Space Science Research at NRL

Captain Paul Stewart, Naval Research Laboratory (NRL)

Space Weather Enterprise Forum

Session 3: ‘The Future of Space Weather Science
and Research Transition to Operations’

June 8, 2010

Experiment shown: NRL HREP, the HICO (Hyperspectral Imager for the Coastal Ocean) / RAIDS (Remote Atmospheric & lonospheric Detection System) Experiment Payload

JUNE 2010




JUNE 2010

Definition: ‘Space weather includes any and all
conditions and events on the Sun, in the solar
wind, in near-Earth space and in our upper
atmosphere that can affect space-borne and
ground-based technology systems and through
these, human life and endeavor.”

[10One of the most taxing challenges facing [us]
IS an accurate and precise prediction of the date
and time of arrival at the Earth, the Moon or
Mars, of the particles or fields that are driven
outwards from these very distant events [...
geomagnetic storms, proton events, x-rays, radio
bursts]. A decade ago specific predictions for the
Earth were correct about a third of the time.
Today the batting average is about 0.5, which is
about the same as was the case with the
prediction of severe meteorological storms - then
a more mature field of study - in the 1960s.[]

[From: A Guide to the Sun-Earth System, Jack Eddy, NASA, 2010]
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‘How well can we weather a solar storm?’

National Public Radio], NOAA — FEMA solar storm exercise:

‘A massive solar storm could leave millions of people around the world without electricity, running water, or
phone service, government officials say. That was their conclusion after participating in a tabletop exercise that
looked at what might happen today if the Earth were struck by a solar storm as intense as the huge storms that
occurred in 1921 and 1859. .. Every few decades, .. the Sun experiences a particularly large storm. These can
release as much energy as 1 billion hydrogen bombs.

The exercise, held in Boulder, Colorado, was intended to investigate “what we think could be close to a worst-case
scenario,” says Tom Bogdan, who directs the Space Weather Prediction Center in Boulder [NOAA].

“It's important to understand that, along with other types of natural hazards, (solar) storms can cause impacts,”
says Craig Fugate, Administrator of FEMA, who also took part in the tabletop exercise.

Bogdan and Fugate say that eventually there will be another storm as big as the ones in 1921 and 1859 — a sort of
solar Katrina. But the impact is likely to be far worse than in previous solar storms because of our growing
dependence on satellites and other electronic devices that are vulnerable to electromagnetic radiation.

In the tabletop exercise, the first sign of trouble came when radiation began disrupting radio signals and GPS
devices, Bogdan says. Ten or 20 minutes later electrically charged particles “basically took out” most of the
commercial satellites that transmit telephone conversations, TV shows and huge amounts of data we depend on in
our daily lives.

The worst damage came nearly a day later, when the solar storm began to induce electrical currents in high voltage
power lines. “The currents were strong enough to destroy transformers around the globe,” Bogdan says, “leaving
millions of people in northern latitudes without power.” Without electricity, many people also lost running water,
heat, air conditioning and phone service. ... “A solar Katrina would cause damage in a much larger area than any
natural disaster,” Fugate says. “For example, power could be knocked out almost simultaneously in countries from
Sweden to Canada and the US.”’
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‘Orbital Blames Galaxy 15 Failure on Solar Storm’

‘PARIS — The in-orbit failure of the Orbital Sciences-built Intelsat Galaxy 15 telecommunications satellite April 5
[2010] was likely caused by unusually violent solar activity that week that damaged the spacecraft’s ability to
communicate with ground controllers, Orbital officials said April 20.

Similar events have occurred, if less severely, on other Orbital spacecraft over the years, and all of these satellites
were returned to service. Company officials said they remain confident that once Galaxy 15’s commercial traffic
has been off-loaded to another Intelsat satellite and full testing of the stricken spacecraft begins, Galaxy 15 will
recover its full operational status.

The Orbital-built Galaxy 15 satellite suffered failures in its ability to send telemetry to ground teams, and to receive
commands, April 5. Satellite fleet operator Intelsat of Luxembourg and Washington is moving a spare in-orbit
satellite, the Orbital-built Galaxy 12, to take over commercial service from Galaxy 15.

