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In the Czech Republic (CR) the ozone and UV monitoring and research activities are mostly 
carried out at the facilities of the Czech Hydrometeorological Institute (CHMI). In the recent 
years the scientists from the Institute of Atmospheric Physics of the Czech Academy of 
Sciences, Prague (IAP-CAS) were involved in investigation of the relation between ozone 
and processes in the upper atmosphere. 
 
 
1. OBSERVATIONAL ACTIVITIES 

Long-term monitoring of the ozone layer started in CR more than five decades ago in 1961 
as a contribution to the initiative of the International Geophysical Year and later to the GAW 
Programme of WMO. In 1994 measurements of UV spectral and erythemal radiation have 
been implemented at the Solar and Ozone Observatory (SOO-HK) to couple monitoring of 
both important environmental parameters. Currently these activities become more integrated 
into the projects and in-situ infrastructure of the European Union. Significant attention is paid 
to the scientific presentation of the outputs and to the public information.  

 

1.1 Column ozone measurements 

Uninterrupted daily observations of total ozone (TOZ) by the Dobson D074 and Brewer MK-
III B098 (single) and MK-IV B184 (double) spectrophotometers have been performed at 
SOO-HK in Hradec Kralove since 1961 and 1994, respectively. The TOZ measurements are 
regularly deposited into the World Ozone and UV Data Center (WOUDC) in Toronto as free 
available data sets and to the Total Ozone Mapping Center operated by Environment 
Canada for daily mapping of geographical distribution of TOZ. The transfer of the data goes 
through the GTS-WIS telecommunication system of WMO in Buffer-CREX codes.  

Since 2010 the Brewer MK-III spectrophotometer B199 of CHMI has been operated at the 
station Marambio Base in Antarctica under the bilateral cooperation of CR and Argentina. 
This international project is supported by the Ministry of the Environment of the Czech 
Republic as a contribution of CR to the monitoring of the ozone layer in the area of the 
“ozone hole”. 

 

1.2  Profile measurements of ozone  

Monitoring of ozone profiles by the electrochemical ozone sondes is continued at the Upper 
Air Department (UAD-PR) of CHMI in Prague. Since 1992 the measurements have been 
performed using the ECC sondes and the VAISALA DigiCORA facility. The balloon-born 
sondes are launched three times a week from January to April. The observations are 
submitted to the WOUDC and also to the data bases of the Network for the Detection of 
Atmospheric Composition Change (NDACC).   

Regular daily measurements of vertical distribution of ozone up to about 50 km by the 
Umkehr inverse technique are performed at SOO-HK by the Brewer spectrophotometers. A 
special software package was developed by experts from SOO-HK and NOAA Boulder that 
is used for operation of the instruments and data processing.  
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1.3 UV measurements 

1.3.1 Broadband measurements 

The UV-Biometers are still operated at 4 CHMI stations (Hradec Králové, Košetice, 
Kuchařovice and Labská Bouda) that are located in typical climate and geographical regions 
of CR. The 10-minute erythemal irradiances (EUV) are collected in the near-real-time at 
SOO-HK and presented together with the actual TOZ and UV-Index values at the web portal 
of CHMI  http://portal.chmi.cz//files/portal/docs/meteo/ozon/o3uvb.html. 

 

1.3.2 Narrowband filter instruments 

Since January 2013 the narrowband spectral measurements of the solar radiation have been 
carried out at SOO-HK using the 10-channel SPUV-10 filter sun photometer (Yankee Env. 

Systems, Inc, USA, http://www.yesinc.com/products/radvis.html). The instrument measures 
irradiances at 10 selected wavelengths from UV to IR parts of the solar spectrum (316,6; 
331,7; 367,3; 413,4; 495,8; 613,4; 672,0; 869,4; 938,3 a 1023,6 nm). These make calculation 
of atmospheric parameters related to ozone (APD, NOx, water amount, SO2) possible. The 
photometer is operated simultaneously with Brewers and spectral irradiances are processed 

by the libRadtran software package, see e.g.: http://www.libradtran.org/doku.php?id=start.     

 

1.3.3 Spectroradiometers 

Spectral measurements of UV solar radiation (298-325 nm) are performed with both Brewer 
spectrophotometers at SOO-HK and at the Marambio station. The high-quality and evaluated 
scans are submitted also to the European UV Data Base (EUVDB) at FMI, Helsinki. The 
Brewer MKIII operated at SOO-HK is used as the national reference for calibration of the 
operational UV-Biometers.  

