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Title of scientific achievement:

„Optical properties of atmospheric aerosol in ultraviolet spectral range and its impact on intensity of solar ultraviolet radiation at Earth surface”

List of publications which constitutes a scientific achievement referred to in paragraph  1 art. 16 of law on Academic Degrees .. of March 14,2003:

1. Jarosławski  J., Short and Long-Term Variability of Aerosol optical depth over Belsk from the Brewer Spectrophotometer Measurements (1992-2002), Publications of the Institute of Geophysics, Polish Academy of Sciences, D-64(371), 105-110, 2004a.
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 and , On the origin of seasonal variation of aerosol optical thickness in UV range over Belsk, Poland Acta Geophysica Vol 58, no. 6, 2010, Pages 1134-1146, DOI:10.2478/s11600-010-0019-4, 2010.
I would like to start discussing the cycle of works constituting the significant contribution into a field of knowledge on properties of atmospheric aerosol by reminding the paper which appeared almost at the same time (month before the PhD defence) with getting by me a doctors degree. In this paper (Jarosławski et al., 2003) it was presented an innovative method for retrieval of information on aerosol optical thickness (quantity characterizing total content of aerosol in atmosphere) in ultraviolet spectral range of solar light reaching Earth surface (in the scope of wavelengths 306-320 nm) from data gathered during measurements of total ozone content by means of Brewer’s spectrophotometer. Preliminary results were also presented concerning application of this method for measurement data from Belsk. During next years, thanks to information obtained with this method, concerning optical properties of aerosol in ultraviolet range of solar spectrum, it was possible to extend knowledge on optical properties of atmosphere over Central Poland in ultraviolet part of solar spectrum and to establish real significance of atmospheric aerosol in processes of absorption and scattering of solar ultraviolet radiation reaching Earth surface. Results of those investigations were published in series of papers during few next years.

Paper Jarosławski, (2004 a) presents results of analysis of aerosol optical thickness variability in the atmosphere over Belsk measured by means of Brewer spectrophotometer at wavelength 320 nm in different time scales – from daily variability up to long-term changes (in years 1992-2003). No systematic daily cycle of changes was found, however sudden changes of aerosol optical thickness occurred (from day to day); they achieved 200% of long-term average value. Significant changes (ca. 50%) occurred during one day. In annual cycle there are two small maxima – in April and in August. Analysis of long-term changes (during ten years) revealed gradual decrease of aerosol optical thickness in nineties and then stabilization and small increase at the end of analysed period. Knowledge of real characteristics of variability of aerosol optical properties over central Poland was used in next papers, discussed below.

I am the sole author of this paper, my contribution amounts 100%

In paper Jarosławski, (2004 b) investigation results were presented, purpose of which was an evaluation of significance of total aerosol content in the atmosphere over Poland relative to atmosphere component "competitive" from a point of view of absorption effectiveness of solar UV radiation, i.e. ozone. Thanks to the ozone layer we have, at Earth surface in moderate latitudes and outside mountain areas, solar radiation of wavelengths shorter than 290 nm is practically cut off. However, with increasing wavelength, effectiveness of solar radiation absorption by ozone quickly decreases and in wavelength range 310-320 nm, on the borderline between UV-B and UV-A ranges, it becomes similar or less than analogous effectiveness of aerosol layer in atmosphere. On the basis of 11-year series of observations (daily measurements, if only meteorological conditions permits) of aerosol optical thickness and of total ozone content converted to optical thickness units, it was stated that for wavelength 320 nm long-term average optical thickness of aerosol is about 50% greater (0,34) than analogous optical thickness of ozone (0,22). At wavelength of 310 nm average optical thickness of ozone is already almost four times greater than at 320 nm (0,78), whereas aerosol optical thickness are only slightly greater than at 320 nm, however even in this case during episodes of high aerosol content in atmosphere its optical thickness exceeded optical thickness of ozone. Such situation occurred in 7% of all cases in analysed data set. That is, atmospheric aerosol is in most cases the third absorber (after clouds and molecules of air) of solar radiation in UV-A, and in some cases also in UV-B range. 

