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Response on the Reviews ATMOZ-Paper Koéhler etal., AMT 2017-411

Referee 1.

Response to General Comments:

The differences in total ozone are given in Table 3 (comparison between Bass/Paur-EAC and
Bass/Paur nominal) and in Table 4 (comparison between IUP-EAC and Bass/Paur nominal).
Description in the text on page 5 and 6.

A separate publication will be written about a series of TuPS-measurements of more than 10
Dobson and their comparison.

The references are amended in 2.1. with another Nevas et al., 2016 — publication.

Expansion of section 3.2.: separate publications planned and mentioned in the text.

More precise and quantitative statements are included.

English improvements: Some of them are hopefully corrected applying referees’
recommendations. The main author hoped that the review of the original version by one of the
native English speakers would have removed most of the improper English wording and
grammar.

Dobson/Komhyr = Dobson slit function + Komhyr Bass/Paur x-sections/absorption coefficients.
Dobson used older cross sections, which were valid in the fifties. Komhyr applied adjusted
Bass/Paur x-sections using Dobson’s nominal slit functions to determine the best set of
absorption coefficients.

Special comments:

P1116: Primary = world replaced by only world, locations removed, only countries mentioned -
done

P1118: ATMOZ “Traceability for atmospheric total ozone column” — done

P1119-23: numbers mentioned, additionally better description Dobson nominal optical
parameters and measured values — done

P1 125: better differentiaton between the IUP and BP-results with respect of the 0.98%-
difference of D074 in IUP-EACs is done.

P1 128: the statement is “it will be possible to explain” (indeed a speculation, but very likely),
thus this has still to be investigated. — corresponding amendment done.

P1, 129: TOC was defined in the abstract (P1, line 24), but not clearly marked — done.

P1, 129: 1920tie to 1920s — done.

P1, I130: station to stations — done.

P2, I13: 1960ties to 1960s — done.

P2, 16: Fundamental constants is replaced by The essential constants (according referee 2) -
done.



10

15

20

25

30

35

P2, 110: It has been tried to explain the different error sources and their influence a little bit
more in detail. In addition the Basher-report has been added to the references.

P2, 112: 1970s and early 1980s — done

P2, 118: | think “prescribed” is not better than “valid”, | replaced it by “recommended”

P2, 125: Description of “Effective” is included.

P2, 127-30: Effect of Teff is quantified as approx. 1%/10K. The statements in Redondas 2014
and Kerr 2002 are a little bit contradictory. A table in Redondas cites only a calculated T-
dependence of 0.094%/K for BR#014 in Kerr's paper, whereas Kerr gives in addition a revised
value of -0.005%/K. The second one is as far as | know used for elimination of the annual
course of the Brewer-Dobson difference, therefore | mentioned this 1%-dependence.

P3, I13: correction “an” done.

P3, 18: | agree that the two sections 2.1 and 2.2 are contribution of tow co-authors with different
styles of writing. | am not sure whether a rewriting by the main author in order to achieve a
“one-style-paper” would be an improvement, as | am not an expert in metrological
measurements. The requested discussion of the similarities/differences is added before section
2.1

P3 — P4: the inconsistent wording “characterisation” has been corrected to “characterization” in
the entire text. In addition it was tried to improve the criticized minor English errors.

P4, 126: corrected.

P5, 14-6: Thanks for the positive comment.

P5, I7: Dobson equation and explanation of the EAC effect on TOC included.

P5, 110 and following: bandpass replaced by slit function in the entire text except under section
2 and 2.1 when this term is referred to the characteristic of the laser beam.

P5, I17: In my opinion the amendment “central” does not make the content clearer, thus | did
not add it here and later in the text.

P5, 120: Explanation is given that the accepted misalignment of 0.3° of the Q-levers result in the
mentioned 0.05 nm. In addition the function of the mentioned Q-levers is referred to the
relevant Dobson manuals (Evans 2008 is added).

P5, 125: More detailed explanation is given.

P86, 14: Unfortunately | hadn’t the occasion and time to find out how many data sets out of
almost 1 Mio Dobson data in the WOUDC are CD-based. My long term experience, however,
with the European and African Dobsons is, that low and moderate latitude stations normally
provide only AD-values as the more accurate data, because even in winter season mu-values
below 3.0 or 3.2 (our limit at Hohenpeissenberg) are reached. CD-values come from higher
latitude stations like Potsdam/Lindenberg, Hradec Kralove etc only during winter season. Thus
my estimation is not completely wrong, that less than 20% (minority!) or even down to 10% of
the WOUDC TOC data are CD-observations.

P6, I7: The findings here are not in contradiction to Redondas et al., they are an amendment:
On the one hand one fraction of the AD-CD difference can be explained by the new EACs, but
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on the other hand the new IUP cross sections can explain another fraction too. Only the cross
section effect could be investigated in Redondas et al..

P6, 110 and 112: This section has been improved (hopefully) to clarify/quantify the effects of
EACs and IUP cross sections on the AD-CD Dobson differences and the Dobson-Brewer
differences.

P6, 117: It was clarified that here the re-evaluation is only applied to the reference instruments.
P6, 119: see under P6, 110 and 112.