 

1.4  Calibration activities 

The Dobson D074 instrument is regularly compared towards the regional standard D064 at 
the Regional Dobson Calibration Center – Europe (RDCC-E), Hohenpsissenberg. The 
spectrophotometer is maintained as the secondary reference for Europe. The Brewers are 
calibrated every two years by the travel reference B017 that represents the calibration scale 
of the World Triad maintained by EC, Canada. In the recent years the calibrations were 
realized at SOO-HK as the regional intercomparisons of Brewers operated in the region of 
Central Europe. 

The ozone sondes are properly calibrated in the pre-launch preparation procedures defined 
by the SOPs. New ozone tester Model TSC-1 Ozonizer from the Science Pump Corporation 
has been installed in 2012 and is being used at UAD-PR.  

Calibration of all spectrophotometers and UV-Biometers are now performed by the UV 
calibration unit (dark box, precise power supply and sets of the PTB standard lamps) that has 
been installed at SOO-HK. In the future the calibration activities are to expand in cooperation 
with the Czech Metrological Institute in the frame of the European Metrology Research 
Programme EMRP that is currently under preparation. 

. 

2.  RESULTS FROM OBSERVATIONS AND ANALYSIS 

In the recent years the systematic monitoring of TOZ, the thickness of the ozone layer, at 
SOO-HK exceeded 50 years. This encouraged the Czech experts to perform a complex 
analysis of this unique data series and to make several model experiments focused on 
quality of measurements and evaluation of long-term changes of TOZ over Central Europe. 



9
th

 ORM, CZ National Report, part I 

3/12 

 

The particular analyses have reached the following results that are summarized in the papers 
presented in the list of publications in this Report.  

 

2.1 Data sets 
The original daily averages of TOZ (DS and ZS) taken by the Dobson (XD) and Brewers (XB) 
were homogenized with respect to the international calibrations of the instruments. A 
combined (XDB) data series of XD (1961-1993) and XB (1994-2010) was created. Because of 
the seasonal differences between XD and XB observations due to the temperature sensitivity 
of the ozone cross sections and by stray-light effects the XD data series was converted to the 
Brewer calibration scale by a regression transfer function developed for the D074 and B098 
instruments and the location of SOO-HK. The converted data XCONV were then merged with 
the XB into the XMERG data series. Finally the daily values of total ozone (XREAN) were filled-in 
with the help of the ERA-40 and ERA-Interim re-analyses into the XMERG data set on days 
with missing observations.  In this way a completed XALL data series of all days of the period 
1961-2010 was created. All the above data sets have been deposited into the open data 
portal PANGEA: http://doi.pangaea.de/10.1594/PANGAEA.779819 and further analyzed. 
 
2.2 Trend analyses 
The data series of TOZ were used to estimate tendencies of differences of total ozone 
between the post-Pinatubo (the “recovery” era) and the pre-ozone-hole (the reference) 
periods. As the differences indicated a discrepant annual course they were investigated for 
typical seasons – winter/spring (XII-IV), spring/summer (V-VIII) and fall (IX-XI). The results 
showed that: 

− The most pronounced and the earliest depletion of the ozone layer over Central Europe 
occurred in the XII-IV months with the minimum (- 10%) in the mid 90s. This ozone 
decrease was followed by a similar ozone reduction (-7%) in the V-VIII season. In the IX-
XI months the changes did not reached statistically significant levels – see  Fig. 1. 

− While in the season XII-IV the ozone depletion is followed by its recovery in the recent 
years, the summer values (V-VIII) remain persistent on the reduced levels. 

− Significant differences of seasonal tendencies estimated by linear approximations have 
been found in the post-Pinatubo era if particular data series are taken for the analysis.  

− The calibration-consistent data series (XD, XMERG, XALL) confirm the above seasonally 
different changes. The XDB (combined Dobson and Brewer calibration scale) shows a 
remarkable lower gradient in XII-IV and continuing negative tendency in the V-VIII 
season.  This confirms an instrumental (calibration) signal in the statistical data set XDB 
that can influence evaluation of recovery of the ozone layer in the current and 
forthcoming years. 

− The data series XALL or XMERG have been found to be the most representative for more 
sophisticated analyses of the long-term changes of TOZ. If the linear approximation is 
taken for estimation of the tendencies then recovery of the ozone layer over Central 
Europe can be expected about 2020 in the winter/spring season. But no positive 
tendencies are evident for the summer season. 