In this paper also results of operation of an algorithm identifying occurrence of clouds during measurements were presented. Brewer spectrophotometer is a device operating in automatic mode irrespectively to weather conditions and performing measurements of direct solar radiation in predetermined time intervals, so it is impossible to assess, without supplementary analysis, if an individual measurement concerns optical thickness of aerosol or total optical thickness of aerosol and clouds. Cloud screening algorithm developed by me enabled to perform proper classification, i.e. separating of cases concerning only aerosol and those concerning both aerosol and clouds in 98% of all measurements.

I am the sole author of this paper and my contribution amounts 100%
In the paper Jarosławski and Krzyścin, (2005) results were presented concerning the influence of changes in amount of aerosol in atmosphere and variability of aerosol optical properties in ultraviolet spectral range on changes of intensity of solar ultraviolet radiation at Earth surface. In presented analysis we used data from ground-based measurements performed with Brewer spectrophotometer and solar photometer CIMEL, standard measurements of horizontal visibility and satellite data concerning aerosol optical thickness in the area of measurements (Belsk). Analysis of day-to-day variability of aerosol optical thickness was performed and influence of those short-term changes on changes of intensity of solar UV radiation at Earth surface was compared with influence of analogous changes of total ozone content. Comparative analysis was also performed of aerosol optical properties determined by means of different devices, obtaining good consistence for results obtained from ground-based measurements (except those from visibility) and finding existence of some differences between results from ground-based measurements and satellite ones, what can be partially due to some specificity of satellite measurements. It appears from performed calculations, that changes in aerosol optical thickness have similar influence on intensity of solar ultraviolet radiation at Earth surface, as changes of total ozone content in the period from April to October, i.e. when we are dealing with the highest doses of solar UV radiation. That is ozone, though it is important and most well-known as crucial factor modifying intensity of solar UV radiation at Earth surface, is not an only factor which one should take into consideration during investigations of short- and long-term changes of intensity of this radiation. In this paper it was also shown that knowledge of real, measured optical properties of aerosol in ultraviolet spectral range is essential for modelling of intensity of UV radiation in atmosphere using radiation transfer models. It was shown on the example of libRadtran model, by means of which substantially different characteristics of UV radiation were obtained, when real aerosol properties were used instead of conventionally used averaged ones, extrapolated from visible spectral range. The greatest differences occurred in periods of increased aerosol content in atmosphere, associated with advection of polluted air masses over area of measurements. In extreme cases daily changes of UV index caused by fluctuations of aerosol optical thickness were twice greater than those caused by changes of total ozone content. On the other hand, long-term changes of aerosol content in atmosphere (a fall in aerosol content in atmosphere observed in years 1991-1999, connected at least partly with phenomenon of atmosphere cleaning after a Pinatubo volcanic eruption on Philippines in 1991) significantly increased long-term growth of the UV radiation intensity at Earth surface observed in that period. 

I am one of two co-authors of this paper. It came into existence during discussions and analyses performed together with the other co-author and in some cases it is difficult to separate contribution of individual persons. Generally I estimate my contribution to this paper as 75%, including, among others: 

· Working out assumptions of the paper

· Preparation, working out and comparative analysis of measurements of aerosol optical thickness by means of Brewer spectrophotometer, CIMEL photometer and visibility 

· Analysis of influence of changes of aerosol optical thickness and ozone content on changes of UV radiation index

