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Abstract. The Brewer total ozone column measurements started in 8pldam May 1988, 9
months after the agreement of The Montreal Protocol. ThevBrénstrument has been well main-
tained and frequently calibrated since to produce a highitguzzone time series how spanning
over 26 years. The data has now been uniformly reprocesseedre 1988 and 2014. The quality
of the data has been assured by automatic data rejectianasiieell as by manual checking. The
daily mean values calculated from highest quality direct sweasurements are available 77 % of
time with up to 75 measurements per day on a clear day. Zdnitmeasurements fill another 14 %
of the time series and winter months are sparsely covereddmnmeasurements. The time series
provides information to survey the evolution of Arctic ozolayer and can be used as a reference

point for assessing other total ozone column measuremacti ges.

1 Introduction

Ozone is a molecule consisting of three oxygen atomg.(® is produced from oxygen atoms
and molecules by photochemistry in the equatorial stréiesg where the UV radiation is at its
strongest. It is then transported to higher latitudes byoapheric circulation pattern (e.g. Muller,
2012). Ozone is a strong absorber of ultra violet (UV) radratind thus an important constituent of
atmosphere enabling life on earth as we know it. Extensiveusatof UV radiation is known to have
harmful biological effects. It is known to cause diseasesyss and skin for example(Lucas et al.,
2006) as well as having bad influence on vegetation (Teraana&iska, 1996).

In 1984 it was found out that total ozone above Antarcticaidishes during antarctic spring
(Farman et al., 1985) and the discovery was later confirmehbiysing satellite data (Bhartia et al.,
1985). This showed how significant effect the chlorofluorboas (CFC) had in reality for the to-
tal amount of ozone - in theory this concept had been suggedteady by Molina and Rowland
(1974). These findings caused a reaction in decision makersed to The Vienna Convention for
the Protection of the Ozone Layer in 1985 and to The Monreatoeol in 1987, both aiming to

decrease the amount of CFCs used widely as refrigerantslawthf agents at that time. The de-
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velopement of total ozone amounts have been under clostngcsince and the state of the ozone
layer is revised regularly (WMO, 1985, 1988, 1989, 1991, 19998, 2003, 2007, 2011, 2014).

In the wake of The Montreal Protocol ozone measurementsiweoeluced at the Finnish Meteo-
rologial Institute Arctic Research Center (FMI-ARC) in Smdtyla as both the Brewer measurements
and the regular ozone soundings started in 1988. Even thihegbzone depletion is more pro-
nounced and regular in the Antarctis the Arctic has witngéssene really low total ozone amounts
in the cold winters and springs of 1990’s and 2000’s (Rex.etl@97, 2002; Manney et al., 2011).
The location of FMI-ARC (67.368N, 26.633E) is well suited for Arctic ozone studies as it often
lies within or on the edge of the polar vortex during the timhezone depletion in the spring.

Sodankyla is one of only seven Brewer stations north of thaiédCircle (Kipp & Zonen, 2015).
As the Arctic ozone is highly variable these few measurersié@s are extremely valuable for mon-
itoring the developement of ozone layer. Also the measunéteehniques face challenges at high
latitudes where the solar elevation angle is very low foglperiods. The FMI-ARC has been active
in evaluating the effects of low solar elevation angle anelgr #037 has been serving as a reference
instument for satellite validation as well as validationdther ground based measurement methods.

As a manned station north of the Arctic circle, FMI-ARC is aitse and can produce data of
high quality and with infrequent data gaps. In this paperuhgormly processed Brewer dataset
from 1988 to 2014 is presented. In section 2 the instrumsaelfiis described and the measurement
procedure is explained. The means of maintaining the quatitli continuity of the measurements
are presented. In section 3 the data flow is shortly descipeldthe data processing algorithm is
presented with the rules applied to disregard inaccuratrroneus data. In section 4 the dataset
obtained is demonstrated and some features are highlightede useful diagnostics and statistics

of the availability of the data are presented.