P86, 120: This value refers only to the result of the three standard Dobsons, presented here (see
alos P6, 117).

P6, 123: “perfect” replaced by “very good” and “optimistic” removed.

P6, 123: The last two sentences of this section are moved in front of the preceding sentence,
which makes the context clearer.

P6, 130: The statement about the TuPS is not a conclusion, but a kind of outlook, to describe
the future of Dobson calibrations

P7,130: You are right! This publication is hard to find. There is a reference given under the link
https://library.wmo.int/opac/index.php?lvi=author _see&id=11665, but when one tries to find it
there: no chance. Another link http://www.tandfonline.com/toc/tato20/53/1?nav=tocList was
more promising, but no Evans et al. proceeding could be found there as well. Thus | refer now
to the corresponding poster, which was presented at the Quadrennial Ozone Symposium 2012
in Toronto and is available from the authors. It is clear, that it is not a peer reviewed publication,
but this is the only source we have available.

P7, Figure 2: carriage return symbols removed

P13, Figure 7: In contrast to the comment of referee 1 would like to keep this figure in the
paper, however, it might be better to show it as an overview first and then the other figures in
detail. Thus | moved it as figure 4a-c in front of the detailed figures.

P15, I5: quotation marks corrected.
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Response on the Reviews ATMOZ-Paper Koéhler etal., AMT 2017-411

Referee 2:

Response to General Comments:

The basic formula how to calculate ozone is added. | am aware that it is really a specific
Dobson-Brewer oriented paper in the context of the ATMOZ project, which is already reflected
in the title. | am not sure, how a larger community can be reached with additional or modified
parts. Perhaps the addition of “Consequently the quality of the Dobson TOC records in the data
centres will be improved as well, which will increase the reliability of these data for their use in
trend analyses and satellite validations” at the end of the second last section of the Summary
might somewhat help.

It is not the intention of the paper to compare the results of former laboratory investigations with
the results here. This paper concentrates on the optical characterizations of three reference
instruments and wants to show, how large the differences and the effects on the data will be.
However, two sentences at the end of 3.2. are added to show the similarity to Evans et al.
results.

More precise and quantitative statements are included in section 3.2 also according referee 1's
General comments.

Figures 7a-c: See also my response to referee 1: “In contrast to the comment of referee 1
would like to keep this figure in the paper, however, it might be better to show it as an overview
first and then the other figures in detail. Thus | moved it as figure 4a-c in front of the detailed
figures”. | don’t know, how the presentation of ozone cross sections can enhance the
information about the importance of slit functions? Another question would be then: which cross
sections? BP or IUP or both together to show their differences and their importance. This would
overrun the frame of this paper.

Consequences of EACs on calibration: See the last sentence in 4. Summary....

“Dobson original specifications”: A similar comment of referee 1 was already answered. One
should not mix Dobson slit function with Komhyr Bass/Paur x-sections/absorption coefficients.
Dobson used older cross sections, which were valid in the fifties. Komhyr applied adjusted
Bass/Paur x-sections using Dobson’s nominal slit functions to determine the best set of
absorption coefficients.

Special comments:

- P1,115-17 (abstract): It was tried to remove most of the unneeded parentheses.
- P1,123: It is not the D-wavelength pair, as suggested, it is the long D-wavelength — corrected.
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P1, 124: | think the consideration “not too large” is explained in the following sentence by the
statement “less than +1%”

P1, 125: I think it is indeed an improvement as the data quality will be higher and uncommon
behaviour of field Dobsons during calibration can possibly be explained.

P1, 131 (Introduction): “stations” corrected.

P2, 16: Missed Evans (2008) reference added.

P2, 16: - done — see comment under referee 1.

P2, 18: - done — Langley plot method mentioned.

P2, 124: done, missing reference added.

P2, 133: Bernhard et al added as relevant reference.

P3, 130: Figure numbers corrected.

P3, 131: This section is a contribution of co-author Smid. | suppose this information is useful.
P4, 14: plain to plane — done.

P4, 111: A modified structure of these sentences makes it hopefully clearer, what is meant with
“signals” and how they are processed.

P4, 131: Three relevant references of Daumont, Brion and Malicet have been added

P5, 130: term “effective absorption coefficients” removed.

P86, 16: + replaced by +.

P6, 120, Summary: + replaced by +.

