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Introduction on NO and NO, (NO,)

NO
NO,

Nitric oxide
Nitrogen dioxide |
Lifetime of hours (NO), hours to days (NO,)

- NO,

@ITIN=RIS

Health effects: respiratory irritation, aggravation of asthma, respiratory infections
Environmental effects: NO, react with VOCs to produce O, control OH, acid rain
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Measurements of NO, by chemiluminescence ®ITIN=ERIS

The chemiluminescence occurs when NO is exposed to O,. Itis a two-step process.
First, the NO and O; molecules collide and react to produce O, and one molecule of NO,. Part of this reaction
gives excited NO,

NO + 0, - NO, + O,
NO + 0, - NO; + 0,

The excited NO, can be quenched by other molecules, or can quickly return to its ground state, releasing
excess energy, in the form of a quantum of light

NO:+ M — NO, ,M = N,,0,, H,0, Ar
NO; = NO, + hvi200nm

All things being constant (i.e., T, P, amount of O, ...), the relation between NO and the amount of light emitted is
very linear. If more NO is present, more IR light is produced. By measuring the amount of IR light produced with
a sensor sensitive in the infra-red spectrum, the amount of NO present can be determined.



Measurements of NO, by chemiluminescence @ ITIN=ERIS

The NO chemiluminescence detector (CLD) has been invented in 1970 (Fontijn et al., 1970)

ozone generator ! prechamber

converter

>

main chamber

By altering both the converter mode and the chamber mode, a measurement cycle consists of 4 steps



Raw data files @ ITIN=RIS

e Dailyraw files

* 1-mintime resolution

* NO, NO,, NO, concentrations as well as ancillary parameters
* Instrument status and warning

Hdate time daydec NO[ppb] NOZ2[ppb] MNOx[ppb] Pre Pre low Pre High T int ReactCellT[C] T Cooler PMT_V T NO2 conv ReactCellP[incHg] 03 flow[cc/m] SampleFlow[cc/m] status warning

