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Introduction and data utilization: Sun photometer, spectroradiometer and global networks

Sun photometer: Aerosol optical depth (AOD) measurement

 Using Lambert—Beer law from direct sun measurements

* Considering contribution from Rayleigh scattering by atmospheric molecules and absorption by
atmospheric constituents other than aerosols like ozone, nitrogen dioxide, water vapour, etc.

@ GODDARD SPACE FLIGHT CENTER

Spectroradiometers: trace gas measurements
* NO,, O;, HCHO total and tropospheric column, profile, surface concentration

Why we looked for NO, absorption impact on AOD measurements?

* Tropospheric NO, has high spatiotemporal variation and regional confinement near its source
* Likelihood for deviation from climatology in regions with high NO, emissions or trend reversal
* Also, there can be significant diurnal variation in NO, concentration

Objective
Assessment of the impact of NO, contribution on AOD measurements at several sites worldwide

Instrumentation
- AERONET (Aerosol Robotic Network) CIMEL sun photometers Two global networks = a number of
- PGN (Pandonia Global Network) Pandora spectroradiometers co-locations useful for such analysis

Analysis
- PGN NO, vertical column density (VCD) = high (0, 10) and medium (1, 11) quality flags
- NO, correction on AERONET AOD at A (nm): 340, 380, 440 and 500 and Angstrom Exponent

A (nm): 440-870 and 340-440 PANDONIA GLOBAL NETWORK

Reference Measurements of Atmospheric Composition

* Pictures: https://aeronet.gsfc.nasa.gov, https://pandora.gsfc.nasa.gov, https://www.pandonia-global-network.org AERONET Science and Application Exchange, September 18, 2024, USA 02/16



Methodology: Co-located AERONET and PGN sites worldwide
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* PGN stations coordinates - AERONET latitude + 0.09° and longitude + 0.07° (in most of the cases with the exact same)
* Corresponding to daily AERONET time = selection of nearest matching PGN time - time interpolation of PGN data to AERONET time stamp
* Categorized all the stations as urban/rural site (‘rural’ as small cities that are in the countryside or adjacent to ocean and other sites as ‘urban’)
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PGN: Pandonia Global Network; OMI: Ozone Monitoring Instrument
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AOD calculation from direct sun measurements of sun photometers: NO, correction

I\ = 10(7\,) x e~MT — 10(7\,) * e—(mRayleighTRayleigh+maerTaer+m03Tog +myo, TNO, +Mco, Tco, *McH, TeH, +MH,0TH,0) (1) Lambert Beer law

aer = aerosol

IO(}\‘) . GNOz(k) MmMNo,
T A) = * +* NO- (DU i Cuevas et al., 2019
No, (A) 000 - 2(DU) (2)
TH,0, MKy, 0
1020-1640 nm @
@
® Taer,PGN 9,
INO,> MINO,; NO
2PGN
® 340-500 nm = Taer AERONET(A) + TN, AERONET(M) — | T™NO,,AERONET(M) * NO
Taers Maer 20MlIc
TRayleigh’ mRayleigh‘
340-1640 nm NOzpenN
= Taer AERONET(M) — N0, AERONET (L) (NOzo 1) (3)
MIc
[(A)
T: total optical depth
m: total optical air mass * NO, optical depth is directly proportional to NO, vertical column density at a

specific wavelength and sun elevation

* Ono,, Mno,: NO, absorption coefficient at wavelength (A) and NO, optical air
Sun photometer mass obtained from (Gueymard, 1995)

7,!!!////////

* Cuevas, E., et al.: Aerosol optical depth comparison between GAW-PFR and AERONET-Cimel radiometers from long-term (2005-2015) 1 min synchronous measurements, Atmos. Meas. Tech., 12, 4309-4337, 2019.
* Gueymard, C.: SMARTS2: a simple model of the atmospheric radiative transfer of sunshine: algorithms and performance assessment, Florida Solar Energy Center Cocoa, 1995.

DU: Dobson unit; PGN: Pandonia Global Network; OMic: OMI Climatology AERONET Science and Application Exchange, September 18, 2024, USA 04/16




NOZOMIC
AERONET OMIc based NO,

NO, absorption induced differences in AOD calculations
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AOD: aerosol optical depth; PGN: Pandonia Global Network; AE: Angstrom Exponent; OMIc: OMI Climatology
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Case 1 Case 2
(AERONET — PGN) <0 >0
NO, difference OMlc NO, OMlc NO,
ANO, underestimation  overestimation
(AERONET — PGN) >0 <0
AOD difference AERONET AOD AERONET AOD
AAOD (At,er(A)) overestimation  underestimation
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Differences between AERONET OMI NO, climatology and PGN NO, measurements: Impact on AOD measurements
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e 17 stations in case 2 (11 are urban sites and 6 are rural sites)

* 4 urban stations (BEI, TSU, BRW and JYC) > mean NO, overestimation > 0.5 x
10-* mol-m=2 and AOD underestimation = 0.002