VanBeber said Intelsat would decline to speculate on the causes of the Galaxy 15 communication failure and the
likelihood of a full recovery until the testing has concluded.

J.R. Thompson, Orbital’s chief operating officer, said unusually severe solar activity between April 3 and
April 5[2010] is “our best-informed guess™ of what caused the Galaxy 15 problem.

He said there are no indications that any other Orbital-built satellites were affected by the solar activity, but that
over the past 15 to 20 years two or three Orbital spacecraft have suffered similar failures. Once the company has
succeeded in reproducing the failure in ground tests, it will be able to design a software patch to send to Galaxy 15.

Thompson said the testing could take three to six weeks, “with the goal of returning Galaxy 15 to full operational
status by this summer” if the tests yield the expected results.’
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On 10 March 2010 VADM Dorsett testified to the
" US Senate Armed Services Committee about Navy Space.
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HEARING TO RECEIVE TESTIMONY O\I MILI

STATEMENT OF VADM DAVID .J. DORSETT, USN, DEPUTY
CHIEF OF NAVAL OPERATIONS FOR INFORMATION DOMI-
NANCE (N2/N6), AND DIRECTOR OF NAVAL INTELLIGENCE
Admiral DORSETT. Mr. Chairman, thank you for the opportunity

to be here, especially on behalf of the men and women of the U.S.

Navy. It’s a privilege for me to be able to testify before you today.

I want to reiterate one point for you, that I believe you're already
aware of, and that’s that the U.S. Navy is critically dependent upon
space. Our ships, submarines, aircraft operate across the fartflung
reaches of the globe, often operating independently. And the one
thing that keeps them tied together, I think, is space-based capa-
bilities, whether that’'s communications, the networks that support
them, whether it’s the navigation and precision geolocation data
that comes from space, weather and environmental sensing infor-
mation is absolutely vital to the U.S. Navy.

And then, also, truly, when it comes down to precision weapons,
we need that detailed precision geolocation information that can
only come from space.
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“The Navy is one of the largest ‘users’ of space in DoD, yet
we rely on our partnership with the Air Force and the IC to
develop and field the majority of our space systems.

The Navy depends on space capabilities now and expects
the demand for space capabilities to grow in the future...”
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NRL Mission

To conduct a broadly based multidisciplinary program of scientific research and
advanced technological development directed toward maritime applications of new and
improved materials, techniques, equipment, systems and ocean, atmospheric, and space
sciences and related technologies.

Primary in-house research for the physical, engineering, space, and environmental
sciences

Broadly based applied research and advanced technology development program in
response to identified and anticipated Navy and Marine Corps needs

Broad multidisciplinary support to the Naval Warfare Centers

Space & space systems technology development & support

Designated as the Navy’s corporate laboratory by SECNAV 1991




Advance understanding and predictive capability of the space domain
In order to exploit the extended operational environment and its impact
on Navy/ Marine Corps and wider DoD activities, and to develop
Improved space technologies.

NRL Space Researchers -

- Perform foundational research to study the atmospheres of the Sun and the
Earth, including solar activity and its effects on
the Earth’s ionosphere, upper atmosphere and near
Earth space, and the unigue physics and properties
of celestial sources;

- Envision, design, fabricate, integrate, test,
launch, operate and experiment with world-leading
space instrumentation for a comprehensive ‘Mud
to Sun’ extended operational environment view, |
towards understanding and exploitation. s iR < B

NRL (SSD) SECCHI,* LASCO* and EIS*

~
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Naval S&T Objective Categories S&T Research Areas
Focus Area

* Unmanned Sea venicle Technobgles
« Unmanned Air Vehicles
« [nteligent and Autonomous Systems
« Mobile Autonomous Environmental & Bio-sensors, Bio-processes, and Bio-inspired Systems
Sensing & Physical Oceanography
« Match Predictive Capabilities to Tactical | e Marine Metsorology
. Planning Requirements & Qcean Acoustics
iznt Sensing « Adapt Systems to the Environment .
#an and littorals to B < + Space Environmental Effects
= znsing that automati * il
8 ons * ASW Performance Assessment
¥ > Tactical Planning E g ]
il global, regional, and local modeling and 5
lanning
B ict heights, fog, rain, clouds, visibility,
125 at global, regional and tactical scales to
is
Adapt Systems to the Environment
— Methods to account for acoustic and electromagnetic propagation,
scattering, ambient noise, and bottom effects
— Automated sensor and weapons performance prediction and