2 Instrument operation
2.1 Instruments

Total ozone column over Sodankyla has been measured witheBspectrophotometer, serial num-
ber 037, since May 1988. In September 2012 a new Brewer] semnzber 214, was acquired but is
still in comparison phase rather than in operational use.

The Brewer instrument stands on a tripod which can be levgfeatijusting the height of all three
legs separately. On top of the tripod sits a tracker whichiaais the azimuthal orientation of the
entrance optics towards the Sun. Accurate tracking of the rBquires the rotational axis of the
tracker to be exactly vertical. The spectrometer itself iainted on top of the tracker.

The light source is selected with a rotating prism insidesirectrometer. The input can be global

radiation through the diffuser on top of the instrumentediradiation from a point source or radi-
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ation from any of two inner calibration lamps. Direct ratatviewing angle is approximately 2 -
2.7 degrees (Kazadzis et al., 2005).

The input light is dispersed in a monochromator, consistihg spherical mirror and a grating.
Grating can be rotated by a motorized micrometer to selecttbasured wavelength. In the more
recent Brewer, serial number 214, there is a double monowhtier with two sets of mirrors and
gratings working synchronously. Double monochromatordigsificantly less light coming outside
the wanted wavelength band.

In place of an exit slit there is a slit mask with 8 differensfimns. The mask can be rotated fast
to go through a set of predefined wavelengths without movieggrating. One of the positions has
the exit slit completely shut for determining the dark catref the photomultiplier and one position
allows light from two slits to enter the photomultiplier fonaracterisation purposes. The wavelength
resolution for the Brewers is roughly 0.6 nm (FWHM of the instient function), slightly depending
on the individual instrument. The wavelength range is 2982 nm for the Brewer #037 and 286.5
to 365 nm for the Brewer #214.

The photons are counted by a photomultiplier and the couatsegorded. Due to high variability
in the intensity along the day there is a filter wheel with $etavelength neutral filters with different
attenuations to choose from depending on the initial intgokeck. Another filter wheel is deployed
to choose a diffuser, a polarizer or a clear slit dependinthermeasurement procedure.

2.2 Measurement procedure

There are four measurement procedures to measure ozonBmeitker instrument each to suit dif-
ferent conditions. Direct sun (ds) measurement suits sleaconditions with solar elevation angle
higher than 15 degrees. Focused sun (fz) measurementsealéouslirect sunlight when the eleva-
tion angle is below 15 degrees. Zenith sky (zs) measurenagatased when the direct sunlight is
blocked due to cloudy weather. During the polar winter whHendun elevation stays low for a long
period focused moon (fm) measurements are possible wherhte is close to full moon.

In direct sun measurement the azimuth tracker rotates tissae Sun and the zenith prism turns
so that the direct light from the Sun is guided to the entratliteA diffuser is used to smooth the
input light so there is less problems due to slight misaligntnA further attenuation filter might
be selected depending on the intensity in a pretest. Thingrist kept stationary at a predefined
ozone measurement position and the slit mask is rotategidlyao select the output wavelengths.
The wavelengths are roughly 306.3, 310.1, 313.5, 316.8 add :ranometers. The wavelengths are
more accurately defined for each individual instrument enytearly or biennial calibration.

For low solar elevation angles the procedure called focssedis performed. To enhance the
input light intensity the diffuser is omitted but a neutrangity filter may be applied to protect
the photomultiplier. The forward scattered sky light emtgrthe photomultiplier is estimated, by
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measuring the intensity just beside the Sun, and subtréctedthe intensities measured from the
direct sunlight.

When the direct sunlight is blocked by clouds the total ozaslemn is estimated by measuring
scattered light from the zenith. The prism is directed atzifveith angle of O degrees and the same
wavelengths are measured as in the direct sun measureiersfuser is applied but neutral filters
are applied when needed. To be less affected by the clouusgags through a film polarizer that
is fixed so that the polarizing axis is parallel with respecthe reference horizontal plane of the
instrument (Muthama et al., 1995).

For high latitudes there is a time when the Sun does not rige émough for any of above men-
tioned measurement procedures. For that time of the yeamntlggoossibility is to measure from the
moon. The routine is called focused moon (fm). There is nsiEr used. The intensities are rather
low and usually no neutral density filter is needed.

