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Abstract: After the installation of the GUV-2511 instrument in February 2015 at Stara Zagora, the
instrument is operating continuously and measures the sky Solar irradiance at different wavelengths in the spectral
range from 305 nm to 395 nm. In the past years the total ozone content (TOC) was determined by Stamnes look
up tables (LUT), in which were modelled the ratios of irradiances for the 313 nm and 340 nm spectral bands for the
Stara Zagora location as function of the zenith angle, the cloud optical depths and a mean albedo of 0.03 for different
TOC, using the Tropospheric Ultraviolet and Visible (TUV) model version 4.1. developed by Madronich (1993). The
instrument was calibrated versus satellite OMI-Aura ozone values by a shift of the GUV 2511 313 nm filter central
wavelength to 313.7 nm. For the calibration ozone time series from 2015/2016 was used minimizing the standard
ozone deviation in comparison to the OMI-AURA ozone values. The main goal of the present study is to check the
long-time stability of the original calibration based on the examination of the mean biases, their ratios and the
regression coefficients in two control groups. One group from 2015 to 2018 and the other one from 2019 to 2022.
It was found that the absolute bias increases slightly by 1.8 DU. The increase is significant at the level of 0.05.
However, the parameters of the linear regressions are not statistically different. The results let us conclude that the
stability in time is acceptable.

NMPOBEPKA HA A BJITOCPOYHATA CTABUITHOCT HA UBMEPBAHUATA
HA O30HA C YPE[OA GUV 2511 B CTAPA 3AIOPA

Pond BepHep!, BosiH MeTkoB?, BeHeTa MNMHeBa’, AHapeit Kupunos?®, AtaHac AtaHacoB?,
PymsaHa Boxunosa‘, Qumutbp Bunes?!, Jlin6omupa PaiikoBat

YHcmumym 3a kocmudecku uscnedeaHus U mexHosozuu — bbneapcka akademusi Ha HayKume
2MHcmumym 3a nonsipHUmMe Hayku — HayuoHaneH ceeem 3a uscnedsaHusi, manus
3MonspeH eeoghusuyecku uHcmumym, Anamumu, Pycusi
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Knrovoeu dymu: O6uo cbObpxxaHue Ha 030H, cmabusiHocm Ha u3MepsaHusima, cpedHO ommecmeaHe,
OMHOWeHUe Ha UHMEH3UBHOCMU, fuHelHa peapecusi

Pe3rome: Crned uHcmanupaHemo Ha ypeda GUV-2511 npe3s cpespyapu 2015 2. e Cmapa 3azopa ypedbm
pabomu HernpekbCHamMo U u3Mepsa clibH4Yesama paduayusi Ha Hebemo npu pasnuyHU ObIMKUHU Ha 8bJIHUME 8
crniekmparnHusi duana3oH om 305 nm do 395 nm. Npe3 uamuHanume 200uHU obujomo cbObpkaHue Ha 030H (OCO)
ce onpedenswe 4ype3 Look up tables (LUT) wa Stamnes, npu koumo ce modenupaxa CbOMHOWeEHUsIMa Ha
UHMeH3usHocmume Ha criekmpanHume usuyu rpu 313 nm u 340 nm 3a mecmononoxeHuemo Ha Cmapa 3azopa
Kamo byHKUUSI Ha 3eHUMHUS bebJl, onmuyHama ObsiboyuHa Ha obrayume u cpedHo anbedo 0.03 3a pasnuyHu
OCO, kamo ce usnonsdsa modenbm Tropospheric Ultraviolet and Visible (TUV) eepcusi 4.1., paspabomeH om
Madronich (1993). MhcmpymeHmbm e kanubpupaH cripsiMo camenumHume cmotHocmu Ha o3oHa om OMI-AURA
4ype3 ommecmeaHe Ha yeHmpasnHama Ob/PKUHa Ha 8b/iIHama Ha ¢ounmbpa GUV 2511 313 nm Ha 313,7 nm. 3a
KanubpupaHemo e u3ron3saH epemesusi ped Ha o3oHa om 2015/2016 2., ceexdaw, 00 MUHUMYM cmaHAapmHOMmMo
OMKI/IOHeHUe Ha O030Ha 8 cpasHeHue CcbC cmolHocmume Ha o3oHa Ha OMI-AURA. OcHosHama uen Ha
Hacmoswomo uscriedsaHe e 0a ce nposepu Obi2ocpoYHama cmabusiHocm Ha MbpeoHavYaIHama Kaaubposka b3
OCHO8a Ha u3criedgaHe Ha cpedHUMe OMMEeCmBaHUsi, MexXHUMmMe OMHOWEHUS U KoeguyueHmume Ha pespecusi 8
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0se KOHmMposiHU epynu. EGHama epyna obxeawa nepuoda 2015-2018 2., a Opyeama - nepuoda 2019-2022 e.
YcmaHoegeHo e, ye abconomHomo omkrioHeHue ce ygenu4yasa ¢ 1,8 DU. YeenudyeHuemo e 3Ha4uMo Ha HUg8o om
0,05. lNapamempume Ha nuHeliHume peepecuu obavye He ce pasfiuyasam cmamucmuyecku. Pe3ynmamume HU
rnossornsieam 0a 3aknoyYumM, Ye cmabunHocmma 8b8 8peMemo e npuemnusa.

