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Abstract. A Microtops Il “0zone monitor” with UV chan- 1 Introduction

nels centered at 305.5, 312.5, and 320 nm has been used rou-

tinely in six experimental campaigns carried out in severalGround based measurements of ultraviolet solar radiation are
geographic locations and seasons, covering latitudes from 38sed to retrieve total column ozone content. The Dobson
to 68 N during the last ten years (2001-2011). The total (Dobson, 1931) and Brewer spectrophotometers (Brewer,
ozone content is retrieved by Microtops Il by using differ- 1973) are considered reference instruments for the determi-
ent combinations (Channel |, 305.5/312.5nm; Channel Il,nation of total ozone content. Dobson and Brewer ozone data
312.5/320 nm; and Channel I, 305.5/312.5/320 nm) of theagree within 1% when the major sources of discrepancy are
signals at the three ultraviolet wavelengths. The long-termproperly accounted for (Balis et al., 2007). Both instruments
performance of the total ozone content determination hagre expensive, complex and need continuous maintenance by
been studied taking into account the sensitivities to the calwell trained personnel. Moreover, their use in field cam-
ibration, airmass, temperature and aerosols. When a calipaigns at different locations is difficult due to their relatively
bration was used and the airmass limit was fixed to 3, thdarge size and weight.

root mean square deviations of the relative differences pro- The Microtops Il is a small compact portable instrument.
duced by Microtops Il with respect to several Brewers areThanks to its portability and easy operation, it can be con-
0.9, 2, and 2% respectively for the Channel I, Channel Il,sidered as a cheaper alternative to measure column ozone in
and Channel Il retrieval. The performance of the Microtops intensive field campaigns (e.g0@ez-Amo et al., 2006 and
retrieval has been stable during the last ten years. Channel4008) or in remote locations where Brewer and Dobson mea-
represents the best option to determine the instantaneous tsurements are not available. The short time needed to take
tal ozone content. Channels Il and Ill values appear weaklya Microtops measurement allows total ozone measurements
sensitive to temperature, ozone content, and aerosols. Chagven in days with broken clouds @ler, 1999). This versa-

nel Il is more stable than Channel | for airmasses larger tharility may lead to increases in the spatial distribution of the
2.6. The conclusions do not show any dependence on latitudotal ozone measurements from ground stations around the
and season. world.

The design and performance of the Microtops Il have been
described by Morys et al. (2001); and some of the capabili-
ties, limitations and uncertainties of several Microtops filters
have been described elsewhere by Flynn et al. (1996); Labow
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et al. (1996); Khler (1999) and Holdren et al. (2001). How- radiances (Kerr et al., 1985). The Brewers MKIlI and MKIV

ever, most of these studies were based on the first generatianodels use a single monochromator with a 1200 linesthm

of Microtops Il, which uses UV channels at 300, 305.5, anddiffraction grating; the MKIII version includes a double

312nm, and were limited to a single location and a maxi-monochromator with a 3600 lines mrhdiffraction grating.

mum period of two years. A detailed characterization of the The main advantage of the double monochromator is a better

later generations of Microtops Il (with UV filters centered at stray light rejection (Bais et al., 1996). For the DS measure-

305.5, 312.5, and 320 nm) performance during an extendedhents, the Brewer points to the sun and measures radiances

time period and in different atmospheric conditions has notin six channels (303.2, 306.3, 310.1, 313.5, 316.8, 320.1 nm)

been presented so far and is useful to assess its long term resdth a FOV of approximately 3and a spectral resolution of

liability and data quality. In addition, the standardization of about 0.6 nm. The total ozone algorithm uses the combina-

the measurement method is also needed. tion of measured solar radiances at four wavelengths (310.1,
This paper is focused on testing the operational procedur&13.5, 316.8, 320.1 nm) to eliminate the effects of molecular

of Microtops Il measurements taking into account the datascattering, extinction by aerosols, and S#bsorption in the

quality by the signal postprocessing. The main objective is toultraviolet spectral region.

acquire some practical indications which can be useful to the

Microtops Il user community. The measurements made by2.2 Sites and measurements

Microtops 11 #3682 (with UV filters centered at 305.5, 312.5,

and 320 nm) are used to test its reliability of total ozone deterMicrotops Il measurements from six field campaigns carried

mination during several field campaigns in an extended timePut between 2001 and 2011 have been used in this work.