References: Pass and Bass moved to alphabetically right place

Figur 2: Symbols removed.
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Optical Characterization of Three Reference Dobsonsin the
ATMOZ Project — Verification of G.M.B. Dobson’s Original
Specifications

UIf Kéhler!, Saulius Nevds Glen McConvillé, Robert Evars Marek Smid, Martin Stanek Alberto
Redonda% and Fritz Schénenborn

'Met. Obs. Hohenpeissenberg, Deutscher Wetterdiatish-Schwaiger-Weg 10, 82383 Hohenpeissenbergr@ay
*Physikalisch-Technische Bundesanstalt, Bundesal@e 38116 Braunschweig, Germany
3ESRL NOAA 325 Broadway, 325 Boulder, USA

z&atechMetrology Institute M-Betanice-4-150-72-Praha 5 Okruzni 31,
638 00 BrnoCzech Republic (Dept. of Optlcs Prague)
®Solar and Ozone Observatory, Czech Hydrometeomabdhstitute, Zamecek 456, 500 08 Hradec KraloyeC8ech
Republic
®|zafia Atmospheric Research Center, AEMET- Metegjioll State Agency, C/ La Marina 20, 6 Planta, 388@nta Cruz
de Tenerife, Spain

Correspondence to: Ulf Kéhler (ulf.koehler@dwd.de)

Abstract. Three reference Dobsons (regional standards Debblin 064Hohenpeissenberg -Germany and No. 074
HradecKraleve -Czech Republi@nd-primary—= as well as thworld standard>obsenNo. 083 Beulder— USA) were

o U

optically characterized &FB-{thePhysikalischT echnischdBundesanstaliPTB) in Braunschweiyjin 2015 and aEhi{the _ { Formatiert: Schriftart: Fett
CzechMetrology, nstitute(CMI) in Pragug in 2016 within the EMRP ENV 059 project “Tracedilfor theatmospheric Ic { Formatiert: Schriftart: Fett
total column ozone"BandpassSlifunctions and the related parameters of the imstnis were measured and compared \{F°"mat'e"t= Schriftart: Fett
with G. M. B. Dobson'’s specification in his handkog-All Dobsons show gredominantly good match of thendpassslit \ {F"'mat'e"t: Schriftart: Fett
. . . L . \ | Formatiert: Schriftart: Fett

functions and the peak (centroid) wavelength©083,-D064with deviations between -0.11 and 2Min and B874-with \

. . . . { Formatiert: Schriftart: Fett
differences of thé&ull Width Half Maximum (FWHM) between 0.13nm and 0.37nm compardteaominal valueseulid
be-ebserved.at the shorter waveleng8lightly larger deviationgf the FWHMsfrom the nominal Dobson datap to 1.22
nm, can be seemat the longer wavelengths, especiaiijor theslit function of the lond-wavelengthAs-consegquence-of
these—findings—the Howevedifferencesefbetweenthe derived-Effective AbsorptionsCoefficients (EACs) for ozone
tederived usinddobson’s nominabnesvalues of the optical parameters on one hamdhase measured values on the other
hand are not too large ithe case oboth “old” BassPaur (BP) and “new” IUP-ozone absorption cross sesti Their {Format.e.-t: Schriftart: Fett
considerationinclusioiin the calculation of théotal-ozene—colurinotal Ozone Column (TOC) leads to improvements of { Formatiert: Schriftart: Fett

significantly less than +1%at the AD- and between -1% and -28@t the CD-wavelengths pair8esides in the BP-scale.
The effect on the TOC in the IUP-scale is someviéater at the AD-wavelengths, up to +1% (D074), anwiller at the
CD-wavelengths pair, from -044% to -1.5%. Besthis positive effecbfgained fromthe-achievement-otiata with higher

metrologicalquality that isneeded for trend analyses and satellite validaftonill be alsopossible to explain uncommon

behaviours of field Dobsons during calibration $m¥g especially when a newly developed transportablécg TuPS from
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CMI proves its capability to provide similar resulas the stationary setups in the laboratories atfoNal Metrology

Institutes. Then, the field Dobsons can be opticalharacterised as well during regular calibraticeimpaigns. A

corresponding publication will be prepared using tbsults of TuPS-based measurements of more th&whisons in field

campaigns in 2017

1 Introduction

The first measurements of the TOC were startedh@n1920ties1920s Such observations became possible after the
development of the Dobson spectrophotometer by B.Ndobson (Dobson, 1931) at the University of OgfoA small
network of sixstationstationgOxford, Valentia, Lerwick, Abisko, Lindenberg aAdosa) was set up in 1926 (Dobson et al.
1927; Gotz et al., 1934). The network grew slowiintil the- International Geophysical Year in 1957 (Dobson6&9

Bronnimann et al., 2003) when a large global nekWor ground-based TOC observations based on thes®vinstruments

| was established and successfully operated. Up @id§truments were in operation by the end of #8€0ties1960s

(Bojkov, 2010).

A detailed description of the physical basis anel derived algorithm to calculate TOC from measui@d data can be
found in Dobson (1957a), Komhyr (1980) and Eva®d8). FundamentalThe essentfebnstants” used in the equations are

the Extraterrestrial Constants (ETCs) and ozonergkisn coefficients of each Dobsofhe ETCs of reference Dobsons are

independently determined in an absolute calibrajoocedure using the Langley plot method. An exatimm of this

absolute calibration method can be found in thevebnentioned manual¥vhereas the ETCsf field Dobsonsare specific

for each instrument and can be determined by regntiarcomparisons witlabsolutely calibratedeference Dobsons, the
absorption coefficients are assumed to be the $ama&l Dobsons. This assumption is based on tlee,ithat the optical
alignments of individual Dobsons match the speaffans in G.M.B. Dobson’s manuals (Dobson, 1957abdon, 1957b;

Dobson, 1962)Although this simplification might be a signifidaerror source for poorly aligned instruments, &dre

approach to avoid this shortcoming by using EACs hat been possible until now. The measuremenhdi¥idual slit

functions to determine the EACs being specificaoleDobson had been too complex and time-consuimitige past. Other

simplifications like assumed constant effective penature of the ozone layer, only latitudinally it seasonally

depending height of the ozone layer, etc. alsoritnrie to the uncertainty of Dobson-derived TOCueal All these error

sources, however, are not so large and cruciat, ttie overall accuracy of TOC observations with Ivadigned and
calibrated Dobsons are affected too much (see Bat982).

