
characterization from moving platforms



Department of Defense Software TRLs

1. Basic principles observed and reported.
2. Technology concept and/or application formulated.

3. Analytical and experimental critical function and/or
characteristic proof of concept &
4. Module and/or subsystem validation in a

laboratory environment, i.e. software prototype
development environment 30"
Module and/or subsystem validation in a relevant
environment 6
6. Module and/or subsystem validation in a relevant 1
end-to-end environment

7. System prototype demonstration in an operational
high fidelity environment

8. Actual system completed and mission qualified
through test and demonstration in an operational
environment

9. Actual system proven through successful mission
proven operational capabilities

Increasing maturity
n

SSTC TRL bmief DDRE x . a - - .
5 M:Elﬁ‘mﬂ Public Release — Distribution Unlimited
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Private Sector Contributions to lonospheric Monitoring
Geoff Crowley, ASTRA

A number of models of the ionosphere and thermosphere have
been transitioned to operations at ASTRA, including the TIEGCM,
TIMEGCM, and AMIE. We describe ongoing work to improve these
models and to provide model outputs at various latencies for
different applications.



CME Observables / Flux Rope Connection CME Dimming Comparison (EUV)
STA (Sim) STA (Obs)

STB (Sim) STB (Obs)
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Presenter
Presentation Notes
Illustration of how our dimming case study can be used to learn about CMEs. The left panels show a comparison of synthetic observations (white light/EUV composite) to the underlying magnetic field and wave evolution. The gold field lines represent the flux-rope itself, and the red-white curved contour is the coronal wave launched by the eruption. The right panels show a comparison of the synthetic EUV images to the actual observations (base-difference). The deep dimming region is similar in both the simulation and observations for both viewpoints. This dimming signature can be used to measure CME mass (Aschwanden et al. 2009), as can the white light signature.


Predictive Science, Inc.

O Thermodynamic resistive
magnetohydrodynamic model.

L Written in Fortran 90 with MPI
parallelism.

O Non-uniform mesh.

O Semi-implicit predictor-
corrector time-stepping.

O Actively developed over 10
years.

O Available for use at NASA’s
Community Coordinated
Modeling Center (CCMC).

O Simulations of over 50 million
cells scaled to thousands of
processors are run on NASA’s
Pleiades supercomputer.

Pleiades Supercomputer ' 48
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Some bullets on the main attributes of our main code


Bn (nT)

-10

-20

Predictive Science, Inc.

Observations/Models
— OMNI
— 7ero
— Patt. Rec.

Corr. Coeff. S Skill' Score Prob Forecast (=5/1)
Zero. NA Zeral 3514 Zero: 0.00 Zero:/ 0%
Patt. Rec.: 0.86 Patt. Ret.210.0 Patt. Rec : 0.72 Patt. Rec.; H6%
Observations. 0%
— \ 25[F5% Quantiles
I I
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Time (Date)


Presenter
Presentation Notes
An accurate forecast of the solar wind plasma and magnetic field properties is acrucial capability for space weather prediction. However, thus, far, it has been limited to the large-scale properties of the solar wind plasma or the arrival time of a coronal mass ejection from the Sun. As yet, there are no reliable forecasts for the north-south interplanetary magnetic field (IMF) component, B$ (or, equivalently, Bz). In this study, we develop a technique for predicting the magnetic and plasma state of the solar wind $\Delta t$ hours into the future (where Delta t can range from six hours to several weeks) based on a simple pattern recognition algorithm. At some time, t, the algorithm takes the previous  $\Delta t$ hours and compares it with a sliding window of Delta t hours running back all the way through the data. For each window, a Euclidean distance is computed. These are ranked and the top 50, say, are used as starting-point realizations from which to make ensemble forecasts of the next Delta t hours. We find that this approach works remarkably well for most solar wind parameters such as vr, np, Tp, and even Br, and Bt, but only modestly better than our baseline model for Bn. We discuss why this is so, and suggest how more sophisticated techniques might be applied to improve the prediction scheme. 
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Presenter
Presentation Notes
Similar plots but for solar wind speed over different windows. Not how much better the comparisons are. 

This slide summarizes four intervals of increasing window size, each of which was chosen primarily so as to avoid any transient (CME) related activity as well as to avoid any intervals with data gaps. In the first, a one-day window of roughly constant, but low speed is forecast to continue for the next day. Note how the 25/75% ranges for the realizations bracket the actual observations. In (b), a six-day window containing two modest streams is correctly predicted to decay during the following six days. In (c) an 12-day window with another single stream is predicted to show two modest streams over the next 12 days. And finally, in (d) an apparently more complex stream structure over 40 days is predicted to have have three distinct, but modestly high-speed streams during the next 40 days. Overall, each window's prediction is relatively good and, with the exception of (d), better than the zero-model (persistence). Interval (d) is interesting in that while the skill score for the PR model is worse than the baseline model, its prediction is undoubtedly useful: It correctly predicts a sequence of three high-speed streams, although the exact phasing does not match with observations. It is worth noting that the algorithm does not require that the best realizations are distinct or unique. Thus, one interval, shifted by one or more hours could serve as the source for several of the realizations. This can be seen in some of the grey traces where the same profile has been slid left or right of another. 
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