 AERONET OMIc NO, overestimation > trend reversal of tropospheric NO,
during the last decade due to reduction in pollution levels (OMilc is based on
average values during 2004-2013)

16 stations in case 1 (13 are urban sites and 3 are rural sites)

* 6 urban stations (DHK, MXC, ATH, LPT, HOU and ROM) = mean NO,
underestimation > 0.5 x 10* mol-m-2 and AOD overestimation = 0.002

 AERONET OMIc NO, underestimation = higher pollution levels, which
averaged OMIc climatological interpretation of NO, fails to depict

AOD: aerosol optical depth; PGN: Pandonia Global Network; OMIc: OMI Climatology AERONET Science and Application Exchange, September 18, 2024, USA 06/16



Differences between AERONET OMI NO, climatology and PGN NO, measurements
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DHK: Mean PGN NO, is ~4 times higher than OMIc, OMIc NO, remains mostly BEI, BRW: Mean PGN NO, is ~1.5 times lower than OMIc, PGN NO, levels reaching
constant and below 5 x 10* mol-m-2 ~20 x 104 mol-m~for BEl and to 10 x 104 mol-m?for BRW
MXC: Mean PGN NO, is ~2 times above OMic
®* PGN NO, variation is mostly above OMIc values ®* PGN NO, variation is on both side of the OMIc values

AOD: aerosol optical depth; PGN: Pandonia Global Network; OMIc: OMI Climatology AERONET Science and Application Exchange, September 18, 2024, USA 07/16



Are AOD, NO, values or AOD differences correlated?
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®* AOD variation as a function of NO, VCD and AOD differences as a function of AOD values
®* AOD is not correlated with NO, VCD values and AOD differences are also not correlated with AOD values

* NO, differences are related to AOD differences, and vice versa
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Extreme NO, scenario: 10% of highest differences Highest affected wavelength

380 nm
; - Followed by
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* Increase in AOD differences for the 6 stations was found to be above 0.007 in  Stations BEI, JYC, MNH and SOL
“Extreme” case from the “All” dataset * mean NO, difference is 1 x 10* mol-m= higher in “Extreme” than “All” dataset
 Even reaching up to 0.023 and 0.015 for DHK and MXC, respectively  AOD differences increased by 0.004 (380 nm) and 0.003 (440 nm)

* Similarly, ALD showed ~7 times and ~8 times increase in the differences in NO, ¢ For BEI, mean AOD underestimation reached to 0.013 and 0.011 at 380 nm

and AOD, respectively in “Extreme” scenario as compared to “All” datasets and 440 nm, respectively

AOD: aerosol optical depth AERONET Science and Application Exchange, September 18, 2024, USA 09/16



Angstrom Exponent calculation from spectral AOD measurement

AE calculation

Taer(M) =B. A% (4) Angstrom power law /\

AE340-440 nm AE440-870 nm
Taer,PGN Taer,PGN

InT,.r(A) =Inf — a.lnA (5) least squares regression fit A (nm): 340, 380 and 440 A (nm): 440 and 500

Taer, AERONET
) A (nm): 675 and 870
N Y InTaer-InAj — X Taeri -2 A
— ’ ’ S
A=A N Z(In}; )% — (X In}; )? (6)

O, -2, AERONET
AERONET retrieved AE between A;

and A
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02 -2;,PGN
AE calculated from PGN corrected
AOD between A; and A;

PGN: Pandonia Global Network; AE, a: Angstrém Exponent; OMic: OMI Climatology AERONET Science and Application Exchange, September 18, 2024, USA 10/16



Effect of climatological vs real NO, values on Angstrom Exponent

* AE440-870 nm difference median was found to be —-0.07 and -0.05 for BEl and BRW, respectively, and within +£0.03 for other stations
*  AE340-440 nm difference median was 0.07 for BEI, 0.04 for BRW, and within +£0.03 for the remaining stations

 Narrower frequency distribution for stations like DHK can be attributed to broader AOD distribution (Wagner and Silva, 2008) and a broader AE distribution
can be attributed to the narrower AOD distributions

B A AE440-870 (a) DHK B A AEA440-870 (b) MXC B A AE440-870 ' (c) BEI B A AEA440-870 (d) BRW
—— Median: 0.021 —— Median: 0.026 —— Median: -0.07 \ —— Median: -0.053

AAE340-440 A AE340-440 A AE340-440 A AE340-440
——— Median: -0.018 ——— Median: -0.026 ——— Median: 0.065 ——— Median: 0.04
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Angstrom Exponent difference (AAE) (AERONET - PGN)

Case 1: AERONET AOD overestimation
AAE440-870 Shift in peak of AE difference distribution towards a positive value = Higher relative positive error in AOD at shorter wavelength (440 and 500 nm)

AAE340-440 Shift in Peak of distribution is towards the other direction = Higher error at higher wavelength (440 nm) than at lower wavelength (340 nm)

Case 2: AERONET AOD underestimation
AAE440-870 and AAE240-440  Similar but opposite (in sign) to case 1