In contrast to thisassumptionsimplification of using nominal absorpticoefficients for all Dobsonghe more modern

Brewer spectrophotometer, developed and introduocéd the global network in the lat@970ties/1970s anearly

1980ties198Qsuses EACs, which are specific for each individingtrument and can be determined during the basic
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calibration procedure (Kerr et al., 1985). The EAGs be directly measured using special lamp tést;ng normal

calibration serviceBandwidthsHere, bandwidtfand the centre wavelengths of the usedelengthswavelength bandee

individually determinedand-the. Theesulting slit functions are convolved with theresponding ozone absorption cross-
sections measured in the laboratory. Similar laboratbaged investigationswithof Dobson instruments were first
performed by Komhyr et al. (1993) and recently byas et al. (2022). In both usingcasethe ozone cross-sections
validwere used that are recommended by the InfemaitOzone Commission (K3) since 1992and. These wemneasured
by Bass and Paur (1985) and Paur and Bass (1988%e As stated before the compmeasurements of individual EACs
in the laboratory wergery-complex-and-time-consuming-and-it-vnad possible t@erform-such-investigationsbe regularly

performedfor a larger number of instruments. Thus, it hasrbassumed that each instrument’s absorptionicieets agree

with those of the world reference Dobson (Komh@89).

Intense and longterm comparisons between Dobson and co-located @repectrophotometerspectrophotometierghe
past three decades revealed systematic differdretegen both types of instruments (Kohler, 1986hIk6 1988; Scarnato,
2010; Vanicek, 2006; Vanicek et al., 2012). Onghef most important sources for these differenceldsnfluence of the
real “effective” temperaturély) of the ozone layer on the ozone cross sectiongeflat the Dobson wavelengths than at

the Brewer wavelengthsThis T, represents the ozone-weighted mean of the stta@ospemperatures in the ozone layer.

Its annual average used in the Dobson algorithm4ds? C. This value is assumed to be constant all dveryear and

independent of the stations’ latitude and longituakich is definitely not the cas8everal publications refer to this effect

and can explain a considerable amount of the armeallation of the Dobson-Brewer difference (Ket888; Kerr, 2002;
Bernhard et al., 2005, Scarnato, 2009). Redondas. §2014) combined the influence ibfe temperature with different
laboratory--determined ozone absorption cross-sections (Sehdyikov, 2013, University of Bremerinstitut fiir
Umweltphysik, called IUP cross-sections) to show the effedtich results in an increasing difference betwBebhsons and
Brewers at decreasing temperatures. Dobson spact@peters measure approximately 1% lower TOC Bfa@rop of -
10K.

The remaining differences between Dobson and Bram&ruments, but sometimes also between field @idrence
Dobsons have been partly traced back to unchaisetemstrumental features, e.g. imperfect alignimafnthe Dobson
optics and resulting deviations from the nominasaption coefficients accordingy G.M.B. Dobson’s specifications
(Bernhard et al., 2005)Hence, the direct opticatharacterisationcharacterizatiof the bandpassslifunctions of the

instruments will improve understanding of the remray discrepancies and offer a metrological basisihproved TOC

measurements. The EMRP ENV59 Project “Traceabitityatmospheric total column ozone” (ATMOZ), whistarted in
2014, has offered opportunity to characterise thical properties of several Dobson spectrophotersefThis work has
been done in a close co-operation between Natidefrology Institutes (NMlIs) - the Physikaliseh-Technische
Bundesanstalt (GermaRTB) in BraunschweigGermany,and the CzechMetrology—tastitute-CMI) in Prague-Czeeh



Republic- as well as partners from the Dobson networkhsag DWD in HohenpeiRenberg, Germany, ESRL NOAA in
Boulder, USA, and-CHMI in Hradec Kralove, Czech Republiend Izafa Atmospheric Research Center, AEMET-

Meteorological State Agency, Spain

2 Measurement procedures in the laboratories

5| For the characterization of the reference Dobsetruments within the ATMOZ project, two differenpbproaches were

taken by the NMls involved in this task. PTB used the slit function measurements its spectrallyeible laser facility

working in a nanosecond-pulsed mode. The advarifaties approach is an ample power of the lasembaaailable for the

Dobson slit function measurements, intrinsicallyro& bandpass and accurate monitoring of the lassfelengths. The

biggest challenge faced in this measurement appreas a nonlinear response of the Dobson PMT detetd the pulsed

10| laser radiation. The setup for the Dobson charaetitons at CMI was based on a double-grating mranator with an

argon arc light source providing more radiationhie ultraviolet (UV) range than standard UV lampise biggest advantage

of the CMI approach was the absence of the noniiiye@roblem that was faced in the case of the riassed

measurements. The challenge to be solved herehgaméasurement of the Dobson detector signals avithppropriate

signal-to-noise ratio. Both measurement setups bgdtie NMIs for the Dobson characterizations aesented in detalil in

15| the subsections below.

