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PROJECT BACKGROUND

TM5 CH4 inversionOHMOMO-chem DA CH4 emissions

TROPOMI 

superobs:

NO2

HCHO
SO2

CO



SUPEROBSERVATIONS



CREATING SUPEROBSERVATIONS

• Average with area weights



WHY MAKE SUPEROBSERVATIONS?

• Satellite model comparison

• Harmonize resolution

• Data assimilation

• resolve correlations (partially) 

• Reduce data load

• Lower uncertainty

• Impact assimilation



IMPACT OF UNCERTAINTY

• Extract information

• Too large -> Underfitting 

• Too small -> Overfitting

Base model error

Undeffitting
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IMPACT OF SPATIAL CORRELATIONS
• Observational uncertainties 

are correlated

• Clouds

• Albedo

• Surface temperature

• Pressure

• Assimilated as uncorerelated

• Not part of retrieval

• Overfitting

A. Lorente et al.: Accounting for surface reflectance spectral features in TROPOMI methane retrievals 

Atmos. Meas. Tech., 16, 1597–1608, 2023



ACCOUNTING FOR CORRELATIONS

• How to assimilate?

• Thinning

• noisy 

• Underfitting 

• Safe

• Superobservations!



SUPEROBSERVATION UNCERTAINTY

• (spatial) Correlation C

• Asymptote at √C 



TROPOMI NO2 

• Slant column -> uncorrelated (C=0)

• Troposphere seperation -> fully correlated (C=1) 

• Air mass factor -> partially correlated (correletation length -> C~0.3)





REPRESENTATION ERROR 

• Unfilled gridell 

• Estimate of mean

• RE



REPRESENTATION ERROR (RE)
• Experiment

• Remove observations

• Standard error without 
replacement 



SYSTEMATIC RE

• Systematic sampling 

• Clouds



SYSTEMATIC RE

• Increased RE

• Fit by decreasing N/n

• Effective observations

𝜎𝑟𝑒 =
𝜎

𝑛

𝑁 − 𝑛

𝑁 − 1



REPRESENTATION ERROR



Experiments:

• Superobservations (normal)

• Superobservations (uncorrelated)

• Superobservations (fully correlated)

• Thinning









OTHER SUPEROBSERVATIONS

• TROPOMI

• HCHO

• SO2

• CO

• NO2

• TROPOMI

• SCIAMACHY

• OMI

• GOME-2



QUESTIONS? 

• P.Rijsdijk@sron.nl

• Interested in using superobs

• Email me!

mailto:P.Rijsdijk@sron.nl


EXTRA SLIDES:



SLANT COLUMN 

Sentinel online, techincal guides, s5p, 

DOAS.

https://sentinels.copernicus.eu/web/sen

tinel/technical-guides/sentinel-5p/level-

2/doas-method 

https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-5p/level-2/doas-method
https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-5p/level-2/doas-method
https://sentinels.copernicus.eu/web/sentinel/technical-guides/sentinel-5p/level-2/doas-method


TROPOSPHERE SEPARATION
Total column                     Stratosphere (TM5-MP)                     Troposphere



AIR MASS FACTOR
Correlated?



AMF UNCERTAINTY

• New albedo

• Correlation

• 35 km length



HCHO

• Product contains: 

• Random error (c=0)

• Systematic error (c=1)



SO2

• Product contains: 

• Random error (c=0)

• Systematic error (c=1)



CO

• No systematic uncertainty from retrieval

• Simple approach based on validation

• 2-3% average bias vs FTIR

• SZA dependance (0.05% / degree)

• Combine

• 1% + 0.0375% / degree



CO







SYSTEMATIC RE

• Increased RE

• Fit by decreasing N/n

• Effective observations



REPRESENTATION ERROR (RE)

𝑛 = 𝑁𝑓𝑓𝑛 + 1 − 𝑓𝑛

𝑓 = 𝑐𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛



SYSTEMATIC RE

• Calculate avere Neff

• Calculate ration N/Neff



SYSTEMATIC RE

• Resolution
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