2025-85-14 ©68:00:80 133.600008 ©.831 ©.865 ©.896 -999 -999 -999 31.925 39.997 4.655 5208.525 ©.868 2.417 59.899 774.527 SAMPLE 90166800066
2825-85-14 ©08:01:88 133.800694 ©.032 ©.049 B.882 -999 -999 -999 31.938 39.996 4.653 520.525 0.088 2.418 59.122 774,476 SAMPLE @@leceeooes
2025-85-14 ©0:92:80 133.801389 ©.831 ©.835 ©.866 -999 -999 -999 31.932 39.995 4.657 5208.533 ©.068 2.421 59.115 773.654 SAMPLE @@leecooaes
2825-85-14 88:83:88 133.802883 ©.835 ©.029 B.864 -999 -999 -999 31.935 39.998 4.657 520.589 0.868 2.427 59.146 779.451 SAMPLE @@lesseoes
2825-85-14 60:04:88 133.802778 ©.038 ©.841 ©.879 -999 -999 -999 31.935 39.996 4.656 520.532 0.888 2.426 59.133 779.469 SAMPLE @glecceooes
2025-85-14 88:085:88 133.883472 ©.842 ©.848 ©.882 -999 -999 -999 31.937 39.995 4.656 5208.525 ©.868 2.428 59.156 775.847 SAMPLE 90166800066
2825-85-14 ©08:06:88 133.804167 ©.0836 ©.047 8.883 -999 -999 -999 31.931 39.996 4.653 5208.532 0.888 2.421 59.181 774.518 SAMPLE @@leceeooes
2825-85-14 88:97:80 133.804861 ©.825 B.857 B.882 -999 -999 -999 31.926 39.997 4.657 520.541 ©.888 2.422 59.888 774.479 SAMPLE 90le8se0gee
2825-85-14 88:08:88 133.805556 ©.837 ©.855 8.891 -999 -999 -999 31.927 39,997 4.657 5208.517 ©.868 2.423 59.186 778.475 SAMPLE gglecseoes
2825-85-14 80:09:80 133.806258 ©.034 ©.058 ©.892 -999 -999 -999 31.928 39.996 4.656 520.35%9 0.888 2.427 59.137 780.192 SAMPLE @glecceooes
2025-85-14 88:168:88 133.886944 9.821 ©.068 ©.889 -999 -999 -999 31.918 39.996 4.658 5208.525 ©.868 2.429 59.895 779.342 SAMPLE 90166800066
2825-85-14 868:11:88 133.807639 0.0688 ©.069 B.877 -999 -999 -999 31.915 39,997 4.657 520.533 0.888 2.425 59.888 773.522 SAMPLE @elecseooes
2825-85-14 88:12:88 133.808333 0.914 ©.858 8.872 -999 -999 -999 31.915 39.994 4,656 520.549 0.088 2.428 59.128 774,288 SAMPLE @0leespopes
2825-85-14 868:13:88 133.809828 ©.0687 ©.875 8.883 -999 -999 -999 31.915 39.998 4.655 5208.517 ©.868 2.415 59.112 775.228 SAMPLE gglecseoes
2825-85-14 88:14:88 133.809722 -0.068 0.879 0.879 -999 -999 -999 31.919 39,996 4.654 520.541 ©.880 2.418 59.114 775.773 SAMPLE geleseoooees
2025-85-14 88:15:88 133.810417 -0.081 ©.886 ©.886 -999 -999 -999 31.927 40.088 4.654 520.541 ©.8608 2.417 59.101 7808.843 SAMPLE @elespooees
2825-85-14 868:16:88 133.811111 -e.811 ©.121 ©.118 -999 -999 -999 31.929 39,997 4.656 520.533 0.860 2.418 59.101 774,368 SAMPLE @el6eooee88
2825-85-14 88:17:88 133.811806 -0.817 ©.137 8.128 -999 -999 -999 31.939 39.994 4,656 528.533 ©.880 2.411 59.851 774,232 SAMPLE 20188000068
2825-85-14 868:18:88 133.8125688 -0.884 ©.128 8.124 -999 -999 -999 31.948 39.991 4.656 528.533 0.880 2.414 59.897 774,298 SAMPLE @eleecoeess
2825-85-14 88:19:88 133.813194 -0.862 8.134 8,131 -999 -999 -999 31.937 39,995 4.656 520.541 0.886 2.423 59.101 774,350 SAMPLE @eloeoooees
2025-85-14 88:208:80 133.813889 -0.813 ©.133 ©.128 -999 -999 -999 31.943 39.997 4.657 520.454 ©.860 2.424 59.188 780.6834 SAMPLE @elecpooees
2825-85-14 868:21:88 133.814583 -0.824 ©.148 ©.124 -999 -999 -999 31.943 39,992 4.655 520.533 0.8680 2.423 59.143 777.995 SAMPLE @eleeeoeees
2825-85-14 88:22:88 133.815278 -0.824 0.162 8,138 -999 -999 -999 31.939 39.996 4.654 520.336 ©.880 2.416 59.106 775.373 SAMPLE gelesoooees



Calibration by gas phase titration (GPT) @ITIN=ERIS

The chemiluminescence method is not an absolute method, therefore periodic calibration of the instrument is
required. Sensitivity depends on parameters like cell temperature or pressure, photon count efficiency of the
PMT, contamination or degradation of optical components, etc. which can change with time.

; gas phase titration unit
Zero air generator

ambient air — filter — dryer L

— P-regulator — Ccolet —

P-regaliﬂr—»catalyst—» > MFC k O3 generator dilution » CLD

O5-source — scrubber — filter

— Hopkalite™ — filter %

|| MFC § | B‘Ratm | J
\ exhaust
EXCESs gas
AN
Zero air (from 1 . ) ) . —
: ( : : A st Since NO, is not stable in cylinders, it is
cylinder/generator), i.e., air | ; 2 produced from reaction with O
without significant amounts 3
of NOin it

Calibration standard from the CCL (Central
Calibration Lab), with NO stable in the ppm
range, diluted before entering the CLD




Calibration by gas phase titration (GPT)