· Analysis of obtained results 

· Preparation of the manuscript

In paper Pietruczuk and Jarosławski, (2008) original method was presented for indirect determining of aerosol optical thickness in ultraviolet spectra range (at wavelengths 313-320 nm) using results of measurement of direct and scattered solar radiation in visual and infrared spectral ranges, performed by means of solar photometer CIMEL and in ultraviolet spectral range performed with Brewer spectrophotometer in IGF PAS observatory in Belsk in 2005. CIMEL photometer measures not only aerosol optical thickness in wavelengths range 340-1020 nm, but also provides information on size distribution of aerosol particles, it enables also to determine values of aerosol refractive index in visual and infrared spectral regions. Using the fact that optical properties of aerosol depend on its microphysical parameters, among others such as size distribution of particles and aerosol refractive index, knowing these values one is able to determine, by means of Mie theory, optical thickness of aerosol for different wavelength ranges, including range of solar ultraviolet radiation. After determining aerosol optical thickness for wavelength range 313-500 nm, it was compared with results of direct measurements of aerosol optical thickness performed by means of CIMEL photometer and Brewer spectrophotometer. Average difference between results of direct measurements and results obtained by analysis of physical properties of aerosol, for wavelength 320 nm amounted about 8%, which is comparable with accuracy of direct measurement of aerosol optical thickness performed with Brewer spectrophotometer. Comparison was also performed of obtained results with values determined by “classical” method, i.e. by extrapolation to ultraviolet range value of optical thickness measured in visible range, by means of so called Ångström coefficient. This method is usually applied for estimation of optical properties of aerosol in ultraviolet spectral range at the lack of ability to perform direct measurement. However average deviation between values of aerosol optical thickness e.g. for wavelength 320 nm and results of direct measurement exceeds 20%, that is over twice than when using a method based on information on microphysical properties of aerosol. CIMEL photometers are currently widely used worldwide for measurements of aerosol properties (several hundred devices at all continents working within global network AERONET), so it is possible, using method described above, to obtain information on aerosol optical properties in ultraviolet spectral range globally. 

I am one of two co-authors of this paper. It came into existence during discussions and analyses performed together with the other co-author and in some cases it is difficult to separate contribution of individual persons. Generally I estimate my contribution to this paper as 40%, including, among others: 

· Performing measurements of aerosol optical thickness by means of Brewer spectrophotometer and CIMEL photometer

· Analysis of obtained results and comparing them with values of aerosol optical thickness obtained using Mie theory 

· Preparation of the manuscript (particularly chapters 1, 2, 5)

 In next paper, Jarosławski and Pietruczuk, (2011), method for determining optical thickness of aerosol in ultraviolet spectra range described in the paper Pietruczuk and Jarosławski, (2008) was used to determine aerosol optical thickness in broad range of solar spectrum 310-380 nm on the basis of measurements performed by means of Brewer spectrophotometer and CIMEL photometer in Belsk for years 2002-2007. Calculations performed for greater data set (from five-year period) confirmed good quality of the method used. In this paper parameters of distributions of aerosol optical thickness at four wavelengths from the range 310-380 nm, obtained as results of direct measurements performed with CIMEL photometer and Brewer spectrophotometer were compared with those obtained by means of indirect method using microphysical properties of aerosol and Mie theory. For the shorter wavelength differences between distribution parameters obtained by direct measurement and those determined using Mie theory were somewhat greater. This difference is probably due to errors of refractive index estimation in UV range (its values were extrapolated from visible range) and due to limited accuracy of particle size distribution in its part for smallest particles, which has greater contribution to aerosol optical thickness than large particles.

In this paper an attempt was also made to explain reasons of characteristic seasonal distribution of aerosol optical thickness with its double maxima occurring in April and in August. Climatology data from many stations measuring aerosol optical thickness in visible range of solar spectrum display mainly a single maximum, occurring most often in summer. IGF PAS Observatory in Belsk, where measurements are performed, is located in rural area and is classified as background station. In neighbourhood of the station does not exist any significant sources of aerosol which could modify in such distinct way observed seasonal changes of aerosol optical thickness. Therefore a hypothesis was constructed, that the observed variability was caused by periodic inflow of polluted air mass from distant source areas. Analysis of back-trajectories of air mass arriving to the observation area indicated areas located east of Poland as sources of air mass with particularly high content of aerosol in some spring and summer months. During this periods on areas located east and south of Poland occurs many naturally or artificially triggered fires (biomass burning) being a source of large amounts of aerosol in atmosphere. This periodically appearing phenomenon is responsible for observed seasonal course of aerosol optical thickness over central Poland.