 
2.3 Homogenization and changes of ozone vertical profiles 
The ozone sonde observations performed at UAD-PR in Prague (winter-spring months I-IV) 
of the period 1983-2011 were revised and homogenized by means of correction factors 
calculated from parallel total ozone measurements taken at SOO-HK and using the updated 
Standard Operation Procedures (SOPs) defined for the GAW Programme. The ozone 
profiles were then used both for calculation of ozone effective temperature Teff applied in the 
transfer function (XD to XB) and for estimation of changes of ozone concentrations on 
particular levels / altitudes. Comparison of average profiles showed significant changes of 
vertical distribution of ozone manly in the 80’s (Fig. 2). While amount of ozone in troposphere 
increased by about 100 % a significant ozone decrease (-25 %) was found in the lower 
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stratosphere. But after the Pinatubo minimum ozone partial pressure has increased here up 
to -10 %. In the recent decade the ozone concentrations are almost stable on all levels up to 
cca 30 km.  
Difference between the Umkehr observations of ozone vertical distribution (UMK) measured 
by the Brewer spectrophotometers at SOO-HK and ozone sonde profiles from UAD-PR was 
also investigated. The comparison included 158 UMK and ozone sonde profiles that were 
performed on the same days of very good weather condition. The results showed the best 
agreement (less than 2 D.U.) in the layers 5 and 6 that are located at the altitude of the 
ozone maximum. In the layers 2, 3 (close to the tropopause) and 7, 8 (close to end of the 
ozone sonde flights) the differences were substantially higher. The UMK observations were 
processed by the UMK-04 algorithm using the apriori “sonde” and “climate” profiles. It has 
been found that the “climate” profile gives better results. Comparison of simultaneous UMK 
profiles measured by the B098 (single monochromator equipped with the NiSO4- UV filter) 
and by the B184 (double monochromator) instruments shows a very good agreement. This 
confirms capability of both spectrophotometers to produce UMK measurements of equivalent 
quality. 
 

 
 

Fig. 1 Relative differences ∆XALL between yearly seasonal total ozone averages and the 

reference pre-ozone-hole values in the particular seasons XII-IV, V-VIII, IX-XI smoothed by 

robust locally weighted regression, Hradec Králové (1961-2010). 
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Fig. 2 Long-term changes of average ozone partial pressure in troposphere (0-10 km), lower 

stratosphere (15-25 km) and middle stratosphere (30 km), ozone sonde measurements, Praha-

Libuš, months January-April (1983-2011). 
 
 
 
3.  THEORY, MODELLING, AND OTHER RESEARCH 

 
3.1 Modelling of TOZ changes by the Extreme Values Model (EVM) 
The EVM model was used to evaluate and quantify contribution of extreme high (EHOs) and 
low (ELOs) total ozone values to long-term changes of the ozone layer at SOO-HK. The first 
application of the EVM was performed using the original Dobson observations XD (ref). Then 
the model was running with the merged XMERG data. Together with impacts of the EHOs and 
ELOs “fingerprints” of EESC (vortex losses) and of selected geophysical proxies (circulation 
indices ENSO, NAO- , NAO+, volcanic eruptions) were identified. The basic results that are 
documented in Fig. 3 can be summarized as follows. 

− Frequency of the ELOs was decreasing from the mid 70s to the mid 90s and then it has 
become stable. This can be explained by higher occurrence of the ozone „mini-holes“ of 
the dynamical origin passing through the region in the spring and summer months. The 
lower values in 1992 and 1993 are evidently linked to the Pinatubo eruption.  

− Occurrence of the EHOs has decreased during the period concerned. But this change 
appeared after the mid 80s – in the ozone-hole period, when the ozone layer was 
attenuated globally. In the last two decades the numbers of EHOs is almost stable. This 
could be related to decreasing of amount of ozone in Arctic air masses that penetrated to 
the mid-latitudes after the brake-down of the vortex. Such situations are registered only 
sporadically in the current years.  

− Annual and seasonal trends estimated from the data series with and without the extreme 
values show an important influence of the EHOs and ELOs extreme values on the long-
term trends.  
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− As the occurrence of the extreme values are usually related to exceptional 
circulation/dynamical situations the above contribution of EHOs and ELOs to trends can 
be attributed mostly to natural external processes than to EESC. 