Teledyne T200UP - 2023-06-17

@ITIN=RIS

GPT PHASE
NO, is produced from NO
after O, is added, by GPT. In
this phase, NO, is measured
to determine the conversion
efficiency (Sc)

o | — NO
e} NO2
\ —— NOx
g 8-
ZERO PHASE S
Only synthetic air is added, o S
itis for determining NO and | £
NO, artifacts 2 o L\
NO SPAN PHASE = | | | | |
NO added from standard 167.63 16764 16765  167.66  167.67  167.68
cylinder. The NO sensitivity start_time
is determined

Each calibration phase should last at least 15-20 min to allow the instrument to stabilize




NO, NO2, NOx (ppb)

Calibration by gas phase titration (GPT) @ITIN=ERIS

Teledyne T200UP - 2023-06-17

1) As afirst step, we calculate the NO and NO, calibration coefficients
JAS_CONCSPAN
: B NOcoker = L
— NOx NOspan — NOzero

80
]

60
|

JAS_CONCSPAN

. &

] NOXxcoer = 5. :
NOxspan — NOxzgro

40

2) From these, we can get calibrated NO and NO, values (NO, is only
temporarily calibrated, being now based only on NO)

I I I I I I

167.63 167.64 167.65 167.66 167.67 167.68
NOcariB = (NO - NOcoer) — NOzero

start_time

NOxcarip = (NOx - NOxcoer) = NOxzero
3) Then, we can derive the conversion efficiency (Sc)

_ NOxgpr = NOzspan — NOgpr

Sc
NOgspan — NOgpr




NO, NO2, NOx (ppb)

Calibration by gas phase titration (GPT) @ITIN=RIS

Teledyne T200UP - 2023-06-17

\ — o1 4)Giventhe Sc, we can now compute NO, calibrated data, and the final NO,

—No2i calibrated value

80
]

60
|

NOxcariB — NOcaLiB
_ NOzcaLIB = 3.

40

NOxcariB = NOacarip + NOcaLiB

167.63 167.64 167.65 167.66 167.67 167.68

start_time

* Always check how calibration parameters (e.g., NO,zro, NO¢oep -..) Vary over time, to
see that no drifts are present

* Do calibration results vary within acceptable limits?

* If NO, conversion efficiency falls below 40% or lamp intensity fluctuates excessively,
check/change the lamps or the converter




Calibration files

* Onefile for each calibration event (unless more than one calib on a specific day/calib spanning two days)
* T1-mintime resolution

* Information about parameters during the calibration (e.g., target_gas_conc, Oz_lamp_temp, ..

e Status and flags identify the different phases of the calibration
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target 7flow actual Tflow target Tflow status flags
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Chemistry in the inlet @ITIN=ERIS
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[Oclez * NO reacts with O in the inlet manifold, in the

photolytical converter and after passing the converter

[0 before the detection in the CLD

| * O,isalso produced in the converter, which can oxidize
NO on its way to the detector
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correction factor for NO

Chemistry in the inlet

O, correction for NO at 25°C, 1013mbar
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Correction factor for NO at different
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correction factor for NO,

O, correction for NO, at 25°C, 1013mbar
NO,=2ppb, NO=0.4ppb, t_C2=9s,t C1=1s
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Correction factor for NO, at different
residence time in sampling line

* Correctionis necessary even with high sampling flows
* NO correction gets larger with larger O; concentration and longer residence time

* NO, correction gets larger/smaller with larger O, concentration (+-), longerinlet line (-), larger converter
volume (+), larger NO concentration (-), better converter efficiency (-)

correction factor for NO,

@ITIN=RIS

Q, correction for NO, at 25°C, 1013mbar
NO,=2ppb, NO=0.4ppb, t_C2=1s,t_Cl1=1s

3 25
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Correction factor for NO, at different

residence time in sampling line

I Inlet correction is needed for all NOx instruments, not only CLD I




The humidity effect ®ITINERIS

NO + 0, - NO, + O,
NO + 0, - NO; + 0,

]\[0;< RN NOZ + hv Matthews et al. (1977)
NO; +M - NO, ,M =N,,0,,H,0, Ar
N0>2'< +N2 N NOZ k(NO; +N2) Factor for quenching in ambient air
NO;+0,- NO,  k(NO;+N,)x1.115 21%  EEp 1.034
NO; + CO, »> NO, k(NO;+ N,) *2.05 400 ppm ) 1.000
NO; + Ar - NO, k(NO; + N,) * 0.5 1%  EE) 0.995
NO, + H,0 - NO, k(NO; + N,) * 4.42 1%  EEp 1.043