interval (from 2001 to 2011) and at different geographic lo- These campaigns took place in regions with very different
cations and seasons, covering latitudes from 35 td\68 climates and in different seasons, covering latitudes from 35

to 68 N (Fig. 1).
The campaign in 2001 was carried out at the Spanish Na-

2 Instrumentation and measurements tional Institute of Meteorology (INM) located in the suburbs
of Madrid (40.45 N, 3.72 W, 685ma.s.l.). The measure-
2.1 Instrumentation ments were done during the period 10-14 December, avoid-

ing the cloudy periods. A Brewer MKIV (#70) calibrated

The Microtops Il “ozone monitor” is a portable photometer in 2001 operated regularly throughout the campaign. Mi-
designed for a hand-held manual operation. It measures therotops Il measurements were taken in triads approximately
direct solar radiation in five spectral channels using a colli-every 5 min during the whole day.
mator with 2.8 field of view (FOV); a narrow-band inter- The measurements in Sodarékyh 2002 were carried out
ference filter and a photodiode are used for each band. That the Arctic Research Centre of the Finnish Meteorologi-
filters for the three UV channels (305.5, 312.5, 320.0 nm)cal Institute (FMI-ARC) in the North Boreal zone, 100 km
have a nominal full width at half maximum (FWHM) of north of the Arctic Circle (67.37N, 26.63 E, 179 ma.s.l.).
2.4+ 0.4nm and are dedicated to total ozone measurementhe field campaign was within the framework of the So-
The signals in the near infrared bands, centered at 940 ankhr Induced FLuorescence EXperiment, SIFLEX-2002 (ESA,
1020 nm, are used to retrieve the water vapour content an@002) from 23 April to 10 June. The Microtops mea-
the aerosol optical depth, respectively. These two filters havgurements were made during the 13 days with clear sky
a FWHM band pass of 1081.5 nm. conditions. The measurements were made every 15min

Microtops Il also measures the optical block temperaturefrom 07:00 to 13:00 UT, and then every hour until 18:00 UT
which allows a temperature compensation of the signal if(Gomez-Amo et al., 2006). A Brewer MKII (#37) was regu-
necessary. Furthermore, Microtops Il incorporates a solidarly operational at Sodanky] its calibration was updated in
state pressure sensor to provide the atmospheric pressure f2002.
each measurement. The physical and operational character- The field campaign in 2004 was carried out in the Atmo-
istics of Microtops Il are described in detail by Morys et spheric Sounding Station (ESAt) “El Arenosillo” (37.4,
al. (2001). 6.7 W, 10ma.s.l.) which is located in South Western Spain.

Microtops 1l measurements are carried out manually The measurements were taken from 15 to 19 May in cloud
pointing the instrument towards the sun with the help of afree conditions. Measurements with Microtops Il #3682
light indicator which reflects the sun position in the sun tar-were made quasi simultaneously to Brewer MKIIl #150
get window. throughout the campaign. The Brewer at El Arenosillo was

The performance of Microtops Il has been tested againstalibrated in 2003.
ozone measurements of Brewer spectrophotometers. The Microtops observations in 2008, 2009 and 2011 were
Brewer spectrophotometer is deployed on a solar azimutltarried out in Lampedusa, which is a small Italian Island
tracker which allows automatic measurements of spectra(20 kn?) in the central Mediterranean (3539, 12.63 E,
solar global irradiance, zenith (ZS) and direct sun (DS)45ma.s.l.). The ENEA (ltalian Agency for the new
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level (Pp=1013.25 mbar) and the relative airmagg.( The
aerosol extinction is neglected in this expression.

The total ozone content can be determined by applying
Eq. (1) to each UV band, and by combining two of them as
follows:

LNV —In () = By -m 4

Qjj -

Qij = )

The indices{, j =1, 2, 3) in Eq. (2) indicate the filter num-
ber (1 for 305.5nm, 2 for 312.5nm, and 3 for 320.0 nm).
LNV;; represents the natural logarithm of the ratio between
the extraterrestrial constants Wyf/Vo;), andV; andV; are

the measured signal for the bandsg. The differences be-
tween the ozone absorption coefficients and the Rayleigh co-
efficients for the bandsand; are taken into account through

. . ) a;; andp;;, respectively. The airmass is calculated using the
Fig. 1. Geographic map of the measurement sites. Kasten and Young (1989) formulation, and the optical air-
mass for ozone is calculated following Komhyr (1980) and

Technol E d tainabl ic devel Komhyr et al. (1989). The Microtops Il program routinely
echnology, Energy, and sustainable €conomic developtyq ates a total ozone value using the combination of the

ment) Station for Climate Observations has been operationaiignals at 305.5 and 312.5nmM{,: Channel 1), and an-

on the |stland smtcelz( 1997.thTh$ first setkof f'\/lt'ﬁrogifvlzsli'other value from the combination of the signals at 312.5 and
surements was taken in the framework ot the 20.0 nm Q23: Channel II). A third total ozone valu€(»3:

(Gro_un_d-based_ and_Alrborne I\_/Ieasurt_aments_of the Aeroso hannel Ill) is obtained by the combination of the measure-
Radiative Forcing) field campaign during Apnl—May 2008.. ments from the three ultraviolet filters:

The second set of measurements was made during April—

May in 2009, and the third during a longer period from April Qrom— Q12-a12— Q23+ 023 3)

to September in 2011. A total of 96 days with cloud-free con- "2~ 12 — 023

ditions is available. The Brewer MKIIl #123 is operational i

at Lampedusa since 1997 (Meloni et al., 2005), and measuré¥neréa12 anday are the differences between the ozone ab-
ments were acquired regularly during the campaigns. The©rption coefficients for the corresponding filters.

calibration of Brewer (#123) was updated in 2009. 32 Calibrations

Microtops #3682 has been calibrated three times since 1997
following the methodology described in Morys et al. (2001).
The original calibration and the last one, in 1997 and 2010
respectively, were done in the framework of Solar Light an-

In the routine retrieval applied to a Microtops Il single ultra- Nual calibration at Mauna Loa. An independent calibration

violet band, ozone absorption and Rayleigh scattering by thévas carried out by us during the Veleta 2002 field campaign.

atmospheric molecules are taken into account following thelt t00k place at 2200 m altitude a.s.I. in the Veleta peak, near
Lambert-Beer law Eq. (1). the town of Granada (Spain) (Estslet al., 2006). The Lan-

gley Plot method was used in the three calibrations. The
2 P extraterrestrial constaiMfp()) was determined from the ex-

V) =p" Vo) eXp<_“O‘)“Q _mﬁ(k)ﬁ) (1) trapolation to zero airmass, and the optical depth of the at-

mosphere was obtained as the slope of the regression. The
whereVp(1) and V(1) are the extraterrestrial and the mea- ozone absorption coefficierdg), the Rayleigh coefficients
sured signal intensities respectively at wavelengthisthe (1), and the effective wavelengtihd) for each filter were
ratio between the instantaneous and the mean Earth-Sun digetrieved simultaneously using the iterative procedure de-
tance Q2 is the total ozone amouni(}) the ozone absorption scribed by Morys et al. (2001). The derived calibration co-
coefficient at the specific wavelength, andhe optical air-  efficients are shown in Table 1 for 1997, 2002, and 2010.
mass for the ozone. The molecular scattering contributionTable 1 also shows the relative differences between the cali-
is taken into account through the Rayleigh scattering coeffi-brations. These relative differences are significant for all the
cient 8(A) corrected by the ratio between the measured at-coefficients, and are larger for the period 2002—2010 than
mospheric pressureP) and the standard pressure at the seafor the period 1997-2002. For both periods, the maximum

3 Methodology

3.1 Ozone retrieval

www.atmos-meas-tech.net/5/759/2012/ Atmos. Meas. Tech., 5, 7888-2012
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Table 1. Microtops (#3682) calibration coefficients determined in 1997, 2002, and 2010.

Coefficient  Equation 1997 2002 2010 31997-2002(%)  82002-2010 (%)
LNV 15 In(v3%9v312)  0.927+0.013 0.8570.012 0.993:0.014 8 —-16
LNV 3 In(v312v320  0.692+0.010 0.6310.009 0.526+ 0.007 9 17
@12 a305— 0312 2.9240.04 2.81+0.04 2.95+0.04 4 -5
a3 @312 — @320 1.119+0.016 1.206:0.017 1.122£0.016 -8 7
B12 B305— B312 0.1018+0.0014 0.0865-0.0012 0.101&0.0014 15 -17
Bo3 B312— B320 0.0963+0.0013  0.0795-0.0011 0.095@ 0.0013 17 -19
ro1 305.8+0.1 305.8:0.1 305.8+:0.1 0 0
102 313.0+0.1 312.4+0.1 312.9+0.1 0.2 -0.2
203 320.6+0.1 319.10.1 320.4-0.1 0.5 0.4

The relative deviations) between two consecutive calibrations was calculateli as=100 (C; — C;)/C;, where the subindex (;) are referred to the calibration years ands
one of the calibration coefficients. ’ ’

differences are found for the coefficients which use the com+atios is consistent with the evolution observed for the cali-
bination of filters 2 and 3 (312 and 320 nm respectively). All bration coefficients LNY, and LNV,3 (Table 1), supporting
coefficients, except LNY4, display similar values in 1997 the reliability of the 2002 calibration.

and 2010, and somewhat different values in 2002. bNV A further discussion about the reliability of the calibrations
shows an increase by 9 % in the period 1997—-2002, and 17 %s detailed in Sect. 4.2.

in the 2002—2010 period. Differences in thg obtained in

the calibrations are also observed for filters centered in 312 ) .