< — Impactiresponse for space environmental effects _2»

NRL space research activities also relate and contribute to these Naval S&T Focus Areas:

MDA (spacecraft systems, networked sensors, communications and networks, WMD detection, navigation and precision
timekeeping, intelligent and autonomous systems); Asymmetric and Irregular Warfare (UAVs and UGVs, intelligent and
autonomous systems); Information Superiority & Communications (comms & networks); Distributed Operations
(communications & networks, expeditionary ISR); and, Survivability & Self Defense (platforms, solid-state electronics).

Operational
Environments
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ns 7 NRL Extended Operational Environment Research

Includes software research, to forecast the atmospheres of the
Sun and the Earth, including solar activity and its effects on the
Earth’s ionosphere, upper atmosphere and near-Earth space.

Objective:

Develop reliable and accurate ground-to-space Earth - ook

- - - - Satellite Comm
prediction system with coupled surface, ion-neutral spacewaath.r
chemistry, and electrodynamics to revolutionize future Sl ’omsphem :
Naval capability in maritime domain and space ininivd
situational awareness to ensure dominance in new I ﬁ
CO: cooling to space Sihorbitai Hgnt

frontiers in h_orlzon (Arctic), altitude (ground-to- T AT
space), and time (days to decades).

Multiscale prediction capability to understand and
assess environmental change and in support of Navy’s N
long-term strategic plans. Extended Navy forecast and . o3l //'\\_/ _ //\\/-/
data assimilation capabilities to hundred of kilometers i Adkied N
altitude, enabling ground-to-space prediction and 10-15 km i MSHIRAL™ clinls
instrument development/ mission planning capability.

Teleconnections
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ISES-OE: Integrating the Sun Earth System

NRL Space Science & Plasma Physics Divisions

Physical models and observations are used to characterize and simulate the multiple chains of
interactive processes that alter electrons, ions and neutrals in the ionosphere and thermosphere, to
mitigate and exploit operational impacts of the space environment, and to advance space science.

Systematic exploration of 4D space-time
thermosphere-ionosphere using NRL ISES, a \ '
fully coupled physical space environment | W .
model, validated with observations. . n:si‘:n:"t’“s e | [ solar wind: |
Multiple, systematic runs with measured ' ﬁglar wind | e .Sp%d’ e
magnetic

and modeled solar and heliospheric drivers. Y field: LFM (or RCM)
T L. . * Bx, By, Bz

Interdisciplinary space data validation with n [ EUV&Xray | ~_ 4= n te' ‘ated

observed densities, total electron content. s /| irradiance, flares ge%@t?&?;‘hc SAMI3 Geogspace
olar activity 4 . :

Advance knowledge about targeted P Lindex: Kp Ap | = SRV IS Model
geophysical phenomena, including: semi- —— RS {§ HwM TIMEGCM
annual oscillation, geomagnetic storms, solar

rotation, cycle. |

composition, temperature, winds

This work is leading research towardsa @ Observations BT v sk total mass

content density

DoD in-house, first-principles model to TR
combat space environment impacts on
increasingly sophisticated and space-based

mil itary (01015 rations. Components include integrated geospace models (yellow) with SAMI at the core, solar EUV photon (orange) and solar wind
(purple) drivers of geospace variability, and observations of thermosphere and ionosphere densities for model validation.
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Current Operational NOGAPS (until 9/09)
[Navy Operational Global Atmospheric Prediction System]
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NOGAPS-ALPHA Collaborative Initiative

NRL Space Science, Remote Sensing, and Marine Meteorology Divisions

New High-Altitude NOGAPS-ALPHA Prototyp4
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NOGAPS-ALPHA has new mathematical framework, new near-space
physics, and uses an extended set of atmospheric data for assimilation.

