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2Approved for public release

2 NEW SATELLITES LAUNCHED MONDAY!
Now a constellation of 13 small satellites

4 more launching in 2025 + more in 2026



©
20

25
 G

H
G

S
at

 In
c.

3

• Constellation of small satellites 
designed to detect and quantify 
methane emissions

• Also 1 CO2-dedicated instrument

• Observe point source emitters in 
targeted mode

• High spatial resolution (25 m GSD)

• Single-site attribution

• Detection limit ~ 100 kg/h

• Very large observation dataset             
(> 500 observations tasked per 
day)

• Near-daily revisit

➥ performance + capacity

Approved for public release

> 20,000 detected 
plumes in 2024
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THIS PRESENTATION

• Controlled release validation for methane 
constellation 
• Detection
• Quantification
• New data from Stanford testing

• CO2 satellite – GHGSat-C10 / Vanguard
• Performance characterization

Approved for public release
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PRIMARY VALIDATION METHOD: CONTROLLED RELEASES

Approved for Public Release

Used to validate 2 key metrics for 
end users:
• Detection limit 
• Quantification accuracy 

Validates full processing pipeline
(raw data to L4 product)

Participated in third-party single-
blind studies (e.g. Stanford) and self-
organized experiments

Facility used by GHGSat in Southern Alberta, Canada

Work by H. Deglint and GHGSat AV-Ops team
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VALIDATION : DETECTION LIMIT

• Binary regression analysis (model on next 
slide)

• Data from 2021-2025, N=79 points, including 
recent Stanford (Phases 0 and 1)

• Internal and 3rd party releases

• Accounts for wind-speed dependence

• Implies detection limit of  
Q50 = 103 kg/hr (50% PoD, 3 m/s)

6Approved for public release
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UPDATED PROBABILITY OF DETECTION MODEL 

Detection Limit Heuristic from 
D. Jacob et al ACP, 2016

Lowest detectable rate is 
determined by
• Noise level 𝛿Ω
• Wind speed 𝑈
• Ground sampling distance 𝐺

Approved for public release

𝑧 = 𝑔 𝒙 ; 𝝓 =
𝑄

3.6 𝑀 𝑢 − 𝑢0  𝐺 𝛿Ω
𝑄lim ∝ 𝑢 𝐺 𝛿Ω

Physically motivated predictor function:

• Composition of predictor and inverse-link functions
• Conrad et al, RSE 288 (2023) 113499

PoD = 𝐹 𝑔 𝒙 ; 𝝓  ; 𝜽

• Expresses PoD vs predictor variable
• Enforces PoD=0 for Q=0
• Model parameters 𝜽 = 𝜎, 𝜇

𝐹 𝑧 ; 𝜽 = Φ
ln 𝑧 − 𝜇

𝜎

Φ 𝑥 =
1

2
1 + erf

𝑥

2

Lognormal link function:
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GHGSAT DETECTION LIMIT – 3 YEAR TREND

8Approved for public release

Detection limit as measured by controlled releases robust against: 
new PoD model, new satellites, increasing sample size. 

# Satellites

New PoD 
model

4         7           10                           12   14  
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VALIDATION : QUANTIFICATION ACCURACY

9Approved for public release

• N=64 controlled releases (True Positives)

• Blue points: GHGSat facility in Southern Alberta

• Also includes single-blind releases with 
customers and collaborators (magenta points)

• Participated in 2021, 2022, 2024-5 single-blind 
studies with group of A. Brandt (Stanford) 
• Sherwin et al, Sci Rep 13, 3836 (2023)
• Sherwin et at, AMT 17, 765 (2024)
• all points included in plot

• Error typically dominated by wind-related 
uncertainty (even when using local measured 
wind) 
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QUANTIFICATION ACCURACY – STANFORD PHASE 1 2025

10Approved for public release

• Reprocess Phase 1 
with correction

• Bias reduced 
significantly  

     (0.61 → 0.80)

• Investigating other 
possible sources of 
bias – could lead to 
retrieval updates. 

• Public wind data we use in production is biased vs local 10-m wind measurements.
• We have built a bias correction by compiling anemometer data
• Correction not yet in production for Phase 1 delivery – planning to update for Phase 2. 
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GHGSAT’S FIRST CO2 SATELLITE

• GHGSat-C10 / Vanguard

• Same Fabry-Perot spectrometer core

• Same satellite platform 

• Launched November 2023

CO2 column enhancement

albedo

m
o

l/m
2

Google maps

VIS cam payload

SWIR-WAFP
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DETECTION LIMIT 

• CO2 emission rates too large for 
controlled releases

• Known emission rate (hourly) from CEMS  
available from the EPA (Cusworth et al, 
Han et al, etc.)

• 36 sites in USA
• 230 good observations
• 35 plumes

• Same probability of detection model as 
for methane: 

Mathias Strupler: mas@ghgsat.com  Approved for public release

Probability of detection fit

𝑧 = 𝑔 𝒙 ; 𝝓 =
𝑄

3.6 𝑀 𝑢 − 𝑢0  𝐺 𝛿Ω

𝐹 𝑧 ; 𝜽 = Φ
ln 𝑧 − 𝜇

𝜎

Local CO2 noise (mol/m2)
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mailto:mas@ghgsat.com
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SUMMARY

• GHGSat constellation expansion – 13 satellites today and further expansion to 
follow in 2025 and 2026, along with next-gen technology development

• Controlled release validation
• DATA.SAT Q50 = 103 kg/hr from a sample size of 79 releases
• Using Stanford data to diagnose and reduce bias

• CO2 satellite is operational (GHGSat-C10 / Vanguard)
• Characterized using public emissions data from US facilities
• Detection limit for CO2 Q50 = 5 – 15 Mt / year

13Approved for Public Release
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ESA THIRD PARTY MISSIONS AND NASA CSDA

Approved for public release

• GHGSat data is available to researchers through 
the ESA Third Party Missions (TPM) program

• GHGSat data is also now available to 
researchers funded by the U.S. Government 
through NASA Earthdata portal following 
successful evaluation 

• Rigorous evaluation process:

✓ Quality of the data

✓ Quality of user support services

✓ Utility of the data for advancing Earth 
system science research
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