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The Highly Elliptical Orbit (HEO) Class

• Highly elliptical orbits can be used for quasi-geostationary high latitude Earth observations
• Multiple Canadian-led studies into HEO orbit variations. Example:

a) 16-hour elliptical orbit b) Three apogee orbit ground track c) Viewing angle from HEO (i = 63.435º)
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GHG Imaging Fourier 
Transform Spectrometer (IFTS)

Interferometers on CSA SCISAT/ACE,
JAXA GOSAT/GOSAT-2 & NOAA CrIS

Air Quality Spectrometer

Similar design to Copernicus/ESA Sentinel-4 AQ instrument 

CO2, CH4, CO, SIF
Selected for adequate precision performance, high 

commercialization potential and superior cloud 
avoidance potential (intelligent pointing)

NO2, O3, SO2, BrO, HCHO, ClOClO, aerosols



AIM-North GHG Observing Requirements & Options

Single Sounding 
Precision*

Multi-sounding
maximum bias 
(after bias correction)

XCO2
1 ppm (G) = 0.25%
3 ppm (T) = 0.75%

0.2 ppm (G) = 0.05%
0.6 ppm (T) = 0.15%

XCH4
9 ppb (G) = 0.5%
27 ppb (T) = 1.5%

2 ppb (G) = 0.10%
6 ppb (T) = 0.30%

XCO 5% (G)
15% (T)

5% (G)
15% (T)

Multi-sounding 
Precision

Solar Induced
Fluorescence
(SIF)

0.30-0.90 
W m-2 mm-1 sr-1

G = Goal, T = Threshold
*AIM-North requirements converted from % 
assuming 400 ppm XCO2 and 1.8 ppm XCH4

IFTS Grating 
Spectrometer

Field of View 
(FOV)

128 x 128 
(step-and-stare)

480 x 1
(sweep scanning)

Pixel Size 4x4 km2 4x4 km2

Integration time 60 s 1.75 s

Aperture 
diameter

20 cm 10 cm

Mass 164 kg 203 kg

Power 187 W 202 W

Raw # obs / h ~900,000 ~900,000

Simulated instrument performance using 
modified OCO-2 retrieval algorithm:

J. Mendonca, S. Roche, D. Wunch, K. Strong, R. Nassar



AIM-North Intelligent Pointing
• About 70% of Earth is covered by clouds at any moment, resulting in loss of most observations with standard pointing

• Plan for Intelligent Pointing building off pioneering work of GOSAT-2 (Japan) from LEO

• With real-time cloud information, 128x128 pixel FOV could be pointed at cloud-free regions every ~60 s

• Hourly revisit rate for cloud-free land regions spanning daylight (SZA ≤ 80°) portion of the diurnal cycle

Potential FOV locations

Although a dispersive spectrometer can cover similar area in same time, aspect ratio of FOV matters!
IFTS with square FOV gets factor ~2.0 increase in successful observations with intelligent pointing,

but dispersive only gets factor ~1.6, since harder to fit through holes in cloud cover. 



Baseline Products from the GOES-R 
Advanced Baseline Imager (ABI)

Schmidt et al. (2017), A Closer Look at the ABI on the GOES-R series, Bulletin of the American Meteorological Society, 
doi:10.1175/BAMS-D-15-00230.1



Canada is now 
exploring partnership 

possibilities with: 
NOAA, 

EUMETSAT,
ESA, 

NASA (heliophysics), 
for an expanded 

international HEO 
mission:

Arctic 
Observing 

Mission
Letter of Support from NOAA, Stephen Volz (2020)



• Weather: LEO+GEO constellation, but WMO & CGMS vision for future includes HEO for northern coverage

• AQ: LEO+GEO constellation will be in place in 2020s, but extending coverage to north via HEO needed

• GHGs: CEOS vision for GHGs is LEO constellation in near term, followed by GEO+HEO later

The Arctic Observing Mission (AOM) would address the northern gap in these disciplines 

delivering a major improvement in capacity for Northern observation from space

Greenhouse GasesAir QualityWeather

International Satellite Constellations for Weather, Air Quality and GHGs

Coordination Group for Meteorological Satellites
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