I am one of two co-authors of this paper. It came into existence during discussions and analyses performed together with the other co-author and in some cases it is difficult to separate contribution of individual persons. Generally I estimate my contribution to this paper as 60%, including, among others: 

· Working out assumptions of the paper

· Performing measurements of aerosol optical thickness by means of Brewer spectrophotometer and analysis of obtained results

· Determining and classification of back-trajectories of air mass flowing in over Belsk 

· Analysis of satellite photographs to identify areas on which fires appear seasonally

· Participation in preparation of the manuscript

2. Course of scientific research work before getting doctor's degree
(Note: Numbers of cited papers refer to the list of publications placed at the end of each chapter unless otherwise noted)

During first stage of my work in Institute of Geophysics, PAS I worked on development of station for air pollution monitoring, in the beginning ozone, then other gaseous pollutant, such as nitrogen oxides, carbon monoxide and sulphur dioxide in Central Geophysical Observatory of Institute of Geophysics, PAS in Belsk Duży near Grójec town (in years 1991-1993). Station in Belsk was one of first stations for automatic monitoring of atmospheric pollution in Poland, particularly in the scope of measurements of ozone concentrations in ground layer of atmosphere. Start of measurements of ozone concentrations in ground layer of atmosphere was very important for me, because of performed in the observatory since 1963 monitoring of total ozone content and its vertical distribution. Preliminary analysis of results of measurements was presented in paper [1], those results were also presented during national and international conferences. Moreover results of measurements were published in annual cycle in the series Publications of the Institute of Geophysics, Polish Academy of Sciences (positions [7]-[26] in the publications list annex). Most important conclusions from those investigations included founding distinctive daily variability of ozone content in ground layer of atmosphere, seasonal cycle with maximum in spring and summer months and long-term changes – gradual increase of ozone concentration in years 1991-2003 of about 20%. Measurements of gaseous and dust pollutant of air are performed in Belsk up to now.
Next issue was connected with investigations of factors influencing intensity level of solar ultraviolet radiation at Earth surface. Apart from obvious and well investigated factors, such as: distance Sun - Earth, altitude, height of the Sun above horizon also some factors of more local character are influencing intensity level at Earth surface, such as: clouds, total ozone amount in atmosphere, trace gasses concentrations and atmospheric aerosols. 
In the paper [2] analysis was performed of influence of changes in atmosphere transparency (cloudiness and aerosol) on intensity of UV radiation at Earth surface as compared with changes of UV radiation intensity caused by changes of total ozone content in atmosphere at different conditions of atmosphere transparency (at clean or clouded sky). It was discovered nonlinear (power) character of Radiation Amplification Factor – RAF for UV radiation (in previous papers linear dependence of changes of UV radiation intensity on total ozone content was assumed). Dependence of RAF on degree of cloudiness and on season was investigated. The model was proposed, which, after taking into account nonlinear character of relationship between changes of UV radiation intensity and total ozone content, explained about 95% daily variability of UV radiation doses for any atmospheric conditions. Results of measurements used in this paper included measurement by means of Brewer spectrophotometer (UV radiation spectra) and by means of UV-biometer model 501A (wide bandwidth measurements of UV radiation). Very good consistence was found for results of measurements of daily doses measured with both devices in any atmospheric conditions (correlation coefficient between deviations from reference values for those two devices was 0.99).
Another task completed in the Department of Atmospheric Physics was an attempt to construct a forecast of so-called UV index for the Central Poland (Belsk). The result of the mentioned work is discussed in [3]. The forecast covered the index value for both cloudless days, as well as for the days with cloud cover characteristic for the summer period. The construction of the forecast applied the publicly available forecasts of meteorological parameters, including cloud cover. Radiative transfer model was used (TUV model). Own method of total ozone content forecast was applied. The results of the aerosol optical layer measurements in the UV range of the solar spectrum for the previous day were used as input data. The results of forecast were verified by comparing with the results of measurements of the intensity of UV radiation performed on the next day in Belsk. In 81% of cases the deviation did not exceed one unit of UV index. It was also found out that applying the predicted value of the aerosol optical layer thickness in the UV range of the solar spectrum, instead of the one from the previous day, effects in a significant improvement of the forecast (in 35% of cases).