− Assessment of the relation between the EHOs and ELOs and the circulation and 
geophysical phenomena are documented in Fig. 3 by marks attributed to the individual 
parameters. It is evident that the frequency of EHOs decreases with increasing of ENSO 
and NAO- indices. On the contrary, when the NAO+, volcanic activity and ozone losses in 
the vortex are high numbers of ELOs increase and numbers of EHOs decrease. 

− The above findings confirm a significant contribution of the natural processes to changes 
of the ozone layer over Central Europe that are at least comparable with the chemical 
losses of stratospheric ozone.  

 

Fig. 3  Yearly frequencies of days with extreme low (ELOs) and high (EHOs) values of total 

ozone. XD (blue line) and XMERG  (red line), Hradec Králové (1965-2005). Points: ENSO 

(blue), NAO- (red), NAO+ (orange), volcanic eruptions (pink), vortex losses(gray). Full 

marks – significant, crosses – not significant.  
 

3.2 Modelling of TOZ changes by the Neural Networks Model (NNM) 

The NNM technique comes out from creation of non-linear regressions between estimated 
parameters – predictands and input proxies – predictors. Construction of the NNM model that 
was used for estimation of the monthly averages of total ozone XALL (predictands) has been 
developed using the Intelligent Problem Solver (IPS) of the programme Statistica Neural 
Networks. Before its final design and application the model was tested by a large set of 
potential predictors that included: 

Upper Troposphere / Lower Stratosphere (UT/LS) parameters (divergency, relative vorticity, 
potential vorticity, specific humidity, relative humidity, zonal wind, meridional wind, vertical 
velocity, geopotential high, temperature, all in 10 standard pressure levels (300, 250, 200, 
150, 100, 70, 50, 30, 20 a 10 hPa and tropopause pressure and temperature. 
The external (forcing) parameters (the EESC reference data set from WMO 2010,  the 
Aerosol Optical Depth (AOD) data set for the belt of 50 N in three stratospheric layers (15-20, 
20-25, 25-30 km) and variability of their vertical profiles, solar activity SOLAR by the radio 
flux on 2800 MHz from the observatories Ottawa and Penticton and by the sunspot number). 
Parameters of the climate dynamics (NAO, circulation indices NINO1+2, NINO3, NINO4 a 
NINO3.4, zonal wind in Pacific (Singapore) as a parameter of the Quasi Biennial Oscillation 
(QBO). 
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Parameters of the annual course (the Sine and Cosine functions characterizing position of 
particular months in the annual course). 

Altogether 219 possible predictors were tested and their importance evaluated during the 
tuning process. Finally the time evolution of impacts of particular predictors on changes of 
TOZ was estimated.). The results viewed in (Fig. 4) show that: 

− The 11-year solar cycle is evident but it influences total ozone only by about ±1% without 
long-term effects. 

− Impacts of the AOD loading due to the recent major volcanic eruptions (El Chichon 1982 
and Pinatubo 1991) are well pronounced (-3%) but the effects disappeared relatively fast. 

− Impact of the UT/LS parameters seems to be almost simultaneous with the solar activity 
by the mid 80s. Then a rapid increase of their impact (-2% ozone depletion) is evident 
with a stable character in the current years. 

− Increasing amount of EESC caused reduction of ozone till the mid 90s when it reached 
its maximum (about -5%). Decreasing trend of the EESC concentrations in the 
atmosphere then caused reduction of its impact by a half to -2.5 % in the recent years. 

− If the episodic impact of the volcanic eruptions is avoided then the most significant 
reduction of total ozone in the 20-th century was caused by about 2/3 due to the chemical 
processes and by 1/3 due to changes of the dynamics and thermo-dynamics in the 
UT/LS. In the recent 15 years the influence of EESC is getting clearly weaker while the 
impact of the UT/LS processes is not changing remarkably. The chemical ozone 
reduction is thus losing its dominant influence on the ozone layer over the region. 

− It is apparent that the solar activity affects total ozone in the 11-year cycle but without an 
annual course. The AOD contributed significantly in the mentioned volcanic episodes in 
1982 and 1991 mainly in the winter months. The UT/LS predictors are the substantial 
contributors to the changes of total ozone after 1985. The influence of EESC reaches 
maximum in spring and early summer. Its increase is evident in the 80s and then 
weakening in the first decade of the 21-st century.   

