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Background : Concerns about how satellite informed emissions are reported were raised during the CEOS ACVC 
meeting May 2022 with the outcome being a proposed workshop on characterizing and reporting emissions 
estimates  w h ich  w a s su b se q u e n t ly h e ld  Ju ly 3rd a t  CNES HQ in  P a ris  d u rin g  t h e  w e e k o f IW GGMS.

Focus of meeting : W h a t  d o  w e  n e e d  t o  re p o rt  in  o rd e r t o  m a ke  ro b u st  co m p a riso n s  b e tw e e n  sa t e llit e  in fo rm e d  
e m iss io n s  e s t im a t e s  a n d  u se  o f t h e se  e s t im a t e s  fo r sc ie n ce , p o licy, a n d  fin a n c ia l n e e d s:

1) W e  n e e d  a  co m m o n  fra m e w o rk fo r re p o rt in g  e s t im a t e d  e m iss io n s , t h e ir u n ce rt a in t ie s  (o r co va ria n ce s), a n d  
a n c illa ry d a t a  in d ica t in g  d a t a  se n sit ivit y a n d  p o t e n t ia l b ia se s .

2) W e  a lso  n e e d  t o  re vie w p ro to co ls  fo r e va lu a t in g  t h e se  e m iss io n s  w ith  in d e p e n d e n t  d a t a  se t s  (e .g . a irc ra ft  
d a t a , p o in t  re le a se ). Fo rm a l e rro r a t t rib u t io n , t h e ir e va lu a t io n  w ith  in d e p e n d e n t  d a t a , a n d  co rre sp o n d in g  
p ro d u c t  d e fin it io n , w ill p ro vid e  in c re a se d  t ra n sp a re n cy (e sp e c ia lly w it h  Ne w  Sp a ce  m e a su re m e n t s!) a n d  t ru s t  in  
t h e  u se  o f t h e se  d a t a .

An  a n a lo g  fo r t h is  e ffo rt  is  t h e  h a rm o n iza t io n , VVUQ, a n d  d a t a /sc ie n ce  re a d in e ss  le ve ls  d e ve lo p e d  b y t h e  sa t e llit e  
co m m u n ity fo r re p o rt in g  Le ve l 2 co m p o sit io n  p ro d u c t s . 

Ou r u se  ca se s  fo r t h is  w o rksh o p  in c lu d e  1) t o p -d o w n  in ve rs io n s  t h a t  m ig h t  in fo rm  in ve n t o rie s  fro m  t h e  re g io n a l 
t o  t h e  g lo b a l sca le  (e .g . CEOS co n t rib u t io n  t o  g lo b a l s t o ck-t a ke ) a n d  2) t h e  fa c ilit y sca le  e m iss io n s  su ch  a s  b e in g  
re p o rt e d  b y h ig h -re so lu t io n  p lu m e -m a p p in g  in s t ru m e n t s .  

Co n t e xt
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 What is the distribution and sector of each countries anthropogenic emission? 
 Do stated emissions reductions affect the global CO 2 or CH 4 growth rate? If emissions reductions do 

not match expected growth rate change then why and where?  
 How do natural processes as well as extreme events such as droughts, heat waves, and flooding 

affect atmospheric CO2, CH4, and their growth rates?

Use Case 1: Regional to global emissions from global mappers
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Use Case 1 example: CEOS Support of Global Stock Take (ceos.org/gst) 
using data from Global Mappers (OCO-2 and GOSAT)

Emissions by sector for Methane (2019)

Worden et al. (ACP 2021)

Byrne et al. (ESSD 2022)
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Use Case 1: What are primary uncertainties and how do 
they affect reporting of emissions

 Null Space or smoothing  error: Global emissions estimates are 
underdetermined  as data from global mappers do not resolve  
emissions  adjacent emissions estimates are highly correlated

 Transport (CO 2 and CH 4) and Chemistry (for CH 4)

 Spectral albedo knowledge lead to biases in observations
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Use Case 1: Other factors affecting reporting of emissions

 Complex, computationally expensive problem means that different centers / 
groups are reporting emissions on different spatio -temporal grids  will affect 
end -user adoption

 Different users will need different products describing emissions and 
uncertainty

Science user gets full range of error attribution + ancillary data describing 
goodness of fit and confidence (e.g. chi2, dofs , albedo)

Policy/finance might just get emissions plus uncertainty and confidence level
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Operations : Where are the leaks and can we fix them?(increased methane production, reduces pollution)
Science : What is the role of high emitters (~>100 kg/ hr for methane) on the CH 4 and CO 2 budgets ?

Policy : Prioritize which emissions to remediate for climate action
Finance : Evaluate a companies stated carbon footprint and its remediation approach (empirical data 

needed for carbon markets)

Use Case 2: Facility scale emissions from “plume mappers”

10 of these 15 missions are from New Space!