* Wagner, et al.: Some considerations about Angstrém exponent distributions, Atmos. Chem. Phys., 8, 481-489, https://doi.org/10.5194/acp-8-481-2008, 2008 AE RO N ET SCience a nd Ap pl icatiOn EXCh a nge’ Se ptem be I 18’ 2024, USA 1 1/16



Angstrom Exponent differences variation with NO, and AOD magnitude
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®* AE uncertainty is not very simple to interpret as
- it is a derivative quantity, sensitivity depends on AOD and depends on any spectral correlations in AOD uncertainty

* AAE variation with NO,
- Case 1: there is a strong positive and negative bias in AE440-870 and AE340-440, respectively
- Case 2: the positive and negative biases are not that strongly present

* AAE variations with AOD showed high AE differences associated with low AOD instances

AOD: aerosol optical depth; PGN: Pandonia Global Network AERONET Science and Application Exchange, September 18, 2024, USA 12/16



Drosoglou et al., 2023

Site specific analysis for Rome - AERONET and SKYNET
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Average AOD bias for Rome was ~0.002 and ~0.003 at 440 and 380 nm, respectively for AERONET but was a bit higher for SKYNET (~0.007)

AE bias was ~ 0.02 and ~ 0.05 for AERONET and SKYNET, respectively

Higher AAOD are obtained for higher NO, concentrations, regardless of the initial measured AOD (i.e., higher AAOD are also observed for lower AOD values)

AOD: aerosol optical depth; PGN: Pandonia Global Network; AE, a: Angstrom Exponent; OMIc: OMI Climatology

*Drosoglou, T., et al.: Evaluating the effects of columnar NO, on the accuracy of aerosol optical properties retrievals, Atmos. Meas. Tech., 16, 2989-3014, 2023

AERONET Science and Application Exchange, September 18, 2024, USA
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Prosoglouetal, 2023 Gjte specific analysis for Rome: High Pandora NO, and low AOD - AERONET and SKYNET
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AOD: aerosol optical depth; AE: Angstrom Exponent

A high NO, event in Rome on 25 June
2020

For AERONET,
- median and maximum AOD bias
was ~0.003 and ~0.02, respectively
- median and maximum AE biases
are 0.014 and 0.11, respectively

For SKYNET,

- AOD bias median and maximum
was ~0.008 and ~0.03, respectively

- AE bias median and maximum was
~0.03 and ~0.10, respectively

- both AOD and AE deviations are
higher compared to AERONET

- can be due to the fact that
SKYNET AOD calculations do not
account for NO, absorption

*Drosoglou, T., et al.: Evaluating the effects of columnar NO, on the accuracy of aerosol optical properties retrievals, Atmos. Meas. Tech., 16, 2989-3014, 2023 AE RO N ET SCience d nd Ap pl icatio n EXCh d nge; Se ptem be r 18/ 2024; USA 14/16



Prosoglou et al.,, 2023 Site specific analysis for Rome: Impact on single scattering albedo (SSA)

(a) Rome La_Sapienza (b) Rome Tor Vergata
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*Drosoglou, T., et al.: Evaluating the effects of columnar NO, on the accuracy of aerosol optical properties retrievals, Atmos. Meas. Tech., 16, 2989-3014, 2023
* Eck, T. F., et al.: Variability of biomass burning aerosol optical characteristics in southern Africa during the SAFARI 2000 dry season campaign and a comparison of . . .
single scattering albedo estimates from radiometric measurements, J. Geophys. Res.-Atmos., 108, 2156-2202, https://doi.org/10.1029/2002JD002321, 2003 AE RO N ET SCIe nce an d Ap pl |Cat|0 N EXC h d nge, Se pte m be r 18/ 20241 U SA 15/1 6



Key findings and way ahead

NO, climatological input was found to underestimate NO, values in a number of cases as compared
to PGN (ground-based) measurements which led to an overestimation of AOD calculations in

spectral range with prominent NO, absorption and vice versa for other cases

Satellite based NO, climatology used for AOD calculations can be updated with focus on urban

areas that can also have high diurnal variability in NO, concentrations

Instrument co-location of different instrument/networks can potentially be used to improve stand-
alone algorithms and retrievals using different outputs from co-located instrumentations (e.g., in

this analysis PGN NO, output was used as an input in AERONET AOD calculations)

This analysis highlights the importance of accurate NO, representation with the best possible
scenario, however, concerning implementation into global AOD networks (such as AERONET, GAW-
PFR or SKYNET), synergistic use of satellite data is required to account for all stations and also

concerning the times series of data availability from Pandora instruments that start from 2016
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Differences between AERONET OMI NO, climatology and PGN NO, measurements: 10 stations
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PGN corrected aerosol optical depth (AOD)

Aerosol optical depth difference (AAOD)

Are AOD, NO, values or AOD differences correlated?: 10 stations
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Effect of climatological vs real NO, values on Angstrom Exponent: 10 stations
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Angstrom Exponent differences variation with NO, and AOD magnitude: 10 stations
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