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Observed high-latitude
GNSS disturbances during a
less-than-minor geomagnetic storm

Knut Stanley Jacobsen and Yngvild Linnea Andalsvik
Norwegian Mapping Authority
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17 January 2013

A CME impacted Earth’'s magnetosphere
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Solar wind

*Southward turning when the CME hits
‘Increased pressure, transient ejecta, smooth CME
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Solar wind -- Magnetic field
Timeshifted to Bow Shock
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Magnetometer stackplot from TGO:
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AE and AL indicies
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Rate of TEC Index at ground
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Mean ROTI observed at gound locauons [TECU/min]
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Mean ROTI observed at gound locauons [TECU/min]
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Scintillations

« S4 and o, show higher values from ~14 UT
» The scintillations were stronger in Tromsg than on Vega

Vega:

S4 scintillation index:
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Scintillations

« S4 and o, show higher values from ~14 UT
» The scintillations were stronger in Tromsg than on Vega

g, scintillation index:
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Tromsg:
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S

. | =

N [ ] |
° Y
. ';ir'lw 'I'WI" g R

o I L 1w D |l|||l|.ll|"|||“ll I ‘|||III Wi 1
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

Time (hh:mm)



CPOS network
(CPOS is a Network RTK
d Isru ptlons positioning service)

North Norway:
e Scintillation monitor, CPOS S .
station, and GNSS monitor in g g qﬁ_
Satref/CPOS receiver -

Tromsg (~70 deg. N) g

e Scintillation receiver °

Middle Norway:
« Scintillation monitor at Vega (65.5 |
deg N) i j>

Latitude

« GNSS monitor station in . Ty
Steinkjer, approximately 14 km | @:—%
from the closest CPOS station ; — |

-20 =10 0

Longitude

= Kartverket




CPOS network disruptions

Mlddle Norway (62- 67 N) Northern Norway (67- 72 N)
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Middle Norway: RTK network Northern Norway: Strongly
suffers small disruptions disrupted for several hours

Disruption is measured as the percentage of stations for which less than 10
percent of the satellites in view can be used by the RTK software
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Position noise and bias
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Steinkjeer: increased noise and Tromsg: increase in position noise
large position bias values up to from ~1cm to ~1dm -correlated

1m in magnitude with ROTI
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Position noise and bias

0z T —
) : E : : : :
E 015k NIRNE N EEHE_ ................ .................. ............................ .
2 | 2 § | ;
§ o1k L L E O1pF-ceeeeeeens .................. ._ ...................... -
5 3 | 5 s : : :
S oosk : f : Lhoy! N = 008 Hyloyeoeeene  RRITRITST et TR
S ' : j : = ; :
o o |

I:l I:l 1 | 1

0 5 10 14 20
1 1

Fosition Bias {meter)
(]
T } T
1 1

Position Bias (meten

0 5 10 15 20 0 5 10 15 20

Steinkjeer: increased noise and Tromsg: increase in position noise
large position bias values up to from ~1cm to ~1dm -correlated

1m in magnitude with ROTI

Steinkjzer is far from nearest CPOS station - end effect of disturbances is
larger because the RTK network fail to model the spatial variability in the

ionosphere
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The day before the storm:

Availability APV1 126

99.9

99.5

Generated by EUROCONTROLPEGASUS

oo 15°E
16-Jan-2013 00:00 - 16-Jan-2013 23:59, step: 60s
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EGNOS availability

The day of the storm:

Availability APV1 126

Generated by EUROCONTROL/PEGASUS

ol 15°E
17-Jan-2013 00:00 - 17-Jan-2013 23:59, step: 60s

*Some reduction in availability
*No RIMS stations down

99.9

99.5




sSummary

« Small space weather events can have a large
local impact at high latitudes.

* The effects are amplified for users that receive
corrections from a support network which has no
receivers close to the user.

(presumably because of a decreased spatial
correlation distance in the ionosphere)

= Kartverket
O



Steinkjer/Vega (65 N) Tromso (70 N)
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