The Navy Administrative Model Oversight Panel has approved NOGAPS-ALPHA through the first level of a three-level transition decisions process.
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Validating NOGAPS-ALPHA

Polar mesospheric clouds and analyzed humidity at the edge of space

NRL 5SD SHIMMER on STPSat-1
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NRL Extended Operational Environment Research
Future Software Directions

Future Navy Ground-to-Space
Forecasting Resolution
Envelope for the

Battlespace

Current / planned R&D
for 2010-2015 >

NOGAPS-ALPHA

10000 km 1000 km 100 km 10 km 1 km
Increasing Horizontal Resolution -

Coupled Navy/ Marine Corps Earth System Simulation
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NRL Extended Operational Environment Research

Includes envisioning, designing, fabricating, integrating, testing, launching,
operating, and experimenting with world-leading instrumentation hardware
for a comprehensive “Mud to Sun’ extended operational environment view,
towards understanding & exploitation.

Launch Date NRL-led Space Activities Launched in 2009 Principal Investigator

15 March 2009 Shuttle lonospheric Modification with Pulsed Localized Exhaust Paul Bernhardt
(SIMPLEX VI and VII, K4, K5, K6, K7)

SWx related

15 July 2009 Atmospheric Neutral Density Experiment 2 (ANDE-2) Andrew Nicholas S g
15 July 2009 Shuttle Exhaust lonospheric Turbulence Experiment (SEITE | and Il) | Paul Bernhardt SWxrelated
10 September 2009 | HICO/RAIDS Experiment Payload (HREP) Davidson Chen

10 September 2009 | Hyperspectral Imager for the Coastal Ocean (HICO) Michael Corson
10 September 2009 | Remote Atmospheric and lonospheric Detection System (RAIDS) Scott Budzien

SWx related

14 September 2009 | Helium Resonance Scattering in the Corona and Heliosphere J. Daniel Moses SWx related

(HERSCHEL)
19 September 2009 | Charged Aerosol Release Experiment | (CARE-I) Paul Bernhardt S e

18 October 2009 Special Sensor Ultraviolet Limb Imager (SSULI) Andrew Nicholas and SWirelated
Sean Lynch

16 November 2009 | Materials on the International Space Station Experiment #7 (MISSE7) | Phillip Jenkins

Many of these experiments were integrated and launched under the auspices of the DoD Space Test Program.
14
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RAIDS Near-Infrared Temperatures
11 November 2009

Tangent Point Altitude - km

200 400
Temperature-K

South China Sea

NRL HREP: HICO (Hyperspectral Imager for the Coastal Ocean) / RAIDS (Remote Atmospheric & lonospheric Detection System) Experiment Payload
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g accomplishment of simultaneous satellite operations
with a revolutionary new antenna.

Hyperspectral Imager for the Coastal Ocean Remote
\ Atmospheric and Ionospheﬁc Detection System Experi-
peration of | ment Payload (HREP) of USAF - Successful deployment
sion avoid- | of HREP. the first major Earth observing payload on the ISS
and the first U.S. payload to fly on the Japanese Lab Ex-

posed Facility.

of ARES

the CoFR  Imtegrated Design Optimization Team of NASA JSC -

tn_cair the Evemnlarr feamunrl- and oantetanding technical coantribn

NRL HREP: HICO (Hyperspectral Imager for the Coastal Ocean) / RAIDS (Remote Atmospheric & lonospheric Detection System) Experiment Payload
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The Naval Research Laboratory space research vision Is
to advance understanding and predictive capability of the space
domain, to exploit the extended operational environment and its
Impact on Navy / Marine Corps and wider DoD activities,
Including: C4ISR, precision navigation and timing; and,
maritime domain awareness.

NASA STEREO/ SECCHI [Sun Earth
Connection Coronal & Heliospheric
Investigation] composite image of the Sun
and a solar storm propagating through
the heliosphere.

(NRL is SECCHI Pl institution for NASA.)

. [D Earth is located at the far lower
right hand edge of the image.
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