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Goals
Development of an algorithm for nighttime NO2 retrievals 
from Brewer spectrophotometers (BAQUNIN – Sapienza 
and Aosta)

Evaluation of O3 and NO2 nighttime retrievals

Characterisation and correction of spectral straylight in 
single monochromator Brewers



  

The Brewer network

About 200 instruments measuring O3 (UV)
~80 of them (MkIV) also able to measure NO2 (visible)

https://eubrewnet.aemet.es/eubrewnet



  

The measurement/retrieval technique

Reference instrument for total O3 retrievals 
from the sun. Direct-sun technique well 
validated (>40 years).

Recent improvements of NO2 retrievals 
(using the sun as the source).

Not much work on nighttime O3 retrievals 
(focused moon).

No study on nighttime NO2 retrievals with 
Brewers so far.

Moon image 
projected on 
entrance slit without 
diffusers. Brewer 
pointing is fixed while 
the moon drifts 
accross the slit.



  

Previous phases

Assessment of Brewer ephemeris algorithm 
accuracy (against NASA’s SPICE)

Daytime NO2 retrieval algorithm

Nighttime NO2 retrieval algorithm (using 5 
wavelengths to reduce instabilities)

First nighttime O3 and NO2 datasets at Sapienza 
University in Rome – BAQUNIN supersite



  

Previous phases

Published

V. Savastiouk, H. Diémoz, C. T. McElroy, A physically 
based correction for stray light in Brewer 
spectrophotometer data analysis, Atmos. Meas. 
Tech., 2023



  

Current phase

Same measurement schedule in Rome (Sapienza 
University, #067) and Aosta (ARPA, #066):

- including O3 and NO2 retrievals
- during both the day and the night.

The Aosta station will serve as a ground truth for 
comparison/validation exercises of spaceborne 
retrievals over complex orography.



  

NO2, daytime and nighttime



  

NO2, daytime and nighttime

Good agreement between Brewer 
#067 (o) and Pandora #117 (+) during 

the day (Pandora retrievals not yet 
available for the night).



  

NO2, daytime and nighttime

Large daily variability,
also in surface measurements (--).

Column and surface not always 
aligned due to emission processes 

and atmospheric dynamics.



  

NO2, daytime and nighttime

Are nighttime variability and 
discontinuities real, as expected 
from surface measurements, or 

affected by instrumental artefacts such 
as suboptimal pointing accuracy?



  

NO2, daytime and nighttime

Several tests performed.
Forced reset/alignment before the 
night. Synchronisation (of PC clock) 
checked and corrected by 20 secs.



  

O3, daytime and nighttime
Good agreement with Pandora (day only).

Good day-night continuity.
Importance of straylight correction.



  

O3, daytime and nighttime

Importance of nighttime measurements to 
fully understand the ozone dynamics.



  

Deliverables
1/ Datasets in harmonised data format (GEOMS)



  

Deliverables
1/ Datasets in harmonised data format (GEOMS)

2/ Conceptualisation of a real time processor and 
documentation → based on transfer from Sapienza to 
ARPA



  

Deliverables
1/ Datasets in harmonised data format (GEOMS)

2/ Conceptualisation of a real time processor and 
documentation → based on transfer from Sapienza to 
ARPA

3/ Retrieval software with description



  

Final remarks
Combined uncertainty estimation and data quality 
evaluation for daytime NO2 and O3 measurements have been 
provided by previous research, e.g. Diémoz et al., ESSD, 
2021.

To be completed for nighttime NO2 retrievals: comparison 
with Pandora during the night using recent data will be helpful 
to identify possible systematic effects that still need to be 
accounted for and corrected.

Plan to implement stray light correction in EUBREWNET.
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