2.1 Measurement setup at PTB

The spectratharacterisationscharacterizatioofsthe reference instruments Dobson No. 083 anksbi No. 064 at PTB
were carried out at the PLACOS setup (Nevas et 28lQ9) using an oscilloscope (Ojanen et al., 20d2)shown
schematically in Figure 1. The laser system geasr@t7 ns pulses at 20 Hz repetition rate. Theetsfe spectral bandpass

20| is 5 cm', which corresponds tBWHM values of < 0.05 nr§EWHM) in the UV spectral range. The laser wavelength was
monitored by a wavemeter and a high-resolution tspexeter witha 0.1 nm bandpass and wavelength scale uncertainty of
0.01 nm. The laser beam was coupled via a liqgiat lguide into a 5 cm diameter integrating sph@ree output port of the
sphere irradiated entrance diffuser of the Dobsmtriment. Another port held a monitor photodioGerrents from the
anode of the Dobson PMT-detector and the monitotqatiode were fed via current-to-voltage converiets two channels

25| of a fast-sampling oscilloscope. The time-resolvedasurements by an oscilloscoperimizedallowed to minimize
detrimental effects of the PMT-anode dark currewt moise. Simultaneous measurements of both PMTraomitor detector

signals by the oscilloscope were triggered by alganization signal from the laser system. Baedpassslifunction was

obtained by normalizing the quotient of the PMT &hd monitor detector signals recorded as a functibthe laser
wavelength to the value at peak wavelength. Thesaoreanents were repeated using different PMT hidtage settings and
30 laser power levels. Here, a nonlinear behaviorhef Dobson PMT detectors under the short-pulse liasmsgiation was
observed. The apparent widths of thendpassslifunctions were dependent on the used laser paeweds and the PMT
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voltage settings. To solve this problem, the nadiities were mapped out as a function of the taraipeters (laser power
and PMT voltage). Consequently, respective cowacfunctions to account for the nonlinearity of thMTs could be
determined. They were then applied to the restiltsedandpassslifunction characterizations yielding consistentitissfor

all the measurementd more detailed description of the PTB charaegtdions can be found in Nevas et al., 2016

2.2 Measurement setup at CMI

The experimental setup for laboratobasedcharacterisationcharacterizatiohthe Czech reference instrument Dobson No.
074 is shown bothnin theschematic diagram presented in FigBeandwith the photo presented in Figué8. The core of
the facility istheadouble grating monochromator with reflective optwith the F number equal to #{/4,5 in Czerny-Turn
subtractive mode configuration using a couple dédugratings 1200 g/mm, blazed at 250 nm. The irghtitof the
monochromator is illuminated be-U\-high-intensiveMaxi-Arc, alrgon plasma sourcklaxi-Areof high UV intensity

with spectrally monotonous shapetire spectral range 300 — 350 nReflectiveA reflectiveoptics system at the output slit
side reduces the F number of the output beam dow#f/12 to fit the beam to the Dobsepectrometers’spectrometer’s
input optic.FheA flipping mirror turns the beam from horizontal\tertical plainplaneleading it towards the entrance slit of
the characterised Dobson spectrometer. About 10theobeam is deflected kaysplitter forto a monitor detectqorwhich
allows to correct the time fluctuations and the wavelbrigipendencydependenotmenochromatorthe monochromator’s
output radiation. The wavelength scale-thfe monochromator was calibrated fbeaslit width of 0.1 nm FWHM witha
method described in (White, Smid and Porovecch?d,22 The uncertainty of the wavelength scale wa®*5 nm. The
characterisationcharacterizatiaf the 6 slitsslit settings ofthe Dobson spectrometer was done by scanning around the
central nominal wavelengthsgith-stepin0.1 nmsteps The scanned wavelength range was sesif@rtype-S2slit S2 (short
wavelengths}o + 2 nm around the central wavelengthpectiveand 4 nm for thewider S3 slittype.(longer wavelengths),
respectively.The optical output power level varied from 51 n¥W340 nm up to 62 nW at 340 nmheThesemeasured
signals were processe@ihe, which means thaark signal components were subtracfBiee andcorrectionswvere-dene-for
of light nen-stabilityinstabilityandthe wavelengthdependencydependenatthe monochromator light outputvere applied.
The measured slitnctionfunctionswere analysed fasrrererrorsdue torenzeronon-zerbandwidth ofthe measuring beam.
And-tlt turned outhatthere was no need for any correctiorof theused0.1 nm FWHM slit-widthused