The instrument operation is fully automated. The commaadsbhe given manually but normally
the instrument operates on a schedule written by the opefidie schedule consists of command
strings set to start when a certain solar zenith angle i©eshdn addition to the ozone measurement
modes mentioned above, there are several commands to dteeskatus of the motors and follow
the changes of instrument characteristics as well as memasmt mode for measuring global UV
-radiation.

2.3 Calibration

The instruments need to be calibrated regularly to keefx tohpossible changes in their charac-
teristics and the effect of these changes in the ozone nexasuts. Calibration can be done at the
instruments home institute against a well calibrated ezfee instrument or the instrument can be
moved to take part in calibration campaign where the insémincan be calibrated against a refer-
ence instrument or by using a Langley extrapolation metfibe. calibration history of the Brewer
#037 is presented in table 1. The main characteristics tedefined are the extraterrestrial constant
(ETC), the ratio of measurements from the internal calibratamp at ozone measurement wave-
lengths, the wavelength setting in ozone measurementgstrament function and the absorption
coefficient ().

The ETC tells what the instrument would measure if there wagstmosphere between the in-
strument and the Sun. It is dependent on the spectral resmdrike instrument and the change in
ETC is monitored by measuring the intensities at the sameleagths from an internal calibration
lamp. In the calibration campaign the ETC and lamp refersatee (R6,; ..r) are determined. If
these values behave the same as in the last calibration amgehn the lamp intensity ratios are
considered as a change in the instrument response and nahgechn the lamp and thus the time
series between calibrations must be corrected for ETC @saag indicated by the changes in the

lamp value.
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Table 1.Brewer #037 calibration history (partly adopted from 10S, 2015)

Year Month Location
1988  April Sodankyla
1989  June Sodankyla
1990 June Sodankyla
1993 November lzafia
1994 September Jokioinen
1995 June Sodankyla
1996 October Izafia
1997  July Sodankyla
1998 June Jokioinen
1999 June Jokioinen
2000 June Tylosand
2001 June Jokioinen
2002  June Sodankyla
2003 June Sodankyla
2004  June Jokioinen
2005 June Sodankyla
2006 June Jokioinen
2007 May Sodankyla
2008 June Jokioinen
2009  June Sodankyla
2009 December lzafia
2011 November lzafia
2013 November Izafia
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The optimal grating position for ozone measurements icbedrby measuring ozone with several

positions close to the expected one. The wavelength saatlesfanicrometer positions is determined

by measuring a set of known emission lines from differentliisge lamps, for example mercury

and cadmium lamps. From these lamp measurements the imsttdiomction is also retrieved. Ab-

135 sorption coefficient is calculated for the exact operatiarevelengths as a convolution between the

instrument function and the ozone absorption cross section

In addition to these annual or biennial checks the dead tifttleeophotomultiplier is constantly

monitored. The temperature dependence has been chazedtalieady at the factory by the man-

ufacturer. The neutral filter wavelength dependence hasbasn measured more frequently lately

140 but no corrections have been applied this far.
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2.3.1 Quality control

Quality control includes procedures to ensure the instnirigemeasuring in the ideal manner, the
measurements are not stopped or obstructed and all theehanthe instrument are recorded.

To ensure the view is not obstructed and the sunlight is inéted ideally inside the instrument
the window is regularly manually cleaned using isopropgbabl. For the snow and rain a blower
has been istalled that keeps the window clear except foraheibst snowfalls. After heavy snowfall
a manual cleaning is required and the situation can be chdosm a webcam installed to see the
Brewer at all times.

Inside the instrument there are two calibration lamps, acorgrdischarge lamp and a quartz-
halogen lamp, called standard lamp, with continuous spectihe emission lines of the mercury
lamp are used for frequent checks of the wavelength sefefioaccurate measurements and for
ensuring the correct behavior of the step motors moving therg. In Sodankyléa the measurements
are usually made before each spectral scan where the stepsnmoéke numerous small steps to
scan a big wavelength range with 0.5 nanometer intervat @hsures the measurements are always
made at the exact wavelengts that are expected.