and 320nm. The calibrations carried out by Solar Light in4 Results and discussion

1997 and 2010 produced similar coefficients, despite the facﬁ_ N . .
o . he reliability of Microtops Il ozone has been tested against
that there are 1.3 yr _between_ (_:allbrat|on.s. The dn‘ferenceihe Brewer Zneasuremepr)lts Brewer observations ng’e not
between the calllbrat'lon coefficients provided by Solar L'.ghtcarried out simultaneously; ;che frequency of the Microtops Il
and those obtained in Veleta 2002 may suggest some differ: easurements was higher, than for Brewer in all campaigns.

ences in the calibration conditions (temperature, ozone, etc . . )
herefore, the intercomparison between the instantaneous

or a problematic calibration. ) )
The't ‘ dgt 419-23C d ozone values from the two instruments has been carried
€ lemperatures were aroun n B ur- out using a temporal interpolation of the Microtops data

ing the Mauna Loa and Veleta calibrations, respectively.to the instantaneous Brewer measurements time. The rela-

Similarly, ozone measurements have be_en carried out at dIfﬂve differences between the instantaneous ozone values ob-
ferent temperatures, and generally at different temperature

thined from the three Microtops channels and those provided
than during calibrations. However, as will be discussed in b P

_ Brewer __ ~Microtops, ; ~Brewer
Sect. 4.5, there is no evidence of a temperature dependen é/thebBrewer (TREV_ 1OO(O3th q Q3t. bs){o3 t)h w
of the total ozone deviations with respect to the Brewer. ave been used to measure the deviation between the two

. . . measurements.

Daily variations in the total ozone may also affect the re-
trleved_ call_bratlon parameters. The ozone variation duringg 1 pata quality
the calibrations has been analyzed taking into account ground
based measurements by Dobson and Brewer in Mauna Logun pointing errors and imperceptible cloud contamination
and Veleta, respectively. Moreover, daily values of satel-are among of the most important sources of uncertainty in
lite total ozone by the Total Ozone Mapping Spectrome-the Microtops measurements (Porter et al., 2001; Ichoku et
ter (TOMS) and the Global Ozone Monitoring Experiment al., 2002; Knobelpiese et al., 2003; Massen, 2005). The in-
(GOME-2) in the region surrounding the calibration area andfluence of thin clouds does not drastically affect the ozone re-
in the days close to the calibration have been analyzed. Nerieval because the reduction of radiation at two close wave-
significant daily and day-to-day total ozone variations havelengths is similar and does not influence the ratio of the corre-
been found for the three calibrations; ozone changes are akponding signals (Labow et al., 1996). However, thin clouds
ways smaller than 5 %. may largely influence the aerosol optical depth and water va-

The Microtops signalsWsos, V312 andVapg) and the signal  por retrievals, which are based on single-wavelength signals
ratios (V305/Va12 and Va12/ Vaop) for the three UV filters have  (Knobelpiese et al., 2003; Ichoku et al., 2002). The erro-
been studied, at a fixed total ozone content and solar zenitheous pointing to the sun disc through the Microtops sun tar-
angle, for the entire period. Despite of the variability due to get window causes a large reduction of the raw signals and
the different latitudes and seasons, and the varying aerosalways produces a large increase of estimated aerosol opti-
conditions, the long-term evolution of the UV signals and its cal depth (Ichoku et al., 2002; Massen, 2005). However, this
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Fig. 2. Standard deviation of the Microtops Il signals at 305, 312, F_ig. 3. Scatter plot of the standard devia_tion of the Microtop; II_
320, and 1020 nm against the airmass. Data from all the field camsignals at 305, 312, 320 and 1020 nm against the standard deviation

paigns are shown. of AOD1020

2 standard deviation of the UV signals lower than 2% and
the standard deviation of AQlgyg smaller than 0.015 are
accepted.

