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Introduction 

•  The summer Arctic sea ice extent has decreased by more than 50% since 
1980. 

•  There is estimated to be a large amount of untapped natural resources in 
the Arctic, particularly oil (13% of the world’s undiscovered reserves) and 
natural gas (30%). 

•  Many motivators such as tourism, fishing, resource exploration/
exploitation, and shipping are attracting operations in the Arctic. 

•  Achieving navigation safety in the Arctic is critical to avoid accidents 
which could result in loss of life or environmental disasters. 
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Summer Arctic Sea Ice 
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1990 

Arctic Marine Traffic 

(Exact Earth - https://www.youtube.com/watch?v=FjerjIeg49s) 
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Arctic Airports 

Arctic Circle  
Summer Sea Ice Extent 
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All Routes  
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All Routes  
Through The Arctic  
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Arctic 
 Point of Origin or Destination 



Navigation Integrity 

SBAS:     Satellite Based Augmentation Systems require 
ground-based and space-based infrastructure 
deliver GNSS corrections in real-time.  

 

ARAIM: Advanced Receiver Autonomous Integrity 
Monitoring is self-contained.  
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SBAS Reference Stations 
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Coverage of SBAS GEOs 

Availability 

WAAS EGNOS MSAS GAGAN 

SDCM 
KASS 
BDS 
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Availability 

Practical 
Limit (72oN) 

5o Elevation 
Mask (76oN) 

Coverage of SBAS GEOs 

Arctic Circle  



QZSS Design and Coverage 
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Show Full QZSS constellation using your TLE plotter 
 
Show availability on the Arctic (% of time satellites are in view) 

GPS 
SBAS GEOs 

QZSS 
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Availability 

Coverage of QZSS Constellation 

Arctic Circle  
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Availability 

Coverage of QZSS Constellation + SBAS GEOs 

Arctic Circle  
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(Source: Wikimedia Commons) 

Svalbard Airport, Longyear (78.25o N) ︎
Northernmost Airport with Publicly Scheduled Flights︎



Problem: Current SBAS (MOPS) Standards Do 
Not Support QZSS - Orbit 
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Talk about message type 9 and how its not accurate nor supports anything  
But GEOs 
 
Show performance (contour plot) of GEO fit / quantization performance 

Photo Credit: Kjersti Stuestøl 
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Svalbard Airport 



20"

IOR-W ︎

QZSS ︎
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IOR-W (EGNOS, PRN 126) Blocked by Terrain Even When Above a 5o Elevation ︎

IOR-W ︎



Problem:"Current"SBAS"(MOPS)"Standards"Do"
Not"Support"QZSS"E"Orbit"
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Talk"about"message"type"9"and"how"its"not"accurate"nor"supports"anything""
But"GEOs"
"
Show"performance"(contour"plot)"of"GEO"fit"/"quanTzaTon"performance"

QZSS ︎

QZSS always above 8.3o elevation, as high as 25o ︎
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Signal to Noise Ratio at IGS Station NYA2 
Ny-Ålesund, Svalbard (78.86 N) 

QZS-1 

* No SBAS GEOs Visible 
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QZS-2 QZS-1 QZS-3 

Signal to Noise Ratio at IGS Station NYA2 
Ny-Ålesund, Svalbard (78.86 N) 
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Finnish Transport Agency 



Marine Navigation Requirements 
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Horizontal 
Accuracy  
[m] 

Alert 
Limit 
(HAL)  
[m] 

Time to 
Alarm 
[seconds] 

Integrity 
Risk  
(per 3 
hours) 

Ocean 
10 25 10 10-5 

Coastal  

Ice Navigation* 5 10 - 12 10 10-5 
 

Hydrography 1-2 2.5 - 5 10 10-5 

Port 
1 2.5 10 10-5 

 Exploration / 
Drilling 

International Maritime Organization, "Revised Maritime Policy and Requirements for a Future Global 
Navigation Satellite System (GNSS),"  A.915(22), 2002. 
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Single Frequency 2015 
WAAS + EGNOS + MSAS + GAGAN 

Arctic Circle  
Summer Sea  
Ice Extent  
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Single Frequency 2021 
WAAS + EGNOS + MSAS + GAGAN + SDCM + KASS + BD SBAS 

Arctic Circle  
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Dual Frequency 2026 
Planned 

Arctic Circle  

GPS + Galileo 

GPS + GLONASS 

GPS + BeiDou 
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Dual Frequency 2026 + Arctic Comm 
Planned 

Arctic Circle  
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Dual Frequency 2026 + Arctic Comm 
Planned 

Arctic Circle  
Summer Sea  
Ice Extent  
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Dual Frequency 
Planned +1 Constellation 

Arctic Circle  
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Dual Frequency 
Planned +2 Constellations 

Arctic Circle  
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ARAIM (Horizontal) 2029 
Dual Frequency GPS + Galileo 

Arctic Circle  
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ARAIM (Horizontal) 2029 
Dual Frequency GPS + Galileo + GLONASS 

Arctic Circle  
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ARAIM (Horizontal) 2029 
Dual Frequency GPS + Galileo + GLONASS + BeiDou 

Arctic Circle  
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Ice Runway, Barneo Ice Camp, North Pole (~89.53oN) ︎

Vacations to Go 



Aviation Navigation Requirements 
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Horizontal 
Alert  
Limit (HAL)  
[m] 

Vertical 
Alert Limit 
(VAL) 
[m] 

Time to 
Alarm 
[seconds] 

Integrity Risk  

LNAV 556 - 10 10-7 per hour 

LNAV / VNAV 556 50 10 2×10-7 per 
approach 

LPV 40 50 6.2 2×10-7 per 
approach 

LPV 200 40 35 6.2 2×10-7 per 
approach 

http://www.navipedia.net/index.php/WAAS_Performances 
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GPS 
Groundtracks 



HDOP 

VDOP 
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All Current GNSS 
Groundtracks 
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Single Frequency 2015 
WAAS + EGNOS + MSAS + GAGAN 

Arctic Circle  
Summer Sea  
Ice Extent  

Arctic Airports  



Single Frequency 2021 
WAAS + EGNOS + MSAS + GAGAN + SDCM + KASS + BD SBAS 
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Arctic Circle  
Arctic Airports  
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Dual Frequency 2026 
Planned 

GPS + Galileo 

GPS + GLONASS 

GPS + BeiDou 

Arctic Circle  
Arctic Airports  
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Dual Frequency 2026 + Arctic Comm 
Planned 

Arctic Circle  
Arctic Airports  
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Dual Frequency 
Planned +1 Constellation 

Arctic Circle  
Arctic Airports  
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ARAIM (Vertical) 2029 
Dual Frequency GPS + Galileo 

Arctic Circle  
Arctic Airports  
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ARAIM (Vertical) 2029 
Dual Frequency GPS + Galileo + GLONASS 

Arctic Circle  
Arctic Airports  



Conclusion 

 

•  Navigation integrity in the Arctic is critical in ensuring activities 
there be carried out as safely as possible. 

•  GNSS navigation integrity in the Arctic for both maritime and 
aviation applications is achievable with different levels of service 
being offered by SBAS and ARAIM. 

•  Our ultimate goal is to offer safer navigation in the hopes of 
preventing catastrophic accidents in the future. 
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