Standard lamp is measured daily for the same wavelengtharhased in 0zone measurements.
This assures all the changes in the instrument response@aled. Assuming the lamp does not
change the value measured from the lamp corresponds a cimathgesolar measurements. In a cal-
ibration campaign the lamp measurements are reviewed tkdéhehe lamp measurement changes
are due to change in the lamp or due to change in the instru@eahe measurements are corrected
respectively.

Because the Brewer is also used for spectral UV measurertienthanges in the response are
followed very carefully by measuring 1000 W calibration fam a dark room every 6 weeks. After
each calibration before the instrument returns to the nreasent site the tracker is opened and the
friction wheel rotating the tracker is cleaned to allow thaximum friction and to ensure there is no
slipping and losing steps which would result in poor azimalifjointing accuracy.

To ensure the maximum intensity and thus the maximum cdntvabe measurements the ori-
entation of the tracker and the zenith prism need to be cldedgularly. This procedure is called
sighting. The instrument is oriented towards the Sun anéi@nce slit is viewed from a view port
on top of the instrument. If the instrument orientation isf@et the picture of the Sun is centered
around the entrance slit. If this is not the case the azinrattker and zenith prism motors are com-
manded from buttons on the side of the instrument casingrtothe instrument to achieve perfect
orientation.

For an accurate orientation check a human eye is neededrutdogh check an automatic rou-
tine measurement has been developed. In this routine thesity of the light through the entrance

slit is measured in the original position and in positions faotor steps away from the original
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one. The maximum intensity is regarded as the optimum aiemt and changes are suggested if
necessary by the operating software.

Since the beginning of 2015 a database system called IDEA®dw®n in use to enhance the con-
tinuity and quality of the data. The system parses the raa filas and updates in approximately 10
minute intervals. Warnings are raised and sent by e-mdikife are signs in the data for misbehavior
of the instrument, for example if the wavelength calibnati® too much off of the reference value.
This warning system ensures the erroneus behavior of tirenmsnt is noticed as soon as possible
and corrective action can be taken.

3 Data handling
3.1 Data flow and data storage

Data is collected by the operating computer controllingBh@wer. At this point the data consists of
raw counts and preliminary data reduction including noydhke measurements of ozone but also
the wavelength calibration and stability check informati@his data is retrieved to a local server
once every 5 minutes. Another server hosting a databasensy#DEAS, collects the data from
the primary local server every 5 minutes. IDEAS parses tha dad is able to send out warning
messages by e-mail in case of suspected malfunction of sieiment. This way the any problems
in the measurements or in the instrument are noticed withimihutes of the start of the problem.
The processing of the final products that are sent to Worlch®@zamd UV Data Center (WOUDC)
and to the FMI-ARC database litdb.fmi.fi still require humateraction. The data is collected from
the primary local server to a personal computer and prodesik a software described in section
3.2. There are rules to assure the quality of the data ($e8tR) but some erroneus measurements
must still be filtered out by human eye. Atthe moment the ded&ailable in WOUDC database until
May 2010 and the update for Sodankyla data will be made whequhlity assurance is finished.
Finland is participating in Eubrewnet COST action (COSTEE®7, www.eubrewnet.org) and the
Brewer data is sent from primary local server to Eubrewntluise every 20 minutes. The database
is under developement and not fully operational at this mdm&hen operational the database will
receive Brewer raw data from all the participating coustaed the final products will be processed

by a central computer. This way way the data will be cohefemaiigh the whole network.
3.2 Algorithm

For all ozone measurement procedures the raw data inclo@¢sounts from the photomultiplier for
seven positions of the slit mask, FO to F6. To retrieve vartizone column O3Brewer -software,
written in Delphi language by Martin Stanek, is used (Star&K.5). The retrieval process is de-

scribed below.
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Before the physical modeling of the absorption itself the munts are first turned into count
ratesC' (counts/second) (SCI-TEC Instruments Inc., 1999). Firstdark counts are removed and
the integration time for each slit exposure is taken intmaat in term2/IT andCY is the number
of slit exposure cycles. Dark counts;, are measured at slit mask position 1, where the exit slit is

closed. The count rat€;;, for slit mask position, becomes

72><(FZ‘*F1)