Consequences (for CLD instruments)
* No correction needed when frequent spiking of ambient air is performed
* 0-10% correction needed for calibrations using NO/N,, diluted by synthetic air
* No water correction needed if the ambient air is dry or dried



The humidity effect @ITIN=ERIS
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Ridley et al. (1992)



/ero offset correction DITIN=ERIS

* Inremote environments where NO, concentrations are low (<0.1 ppb) itis recommended to use the
measured night-time NO signal as the detector artefact (Lee et al., 2009; Galbally et al., 2020)

* Ambient night-time NO concentrations are expected to equal zero due to reaction with ambient O,

* To assess valid zero offset corrections, the following conditions must be met:

Alevel of O;> 20 ppb

Low ozone variability with a variation coefficient of < 0.1

No local sources of NO

Absence of sunlight

Steady meteorological conditions with wind speed <2 m/s

Absence of high levels of VOCs

2024 2024
ITOO09R , Monte Cimone ITOOO9R , Monte Cimone (rev.)

O O O O O O

0.3 T T T T T T T T T T T T

- individual data
— proposed offset

NO [nmol/mol]
NO [nmol/mol]

_0_22_ ! _;

-0.3 é | ! ] | 1 ] ] ] ] 1 ] ] L é -0.3 E | ] ] 1 ] ] ] ] ] | ] ]
01 02 03 04 05 06 07 08 09 10 11 12 01 02 03 04 05 06 07 08 09 10 11 12
month month




Corrections

Until 2022
Stations submitted corrected level O or level 2 data, or the
Topical Centre (TC) corrected data

From 2023
ozone, humidity and zero offset corrections will be directly
applied by the TC, so stations must submit NO, level 0 and
level 1 data. Hourly level 2 and level 3 data will be
produced by the TC

®ITIN=ERIS



NO, guidelines

https://ebas-submit.nilu.no/SOPs
GAW has prepared new measurement guidelines

*__ "\ GLOBAL
ATMOSPHERE
WATCH

Guidelines for continuous measurement of
nitrogen oxide (NO) and nitrogen dioxide

(NO,) in the troposphere

Authors (in alphabetical order)

Paul Brewer, lan Galbally, Dagmar Kubistin, Chris Reed, Martin Steinbacher, Dave Worton,

Robert Wegener

Draft November, 26th, 2021

@ITIN=RIS


https://ebas-submit.nilu.no/SOPs

NO, data submission @ITIN=RIS

* World Data Centre for Reactive Gases (WDCRG)
* Database hosted by NILU: https://ebas.nilu.no/

EBAS HOME Data Submissiona®@Pata Access v .«Faq - About .~

& il
Data Submission Data Access

oAbout EBAS is 2 database
EBAS objective is
EBAS composition data gene

long-term monitoring progra


https://ebas.nilu.no/

Data levels @ ITIN=RIS

Data format is EBAS NASA Ames 1001 (ASCII text)
Data levels to be submitted:
* Level 0: data as provided by instrument, amount fraction and raw counts (when available),
flags applied
* Level 1: calibrations applied, original time resolution, flags applied
Data produced by the Topical Centre (TC), from 2023:
* Level 2: hourly averages, offset correction applied, not sample line corrected
* Level 3: hourly averages, offset correction applied, sample line corrected
To perform corrections, the TC also requires ozone (lev1) and meteo (levO, lev2) data, if available




Workflow @ ITIN=RIS |

DC: call for data in mantis by 2024-02-09 EBA§ Data DOfﬁal
* NOXx levO, levl . https://ebas-data.nilu.no/
( \ * 0O3levl ( \ DC: data in EBAS SEMG =" = ==
N F < * Met levO, lev2 DC * NOx lev2 = = S
— * NOxlev3 | L I
NF: Data submission by 2024-03-15 Mantis issues closed == A 4 /
— * NOxlevo, levl —
— * 0O3levl 5
K j + Met levO, lev2 k J s A