The works on the forecast of the intensity of UV radiation for a cloudy sky was an impulse for a more detailed research on the issue of the impact of clouds on the intensity of UV radiation at the Earth's surface. In [4], the results of the everyday survey conducted in Belsk in the period of two years, involving multiple measurements and observations of the type and size of the cloud cover during the day, parallel measurement of the spectral UV by the Brewer’s spectrophotometer, as well as erythemaly weighted UV radiation and global solar radiation reaching the Earth's surface, were applied. It was found that there is a predomination of cloudy days with low – level clouds, for the analyzed area. Based on the results of the measurements, the extent of the solar UV radiation absorption was determined, depending on the type of cloud and the degree of coverage of the sky. For thin clouds, the ones that allow the observer to see the solar disc, the coefficients have been determined on the basis of direct measurements of cloud optical thickness by Brewer spectrophotometer. It was noticed that the thin clouds’ UV absorption is not dependent on their type. In some (1.4%) number of cases it was found out that the intensity of UV radiation was strengthened in relation to the value of UV measured by the clear sky. In extreme cases, the increase of the UV radiation intensity reached 20%. Such enhancements were noticed in particular when the clouds of different levels were observed. 

In [5], the idea to ​​use the Brewer’s spectrophotometer, a device constructed in order to measure total ozone content and the UV radiation intenity, as a device for measuring aerosol optical thickness in the ultraviolet range of the spectrum (306-320 nm), without any changes in the design of the spectrophotometer, was presented. Up to this point there were no such measurements carried out systematically, due to the lack of suitable equipment. The lack of data on the optical properties of the aerosol in the ultraviolet was solved, e.g. in the radiation transfer model, by extrapolation of the optical properties of the aerosol from a visible spectrum using so-called Angstrom’s coefficient. In order to determine the optical thickness of the aerosol with a Brewer’s spectrophotometer, the data collected during the standard measurements of total ozone content was used. Spectrophotometer calibration procedures have been developed for a new type of measurement (Langley method was applied). The uncertainty of the results (± 0.02 in the 310-320 nm) is comparable to the accuracy of commercial devices for measuring the optical thickness of the aerosol in the longer wavelengths. The method developed by me can be used for any Brewer’s spectrophotometer (there are over the 200 devices worldwide), including the archived data.

A possibility to measure the optical thickness of the aerosol in the different wavelengths in the ultraviolet spectrum range allowed to examine the Ångström’s parameter in this respect. It turned out that it is dependent on the wavelength, and its value is much lower than in the visible range. This is of great importance by extrapolation of the aerosol optical thickness to the ultraviolet from visible spectrum range on the basis of the Angstrom’s parameter. Thus obtained GOA values ​​may be overestimated by as much as several tens of percent.

Papers [4] and [5] aroused considerable interest and appreciation among the professionals in the fields of ozone and UV radiation research, which is shown by the number of citations of each work (45 up to date).

Publications
1. J. Jarosławski, Measurements of surface ozone at Belsk, Poland , Przegląd Geofizyczny (Geophysical Rewiev) 3-4(XXXVIII), 1993.
2. Krzyścin, J.W., and J. Jarosławski, Factors affecting solar UV radiation changes: a study of the new Robertson-Berger meter (UV-biometer model 501A) and Brewer records taken at Belsk, Poland, 1993-1994, Journal of Atmospheric and Solar-Terrestrial Physics, 59, 1133-1142, 1997.

3. Krzyścin, J.W, J. Jarosławski and P. Sobolewski, On an improvement of UV index forecast: UV index diagnosis and forecast for Belsk, Poland, in spring/summer 1999, Journal of Atmospheric and Solar-Terrestrial Physics, 63, 1593-1600, 2001.

4. Krzyścin, J.W., J. Jarosławski, and P. Sobolewski, Effects of clouds on the surface erythemal UV-B irradiances at northern midlatitudes: estimation from the observations taken at Belsk, Poland (1999-2001) , Journal of Atmospheric and Solar-Terrestrial Physics, 65, 457-467, 2003.

5. Jarosławski, J, J.W. Krzyścin, S. Puchalski, and P. Sobolewski, On the optical thickness in the UV range: Analysis of the ground-based data taken at Belsk, Poland, Journal of Geophysical Research, 108, no.D23, 4722, doi:10.1029/2003JD003571, 2003.
3. Course of scientific research work after getting doctor's degree
After getting doctor’s degree (March 2004) I was employed on the position of adjunct in Physics of the Atmosphere Department of Institute of Geophysics, PAS. My scientific interests, beside issues connected with investigation of optical properties of aerosol in ultraviolet spectral range and their influence on intensity of UV radiation at Earth surface, included also some similar problems, such as: investigations of vertical structure of ozone layer, atmospheric aerosol in lower layers of atmosphere and influence of UV radiation on human health. In next sections basic information will be provided on investigations I performed within the scope of research projects realized in Physics of the Atmosphere Department of Institute of Geophysics, PAS. and also most important conclusions submitted in published papers will be presented. List of papers and conference announcements of which I am an author or co-author, connected with discussed subject, is submitted below each section.