Ci=""r. oy forpositioni =2.6. 1)

The photomultiplier has a dead timBT) , a time it takes it to recover from a hit by a photon to
be able to count another photon. The effect is assumed tmfolie Poisson statistics and hence the
equation

Cim =Ciy X e~ CiexPT @

whereC; ,,, is the measured count rate afigl; is the true count rate. The first estimate for the true
count rate is given by

Cit1=Cimx ¢Ci.m xDT_ )
After this a better estimate is calculated by plugging tret stimate in the original equation
Cito=Cimx ¢Ci.t,1 DT .

This is repeated 8 times and the result is expected to coavergl then, making”; ; ¢ the final
estimate foiC; ;.

Later will be shown that, when calculating ozone we are dgaliith logarithms of irradiance
ratios. For this reason the count rates are converted toitogac scaleC; ;

Ci1=10" x 1og10(Ci ) (5)

The response of the instrument may change according to #regehin temperature inside the instru-
ment. The effect is assumed linear and has been charadtetizbe factory. Corrected count rate,
C; e, Will be

Cite=Ci+(TC;) x T, ©6)

whereT is temperature an@C; is the wavelength dependent temperature correction creific
The final instrumental correction will be neutral densityreation. This actually does not affect
the ozone calculation as the attenuation is assumed to keleraih independent. The effect of filter

non-neutrality has been found very small in recent calibnat The final count, rat€; r, will be

Ci,p = Ci e +NF, (7)
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whereNF is the 10000 times the ten based logarithm of attenuatiom oéthe filter.

The physical model of retrieval from final count rates to tazone column, well described by
Savastiouk (2006), is based on Beer-Lambert -law consigeRayleigh scattering and scattering
by aerosols as well as absorption by sulphur dioxide andezbme data from slit mask position 0
is not taken into account so using the other five (positions &)twavelength a set of wavelength
dependent weighting coefficients are found such that theezalculus is in theory not affected by
sulphur dioxide or aerosols. The final count rates are ctatddfor Rayleigh scattering according to
equation

BEZ'X}LTXP

Ci=Cirt o3

(8)

whereBE,; is Rayleigh correction coefficient for slit mask positiomhe BE; used are the original
ones calculated by the instrument designer (citatiéhjs the pressure of the instrument location,
set to 1000 mbar for Sodankylg. is the air mass factor for Rayleigh scattering, calculatechf

iy = sec{arcsin[(6370/6375) x sin(A)]}, 9)

where A is the solar zenith angle at the time of the measurement. dti® R6, affected only by

ozone is calculated from Rayleigh corrected count ratésas
R6=—C3+0.5xC4+2.2xC5—1.7x C6. (10)
Total ozone columnX s, is retrieved from the ratio as

Xosz = (R6—ETC+9.)/(nos x ), 11

where extraterrestrial constaBTC, and absorption coefficient, are constants determined in cal-
ibration. SL is the change ifR6 value measured from a calibration lamp. For this a referentee
R6; ¢ is determined during calibration campaign and the changetlowed by measuring this
ratio, R6,;, several times per day. The lamp is assumed not to changeoatié £hanges should
reflect changes in the ETC. The assumption is then checkéub ateixt calibration when also the

new reference value is determined. The correction factgrishased on daily mean valis,; as
SL =R64,rer — RBy . (12)

Ozone airmass factot,ns, describes the path length that the light has to travel coetp@ a thick-
ness of the ozone layer right above us. For the calculation®is considered to lie in a thin layer
at the altitude of 22 km. This makes the air mass factor

pos = sec{arcsin[(6370/6392) x sin(A)]}, (13)

whereA is the solar zenith angle.
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For the focused sun measurements, fz, the algorithm is the.dBefore calculating the R6 how-
ever, the count rate measured 0.5 degrees off of the Sun itetifrom the count rate measured
from the direct sun. This is made to counter the effect of iplylscattered light reaching the instru-
ment from the same direction than the direct light (Josefs$892). For moon measurements the
algorithm is identical to direct sun algorithm.