TC: generate and submit the QCed

NOx data to DC by 2024-05-31
* NOx lev2
* NOx lev3

nilu

Lin et al. (2024) \




level O @ ITIN=ERIS

https://ebas-submit.nilu.no/templates/NOx/lev0

Aoknowledgement - Bequest acknowledgement detzils from data originator

endtime p inlet p det T inlet T det cal =sro 10§ KOcf HO sens cvr eff 30 dl numnflag NO o2 02 ac NO2 pr HNO2 dl
000E34 B35.400 S21.400 25%.700 250210 0 0 258B 5201 1.283 45.351 0. 0. i .00l 00000000 0.753 0.0020 ©.0010 O.010 0
001385 B35.7TE€  3S21.787 255.750 231 232 I, o 31 47E0 1.283 45.351 0. 0.001 a o0l .0 0 0.735 024 ©0.0012 0.012 @0
002083 B3%.821 S521.833 255%.761 251 587 0 1 21 3 1.283 45.351 0. 0.0010 i .00l _E 0 g.002 0.0005 ©.0013 0.012 0
778 B35.801 521 _T2R 235 _B8€ 2392 232 I, 2 5 1 1.283 45.351 0. 0.0010 a 001 - EZ 0 0.001 0.000 g.0010 0.015 @O
.003472 B35.633 S21.654 300.021 252012 1 0 e44 21 1.283 45.351 0. 0.0 0. .00l - B8 0 0.012 0.000 0.0011 0.012 0
0.004167 B35 €01 S21.522 235.582 251_3A7 3 0 €54 12 1.283 45.351 0. 0.001 O. o0l . EZT00000 g.022 0.0005 ©.0011 O0.811 @
004881 B35.801 21.522 235%.58 2391 _5R87 4 0 < E53 1.283 45.351 0. 0.0005 O.00f .00l . EET00000 0.133 | 015 ©0.0011 0.011 @0
JS55¢ B35.801 S521_T2F 421 122 231_232 I, 0 7342 B£373 1.283 45.351 0. 3.2345% 35._72R83 =34 - E3500000 23.234 32.3724 £2.134¢ 7.234 0
€251 5595%.3539 59355.3935% 5555.593 3595_5953 355 5% 955% 559559 S55_595 959.5955% 0 5.5955% 59.5959 59.555 . 53500000 3%.555 §9.9533 95_355%55% 35.555 0

starttime Start time of each sample, as floating value (offset in days from the reference date). Jan 1stis expressed as 0
Example: 2024-01-01 10:00:00 =0 + 10/24 = 0.416667

endtime End time of each sample, same format as starttime

p_inlet Temperatures and pressures measured in the inlet and in the detector
p_det

T inlet

T det

cal This number indicates the calibration standard ID. Calibration measurements shall be flagged with flag 687
Example: 1 corresponds to the 1° standard used in the year, e.g. "Status calibration standard: 1, Manufacturer: NPL,
Batch: D109110"

zero It indicates how the zero is performed during calibrations. Zero measurements shall be flagged with flag 686
Example: 0 = N/A, 1 = internal zero, 2 = external zero