Introduction

GUV type instruments were designed for measurements of the UV global sky downwelling
irradiances. It consists of a cylindrical body. On its upper side, there is a light entrance window consisting
of a teflon diffusor on a quartz base with a cosine characteristic. The interior of the instrument is a hollow
white chamber with built-in photodiodes, one for each receiving channel in six spectral wavebands with
filters centered at 305, 313, 320, 340, 380 and 395 nm. The filter in every band has a filter half width of
about 10 nm. The main advantage of the GUV instrument series is that they have not moving
components. This, together with stabilization of the photodiodes, filters and amplifiers to a working
temperature of 50°C, guarantees long life and high stability [1]. For more details of the GUV 2511
instrument see the publication of Level et al. [2]. The GUV instrument was installed in February 2015 on
the roof of the Stara Zagora observatory and measures the UV global sky irradiances continuously up
to now. The main goal of this paper is to report the results about our investigation of the time stability of
TOC amounts obtained by the GUV 2511 measurements.

Short description of the algorithm to calculate TOC amounts

Based on the measurements, the daily total ozone column (TOC) amount was determined using
previously calculated Stamnes Look-up tables (LUT) [3]. They relate TOC to the ratios of the irradiance
at 313 nm, a wavelength with significant ozone absorption, to a second irradiance at 340 nm, which is
insensitive against ozone absorption in dependence of the zenith angle, the cloud optical depth for the
Stara Zagora location and for a mean albedo of 0.03. The Stara Zagora GUV TOC was verified by
comparison with the OMI-TOMS TOC from the AURA satellite. To obtain acceptable GUV TOC for the
LUT calculation the central wavelength value of the filter at 313 nm was shifted to 313.7 nm. For the
verification ozone time series from 2015/2016 was used. The TOC amount was retrieved by interpolation
of the LUT’s for real measured ratios of the irradiances at 313nm/340 nm. In addition, a LUT was
previously calculated to obtain the actual optical depth in dependence of the irradiance at 380 nm
depending on the zenith angle [4]. The obtained irradiance at 380nm was used for the determination of
almost cloudless days. For more algorithm details see the papers [5,6].

Data used

To study the stability of the GUV 2511 measurements we used coincident TOC values from the
OMI-TOMS of the AURA satellite. The OMI TOC values are one of the most intensive studied satellite
series. The comparison of OMI data with these from references, mostly Brewer or Dobson instruments,
shows typically a correlation of 0.96 to 0.98, a bias of some DU and a standard deviation of about 10
DU [7-12]. We use the OMI TOC data retrieved by an algorithm like the TOMS version 8, level 3
(OMTO3d). The data are available at https://ozonewatch.gsfc.nasa.gov/data/omi. They are gridded in
steps of 1°x1°. The TOC OMI values for Stara Zagora are obtained by bilinear interpolation via four
immediate grid neighbour points.

Method to verify the time stability

For the calibration the ozone time series observed from 2015/2016 was used. To check the
stability of the GUV calibration the observations of the two TOC time series of GUV and of OMI from
2015 to 2022 have been divided in two control groups: from 2015 to 2018 and from 2019 to 2022 (see
Fig.1). The true values are mostly not known. Usually, as reference values, accepted as true, TOC from
ground based Brewer or Dobson instruments are used. These, in turn, are calibrated with the help of
standard lamps. The reason of bias changes may be due to changes in the channel sensitivity (caused
by aging of filters, inner reflective surfaces or of electronic elements). We will check the regression of
the TOC of GUV 2511 against that of OMI AURA, as well.
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Fig. 1. The observed TOC Stara Zagora time series for the interval 2015-2022. The vertical red dashed line marks
the separation line between the two control groups for the study of temporal stability.