The processing of the zenith sky measurements is based eori@arison of zenith sky (zs) and
direct sun measurements (ds) (Muthama et al., 1995). A patyal will be fitted between a number
of near simultaneous zs and ds measurements so that usidg,thfom ds measurements a best

possible set of coefficients a to i are found for relation
R6.,—ETC =a+bxp+cexp?+dx X +ex Xpu+fx Xp24+gx X24+hx X2pu+ix X2, (14)

These coefficients depend on the instrument and on the nezasnt location. For Brewer #037 the
fitting of the coefficients, the so called sky chart, has besredy Karhu (1995).

The daily value is calculated as an average of measurentattsneet the filtering criteria (see
3.3). Only one type of measurement is used for one daily valne measurement types are ranked
by their expected quality so that the order is ds, fz, zs, fhre Measurements of lower rank are only
used if there is no measurements at the higher level. Themgikjustified by the assumptions that
focused sun and moon measurements are more prone to ersts dmall deviations in pointing

accuracy and zs is more prone to errors due to retrievalitigpbased on a non physical model.
3.3 Quality assurance

To assure the quality of the data some automatic data filfetites have been obeyed. The mea-
surement routine for one ozone value has five consecutiveuneaents. The standard deviation
among these five measurements is not allowed to be more thab$8ob units (DU) in ds-, zs- or
fz-measurements. For moon measurements the deviatiotovgedl to be 5 Dobson units. The air
mass factor has been limited to 3.8 for ds- and to 3.0 for zasamements to avoid the effects of
stray light but to allow measurements to start as early asilplesn the spring. For focused sun mea-
surements the air mass limit is set to 6 and for moon measuntsrtee3.5. Before submitting the data
to database it is also inspected by eye for obvious spikether suspicious behavior. The random
errors of individual observations are withifl% in about 90% of all measurements (Fioletov et al.,
2005).

4 Demonstration of the dataset

The daily values of total ozone column over Sodankyléa areeuted as a time series in figure 1.
The yearly highest and lowest total ozone values of MarchAgrd are highlighted. Contrary to
Antarctica the minimum values do not coincide with yearlyimium as the annual minima of ozone

in the Arctic do not occur in spring but later in autumn beeaokstrong modulation of ozone layer

10
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thicknes by the Brewer-Dobson circulation. Ozone is bujtdati high latitudes during the winter
time and even after the ozone loss inside the polar vortexotiaé amount of ozone will be high
after the vortex is broken up and the ozone rich air is trartegdo polar areas. During the summer
the circulation of ozone rich air from the equatorial regismeaker and the ozone is destructed by
natural photochemistry as the solar elevation is highera Assult the ozone reaches its minimum
during late autumn before a new build up begins. However g minimum is still the best
indicator for the extent of chemical destruction of the cztayer. The high values of February 1989
stand out from the time series but the data from the same date TOMS instrument aboard the
Nimbus-7 satellite confirms the total amount of ozone wag taegh.

Monthly mean values have been presented in figure 2. In thesfiglalso presented the number
of daily values available for a particular monthly value.e@all the direct sun measurements are
available during about 77 % of the days zenith sky coveringaldVinter months are sporadically
covered by focused moon measurements. While no significamd is observed in the monthly mean
values the March monthly mean plot (figure 3) suggests théEieginning of the 1990's there was
a period of strong spring ozone depletion and after 1992thas been huge variability between cold
and warm winters. Monthly mean of March is affected by therisity of the chemical depletion but
also the persistence of the polar vortex giving a bit morgghtson the extent of the depletion than
just the minimum total ozone column measured.