3 Results

3.1. Cross-sections, slit functions and effectivébgorption coefficients (EACs)

The derivation of the EACs for each individual Dobsgusing the specific slit functiorf/) measured in the laboratorjes - { Formatiert: Schriftart: Kursiv

described in detail in Bernhard et al., 2005 anddReas et al., 2014. For this calculation the feifgy approximate Eq. (1) o { Formatiert: Schriftart: Kursiv

is used:

10
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where

o(2) is theozonecross-section for the corresponding wavelengthefixed temperature of -46.8 for the Dobson network _ - { Formatiert: Schriftart: Kursiv

(after Bass and Paur since 1992 and after |UPeriitture). o { Formatiert: Schriftart: Kursiv

SS(4) is the measured instrument slit function for toeresponding wavelength - { Formatiert: Schriftart: Kursiv

aq; IS theapproximateapproximateeffective absorption coefficient EAC

Since 1992 theThabove-mentioned cross-sections after Bass and Paur lemreibh usgbutrecently since 1992. However,

the International Ozone Commission decidedentlyto replace these old cross-sections by new onésr ghe first

proposal to use the results derived frPmumont,Brion andMalicet (DBM,_Daumont et al., 1992, Brion et al., 1993 and - { Formatiert: Schriftart: Fett

Malicet et al., 199pit was found by Redondas et al., 2014, thatlthe ozone cross-sections, determined at the Universﬁy\ ‘[ Formatiert: Schriftart: Fett

of Bremen-institute—of ExperimentalPhysies(lURGorshelev et al., 2013; Serdyuchenko, 2013), giveuch better {FWmatie"t: Schriftart: Fett

agreemenbfbetweenthe TOC measuredithby Dobsons and Brewersespectively The introduction of these IUP cross-
sections into the global network is finally decigbdt not completed yet.

To get a complete picture of the impactusfng theeffective ozone absorption coefficients, it wasided to compare not
only the various sets (nominal and effective3 of coefficients after Bass and Paur, but alsmétude the TOC-values in
this comparisonderivedusing individual Dobson EAGserived-withbased othe new set of IUP absorption cross-sections.
It is a very simple, almost direct correlation beém the TOC values and the variation of the EA@pagent when looking

to the general ozone calculation formula for thks wavelength pair:

[N —(B—ﬂ')@—(d—-b—')SECSZA)] { Feldfunktion geédndert
Ea(2) x= P .
,,,,,,,,,, @-adw
where

X = total amount of ozone expressed in Dobson Whif8U = 10° m pure ozone at STP), or in atmo-cm;

N =Lo—L=log(lo/1')—log(l /1") [Feldfunktion gedndert

lo.andly’ = intensities outside the atmosphere of solaiatimh at the short and long wavelengths, respelstiv

| andl' = measured intensities of solar radiation atsthart and long wavelengths, respectively;
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p andp’ = Rayleigh scattering coefficients of air at $tert and long wavelengths, respectively;

m = ratio of the actual and vertical paths of sektiation through the atmosphere, taking into antoefraction

and the earth's curvature: airmass;

p = atmospheric pressure observed at the station;

po = mean sea level pressure;

J andd' = scattering coefficients of aerosol particlethatshort and long wavelengths, respectively;

SZA = solar zenith angle - angular zenith distanciefsun;

o anda' = absorption coefficients of ozone at the shod Ebbng wavelengths, respectively; either the nainam the

effective ones (EACs);

w = ratio of the actual and vertical paths of settiation through the ozone layer, the mean heiftthe ozone

layer being 22 km if not approximated by latitudeh® station.

The first term in the equation 2N/(a - )u - is the dominant one, which primarily determirtiee TOC valueX. Thus, a

change of the absorption coefficieat{a"), e.g.when EACs are determined and applied, modifiesT¥BE almost in the

same order. As a simple rule of thumb, one cae:st8 smaller EACs provide 1% higher TOC.

3.2. Implications of the “new” effective absorptioncoefficients

The laboratory measurements at PTB and CMI providsilument-specific wavelength settings &aehdpassiit functions
of the various bands for each Dobson instruméatoverview, the complete set of slit functions &irDobsons are plotted

in_Figure 4a-c.Figures45 and 56 show the measuredandpassslifunctions ferof all Dobsons indetail for the short
wavelengths A-S2 (305.5 nm) and D-S2 (317.5 nm3peetively. An examplderof the resultsinfor the wider long
wavelengths-wavelength functioris given in Figure67, which represents A-S3 (325 nm) for all three Dmiss The

The bandpassslifunctions of the three reference Dobson spectrimpheters show consistent patterns with good agreeme
of the wavelength settings for all wavelengths. ldeer, they have quite different shapes as comparéde nominal slit
functions, especially for the longer wavelengthese(figureszadac, 5, 6 and 7and tables 1 and 2). The deviations of the
wavelength settings vary from -0.11 nm (D074 atZ}-8® +0.12 nm (D064 at D-S2). Though, more thaf656f the
wavelength deviations are less than +0.05 nm, wischn indication of a good optical alignment maighDobson’s
specificationsFhe-shapes-of the-slit functions,represented-ByFilWHM Special tests with an intentionally wrongtiset of

the Q-levers, which are used for the wavelengthecten (see corresponding descriptions in thevegle manuals Dobson,