may produce a random deviation (underestimation or overe
timation) of the estimated ozone values (Massen, 2005).
A single Microtops Il observation takes about 10s. There-
fore, series of three or five consecutive observations may b@ 2  Operational identification of possible
easily made within one minute, and were operationally ac- calibration shifts
quired during the campaigns described in Sect. 2. The aver-
age value of the observations is taken as the final measurefhe variation of the calibration coefficients has a notable in-
ment, and its standard deviation is assumed to corresponfiuence on the ozone measurements. A 1% variation in the
with the measurement uncertainty. The variability betweenestimation of the interchannel calibration coefficient (N
these consecutive observations is used to guarantee the dafglds a 1% change in the retrieved ozone value (Flynn et
quality minimizing the operational errors due to the use ofal., 1996). The ozone uncertainty is proportional tp ir
the instrument and to eliminate erroneous data. Egs. (2) and (3), and consequently presents an airmass de-
Figure 2 shows the standard deviation of the Microtops Il pendency. A possible progressive variation of;} Mith
signals at 305, 312, 320 and 1020 nm against the airmass fdime induces an increasing daily cycle, with largest devia-
all measurements made during the various campaigns. Thgons at low airmasses. This cycle may be different for each
standard deviations of the three UV signals show an increasehannel, causing larger deviations among the total ozone pro-
ing spread for airmass larger than 3, largest for the 305 nnvided by the three Microtops channels. The appearance of a
band and smallest for the 320nm band. This behaviour igaily cycle in total ozone may also be produced by a dirty
linked to the airmass evolution and will be discussed later.optical window, which has been shown to affect the calibra-
However, for airmasses smaller than 3 the deviations followtion coefficients (lkochu et al., 2002). Variations of ozone
a similar pattern in the UV and at 1020 nm. The standardabsorption coefficientsx{;) or molecular scattering coeffi-
deviation of the signal at 1020 nm mainly depends on highcients ;;) produce a deviation in the ozone values which
frequency changes of the AOD during the series of multipledo not affect the diurnal cycle in Eq. (3). Those deviations
observations. The scatter plot of the standard deviation of th@nly can be detected through the comparison of Microtops
signals against the standard deviation of the Ag¥gfor air- measurements against collocated ozone measurements.
masses smaller than 3 shows this correlation (Fig. 3) and al- A possible degradation of the calibration coefficients can
lows defining simple criteria to reject low quality data. More be detected directly from the Microtops measurements tak-
than 95 % of the data presents a standard deviation of the UVhg into account that: (i) an excessive diurnal cycle of the
signals lower than 2 %. Moreover, 99 % of the data shows azone values and (ii) a large deviation among the three Mi-
standard deviation of AOR20 smaller than the uncertainty crotops Il ozone values (which are also affected by a diurnal
on AODyg20, Which was estimated i:0.015 (Porter et al., cycle) appears in the data. Different tests have been carried
2001; Knobelpiese et al., 2003). Therefore, we suggest thabut to analyze the reliability of the Microtops calibrations
only Microtops observations which simultaneously presentlooking for these effects.

www.atmos-meas-tech.net/5/759/2012/ Atmos. Meas. Tech., 5, 7888-2012
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The relative differences with respect to the Brewer largest at low airmasses. The difference between Channel |
measurements were calculated using different approachesnd Channel Il ozone clearly shows the influence of the dif-
Case a — using the factory calibration coefficients throughouferent calibration schemes, and is displayed versus the air-
the entire time period; Case b — by changing the calibrationgnass in Fig. 5. The use of the original calibration (Case a)
coefficients in a stepwise way (i.e. the original calibration is induces differences larger than 30 DU for 2001 (4 yr after the
applied to the 2001 campaign; the 2002 calibration in the pe-<calibration), increasing with time since the latest calibration
riod 2002—2009; and the 2010 calibration for the 2011 mea<{Fig. 5a). For Case b, these differences are less than 10 DU in
surements); Case ¢ — by using a linear interpolation of thethe two years after the calibration and increase up to 20 DU
calibration coefficients in the years when the calibration wasfor airmasses lower than 1.2 (Fig. 5b). The differences be-
not available, taking into account the three calibrations; andween Channels | and Il are smaller for Case ¢ (Fig. 5¢);
Case d — using a linear interpolation of the calibration coef-more than 95 % of the data falls within 10 DU of difference
ficients in the years when the calibration was not availableup to airmass of 2.6, with a negligible diurnal cycle. When
using only the calibrations in 1997 and 2010. the 2002 calibration is discarded for the interpolation of the

The relative deviations between Microtops and Brewercalibration coefficients, a slight daily cycle appears in the pe-
measurements were calculated using the different calibrariod 2001-2004, and the differences between channels reach
tion schemes after the application of the data quality crite-a maximum value of 20 DU (Fig. 5d) at airmass 1, and are
ria (Fig. 4). In this section, only airmasses lower than 3 aregreater than 10 DU for larger airmasses.
considered; the RDEV behaviour for larger airmasses will be  This analysis confirms that all three calibrations are reli-
analyzed in Sect. 4.3. able, and a linear interpolation of the coefficients can be used

The use of the original calibration over the entire period for the periods between the different calibrations.