https://ebas-submit.nilu.no/templates/NOx/lev0

level O @ ITIN=RIS

https://ebas-submit.nilu.no/templates/NOx/lev0

Aoknowledgement - Bequest acknowledgement detzils from data originator

endtime p inlet p det T inlet T det cal =sro 10§ 1I0cf WO sens cwt eff 30 dl o2 02 ac 02 pr HO2 dl
000E34 B35.400 S21.400 25%.700 250210 0 0 258B 5201 1.283 45.351 0. 0. i .00l 0.753 0.0020 ©.0010 O.010 0
001385 B35.7TE€  3S21.787 255.750 231 232 I, o 31 47E0 1.283 45.351 0. 0.001 a o0l 0.735 024 ©0.0012 0.012 @0
002083 B3%.821 S521.833 255%.761 251 587 0 1 21 3 1.283 45.351 0. 0.0010 i .00l g.002 0.0005 ©.0013 0.012 0
778 B35.801 521 _T2R 235 _B8€ 2392 232 I, 2 5 1 1.283 45.351 0. 0.0010 a 001 0.001 0.000 g.0010 0.015 @O
.003472 B35.633 S21.654 300.021 252012 1 0 e44 21 1.283 45.351 0. 0.0 0. .00l 0.012 0.000 0.0011 0.012 0
0.004167 B35 €01 S21.522 235.582 251_3A7 3 0 €54 12 1.283 45.351 0. 0.001 O. o0l g.022 0.0005 ©.0011 O0.811 @
004881 B35.801 21.522 235%.58 2391 _5R87 4 0 < E53 1.283 45.351 0. 0.0005 O.00f .00l 0.133 | 015 ©0.0011 0.011 @0
JS55¢ B35.801 S521_T2F 421 122 231_232 I, 0 7342 B£373 1.283 45.351 0. 3.2345% 35._72R83 =34 23.234 32.3724 £2.134¢ 7.234 0
€251 5595%.3539 59355.3935% 5555.593 3595_5953 355 5% 955% 559559 S55_595 959.5955% 0 5.5955% 59.5959 59.555 3%.555 §9.9533 95_355%55% 35.555 0

NO# NO counts provided by the instrument [cps]; not provided by our T200UP
NOc# NO converter counts provided by the instrument [cps]; not provided by our T200UP
NO_sens NO sensitivity [(pmol/mol)/cps]; not provided by our T200UP

cvt_eff Converter efficiency [%]; this parameter is calculated during the calibrations, and can be interpolated between the
different calibrations (up to the instrument PI)

NO NO concentration [nmol/mol or ppb] as derived from the instrument

NO_ac NO expanded uncertainty 2 sigma

NO_pr NO precision

NO_dl NO detection limit, that can be calculated from the zero during calibrations
Important: If NO_ac, NO_pr, NO_dl are constant throughout the year, they can be added in the header and the
corresponding column can be deleted

NO2 As for NO, there are corresponding columns for NO,


https://ebas-submit.nilu.no/templates/NOx/lev0

level O @ ITIN=RIS
es/NOx/lev0

https://ebas-submit.nilu.no/templat

inlet p det T inlet T det cal ==ro  HOf 10cf KO sens cwt k NO2 dl
400 521.400 235.700 230.210 0 0 258B 5201 1.283 4&5.35% 0 0.010
EE  321.737 255.750 231_232 I, 0O 310 TB( 1.283 4535 0 0.012
821 S521.833 255%.761 251_587 0 1 21 3 1.283 4&5.35% 0 0.012
801 3S21.73R 255.88& 2392 232 I, 2 5 1 1.283 45 351 0 0.015
633 S21.654 300.021 252_012 1 0 < 21 1.283 45 351 0 0.012
601 3521.522 255.588 231 387 3 0 €54 12 1.283 45 351 0. 0.011
601 S21.522 25%.588 251 587 4 0 < E53 1.283 4&5.35% 0. 0.011
201 S521_728 421 122 231._232 I, 0 7342 B£373 1.283 4535 23.234 32.32724 7.234

numflag Flags for each record/variable. The final numflag can be a combination of 3-digits flags.

Flag Description

000 Valid data, no flag

111 Irregular data checked and accepted by data originator. Valid measurement

147 Below theoretical detection limit or formal Q/A limit, but a value has been measured and reported and is considered valid
559 Unspecified contamination or local influence, but considered valid

686 Invalid due to zero check. Used for Level O.

687 Invalid due to span check. Used for Level 0.

699 Mechanical problem, unspecified reason.

999 Missing measurement, unspecified reason.
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level 1 @ ITIN=RIS

https://ebas-submit.nilu.no/templates/NOx/lev1
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starttime Start time of each sample, as floating value (offset in days from the reference date). Jan 1stis expressed as 0
Example: 2024-01-01 10:00:00 =0+ 10/24 = 0.416667

endtime End time of each sample, same format as starttime

p_inlet Temperature and pressure measured in the inlet

T_inlet

NO Calibrated NO concentration [nmol/mol or ppb]