1957a, Komhyr, 1980 and Evans, 2008), reveal thatisalignment by the accepted limit of ®:@sults in a 0.05 nm-

deviation from the correct wavelength. The shadethe slit functions, represented by the FWHMsge very close to the
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ideal Dobson specifications in the short wavelengtige of slit S2, namely A-S2gure 5)and C-S2 and slightly worse at
D-S2 Eeefigure 6a-c§. The FWHM differences are less than 0.2 nm inndl € and around 0.3 nm in D. In the longer
wavelength range of slit S3 thendpassslifunctions are significantly wider than the nominaks ¢ee-also figure 7 for D-
S3 andtable 2). The deviations vary between +0.62 nm @@f A-S3) and +1.22 nm (D083 at D-S3}ith—this
knowledgeThusit is elear,expectedhat the individuakffective—ozone-abserption—coefficientsEAGsviatemere-or-less
significantsignificantlyfrom the specified valued'he ratios EAC/nominal in table 3 show valuesta®.972 (D064, D-
pair), which results in a TOC difference of neatB%. Fortunately, when looking at the combined vievgths pairs AD
and CD in table 3 the resulting differences arefmower: -0.31% up to +0.559 for AD and betwee®61% and -1.060%
for CD.

Finally, these individual slit functions at the ebged wavelengths are convoluted with the desighaésv IUP ozone cross-

sections and the former Bass and Paur (BP) vatuesovide EACsas described in section 3ib-provide-effective-ozone

abserption-coefficients(EACs)These EACs for BP (table 3) and IUP (table 4) @mpared with the nominal BP values
(after Komhyr, 1993).

The largest effects on the TOC calculation candenswhen usingthe single wavelength pairs, especiaththe D-pair.
When applying the IUP-EACs, the A and C ozone \&lae between 0.79% (C of D083) and 1.49% (A of HGvgher
than the nominal BP TOCs. The larger deviationtheEACs are observed at tidewavelength pairs result in much higher
TOC differences, which are between 3.5% (D074) an@%.8D064). Fortunately, the majority of the regul@®C data,
submittedinto the WOUDC World Ozone andUV Data Center) in Toronto and used for scientific purpobles trend

analyses and satellite validation, are based onAfbevavelengths pairs. Only a minor data set oaggd from CD-
observations during winter season at higher lagitsigtion, when sun is too low for AD. The changethese TOC-values
are less than -2% for CD with EAC-BR&bletable3, last column) and -1.5% with EAC-IUR&bletabled, last line). The
differences of the revised AD data are less thah% in both cases. These results can explain theipal difference
between the original AD- and CD-TOC, which are olled when using nominal BP absorption coefficientae
introduction of IUP-based absorptiameffientscoefficients either the nominal ones using the specified Dobson slit
functions or the EACseceerdingbased ahe measured slit functions, will provide a bettgreement between AD- and CD-
TOC. MereoverThe pure cross-section effect using theinahslit functions will be about +0.9% for AD ar®).6% for CD
(Redondas et al., 2014), which results in a gemedhction of the AD-CD difference for all Dobsdmg about 0.3%. The

effect of using measured EACs is strongly dependmgach instrument’s specific slit functions aad be larger than 1%.

This application of Dobson EAC-IUP and additionatignsidering that the use of the IUP cross-sectiias reduces

Brewer TOC by 0.5% (Redondas et al., 201Ag principal negative difference between TOiEainedfrom Dobson AD

and from Brewer spectrophotometers (calibrated Hey RBCC-E at the Izafia Atmospheric Research CeAEMET,
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Tenerife) will beimprovedreducedas well (see submitted paper of Redondas ethag, special AMT issue, probably
published in 2018).

In_addition to the above mentioned, already sulgmiitiaper a more detailed presentation of the TO&sorements of all

three reference Dobsons during the ATMOZ-campaigtzafia campaign in September 2016 will be givem iseparate
publication, which will be submitted to AMT in 2018

, { Formatiert: Schriftartfarbe: Text 1

The investigations of three reference Dobsons (D888 D064 at PTB and D074 at CMI) revealed, that diptical
alignment and properties of these instruments iddiEviate from the specifications postulated by .MDobson. These
differences, however, are not so large, that theveld EACs at the AD and CD wavelengths pairs @ standard TOC

observations would lead to considerably changed T@lGes.Largest changes will occur in the TOC obtained giginly

single wavelength pairs, e.the D-TOC can be higher by around 4%. Fortunatély,regularly used AD-TOC values are

affected less than +1%Thus, correspondingly re-evaluat@@®C data setsof these three instrumentsill not change

significantly—theugh. Thoughthe observed differences among individual Dobsand between Dobson and Brewer
instruments will be reducedlarge hanges-will-occur-in-the TOC-using-omhgle-wavelength-pairs,-ethe-b-FOC-—can