(Fig. 4a—c) and of the step by step calibration (Fig. 4d—f) When properly calibrated, the difference between the three
produce a daily cycle in the RDEV values, (i.e. the RDEV ozone determinations should not exceed 10DU up to air-
is larger for low airmasses) that progressively increases withmasses of 2.6.

time since calibration. This behaviour is observed for the

three channels. In both cases (a and b), Channel | value$.3 Dependence on airmass

show a slight underestimation of the Brewer ozone in the

years without a calibration, with RDEV larger than 8 % six The available airmass range is variable since the various cam-
years after the last calibration. Channels Il and Il valuespaigns were carried out in very different latitudes and in
are more sensitive to the calibration deterioration. Very largedifferent seasons. The complete range of airmasses for the
differences and a large daily cycle appear earlier than thos#hole data set is from 1to 6. Most of the data (77 %) are rela-
observed for Channel I. At airmass 1, RDEV is larger thantive to the airmass range 1-2, 15 % falls within the range 2-3
20-30 % for Channels I and 1, respectively overestimating and only 8 % of the data correspond to values larger than 3.
and underestimating the Brewer ozone for the whole airmass The complete Microtops Il database has been processed
range. using the methodology described in Sect. 3. The instanta-

The linear interpolation of the calibration coefficients be- neous ozone values from the three channels have been ex-
tween consecutive calibrations appears to produce better reemined in the whole: range of the database. Initially, mea-
sults over long time periods, even if the calibrations aresurements made with airmasses larger than 3 were retained
sparse. With this approach the performance of Microtopsto avoid any influence on the analysis and allow the examina-
measurements remains stable with respect to the Brewerdion of the maximum airmass range. However, also Brewer
and the daily cycle observed at low airmasses is reduceddata should be used with care at airmass larger than 4.
Some differences appear if the calibration in 2002 is taken As stated before, a different behaviour is observed in the
into account (Case c, Fig. 4g-i) or not (Case d, Fig. 4j—l). Microtops ozone depending on the used channel for airmass
Differences are observed especially for Channels Il and llllarger than 2.6 (Fig. 4g—i). The ozone values for Channels |
during the 2001-2004 period, which is closest to the 2002and 1l gradually drift away from the Brewer ozone as the
calibration. airmass increases. However, ozone from Channel Il shows

When the 2002 calibration was not used (Case d) thea stable behaviour, matching up the Brewer ozone for the
spread of RDEV is larger than that observed in Case c, for alhole considered airmass range.
three channels. In addition, in Case d RDEV for Channel | Figure 4g—i shows the relative deviations for Channels I,
increases for airmasses larger than 2.3. Conversely, if the calf, and lll against Brewer ozone. The deviations fall within
ibration in 2002 is used for the interpolation, the Channel | +3 % for most of the data at airmass values lower than 3 for
ozone remains close to the Brewer values up to an airmasthe three channels. A large dependencyuas observed for
of 2.6. Channel | and Channel lll, for which RDEV gradually in-

As above pointed out, the different sensitivity to the cali- creases for airmasses larger than 3, up to approximately 40
bration of the three Microtops channels induces differencesand 60 %, respectively. This effect is attributed to the strong
between Channel | and Channel Il retrievals, which areozone absorption in the 305 nm band used in both Channel |

Atmos. Meas. Tech., 5, 759£69, 2012 www.atmos-meas-tech.net/5/759/2012/
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Fig. 4. Evolution of the relative deviation between Brewer and Microtops Il ozone for the different calibration tests versus the airmass for the
three retrievals. Case a, using the original calibration from 1997; Case b, using a step by step calibration; Case c, using linear interpolation
with time between the calibrations; and Case d, using a linear interpolation between calibrations made in 1997 and 2010.

and lll retrievals, which implies larger reductions in the sig- The RDEV values for Channel | are uniformly distributed

nal arriving to the filter and an increment of the stray light around zero fop. smaller than 2.6, while the spread of the

as the airmass increases. Conversely, Channel Il shows thaata increases at larger airmasses. For airmasses less than 3

smallest airmass dependency, with RDEV smaller thdfb the mean RDEV is 0.1 %, and the median RDEV is 0.07 %,

throughout the whole airmass range. Channel Il depends omdicating that no dependency on the airmass is present.

the combination of signals at 312 and 320nm, where theAbout 90 % of the data for Channel | shows RDEV smaller

ozone absorption is smaller than at 305nm. Furthermorethan+1 %.

the signal reduction is similar for both filters as the airmass The relative differences for Channel Il show a larger scat-

increases, allowing better ozone results at large airmasseter than for Channel | for airmasses smaller than 2.6. The

That behaviour is observed for all the campaigns. RDEV data for Channel Il are uniformly distributed around
Channel 1ll ozone is derived from the combination of the mean value, indicating that no dependency on the airmass

the results obtained by Channel | and Channel II following iS Present. The Channel Il data tend to slightly underestimate

