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Goals

Development of an algorithm for nighttime NO, retrievals
from Brewer spectrophotometers (BAQUNIN — Sapienza
and Aosta)

Evaluation of O; and NO; nighttime retrievals

Characterisation and correction of spectral straylight in
single monochromator Brewers



The Brewer networ

" https://eubrewnet.aemet.es/eubrewnet

About 200 instruments measuring O; (UV
~80 of them (MKkIV) also able to measure NO; (visible



The measurement/retrieval technique

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

Recent improvements of NO, retrievals
(using the sun as the source).

Moon image
Not much work on nighttime O retrievals pr?Jected olrtl .
entrance Sit withou
(focused moon) diffusers. Brewer :
] ] _ _ pointing is fixed while .
No study on nighttime NO, retrievals with the moon drifts ‘

Brewers so far. accross the slit. 1



Previous phases

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

Daytime NO; retrieval algorithm

Nighttime NO; retrieval algorithm (using 5
wavelengths to reduce instabilities)

First nighttime O; and NO, datasets at Sapienza
University in Rome — BAQUNIN supersite
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Abstract, Brewer ozone spectrophotometers have become
ul part of the global ground- OEONE  moni-
wring network collecting data since the early 19805, The

double-monochromator Brewer version (MEIID) was inro-
duced in 1992, With the Brewer hardware being so robust,
both single- and double-monochromator instruments. are stll
in use. The main difference between the single Brewers and
the double Brewers s the much lower stray light in the
double instrument. Laser scans estimate the rejection level
of the single Brewers to be 107*%, while the doubles im-
prove this o 107", virtually eliminating the effects of stray
light. For a typical
leads to an undere

s-monochromator Brewer, stray hght
ton of oxone of approximately 1 %
at 1000 DU ozone slant column density (SCD) and can ex-
ceed 5% at 2000 DU, while underestimation of sulfur diox-
ide reaches 30 DU when no sulfur dioxide is present. This
is because even a small additonal stray light contribution

cantly reduces the calculated

o srithm for stray light comection
based on the physics of the instrument response to stray light
(PHYCS} has been developed. The simple assumption 15 that
count rates measured at any wavelength have a contribution
from stray | from longer, and thus brighter, wavelengths
because of the vzone cross-section gradient leading to a rapid
change in intensity as a function of wavelength. Using the
longest measured wavelength (320 nm) as a proxy for the
overall brightness provides an estimate of this contribution.
The sole parameter. on the order of 0.2 % 1o 006 %, that de-
seribes the percentage of light at the lon wavelength to
be subtracted from all channels 15 determined by comparing

at shorter war
SCD at Jarge valo

ozone calculations from single- and double-monochromator
Brewers making measurements side. Removing this
additonal count rate from the al mathematically be-
fore deriving vzone corrects for the extra photons scattering
within the instrument that produce the stray hght effect. An-
alyzing historical data from co-located single- and double-
monochromator Brewers provides an estimate of how the
stray light contribution changes over tme in an instrument.
The corrected count rates of the measured wavelengths can
also be used w improve other caleulations: the sulfur diox-
ide column and the aerosol optical depth, the effective tem-
perature of the ozone layer, or any other products. A mulu-
platform implementation of PHYCS, smst ray, o correct
the count rates for stray light and save the corrected values
in a new B-file for use with any existing Brewer data anal-
ysis software is availuble to the global Brewer user commu-
nity al hitps:/idororg/ 10528 1 zenodo BO9T038 {Savastiouk
and Diémoz, 2

1 Introduction

Developed in the late 1970s at what is now known as Envi-
ronment and Climate Change Canada (ECCC), the Brewer
spectrophotometer has become an important research and
monitoring ground-based instrument to determine, among
other guantities, the amount of czone in the atmosphere
and the solar ultravielet (UV) irradiance reaching the sur-
face (Kerr et al., 1985). As an essential component of



Current phase

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

- including O5; and NO; 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.
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NO,, daytime and nighttime
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NO,, daytime and nighttime
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NO,, daytime and nighttime
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and atmospheric dynamics.

Column and surface not always
aligned due to emission processes
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NO,, daytime and nighttime
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NO,, daytime and nighttime

(;_w Br1) ON @oepNS

o
o
—

Pandora, night [—

Pandora, day
— = Surface

O  Brewer, day
O  Brewer, night

Rome (5 slits)

Secs.

0

corrected by 2

Several tests performed.
d

Forced reset/alignment before the
night. Synchronisation (of PC clock)

checked an

Sl o} G0 00

(na) 2ON

Jan 24 Jan 26 Jan 28 Jan 30 Feb 01

Jan 22

Date (full moon on 2024-01-25)



03 (DU)

550

500

300 350 400 450

250

0, daytime and nighttime

Rome
Good agreement with Pandora (day only).
Brewer, day GOOd day'nlght ContinUity.
i Dighi{avg sndlisidl min) Importance of straylight correction.
andora, day
Pandora, night (avg and std 1h)

;

)
—B5—

I [ I [ I
Feb 22 Feb 24 Feb 26 Feb 28 Mar 01

Date (full moon on 2024-02-24)



03 (DU)

550

500

300 350 400 450

250

0, daytime and nighttime

Rome

Total ozone (DU) / Ozone total (UD), 2024/02/24

Brewer, day

Brewer, night (avg and std 9 min)
Pandora, day

Pandora, night (avg and std 1h)

;

Environment and Climate Ghangs Canada
Il B e B e Canada

2024-02-29 23:44:03

|
Feb 24

I
Feb 26

Date (full moon on 2024-02-24)

Feb 28

Mar 01

Importance of nighttime measurements to
fully understand the ozone dynamics.