A large intercomparison campaign, organised unberauspices of the ATMOZ project, held at the Izafimospheric
Research Center on Tenerife in September 2016jdao\aperfectvery goodlata baseto confirm thiseptimisticprognosis
of an improved Dobson-Brewer agreemeAtdetailed investigation of the results of thampaign will be published in a

separate paper (Redondas, et al., this special Addlie, probably published in 2018). In additione ®8MI Prague
developed a portable system TuPS (Tuneable PorRddiation Source) (Porrovecchio et al., 2017).sTéystem has a
potential to facilitate the opticalharacterisationcharacterizati@fi Dobson in situ within the time schedule of asuh
without the need of time demanding transport emakacterisationcharacterizatiohnDobson spectrometers in the metrology
laboratories. If comparisonsf results collectedluring special campaigns withe-resultsthosebtained at the laboratory
facilities at PTB and CMI confirm its capabilityrfoeliable and sufficiently accuratéiaracterisationscharacterizatipttis
TuPS will become a nevandvaluable tool for Dobson calibration centres ,ahds will help toimprove the quality of the

calibration servicesConsequently, the quality of the Dobson TOC rdsdn the data centres will be improved as well,

which will increase the reliability of these data fheir use in trend analyses and satellite vatda
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A potential application of the knowledge about thal slit functions and effective absorption cagéfints will be discussed

in the Dobson community. The additional efforts &fifdcts of such a two-point calibration (ETCs &AICs) are not quite
clear yet.
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Ifigure 3: Photo of the CMI measurement setup. Degldéng

monochromator is on the left side, the output aplght-tight box in the

middle of the picture as well as the Dobson 074.
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D083 (NOAA) D074 (CHMI) D064 (DWD)

Slit/FWHM (nm) Peak (hm) FWHM (nm) Peak (hnm) FWHM (nm) Peak (nm) FWHM (nm)
A-S2 (305.5/0.90) 305.46 1.05 305.55 1.04 305.51 1.03
C-S2 (311.5/0.90) 311.47 1.09 311.49 1.09 311.50 1.08

D-S2 (317.5/0.90) 317.58 1.24 317.56 1.22 317.62 1.27
A-S3 (325.0/2.90) 325.10 3.56 325.05 3.52 325.08 3.56

C-S3 (332.4/2.90) 332.47 3.81 332.39 3.80 332.44 3.81
D-S3 (339.9/2.90) 340.00 4.12 339.94 3.98 339.97 4.06

Table 1: Measured centroid wavelengths (Peak) al#iMs (Full Width at Half Maximum) for all Dobsonsid wavelengths; nominal

values are given in the first column in brackets.

D083 (NOAA) D074 (CHMI) D064 (DWD)

Slit/FWHM (nm) Peak (nm) FWHM (nm) Peak (nm) FWHM (nm) Peak (nm) FWHM (nm)
A-S2 (305.5/0.90) -0.04 +0.15 +0.05 +0.14 +0.01 +0.13
C-S2 (311.5/0.90) -0.03 +0.19 -0.11 +0.19 +0.00 +0.18

D-S2 (317.5/0.90) +.08 +0.34 +0.06 +0.32 +0.12 +0.37
A-S3 (325.0/2.90) +.10 +0.66 +0.05 +0.62 +0.08 +0.66
C-S3(332.4/2.90) +0.07 +0.91 -0.01 +0.90 +0.04 +0.91
D-S3 (339.9/2.90) +.10 +1.22 +0.04 +1.08 +0.07 +1.16

Table 2: Measured differences to Dobson’s spedifina of wavelength settings and FWHMSs; nominaluesl are given in the first

column in brackets.
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Absorption coefficients A C D AD CcD
Dobson/Komhyr (nominal) 1.806 0.833 0.374 1.432 0.459
D064

Ratio EAC/nominal 0.997 0.993 0.972 1.003 1.011
EAC 1.800 0.828 0.364 1.436 0.464
Relative difference in % TOC

D074

Ratio EAC/nominal 0.993 1.006 0.989 0.994 1.020
EAC 1.794 0.838 0.370 1.424 0.468
Relative difference in % TOC

D083

Ratio EAC/nominal 0.997 0.998 0.983 1.001 1.011
EAC 1.800 0.832 0.367 1.433 0.464
Relative difference in % TOC

2010-results 1.805 0.830 0.376 1.429 0.454

Table 3: Effective Absorption Coefficient8£C)-afterEACS) calculated witBass/Paur cross-sections, their ratio to the nahones and
the resulting relative difference in % TOC. 2010uiesfrom measurements of the D083 spectral cheriatits (Evans et al., 2012)e

shown as well.

D083 (NOAA) D074 (CHMI) D064 (DWD) BP
Wavelength pair EAC Rel. diff. %  EAC Rel. diff. %  EAC Rel. diff. %  nominal
A 1.788 1.03 1.7795 1.49 1.7874 1.04 1.806
© 0.827 0.79 0.8224 1.29 0.8225 1.28 0.833
D 0.361 3.72 0.3614 3.50 0.3568 4.82 0.374
AD 1.427 1.4181 1.4306 1.432
CD 0.459466 0.4610 04664657 0.459

Table 4: Effective Absorption Coefficient&4AC)afterEACs) calculated withUP cross-sections and relative difference;f8\Cs

obtained with bld”’ Bass/Paufcross-sections ambmina) slit functions.
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