Eq. (3). Therefore, some features observed in the ozone béhe Brewer ozone in the whole airmass range since the mean

haviour for Channel | and Channel Il can be compensated/alue of the RDEV is positive, 1%. 92% of the RDEV val-

or enhanced on Channel Ill. In fact, a great enhancement it/€S are within£3%. RDEV increases up t&-4 % when

the spread of the data and the larger RDEV values follow the?9 % of the data is considered.

patterns marked by Channel | for airmassexs6.
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Fig. 5. Evolution of the differences in the total ozone content between Channel | and Channel |l retrievals versus airmass for different cali-
bration schemes. Case a, using the original calibration from 1997; Case b, using a step by step calibration; Case c, using linear interpolatior
with time between the calibrations; and Case d, using a linear interpolation between calibrations made in 1997 and 2010.

For airmasses smaller than 3 the Channel Ill data tend tdable 2. Linear fit parameters between Microtops Il and Brewer
slightly overestimate the Brewer ozone, with a mean RDEVozone. Only data for airmasses smaller than 3 were used.
of —0.6%. Within this airmass range 97 % of the RDEV
values are withint3 %. RDEV increases up 4 % when Channel Slope Intercept (DU) R
99 % of the data is considered.

| 1.001+0.005 -0.5+1.6 0.996
The effect of the airmass in different Microtops genera- Il 0.8884+0.008 34.3:1.8 0.990
tions has been studied before, using different limit values de- n 1.0814+0.011 -25+3 0.987

pending on the authors. Morys et al. (2001) fix the airmass
limit at 2.5, Flynn et al. (1996) and Labow et al. (1996) are
less restrictive and set it at 3, whiledKler (1999) extends depend on the location or season. The new kind of filters
the airmass interval up to 3.5. The possibility to expand thein the third generation of Microtops Il (serial numbers after
airmass interval in which Microtops ozone measurements aré¢4691) use the same center wavelengths and can extend its
considered valid is mentioned in some of these works. Morysperformance to airmass 4 thanks to a greatly improved stray
et al. (2001) proposed an empirical equation for the first gendight rejection (C. Voth, Solar Light Co., personal communi-
eration of Microtops Il (serial numbers #3101-3130, with cation, 2012).

filters at 300, 305 and 312 nm) which was substituted by ex- A linear fit between the ozone values provided by the two
pression Eq. (3) after the 320 nm filter was installed in theinstruments is carried out limiting the airmass to 3, and us-
second generation of Microtops Il (serial numbers #3666-ing 605 valid data pairs. Linear fit parameters are shown in
4069). Other approaches were based on an empirical facfable 2. The Microtops Il and Brewer are well correlated,
tor to relate the Microtops measurement with its daily meanwith correlation coefficients of 0.996, 0.990, and 0.987 for
value (F. Mims lll, personal communication, 2009). We sug- Channels 1, I, and Ill, respectively. As expected, Channel |
gest that under an accurate calibration, all three Microtops lishows the best agreement with a mean relative difference of
ozone retrievals agree well with Brewer measurements fo0.1% and a negligible offset 6£0.5DU. Channels Il and
airmass smaller than 3. Channel | is the most accurate up tdl yield larger mean relative differences-L1% and 8%
airmass 2.6, and the use of Channel Il ozone value is preferrespectively) and offsets (34 ane25 DU). The root mean
able at larger airmass values if necessary. These conclusiorsgjuare deviations (RMSD) of the relative differences are
are valid for the whole dataset used in this study and do no0.9 %, 2 %, and 2 % for Channels I, Il, and Il respectively.
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20 Table 3. Average ozone values measured by the Brewer and the
® Channell three Microtops Il channels for the six campaigns. Only data for
sl s ol 1 airmasses small than 3 were used. The daily standard deviation is
reported.

10 . r Campaign Brewer Channell Channelll Channel lll

9 - Madrid 2001 2943 29543  295+3 295+ 3

[N ¢ [ Sodankyh 2002 350:3 350+4  345+4 353+5

a » El Arenosillo 2004 3753 374+5  361+5 383+5

o

Lampedusa 2008 3323 330+5 329+ 4 330+ 6
Lampedusa 2009 3243 324+2 322+3 322+2
Lampedusa 2011 3123 312+3 314+ 4 310+3