− Comparison of the time evolution of the influence of the UT/LS predictors with EESC in 
particular months indicates that in the winter months the influences are comparable. But 
in spring and in summer the impact of EESC was clearly dominating. The slower 
recovery of ozone in the summer months in the recent 15 years (Fig. 1) is thus apparently 
related to slower decrease of EESC in this season while in the winter months lowering of 
the EESC concentrations together with changes of some UT/LS parameters accelerate 
the ozone increase. 
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Fig. 4 Time evolution of the relative effect of particular predictors on the values of total ozone 

with respect to the pre-ozone-hole period 1961-1980, Hradec Králové, 1961-2010. Thin 

curves – data smoothed by the centered 13-month running means (the annual course 

removed). Thick curves – data smoothed by the robust locally weighted regression (influence 

of UT/LS and EESC with the smoothing parameter α=0.13, AOD and solar activity SOLAR 

with the smoothing parameter α=0.02). 
 

3.3 Prognoses of TOZ by the NNM model 

The NNM was used to estimate the future evolution of the ozone layer over Central Europe 
in coming decades because of the decrease of EESC as the key parameter. The particular 
predictors were therefore taken as follows. Solar activity constant on the level of 1961-2010 
without the 11-year cycle, AOD constant on the zero level (clear stratosphere), UT/LS 
predictors constant as the monthly medians of the period 1961-1985 (no climate change), 
EESC values according the WMO2010 of the period 1961-2100. 

The simulated changes of total ozone are viewed in Fig. 5 as differences between the 
modeled monthly averages of TOZ and the measured values XALL of the reference period 
1961-1980. It is evident from the graph that a rapid and strong influence of the EESC 
concentrations appeared in the 80s, mainly in spring and beginning of summer while in 
winter it was remarkably lower. The impact peaked around 1995 and later on it has been 
slowly decreasing.  While in December and January the influence is low in the present in the 
summer months it is still significant and decreasing very slowly with expected ozone recovery 
about 2030-2050. Because the variability of UT/LS predictors was not taken in the model, the 
expected climate change could influence the above estimations. The increasing contribution 
of the UT/LS parameters then can reach and even exceed the impact of the EESC and 
stabilize the ozone layer below its pre-ozone-hole level. Contribution of the UT/LS processes 



9
th

 ORM, CZ National Report, part I 

9/12 

 

to the ozone recovery in the regional scale therefore should be assessed using the regional 
outputs from the climate-models. But these are still not available. 

 

 

Fig. 5 Estimated long-term evolution of the impact of EESC on total ozone in the area of 

Central Europe simulated by the Neural Network Model - relative differences in percents 

towards the “pre-ozone-hole” period 1961-1980. 
 

3.4 Other research  

The research activities performed by the team of IAP-CAST show that the trends in 
stratospheric and mesospheric temperatures have somewhat changed in the mid-1990s in 
accord with the change of ozone trends. The change in ozone trend resulted in levelling-off 
of stratospheric temperature trends, in leveling-off or maybe even reversal changes of 
mesospheric temperature from negative to slightly positive, and in change of the mesopause 
region temperature trends from none to somewhat negative once. A high dependence of 
annual variation of ozone has been also found. This finding can contribute to interpretation of 
observed trends in winds in the stratosphere. The update of investigations confirmed 
continuation of change of the laminae trends from negative to positive in the mid-1990s. 
Some influence of the 11-year solar cycle on the Brewer-Dobson circulation was found, 
which might have an impact on the overall state of circulation system in the stratosphere. 

 

4. DISSEMINATION OF RESULTS 

4.1 Data reporting 
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The CHMMI facilities continue deposition of the ozone observations mainly to the WOUDC 
Toronto and the high quality UV spectral irradiances into the European UV Data Base 
(EUVDB) at FMI, Helsinki. The daily representative values of TOZ are submitted to the World 
Ozone Mapping Centre of the Environment Canada via the GTS/VIS telecommunication 
system using the CREX-BUFER codes. The ozone sonde observations are submitted to 
WOUDC and NDSC data base via FTP accounts and to the partners in the MATCH 
campaigns via NILU database.  

 
4.2 Information to the public 
For a long time the actual values of total ozone and the UV-Index in the territory of CR and 
their comparison with the long-term averages are presented daily in mass media and at the 
web portal of CHMII: http://portal.chmi.cz//files/portal/docs/meteo/ozon/o3uvb.html. In this 
way the public have the full on-line access to the fresh pieces of information related to the 
condition of the ozone layer and harmful UV irradiances. Actual data of total ozone from the 
Marambio station are presented at the web page of the project. 