3.1. Investigation of changes in ozone layer, particularly its vertical structure
Daily measurement of total ozone content in atmosphere is performed in Central Geophysical Observatory IGF PAN in Belsk near Grójec by means of Dobson spectrophotometer since 1963. It is one of longest series of measurements worldwide, highly valued due to its high quality and often used for long-term analyses of changes in ozone layer in middle latitudes and for validation of satellite data. Dobson spectrophotometer is still a standard device used within world network for ozone measurements. In 1980th new device for, among others, measurements of total ozone content appeared on the market –Brewer spectrophotometer, one specimen of which works also in Belsk since 1991. This device could substitute Dobson spectrophotometer, which design comes from 1929; however after comparing few series of measurements from both devices it turned out that there are some small differences between them, of systematic character. Similar differences were also observed in other stations performing simultaneous measurements by means of both devices. In paper [1] an attempt to find reason of those differences was undertaken. Their final reason was still unclear at the moment of publication of this paper, it was possible, however to eliminate such factors from the circle of potential causes of observed differences as: seasonal temperature changes in stratosphere, dependence of sensitivity of devices on changes of temperature or differences between ozone absorption coefficients applied in both devices.

After almost twenty years from the entry into force of provisions of the Montreal Protocol, from which coordinated in the international scale action of a protection of ozone layer, appeared a need of checking its effectiveness. An attempt was undertaken to check, if analysing of available long-term  series of measurements (including series from Belsk) would enable statement, that stopping processes of disappearance or even reconstruction of ozone layer is taking place. Attempt to answer this question is included in paper [2]. Using long-term series of measurements from European stations, by means of advanced statistical methods influences of natural changes in magnitude of ozone layer, influenced by cycles of different length were separated from changes caused by reduced emission of ozone depleting substances. Results of computations enable to state that in 2005, over Europe, there is almost first stage of ozone layer regeneration, i.e. slowing down speed of its decay. Small increase of total content of ozone over Europe observed more or less from 1994 is most probably caused both with natural causes (overlapping of natural cycles of ozone content variation) as well as with decreasing amount of ozone depleting substances in the atmosphere.

Ozone layer in atmosphere has quite complex vertical structure, changing along latitude and season. Individual levels of the layer are subjected to different chemical and dynamical processes. Depletion of ozone layer performs mainly in the stratosphere, while in the troposphere we are dealing generally with the rise in ozone content. A detailed analysis of long-term changes of ozone content in troposphere over Europe is included in paper [3]. In this paper statistical analysis was performed for many-year series of measurements of ozone content in troposphere obtained during ozone soundings executed in 6 locations in Europe. It was stated very substantial increase of ozone content in troposphere over Europe, amounting since seventieth about 30% in winter and about 10% in summer, moreover ozone content in troposphere has been stabilized about 1990th.

Dobson spectrophotometer can measure not only the total ozone content, but also its vertical distribution, performing series of measurements of scattered solar light approaching place of measurement from zenith at different, strictly determined solar zenith angles of the Sun. Using proper algorithm one can determine ozone content in ten layers of 5 km thickness each. The lowest layer, including troposphere, has thickness about 10 km. Measurements of ozone vertical profile are performed with this method (so called Umkehr method) in observatory in Belsk since 1963 and they constitute valuable source of information on long-term changes in vertical profile of ozone layer. Since a year 2004 results of independent satellite measurements of vertical profile of ozone content of relatively high accuracy are available, performed with Microwave Limb Sounder device placed on the board of AURA satellite. Vertical profiles of ozone content obtained by means of two above mentioned methods were compared and results are presented in paper [4]. Results of statistical analyses enable to state that the latest satellite measurements are in good accordance with results of ground measurements, thus confirming each other their quality.