NO_ac NO expanded uncertainty 2 sigma

NO_pr NO precision

NO_dl NO detection limit, that can be calculated from the zero during calibrations

Important: If NO_ac, NO_pr, NO_dl are constant throughout the year, they can be added in the header and the
corresponding column can be deleted

NO2 As for NO, there are corresponding columns for calibrated NO,

NOx As for NO, there are corresponding columns for calibrated NO,, where NO, = NO + NO,


https://ebas-submit.nilu.no/templates/NOx/lev1
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level 1 @ ITIN=RIS

https://ebas-submit.nilu.no/templates/NOx/lev1
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_____________
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L

numflag Flags for each record/variable. The final numflag can be a combination of 3-digits flags.

Flag Description
000 Valid data, no flag

111 Irregular data checked and accepted by data originator. Valid measurement
147 Below theoretical detection limit or formal Q/A limit, but a value has been measured and reported and is considered valid
559 Unspecified contamination or local influence, but considered valid

999 Missing measurement, unspecified reason.

* allinvalid flags in levO must become 999 in lev1
* all measurements corresponding to the 999 flag must be substituted
by the corresponding null_value (e.g., 99.999) in lev1



https://ebas-submit.nilu.no/templates/NOx/lev1

Automatic procedures at CNR-ISAC @ ITIN=RIS

At CNR-ISAC we have been developing a set of automatic and standardized procedures for the
data management and preparation, starting from the raw files for each instrument. These were first
produced in R (Naitza et al., 2020), and now revised and upgraded using Python

The workflow is the following:
* Raw data are collected and stored on a common server
* Corrections, calibrations, etc. are automatically applied for each measurement
* Inlet measurements are directly integrated as ancillary parameters
* Interactive (plotly) graphical products are produced
 EBASfiles are automatically generated, for different levels

Computers & Geosciences 137 (2020) 104432

cai
Measurements [ ) ormat Datafiltering . E.g. appl Datafiltering
/ (flagging) zero and span (flagging)

Contents lists available at ScienceDirect

Computers and Geosciences

FI.SEVIER journal homepage: www.elsevier.com/locate/cageo

Products creation
{Qn/ac daily reports)
Research paper ..)
Increasing the maturity of measurements of essential climate variables bl ‘

(ECVs) at Italian atmospheric WMO/GAW observatories by implementing

. . Data aggregation Data filtering
automated data elaboration chains (averaging over time) (fiagging)
Luca Naitza?, Paolo Cristofanelli »*, Angela Marinoni“, Francescopiero Calzolari?,

Fabrizio Roccato ?, Maurizio Busetto ?, Damiano Sferlazzo®, Eleonora Aruffo ¢, Piero Di Carlo ¢,
Mariantonia Bencardino ¢, Francesco D’Amore ¢, Francesca Sprovieri ¢, Nicola Pirrone ¢,

. Lo . N . . . *Identification of QA actions (e.g. zero, span, GPT), File f tting
)£ g oducts creation formal
Federico Dallo ¢, Jacopo Gabrieli ¢, Massimiliano Vardeé *‘, Giorgio Resci ¢, Carlo Barbante ¢, quality checks based on physical internal parameters and A ol (production of Level
Paolo Bonasoni ?, Davide Putero? on data variability (plausibility check, max variability). (QA/QC reports)

2 datafiles)
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Automatic procedures at CNR-ISAC @ ITIN=RIS
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Automatic procedures at CNR-ISAC

There are several advantages for the Pl of each variable (a lot of time can be saved!)
* Accessthe plots and check whether everything is fine
* Directly edit the metadata (by editing the different fields) required by the EBAS files
* Insertinformation about calibration coefficients (e.g., for O;), or manual corrections to be applied

to data (for specific periods), or assign manual flags to the measurements
* Runthe procedures on demand and automatically