Public presentations of the complex information on the condition of the ozone layer in the 
global scale and over the territory of CR were given by the Czech research teams to the 
public, scientific community and students at joint meetings in the recent years. These were 
organized by the Ministry of the Environment of CR at universities and in the conference 
facilities usually in relation with celebration of the International Day for the Preservation of the 
Ozone Layer. The chief goals and implementation of the Vienna Convention and the 
Montreal Protocol were presented and discussed at the meetings, as well.  

 
4.3 Relevant scientific papers 

Except of many oral and poster presentations given at the scientific meetings including the 
Quadrennial Ozone Symposium 2012 the following per-reviewed papers were published in 
the scientific journals. 

 
Križan P, Mikšovský J., Kozubek M., Wang G., Bai J. (2011). Long term variability of total 

ozone yearly minima and maxima in the latitudinal belt from 20oN to 60oN derived 
from the merged satellite data in the period 1979–2008. Adv. Space Res., 48, 2016-
2022. 

 
Laštovička J. (2012). On the role of ozone in long-term trends in the upper atmosphere-

ionosphere system. Ann. Geophysicae, 30 (5), 811-816 Rieder H.E., L. M. Jancso,S. 
Di Rocco,J. Staehelin, J.  Maeder, T. Peter, M. Ribatet,  A. C. Davison,  H. De 
Backer,  U. Koehler, J. Krzyścin, K. Vaníček  (2011), Extreme events in total ozone 
over the Northern mid-latitudes: An analysis based on long-term data sets from five 
European ground-based stations, Tellus, B, 63: 860-874. 

 
Petkov B.H., Vitale V., Tomasi C., Siani A.M., Seckmeyer G., Webb A., Smedley A.R.D., 

Lanconelli Ch., Mazzola M., Lupi1 A., Busetto M., Diémoz H., Casale G.,R., Goutail 
F., Köhler U., Mendeva B.T., Werner R., Josefsson W., Moore1D., Bartolomé M.L., 
Moreta González J.R., Mišaga O., Dahlback A., Tóth Z., Varghese S., De Backer H., 
Stübi R and K. Vaníček (2014). Response of the ozone column over Europe to the 
2011 Arctic ozone depletion event according to ground-based observations and 
assessment of the consequent variations in surface UV irradiance. Atmospheric 
Environment 85, pp. 19-69-178. http://dx.doi.org/10.1016/j.atmosenv.2013.12.005  

 
Vaníček, K., Metelka, L., Skřivánková, P. and M. Staněk (2011), Assimilation of total ozone 

data series, Hradec Králové, 1961-2010. Meteorological Bulletin, Vol. 64, .3 , 70-78 – 
In Czech. 
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Vaníček, K., Metelka, L., Skřivánková, P., and Staněk, M (2012a). Dobson, Brewer, ERA-40 

and ERA-Interim original and merged total ozone data sets – evaluation of 
differences: a case study, Hradec Králové (Czech), 1961–2010, Earth Syst. Sci. Data, 
4, 91-100, doi:10.5194/essd-4-91-2012 

 
Vaníček K., Metelka L., Skřivánková P., Staněk, M. (2012b), Long-term changes of the 

ozone layer over the Czech Republic. Transaction of the Czech Hydrometeorological 
Institute, Vol. 58, ISBN 978-80-87577-07-3, ISSN 0232-04. In Czech. 

 
 
5. PROJECTS AND COLLABORATION 

In the recent years the researchers of the Czech institutions participated or still contribute to 
the following research and development projects and collaborations.   

 “Long-term Changes of the Ozone Layer over the Territory of the Czech Republic”. 
Research project supported by the Czech Grant Agency No.P209/10/0058, 2010-
2012. Assimilation of the Dobson and Brewer total ozone data series of 1961-2010. 
Investigation of contributions of ODS and stratospheric dynamics to changes of the 
ozone layer during the last 50 years. CHMI, SOO-HK. Terminated, the results 
published in (Vaníček et al. 2011, 2012a, 2012b). 

 “Upgrade of technological facilities for monitoring of the ozone layer and UV solar 
radiation in the territory of the Czech Republic”. Development project supported by the 
Ministry of the Environment of CR No.:03431021, 2011-2013. The UV calibration unit 
as a national etalon for calibration of the UV monitoring instruments and the SPUV-10 
solar photometer for measurements aerosol optical depth (AOD) in the UV, VIS and 
NIR wavelength regions of the solar spectrum were installed and their operation 
started at SOO-HK.  67 ozone sondes and the ozone tester for their calibration were 
bought and launched at UAD-PR. Terminated. 