More in depth trend and regression analysis is a matter fthdu study and some earlier work
has been done. Kivi et al. (1999) analyzed Brewer total ozone series. They found a trend of
(-1.0 £ 0.1) % per year corresponding to the time period 1989 un@l71%t Sodankyla vertically
resolved ozone sounding have been performed since lates1828ed on the ozonesonde data,
Kivi et al. (2007) found that negative trends prior to 199% te attributed to a combined effect of
dynamical changes, winters of relatively large chemicainezdepletion and the impact of aerosols
from Mt. Pinatubo eruption in 1991. The regression modebusg Kivi et al. (2007) included a
number of proxies accounting for the dynamical and chemieahbility. They found that total
ozone amounts in the stratosphere correlate highly witkigsofor the stratospheric circulation,
polar ozone depletion and tropopause height.

The daily ozone climatology is depicted in figure 4. The maat@ires are the accumulation of
ozone during the winter and early spring and the declinenduttie summer owing to the atmo-
spheric circulation patterns and their seasonal changesttrhead et al., 2005). The variability
is very large in spring as the location, timing and persisteof the polar vortex hugely affect the
transportation and chemical loss of ozone. The uncergsiratie larger for the deep winter months
as the only measurement mode available is the focused mooegure.

Figure 5 shows mean and maximum daily amounts of differguesdyof measurements and gives
another view on measurement availability. From the dashmes Ildepicting maximum amounts it

can be seen that direct sun measurements are more freqaarzehith sky measurements when
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Figure 1. Total ozone column daily average time series with spring time extreme \aiglelighted for each
year. For the spring minima and maxima measurements from March jariidafe considered.

the sky is clear. However because of clouds the mean amoumsith sky measurements are a bit
higher during the summer. The peak in the maximum amountsdstummer is from the calibration
campaign 2003. During the calibration direct sun measunésnare priorised and UV-scans are
omitted. This permits over 100 direct sun measurements ioduke during one day. Normally a clear
day with regular UV-scans can have up to 75 direct sun measmnis. Even though the clouds seem
to obstruct on average one third of the possible ds-measuntsma high portion of the daily values
is based on them as there usually is a possibility during #yetd get some succesful direct sun
measurements. The availability of ds- and zs-measurerniretite spring and in the fall are affected
by the air mass factor limits of 3.8 and 3.0 respectively. Tdwised sun and moon measurements
are in average very rare but some days can give up to 20 godithqnaasurements during the time
when direct sun or zenith sky measurements are impossilit®amreliable.

In figure 6 is the comparison of Brewer #037 and Ozone Momitptnstrument on board the
NASA EOS-AURA satellite between the years 2004 and 2014 sigpwa systematic difference of
about 1.9 percent. Sodankyla Brewer data has been usederaksatellite comparisons (e.g. Kyro,
1993; Balis et al., 2007; Damiani et al., 2012) and in congumarito other ground based instruments
(e.g. Vigouroux et al., 2008). Sodankylé also hosted twal tmtone column intercomparison cam-
paigns in springs 2006 and 2007 aiming to characterise aridetéhe measurement challenges
caused by low solar elevation angles (McPeters et al., 200&llow-up CEOS intercal Nordic
campaign was arranged consisting of measurement perid8sdainkyla, for low solar elevation
measurements, and at Izafia for high solar elevation measuate and laboratory characterisation
(Karppinen et al., 2015).
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Figure 3. The difference of March monthly mean each year to the all time Marclmmea

5 Conclusions

There is a dataset of 26 years of uniformly processed Breweneodata from Sodankyla and the

processing algorithm with the data acceptance rules hame thescribed in this paper. The instru-

ment has been well maintained and regularly calibratechduits time of operation. An automatic
365 warning system has been built to allow fast response to aeypetted stops in the measurements
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Figure 5. The seasonal variability of the amount of measurements. In solid liergge@sented the mean amount

of measurements of each type for each day of the year. The maximmaure for any year for this certain day

of year has been plotted in dashed line in the color presenting the measutype.

and to follow that the instrument is operating in an ideal vilye quality assured data will be avail-
able in WOUDC database as well as in litdb.fmi.fi. Data is alent to Eubrewnet database where
the Brewer community will set up best possible data proogssigorithm to achieve coherent total
ozone data across the Eubrewnet network. Sodankyla dagduiable for Arctic ozone studies and

370 for validating other ozone measurements at high latitudes.
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