@ITIN=RIS

start_date
2025-83-84
2025-83-84
2025-83-28

start_date
2821-91-81
2822-81-81
2823-81-81
2824-81-81
2024-82-14
2824-a7-18
2825-81-81

end_date standard number

2821-12-31
2822-12-31
2823-12-31
2824-02-13
2824-07-17
2824-12-31
2825-12-31

"Status
"Status
"Status
"Status
"Status
"Status
"Status

calibration
calibration
calibration
calibration
calibration
calibration
calibration

standard:
standard:
standard:
standard:
standard:
standard:
standard:

L

s

=

R N N
s

=

Manufacturer:
Manufacturer:
Manufacturer:
Manufacturer:
Manufacturer:
, Manufacturer:
Manufacturer:

Unknown, Batch: Unknown"™ 1
Unknown, Batch: Unknown™ 1
MPL, Batch: 2243R" 1

MPL, Batch: 2243R™ 1
MESSER, Batch: 53591848" 2
MPL, Batch: Dl@glla™ 3
MPL, Batch: D1@9lla™ 1

2025-83-28

start_time end_date
@9:38:98 2025-83-84
@9:30:09 2025-83-84
@9:00:08 2025-83-28
g99:08:09 2025-83-28

end_time
11:32:0@
11:32:0@
1a:24:08
1a:24:08

new_flag wariable
699 NO{ppb)
699 NO2(ppb)
699 NO{ppb)
699 NO2(ppb)

Manual flags (can beapplied to all variables)

Information on calibration standards (NO,)

Calibration coefficients (O), that will be linearly
interpolated among calibrations

date_start
2822-a1-91
2922-a4-12
2822-a7-86
2822-18-84
2823-82-89
2823-85-83
2823-a7-12
2823-@3-30
2823-12-14
2824-a@3-13
2824-a5-17
2924-a8-87
2824-11-28
2825-82-27
2825-85-14
2825-12-31

time_start date_end

2e:
1a:
28
11:
28:
aa:
19:
29
11:
29:
29:
12:
29:
aa:
11:
23:

2a
16
a7
18
33
28
59
36
@9
38
12
51
EL
55
56
58

2822-91-81
2822-94-13
2822-a7-87
2822-10-86
2823-82-13
2823-85-89
2823-87-28
2823-08-38
2823-12-18
2824-83-19
2824-85-28
2824-98-88
2824-11-26
2825-82-28
2825-85-15
2825-12-31

%15 H
28:
28:
19:
84:
22:
26 :
16:
23:
24:
a7:
19:
28:
13:
86
23:

time

81
14
81
44
46
24
22
38
43
42
34
43
27
16
56
59

el T e T S o R i e - I T

end slope offset
a

.Ba387 @.330e34
@13825 ©.448273
.999387 B.425932
.B12745 B.286634
LB137415 1.847491
.@183794 @.8445554
a

a

.B8@3997 ©.8309722
.Ba2979 ©.7728407
.983696 ©.780166
LBa7327 ©.777547
.Balded @.775677
.B86475 8.79581%
a




Automatic procedures at CNR-ISAC @ ITIN=ERIS

There are several advantages for the Pl of each variable (a lot of time can be saved!)

* Accessthe plots and check whether everything is fine

* Directly edit the metadata (by editing the different fields) required by the EBAS files

* Insertinformation about calibration coefficients (e.g., for O;), or manual corrections to be applied

to data (for specific periods), or assign manual flags to the measurements
* Runthe procedures on demand and automatically

If interested, you can contact:

Maurizio Busetto m.busetto@isac.cnr.it
Davide Putero d.putero@isac.cnr.it



mailto:m.busetto@isac.cnr.it
mailto:d.putero@isac.cnr.it

Assignment

* Download:
* Daily raw data files (one month in total, March 2024)
* Calibration raw data files (4 calibration events)

 Prepare the EBAS levO file:
* Create the starttime and endtime in the right format
* Prepare (format/create) the columns needed for the levO file
* Assign the flags to each data record
* Generate the levO file in the requested format

* Prepare the EBAS lev1 file:
* Retrieve calibration data and calculate the calibration parameters
* Linearlyinterpolate the calibration parameters and merge with the
dataframe
* Create NO, NO, and NO, calibrated data
* Assign the flags to each data record
* Generate the lev1 file in the requested format

e —

®ITIN=ERIS

N
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Calibration

"/\h
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