600
550
500
450
400
350
300
250
200
150
100



u
D I Iv r I File GEOMS_solar_N02.nc (NC_FORMAT_NETCDF4):
2 variables (excluding dimension al

float LATITHDE INSTRUMENTL ] ||ont1quaus storage)

: Inst. gEGlGCaTiGn. Latitude north (decimal degrees)

v R DEPEHD CONSTANT
VAR_DATA_TYPE: REAL

1/ Datasets in harmonised data format (GEOMS) L T

VAR_FILL_\ VALUE: -90000
f1ont LUHGITHDE INSTRUMENT[ ] (Contiguous storage)
1
LONGITUDE . INSTRUMENT
IPTIUN: Inst. geolocation. Longitude east (decimal degrees)

jeq
[ERSION: 0.0;1.7453
VAR_VALID _MIN: -
VAR_VALID MAX:
VAR_FILL_VALUE
f1ont ALTITHDE IHbTRHHEHT[] (Contiguous storage)
5 1l
ALTITUDE.INSTRUMENT
IPTION: Inst. geolocation. Altitude of the instrument relat

R_DEPEND: CONSTANT
VAR_DATA_TYPE: REAL
m
_CONVERSION: 0.0:;1.0;m
VALID _MIN: -1000
VAR_VALID _MAX: 10000
VAR_FILL_VALUE: -90000
float IHTERHAL IN‘TRHHENT TEMPERATURE[DATETIME ] (Contiguous storage)

IHTERHAL.IHSTRUMEHT.TEMPERATURE
IPTIUN: Internal temperature sensor

273.15;1;K




] ’ "
Brewer measurements at
Sapienza - University of Rome
(raw data saved into B-file)

Data sending

1/ Datasets in harmonised data format (GEOMS) v

ARPA's
FTP server

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

ARPA's
processing
server

Y

Download

Software and Retrieval
algorithm updates software

Data sending

Y

Processed data sent back to
Sapienza for storage and
publication.




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

*  'DEAD_TIME, OP_STEP'. IERO: Sel Mese values according o your Brewess configuration
* “Linesiit’ Sed the malhx according io the reliable lineisBl combinations from the dispersion lest
* L0867 Adjust the wiklcard characters acconding Lo the files Lo be processed

Rt dispersion.n’ This will create several les. Then fn complete_sd.m USING disp_cesfd txy gensraled
Trom ihe previous sleg as the argument.

2325mp2

Objective: Calculate the weightings of the linear combination and the NO; diferential sheorption coelMcent
uging the wavelengths @nd FWHM from the dispersion sl as well a8 the spaciroscopic data from Vardaek el
al., 1998, a1 a lemperature of 254.5 K

Inpuit data: Files from Step 1 (" dasp_cosss txt’, ‘reselutisn. txt' ). F08S seclion files, solar spectiur
Additional requirements. lbRadiran radiative ransfar model [hiloibradiran.cog], nol provided
Script{s). misal. s

Usage: Maodily ihe MailabhiOctave scriph ‘misal.w accordng lo fhe sile characterisBics and your PC
configuratian:

* ‘uvspec prespurs | Averape pressure of the site (aleo update SCORAY accordingly)
© Cuvepse.s3 | Average ozons sollmi

© ‘uvapsc.wlpha’ and uvapac. bata’ | Average aerosol Angslom paramelens

* “uvapsc, datapath  Path of the ibRadiran dala fles

*  LATITUDE . LONGITUDE , ALTITVDE : Geographical coordinales of the sile

»  CSTERPNDZ | Operaling atep of your Brawer

The script will calculale the weighlings { gNo2’) and the diferential cross seclion | 45fICewfINDR ) Lo rarmoyve The
effect of the scalieringabsorplion by other atmasphenc gases and the efect of slighl wavelength shils. The
resulls are provided for a total of 4, 5 and 6 wavelengths, depending on the number of wavelenglhs used for the
refrigvats (nomally 6 for daytime retrievals and 5 for nighttime retrievals).

238ep 3
Objective: Assess Ihe eflect of inererances by known almosahes absorbers (0., O0-0:) on MO, relrisvals

Iipiit data: Dispersion coellicients and resohiicn fam Step 1, waighlings from Step 2

Setiptis): +3_sale.n. o4_bermans.a 4N ed_sals.n’

Usage: Modity the MalabOclave sofight o _cale.m 8nd o4 _calc.m’ 88 in Step 2. Change almospheric
paramelers i od_bermass.m according bo ihe considered siation.

The “3_eale.m SCripl provides the ralio {zs_swatis ) belween the ozone differential absorplion coeflicent and
the MO, diffenential absorplion coeflicient. The erer due to unaccounted azone on MO, retfieyals will be!

O, slamt eolurn * x5 _ralio ! sirmass




Final remarks

Combined uncertainty estimation and data quality
evaluation for daytime NO, and O; measurements have been
provided by previous research, e.g. Diémoz et al., ESSD,
2021.

To be completed for nighttime NO; 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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