R 3
+ o
. L

®

Ry

“ar

T

increase of AOD in Sodankglis due to an Artic haze event
‘ ‘ ‘ ‘ ‘ with a high amount of small particles, with a value of the
0 01 02 03 04 05 0.6 Angstrbm exponent, AE, around 1.6 {Bez-Amo et al.,
aod at1020nm 2006). On the other hand, the case observed in Lampedusa is
Fig. 6. Instantaneous relative deviation between Brewer and Mi-due to a Saharan dust event associated with low AE, around
crotops |l ozone against AOfgog Only data for airmasses smaller 0.3. In both cases the aerosol effect on the ozone retrieval
than 3 are included. appears negligible.
The cases with lower AOD (less than 0.2) are associated to
Very similar deviations were obtained by Holdren et AE > 1.5, which implies a large AOD spectral dependency.
al. (2001) during a 2-yr comparison with a Dobson spec-Variations of AOD at close wavelengths cause larger devi-
trophotometer in Wallops Island. dkler (1999) and Morys  ation in the ozone retrieval. This effect is more significant
et al. (2001) reported a maximum deviation of 2% for air- for low ozone absorption, as it is the case for the 312 and
mass lower than 3.5 and 2, respectively, using the first Mi-320 nm bands, and may explain the large RDEV observed in
crotops Il generation. Channels Il and Il for low AOD.

4.4 Dependence on the aerosol optical depth 4.5 Dependencies on sensor temperature and total

ozone content
The determination of ozone content is expected to be affected

by the aerosol content, especially if only two different spec-The campaigns examined in this work were carried out at
tral bands (one pair method) are used in the retrieval. This dedifferent latitudes and in different seasons. Therefore the
pendence becomes almost negligible when two pair of specMicrotops Il measurements were taken in different temper-
tral bands are used (two pairs method), as in the algorithmature range as well as total ozone content occurring in each
applied to Dobson (Dobson, 1957) and Brewer (Kerr et al.,campaign. The data were acquired in a relatively wide tem-
1985; Kerr, 2002) measurements. The uncertainties induce@erature range (7—3T). The analysis of the measurements
by aerosols in the ozone retrieval are due to the spectral variagainst temperature does not show any remarkable depen-
ation of the aerosol optical depth. dence in the Microtops Il ozone determinations. Channels Il
Figure 6 shows the dependence of the relative differencesind Il show somewhat a larger spread in the data at tem-
between Microtops and Brewer on the aerosol optical deptiperatures higher than 2&, while Channel | appears totally
at 1020 nm. The AOD range in this study extends from 0.03independent of the temperature.
to 0.55, although most of the values are lower than 0.2. The Total ozone values cover the range 280-410 DU. The low-
cases with AOD>0.4 are assigned to special aerosol events.est ozone values are observed in Madrid 2001, in correspon-
Channel | does not show any dependence on the AODdence with the ozone annual minimum at the end of the au-
Furthermore, Channel | deviations from Brewer decrease taumn. In Sodanky the ozone covers the whole range of
+1 9% for AODyg20 higher than 0.4. Channels Il and Il show values used in this study. Table 3 shows the ozone value av-
a dependency on AOD in cases of AQfpy <0.12, with a  eraged over the campaign period and the reported uncertainty
high spread of the data and the largest RDEV (3—4 %) undis the mean daily standard deviation. The Brewer ozone
derestimating (Channel I) and overestimating (Channel Ill) presents a small daily variability of 3 DU. Microtops Il ozone
the Brewer measurements. For larger A@fdthe deviation  shows a greater daily variability for all channels, with a daily
reduces tat2 %, underestimating the Brewer data indepen-standard deviation between 2 and 6 DU.
dently of the Microtops channel. No remarkable dependence on the ozone content has been
These cases of high AOD (i.e. AQb»o> 0.4) are asso- observed for any Microtops channels even if the campaigns
ciated with specific aerosol events occurred in 28-30 Aprilshow different average values of ozone, depending on the
for Sodanky& 2002, and Lampedusa 2008 campaigns. Thdocation and season.

www.atmos-meas-tech.net/5/759/2012/ Atmos. Meas. Tech., 5, 7888-2012



768 J. L. Gbmez-Amo et al.: Operational considerations to improve Microtops ozone measurements

5 Concluding remarks shown to be the best option to monitor the 0zone amount
from Microtops measurements for airmasses smaller

Measurements of total ozone were taken with a Microtops I than 3.

during six field campaigns carried out between 2001 and
2011. The measurements were collected at different sites 6. The ozone measurements for the three Microtops chan-

spanning latitudes from 35 to 68l and allowed studying the nels do not show any remarkable sensitivity on the opti-
Microtops performance in different geographic locations and cal block temperature, ozone content, and aerosol opti-
seasons. Operational methods to obtain reliable Microtops Il cal depth, and the influence of these parameters may be
total ozone measurements were identified from the compari-  disregarded.

son with the Brewer. This study is the first providing a verifi- .
cation of the performance of the Microtops Il sunphotometer The results were repeatable in the ten-year data set analyzed,
with UV filters at 305.5, 312.5, and 320 nm over an extendedand under very different conditions.

time interval and at different sites and latitudes. Main results
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