The mean bias is defined as:

1
1) mean bias = HZ(xi _ xitrue),

The relative mean bias in percent:

1 x: — xprue
(2 relative mean bias = HZ (ltTle> * 100%,
i
the standard (mean) bias error:
. 1 truey2
) standard bias error = - Y(x; —x;""€)?,

and its relative value in percent:

._true 2
3 (%55) *100%

2

) ) 1
4) relative standard bias error = -

The OMI TOC show biases of only some Dobson units in different locations and at different times. Here
we use the TOC OMI values as reference values. Very often, the relative deviations are given instead
of relative bias:

x.
(5) relative deviations = (—l>

xitrue

It is important that the equations for the relative biases and ratios are related to the true values.
The linear regression is used in the form

(6) TOCeyy = a+ B *TOCopmy,

where a is the regression constant and {3 the slope.

59



Results

The upper panels in Fig. 2 show the obtained biases of the two control groups. In the bottom
panels the ratios of the GUV and OMI TOC are presented which are graphically displayed in order to
compare easier with graphics in the literature. The biases and ratios do not show dependence from the
seasons. The mean bias of the first group is -1.6 DU, the one of the second group is -3.4 DU. Both
means are significant at the significance level of 0.05 (see Table 1). The relative deviations are obtained
by ratios — 1. Absolute values of biases greater than the 2-sigma level (that means values outside of the
confidence band) are related mostly to conditions of high cloudiness.
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Fig. 2. a) The biases of the GUV TOC related to the OMI TOC for the first control group. b) The same as a) but
for the second group. ¢) The ratios GUV TOC to OMO TOC fort he first control group. d) The same as c) but for
the second group.

The absolute value of mean bias of the second group is by 1.8 DU greater in comparison with the one
of the first group. The significance of mean bias difference can be tested using the test size

. o? o3
7) z=0G-%)/ n—1+n—z
With x; = 1.56, x; = 3.35, n; = 757,n, =894, g, =9.91, 0, = 10.7 we get a z value of
3.5. The quantil of the Normal distribution at the significance level of a = 0.05 is U1qa = - Ua = -1.64.
Because z > ui-« the hypotheses Ho: X; —X; < O will be rejected and the alternative hypotheses Ha:
X5, — X1 > 0 will be accepted. We found a p-value < 0.001. So the significance is very high. Statistic test
can be performed for the ratios as well. The significance tests will give the same result as the one
discussed for the biases. Fig. 3 displays the GUV TOC values versus the TOC values from OMI for the
two control groups and additionally for the pooled data. The TOC values for cloudless days are marked
by red symbols and show a much narrow prognosis interval with a standard deviation of 6.2 DU (not
shown here). It is seen in Tab.1 the regression constants a of the two groups don'’t differ statistically.
(Their 2-sigma errors are greater than the constants themselves.) The slope differences are of the same
order than their double standard deviations. Furthermore, it can be stated that their prognosis bands
(their 2-sigma limits are drawn by dashed green lines) almost completely overlap.
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Fig. 3. a) Scatterplot of the TOC GUV versus TOC OMI for the first control group. b) The same as a) but for the
second group and c) the same as a) but for the pooled data. In all plots the dashed green lines presented the
limits of the prognosis interval at a confidence of p=0.95. By red symbols measurements of TOC GUV under
almost cloudless conditions are presented. The dashed yellow lines presented the confidence interval for the

expected value of TOC GUYV for a certain value of TOC OMI for p=0.95.

Tab. 1. Results of the stability study, related to the bias, TOC ratios and regression equations of the data of the first
and second control group and of the pooled data.

Bias mean bias -1.56 DU -3.34 DU -2.53DU
1-sigma 0.36 DU 0.36 DU 0.38 DU
stddev. 9.9 DU 10.7 DU 10.3 DU

Ratio Mean ratio 0.9952 0.9900 0.9923
1-sigma 0.0011 0.0011 0.0007
stddev. 0.030 0.032 0.031

Regr. const. - 1.2 DU 5.5DU 3.5DU

1-sigma, 3.3DU 3.0DU 2.2 DU
slope 0.9914 0.9724 0.9814
1sigmay 0.0093 0.0093 0.0068
stddev. 9.8 DU 10.1 DU 10.0 DU
R 0.9639 0.96182 0.9624

So it is evident that data from the first and the second group are members of one and the same statistical
population. (Here we did not adopt stability test of the regression equations, because the data samples
are very large.) The parameters resulting of our study are summarized in Table 1.
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Summary and conclusion

The results of the study of the bias and ratio on one hand and the regression results of the other
hand let us conclude that the stability in time is acceptable. The standard deviations obtained by the
regression are of order of 10 DU, the biases are some Dobson units and the standard deviations of TOC
ratios are about 0.06. All parameters are in good agreement with observations of other authors (see e.g.
Svendby et al. [13]). The absolute bias value of the observed GUV TOC increases slightly during the
successive intervals of 4 years - by 1.8 DU corresponding to 0.5%, using the OMI-AURA TOC as
reference. The increase is significant at the level of 0.05. However, the parameters of the linear
regressions of both time series are not statistically different.
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