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e Canadian Space Weather
A ~ Vulnerability

« (Canada’s northern location
makes it one of the
countries most vulnerable to
space weather.

The same geographical
advantage makes Canada a
prime location for ground-
based space weather
monitoring.

Scientific understanding
critical for moving from

lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.
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Space Environment Hazards
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Auroral Tourism

www.aurorawatch.ca

lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




Missions of Scientific Discovery and
Operational Services

Extensive Ground-based Program

-Solar F10.7 radio flux

-CSA Geospace Observatory (GO) Canada

-Natural Resources Canada (NRCan) Space Weather

Space-based Program

-CSA CASSIOPE/e-POP Small Satellite

-ESA SWARM Mission

-NASA/CSA THEMIS Mission

-Numerous international space agency partnerships

-Proposed Polar Communications and Weather (PCW) mission

Operational Space Weather Services

lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




Observational Programs and
Scientific Discovery

Important to trace heliophysical disturbances and
space weather from “sun to mud”.

UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




"% Solar Radio Monitoring: F10.7
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- Canadian continuous monitoring of solar
10.7cm radio flux since 1947 at Dominion
Radio Astrophysical Observatory (DRAO),
Penticton.
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lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




Canadian Space Agence spatiale
Agency canadienne

Athabas;a

////%{/)ﬂ‘(/%;ﬂ AN = f&d UNIVERSITY OF

Universit
7 : )
Y ,g,;g,ﬂ,f" < ey Y SASKATCHEWAN
(O] UNIVERSITY OF ﬂ!/ﬂ;";// Y N e
e AT )5 U0 ) o NS -
@ ALBERTA 200 X 7 AN X Sh !
W0 i A i AR R

’ N MNP TSN M "‘ ,;.u
Bl UNIVERSITY OF RO\ N O~ L A‘}&“‘M’Au“'"

& i
8 CALGARY Y

- s
" y -l'”.h ’ "'
‘ ‘
4

e

: /6" 7>

i A

n“@ q
§ N A
A

&) ’
AN U
" ) TANN

54

C




Space Measurements
from the Ground

GPS Satellite
(20 000 km alt)
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Natural Resources Canada (NRCan) Space
Weather Hazards Program
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CSA CASSIOPE/e-POP Small Satellite
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http://epop.phys.ucalgary.ca

Enhanced-Polar Outflow Probe (e-POP)
Science: Plasma outflow, neutral upwelling,
aurora, radio propagation, related space
weather effects in ionosphere

| E-POP Space Weather Applications:

- Transient plasma density gradients
(affect HF/GPS radio propagation)

- Neutral upwelling and drag (which
affect orbits of LEO satellites)

BRISTOL AEROSPACE LIMITED



e-POP Instrument Payload

Launched 2013/09/29, 09:00 PDT
Polar orbiter: 325 x 1500 km, 7 = 80°

I*I IRM Imaging ion mass spectrometer Yau/Calgary I*I MGF Magnetic field instrument Wallis/Calgary

I*I SEI  Suprathermal electron imager Knudsen/Calgary I*I RRI Radio receiver instrument James/CRC

@ NMS Neutral mass velocity spectr.  Hayakawa/JAXA I*I GAP GPS attitude and profiling Langley/UNB

I*I FAI Fast auroral imager Cogger/Calgary E CER Coherent EM radio tomogr.  Bernhardt/NRL
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Imaging electrostatic
analyzer, electro-optical
detection

Langmuir probe

X 2 per satellite

3D velocity Coarse 10n Calibrated

e moments 675 Full images/day
analyzers @16Hz products @ 2Hz

Electric Field Instrument (Canada) and Langmuir Probes (LPs; Sweden)
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Canada plays a significant
instrument role in THEMIS Ground-

based Observatory Network in
support of in-situ mission.

2008 Feb 18 08:00:00

lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




Significant Discoveries about
Ignition of Substorm Onset
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:3" Radiation Belt |\/|ISSIOn Support
2% e |

Internatlonal priority: IAGA Policy
(2009) Resolves that:

“member nations of IAGA co-operate
and collaborate to the
maximum extent possible in their
pursuit of observational and
modelling programs for radiation
belt studies.”

Support to n-situ missions, such as :
— NASA Van Allen Probes (2012).
— Russian RESONANCE (2016)
— Japanese ERG (2016)

Exploiting ground-satellite
conjunctions key for understanding
wave-particle acceleration and loss
processes.

Represents niche Canadian role.

lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




Proposed Canadian Polar
‘ Communications and Weather
(PCW) Mission

Proposed mission focussing upon 24/7
polar communications and weather {
capacity.

Reflects Canadian challenges and
Interests as a country operating in a
changing polar north, including
maintaining soverelgnty and security.

Includes space weather payload as
primary payload, reflecting its importance.

Mission still under study; if approved
mission development may begin in 2016.

lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




Space Weather Risks and
Operations

UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.
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Electrical Transmission Systems

Risk: Catastrophic power system blackouts

1989 Hydro-Quebec blackout
Cost to Quebec Hydro >$10M;
Cost to Que. Economy ~ $2B
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Communication Systems

Risk: Air traffic safety
* It costs an airline an average of $100K for
each diverted flight;

» A 2005 space weather event resulted in United
Airlines diverting 26 flights.
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Mitigation: Integration of SW alerts and
forecasts into aviation operations
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November 2010: version 3.02
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GNSS Systems

Risk: All position and
time dependent
operations — e.g. travel
(land, air & sea),
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The NRCan space weather team have joined

forces with the NRCan Geodetic Survey and __
Universities to investigate the extent of the o

problem in different regions of Canada,
especially the auroral zone and polar regions E
where space weather disturbances are more
intense.
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]
Satellite Systems

Risk: Satellite safety & operations

1:3,-:,{," Geostationary satellite

Impacts for future high inclination
missions serving arctic north.

.y . e.g., Proposed Polar
Mitigation: SWAIS (Space Weather Communications and Weather

Anomaly Investigation System) (PCW) satellites
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Operational links of NRCan Space Weather

Forecasting

Canadian Space Weather Forecast Centre

NRCan Canadian Hazards Information Service
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é Summary and Conclusions

Mitigating space weather impacts and accurate forecasting requires
further scientific discovery.

Substorm and radiation belt science discoveries, and understanding
space weather impacts, continues apace. Critical Infrastructure
Protection is a key future focus.

Ground-based networks co-ordinated with satellite missions offer
key opportunity and niche Canadian strength.

COPUOS STSC Space Weather agenda item provides beginnings
of international cooperation framework for maintaining the long-term
sustainability of outer space against space weather effects.

Canada stands ready through a new space policy framework,
using both ground-based and in-situ missions, and leveraging
collaborations between government, academia and industry, to
make a significant contribution to this priority international
endeavour.

lan R. Mann. UN COPOUS STSC, Vienna, Austria, Feb. 12" 2014.