 “Contribution of CR to detection of the stage of the Ozone Layer and UV Radiation in 
Antarctica”. Research project SPIII 9/23/07 funded by the Ministry for Environment of 
CR. 2010-2014. Measurements of total ozone, Umkehr ozone profiles and solar UV 
spectra by the Brewer spectrophotometer at the Marambio station. Co-operation of 
CHMI with the Argentine Antarctic Institute and the Argentine National Weather 
Service, http://www.antarktida-ozon.cz/ Continued.  

 MATCH: International ozone sonde campaigns for the quantification of polar chemical 
ozone loss since 1998. Participation in yearly campaigns by alert ozone sonde flights. 
Multinational funding. CHMI, UAD-PR. Continued. 

 Changes in trends of total ozone in China and Europe, Joint project of the Department 
of Atm. Physics of the Czech Academy of Sciences and the Chinese Academy of 
Science, 2010-2012. Terminated, the results published in (Križan et al. 2011). 

 COST-ES1207 „A EUropean  BREWer NETwork – EUBREWNET“: Research and 
development project implemented by the European Union (2013-2017). Creation of a 
joint infrastructure for operation of the Brewer spectrophotometers in Europe is the 
main goal of the project. Experts from CHMI-SOO-HK are involved mostly in creation 
and implementation of the operational software and calibration procedures of the 
instruments. Continued.  

 NDACC: “The Network for the Detection of Atmospheric Composition Change”. 
Monitoring of the vertical distribution of ozone by balloon flights. CHMI, UAD-PR. 
Continued. 

 WMO/GAW/RDCC-E: “The Regional Dobson Calibration Centre – Europe”. Bilateral 
cooperation between the German Weather Service, Meteorological Observatory 
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Hohenpeissenberg, and the CHMI, SOO-HK on activities of RDCC-E, since 1999. 
Calibration campaigns, re-location of instruments, training of operators, software for 
the GAW Dobson network. Continued. 

• Sub-regional calibration campaigns of the Brewer spectrophotometers from Central 
Europe (CR, Hungary, Poland, Slovakia) towards the travel reference of the IOS, 
Hradec Kralove, 2011 and 2013. Continued. 

 

6. FUTURE PLANS 

With respect to the recommendations of the previous ORMs the ozone and related research 
and development activities carried out in CR will be focused on the following topics and 
goals. 

• The ozone and UV monitoring programme implemented by CHMI including the 
international data transfer and public presentation of the outputs to be performed in its 
current structure and scope.  

• The research and development projects specified above that have not expired to be 
continued.  

• CHMI facilities to continue assistance to the ozone segment of the GAW programme 
mainly through the activities and actions organized by the Regional Dobson Calibration 
Centre - Europe in the area of calibration of instruments, re-location of the unused 
spectrophotometers and training of their operators. 

• Cooperation with the European central facilities on metrological standardization of the 
Dobson instruments under the Joint Research Project proposed by the PMOD Davos to 
the European Metrology Research Programme (EMRP). 

• CHMI experts to further investigate relation between ozone changes and the climate 
change in the region of Central Europe. 

• To expand utilization of solar spectral observations carried out at SOO-HK for calculation 
of other atmospheric parameters related to ozone and UV. 

  

7. RECOMMENDATIONS addressed to the 9-th ORMM 

• The relocation of unused instruments for monitoring of total ozone (Dobson) and possibly 
also UV (Brewer) is an important part of the capacity building. Though each campaign 
usually has specific features, general rules on ownership, financial support for transport of 
instruments, training of operators and installation at the site should be defined and fixed 
under the umbrella of WMO and UNEP. This will make preparation and realization of such 
actions faster, simple and more efficient.  

• Because of the recent rearrangements in the World Ozone and UV Data Center, Toronto 
the activities and personal capacity of the WOUDC, as a key data facility of GAW, has 
decreased. An urgent attention should be paid to its revitalization by WMO and 
Environment Canada. 

• Though the EUBREWNET project is focused mainly on the European area many of its 
outputs will get features for their general implementation in the global network. These are 
to be fostered by the WMO facilities (RBCC-E) and expert groups (SAG-O3). 