In the last period before submission of an application I developed the new method of determining the vertical profile of ozone, using the same measuring data which are obtained during the measurement with Umkehr method by means of Dobson spectrophotometer. In computational algorithm a method of neural networks was used. As reference data, necessary in the process of learning of neural network served data from ozone soundings and satellite data – recognized as most accurate respectively for troposphere and lower atmosphere (soundings) and middle and upper atmosphere (device Microwave Limb Sounder on AURA satellite). Results obtained with new algorithm are very encouraging; errors of results relative to reference data were in average two times less than for results obtained with classical Umkehr method. Additional advantage of the applied method is obtaining reliable information on ozone content in troposphere (in the so-called first Umkehr layer). In classic method the accuracy of determination of ozone content in this atmospheric layer was the lowest towards appropriate accuracy in remaining layers. Neural network method can be also applied to archival data. Measurements of vertical profile of ozone content with Umkehr method are performed in Europe since early 1950th (station in Arosa, Switzerland), which gives us a unique chance to reconstruct real values of vertical ozone profile with large accuracy, for period when no satellite data and even no ozone soundings existed. Results of this investigations have been submitted in paper [5], accepted for publication. Further investigations are under way.
Publications:

1. Degórska, M., Krzyścin, J.W., Rajewska-Więch, B.,  Jarosławski, J., Seasonal variation of the relative differences of total ozone measurements taken by the Dobson and Brewer Spectrophotometers at Belsk, Publs. Inst. Geophys. Pol. Acad. Sc., D-64(371), p. 71-76, 2004, (I estimate my contribution to this paper as 25%)

2. Krzyścin J.W., Jarosławski J., Rajewska-Wiech B., Beginning of the ozone recovery over Europe – analysis of the total ozone data from the ground-based observations, 1964-2004, Annales Geophysicae 5, 1685-1695, 2005 (mój wkład w powstanie pracy oceniam na 30%)

3. Krzyścin J., Krizan P., Jarosławski J., Long-term changes In the tropospheric column ozone from the ozone soundings over Europe, Atmospheric Environment 41, 606-616, 2007 (I estimate my contribution to this paper as 30%)
4. Krzyścin, J. W., Jarosławski  J., B. Rajewska-Więch, P. S. Sobolewski, and L. Froidevaux, Comparison of ozone profiles by the Umkehr measurements taken at Belsk (52°N, 21°E) with the Aura Microwave Limb Sounder overpasses: 2004-2006, Journal of Geophysical Research  113, D15S09, doi:10.1029/2007JD008586, (I estimate my contribution to this paper as 30%)
5. Jarosławski J.,  Improvement of the Umkehr Ozone profile by the neural network method: Analysis of the Belsk (51.80N, 20.80E) Umkehr data, International Journal of Remote Sensing  Volume 33, Issue xx, 2013, Pages x-x  (paper accepted for publication, my contribution equals 100%)
Conference presentations
1. J. Jarosławski, J. Krzyścin, B. Rajewska Więch  “Preliminary analysis of vertical ozone profiles over Belsk and Legionowo - Brewer, Dobson and ECC data”, 12th Biennial WMO-GAW Brewer Users Group Meeting,  Aosta, Włochy 20.09-27.09.2009 
2. J. Jarosławski, J. Krzyscin, Determination of tropospheric ozone from Dobson Umkehr measurements using neural networks method, Quadrennial Ozone Symposium 2012, International Ozone Commission and the European Commission, 28.06.2008-06.07.2008,  Toronto, Kanada, 2012
3.2. Influence of solar ultraviolet radiation on selected aspects of human health
Solar radiation in ultraviolet spectra range reaching Earth surface has multiple influence on our health. Well known is its negative influence resulting in increased appearing of different types of skin cancers and cataracts. Smaller attention is returned, however, on healthful effects of ultraviolet radiation influence on human body. One of them is an initiation by UV radiation of vitamin D synthesis process in human body. In paper [1] possibility was analysed of vitamin D synthesis in human organism in geographical conditions of central Poland (using results of measurements of solar UV radiation intensity in Belsk). In addition results of experiments were used with artificial UV radiation source (UV lamps). Possibilities of the synthesis of vitamin D were checked for different variants of length of people stay outside buildings. It was stated that in our geographical location, conditions for initiating synthesis of vitamin D in the body can be met only in summer and early-autumn season and only at increased activity outside, 

Artificial UV radiation sources are used by dermatologists in curing psoriasis of the skin. For that purpose cabins equipped with special lamps are used and repeated (c 20 times) irradiations of the patient is applied. In papers [2] and [3]  answer was searched to a question, whether in our geographical conditions it is possible to replace "cabin" therapy with so-called heliotherapy, i.e. exposing patient to the effect of sun rays.