Intellectual Property concerns play a role in 
transparency of data provenance and processing 
(more on this in subsequent slides)

Pre-2023 constellation has measured ~7 Tg/yr of 
methane relative to ~120 Tg/yr fossil and waste 
budget --> Unclear  how additional measurements 
increase sampling of methane emissions
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Use Case 2: Facility scale emissions from “plume mappers”

EMIT can resolve CH 4 and CO 2 plumes 
from multiple sources in Riyadh

(Thorpe et al. Accepted)

Use of plume -mappers with wide -field mappers such 
as TROPOMI (“tip and Q”)can prioritize where to 
observe and remediate emissions
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Use Case 2: What are primary uncertainties and how do 
they affect reporting of emissions

1) Transport only (chemistry too long lived)
2) Spectral albedo 
3) ”Null Space or smoothing  error” this term now appears as a “detection limit”
4) Human in the middle needed to evaluate location of plume and support processing of 

plume filling algorithm
EMIT estimated CH4 concentrations EMIT estimated CH4 concentrations after processing

Variations in surface albedo project 
into estimated methane  this affects 
how plume is “filled” prior to using 
algorithm to relate plume shape and 
concentration to emissions.

A human in the loop for each scene 
means limited processing of data 
Could use ML codes to reduce this 
burden and increase data rate
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Use Case 2: Validation can be performed for CO2 emissions by 
comparing against power plants in “Annex  1 countries”

Example of how different instruments as well as knowledge error in wind fields 
affects reported emissions 
Lo t s  o f sca t t e r! Bu t  t h e  m e a n  is  re a so n a b ly w e ll e s t im a t e d



Slide 11SIT Technical Workshop, 18 -19 October 2023

Use Case 2: Validation of CH4 emissions can be 
performed using “controlled release” experiments

Figure courtesy of GHGSat
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❖ Intellectual property concerns mean that provenance of data in 
different levels of data products (L1 radiances, L2 concentration 
enhancements, and L4 emissions) are not necessarily traceable

❖ Need to develop evaluation metrics for how well these products are 
reported and validated (in process with ESA / NASA evaluation team)

❖ Public missions (e.g. EMIT, CO2Image) can be used as benchmarks for 
data products and transparency

❖ May need to move away from “no false positive” for public missions 
and instead provide gradation of data quality flags 

Use Case 2: Other factors affecting how plume mapping 
based emissions are reported from New Space
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Meeting recommendations 
and possible future directions

(Use Case 1: regional to global emissions)

 Su p p o rt  h a rm o n iza t ion  o f sa t e llit e  b a se d  e m iss ion s  re p o rt in g  fro m  d iffe re n t  g ro u p s  / ce n t e rs    P ro d u ct s  sh o u ld  a lso  
in c lu d e  a n c illa ry d a t a  t h a t  d e scrib e  h o w  t h e  p rim a ry e rro rs  a ffe c t  e m iss io n s  AND a n c illa ry d a t a  (e .g . co va ria n ce s , 
m a p p in g  m a t rice s , p rio rs) n e e d e d  t o  co m p a re  o n e  se t  o f e m iss io n s  t o  a n o t h e r

 P ro d u ct s  sh o u ld  like ly b e  s t a g e d  fo r d iffe re n t  u se rs  (e .g . sc ie n ce  u se rs  re q u ire s  e m iss ion s  a n d  a ll a n c illa ry d a t a , p o licy 
u se r m a y ju s t  n e e d  a  n u m b e r a n  it s  u n ce rt a in t y / co n fid e n ce  le ve l)

(Use  Ca se  2: fa c ilit y sca le  e m iss ion s)
 (Give n  issu e s  w it h  in t e lle c t u a l p ro p e rty, p e rso n  in  t h e  m id d le  p ro ce ss in g  o f d a t a , a n d  “n o  fa lse  p o sit ive ” g o a l) CEOS 

sh o u ld  su p p o rt  t ra n sp a re n cy o f Ne w  Sp a ce  d a t a , if t h e y a re  t o  b e  u se d  fo r sc ie n ce , p o licy, a n d  fin a n c ia l m a rke t s  b y 
d e ve lo p in g  e va lu a t io n  m e t rics  fo r re p o rt e d  co n ce n t ra t ion s  a n d  e m iss io n s

 Eva lu a t io n  m e t rics  ca n  b e  b a se lin e d  a g a in st  (o p e ra t ion a l)  p ro d u c t s  fro m  p u b lic  m iss io n s  (e .g . EMIT, a n d  u p co m in g  
CO2Im a g e  a n d  TANGO). No t e  t h a t  o n g o in g  w o rk w it h  IMEO a n d  a  jo in t  ESA/NASA w o rkin g  g ro u p s  a re  su p p o rt in g  
t h e se  e ffo rt s .

 Su p p o rt  d e ve lo p m e n t  o f m a ch in e  le a rn in g  co d e s  t o  re d u ce  “p e rso n  in  t h e  m id d le ” n e e d  fo r e va lu a t in g  p lu m e  
co n ce n t ra t io n s a n d  in cre a s in g  t h ro u g h p u t  o f e m iss ion s  re p o rt e d  b y p u b lic  m iss io n s .

 Sh o u ld  CEOS su p p o rt  co n t ro l re le a se  va lid a t ion  o f t h e se  e m iss ion s?  Or is  cu rre n t  su p p o rt  fro m  UNEP  / IMEO su ffic ie n t?

Fe e d b a ck W e lco m e !
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