• Collection of the historical primary (0-level) data and the calibration metadata from the 
Dobson stations was recommended to the 8-ORM. This actual topic of the highest priority 
of WOUDC remains for coming years. 
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CZECH REPUBLIC, part II 
 
 

Monitoring of the State of the Earth’s Ozone Layer and Solar UV-
radiation in Antarctica - the Contribution of the C zech Republic 

to the Vienna Convention and the Montreal Protocol 
 
 
OBSERVATIONAL ACTIVITIES 2010 - 2014 
 
Measurements of ozone and UV-radiation 
Four years ago the Solar and Ozone Observatory of the Czech Hydrometeorological Institute 
in cooperation with the Argentine Antarctic Institute installed the Brewer ozone 
spectrophotometer (double MKIII) No. 199 at the Marambio Base - Argentina, Antarctica. 
The Brewer spectrophotometer No.199 (B199) is a fully automated instrument (Fig.1).  
 

 
 

Fig.1:  The Brewer No.199 and travelling standard the Brewer No. 17 (International Ozone   
 Service, Toronto Canada at the Marambio Base in January 2012. 
 
This activity is the project of the Ministry of the Environment of the Czech Republic and the 
State Environmental Fund of the Czech Republic "Monitoring of the State of the Earth’s 
Ozone Layer and Solar UV-radiation in Antarctica - the Contribution of the Czech Republic 
to the Vienna Convention and the Montreal Protocol". 
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Cooperation with Argentina is the result of close cooperation in matters relating to the 
Antarctic between the Government of the Czech Republic and the Government of the 
Argentine Government in 2010.   

The aims of the present work is to improve scientific knowledge for global assessments on 
ozone depletion and climate change for the Montreal protocol to the Vienna Convention, 
better understanding of processes in the upper troposphere and lower stratosphere through 
modelling and data analysis and studies of the long-term variability in extratropical large scale 
transport are also being performed to improve long-term predictions of mid and high latitude 
ozone and UV radiation.  
 
Calibration activities 
The B199 has been independently calibrated by travelling standard the Brewer No. 17 - 
International Ozone Service, Toronto Canada (IOS) in 2012, Fig. 2. The B199 is regularly 
checked and maintained each year during austral summer.  
 
 

 
 
Fig.2:  The results of calibration between the Brewer No.199 and travelling standard the 
 Brewer No. 17 (International Ozone Service, Toronto Canada at the Marambio Base 
 in January 2012. 
 
 
RESULTS FROM OBSERVATIONS AND ANALYSIS 
 
The project consists of three parts.  

Part A:  The introduction of regular measurements of total ozone and UV-spectral 
radiation in the area of the north-eastern part of the Antarctic Peninsula (Marambio Base – 
Argentina) and on-line transmission of data.   

Part B: The use of measurements of total ozone and vertical profile of ozone - 
Umkehr for the operational assessment of the state of the ozone layer and validation of 
satellite measurements. 
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Part C: The use of spectral measurements of UV radiation for operational evaluation of 
the field UV-index in the Antarctic for validation of satellite measurements. 
 
The result of the correlation between Aura-OMI and B199 total ozone measuremets (Direct 
Sun) is presented in Figure 3. 
 

 

 
 

Fig 3: Correlation between daily means Aura-OMI and Brewer (Direct Sun) measurements 
(March 2010 – February 2014, N = 493, R=0.991). 
 
 
THEORY, MODELLING, AND OTHER RESEARCH DISSEMINATION OF RESULTS 
 
Data reporting 
Ozone observation will be in the next years regularly submitted to the World Ozone and 
Ultraviolet Data Centre (WOUDC), in Toronto and also to other partner institutions within 
projects - e.g. Argentine Antarctic Institute and World Meteorological Organisation (GAW – 
Antarctic Ozone Bulletin), Fig. 4. 
 
 
Information to the public 
During this time over 7 conferences open to the public were given in the different disciplines 
in the period 2008-2010. Actual data of total ozone are presented NRT on the web page of the 
project: http://www.antarktida-ozon.cz . 
 



9th ORM, CZ National Report, part II 
 

4/5 
 

 
 

 
 
Fig.4:  The example of the Antarctic Ozone Bulletin 2013. 
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PROJECTS AND COLLABORATION 
 

• With  the Argentine Antarctic Institute  
• With the WOUDC, WMO – Antarctic Bulletin 
• With the UNEP  
 

 
 
FUTURE PLANS 
 

• Continuing of measurements at the Marambio Base and publishing of the results. 
• Calibration of the spectrophotometer, Brewer No.199 and Brewer No. 17 – IOS in 

2015. 
 

 
NEEDS AND RECOMMENDATIONS 
 

• Real-time ground base data and continuing validation with the satellite from 
Antarctica – GTS/WIS and WMO – Antarctic Bulletins. 
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