For this purpose intensity of UV radiation in cabins with UV lamps was measured and then compared with possible to obtain doses of solar UV radiation in few selected towns in Poland (among others Łeba, Łódź, Poznań, Zakopane). Model was developed enabling to reconstruct intensity of UV radiation also in those places, where intensity measurements of solar UV radiation are not performed. Validation of the model was carried out on the base of measurements of solar UV radiation spectra performed by means of Brewer spectrophotometers in Belsk and in Hradec Kralove (Czech Republic). Results enable to state that such towns in Poland as Zakopane (in spring and summer), Belsk and even Łeba (in Jun and July) can be successfully used as places for heliotherapy instead of costly and stressing for patients’ therapy in cabins. 
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3.3. Investigations of aerosol properties in lower layers of the atmosphere
Eruption of Eyjafjallajökull volcano in April 2010 caused paralysis of great part of air traffic over Europe because of fears about possible plane damages due to volcanic dust. Models of contaminations spreading showed possibility of volcano dust cloud appearance over Poland about 16 April 2010. We have decided to exploit abilities of Central Geophysical Observatory IGF PAS in Belsk in the scope of measurements of aerosol content in atmosphere (Brewer spectrophotometer, CIMEL photometer) and its vertical distribution (lidar) above central Poland and a measuring campaign was conducted on 15-26 April 2010. Results of this campaign were presented in paper [1]. Presence of the cloud of volcanic dust was registered at about 5 km level. It was also confirmed by measurements of size distribution of aerosol particles, which were changed in characteristic way (increased number of large particles). This cloud was, however, very thin and its contribution to total optical thickness of the atmosphere did not exceed several hundredths (at wavelength 532 nm). 

In paper [2] analysis was presented of height and concentration variability of suspended dust PM10, concentration of which in surrounding air is measured by automatic stations of air pollution monitoring within Mazovia Voivodeship. Monitoring of PM10 concentrations within area of Mazovia Voivodship (and also on the area of the whole country) is a result of adjusting of law regulations of European Commonwealth within the scope of evaluation of air quality. It is simultaneously this kind of air contamination which causes the most number of problems. Permissible concentration levels of suspended PM10 dust are relatively often exceeded (even up to 160 times during a year at some stations), which causes necessity to develop proper corrective programs. It was demonstrated in the discussed paper, that crucial factor affecting the level of concentrations of PM10 dust in the province and influencing to the number of exceedings of permissible levels is long distance transport of polluted air into the area of measurements, particularly from eastern and southern direction. Irrespective of the type of station (municipal, suburban or regional background station) increased concentrations of PM10 dust are then observed. The largest number of exceedings is observed in the period from September to April. At station located in the centre of the city, at busy street, exceedings appear practically during the whole year. The lowest values of PM10 concentrations occur during advections of air masses from north and north-west directions. At all stations on the run annual of PM10 concentrations additional maximum (besides winter one) was observed, which appeared in April. In the same time in Belsk one of two maxima was observed in the seasonal course of aerosol optical thickness. Both maxima probably have the same cause, transport of air from regions to the east of Poland, in the period of seasonal fires of steppes and burning down grass in Russia, Belarus and Ukraine. Average annual level of PM10 dust is similar at urban and rural stations, except of the station located in centre of Warsaw, at busy street, where average annual level of PM10 concentration is about 20% higher than at all other stations.

In paper [3] an attempt of assessment of the impact of pollutant release was made from the large urban agglomeration (Warsaw) to aerosol optical thickness, based on the analysis of the results of several years' measurements of aerosol optical thickness in visible range, concentrations of PM10 dust from the provincial network of air pollutants monitoring and on satellite measurements of aerosol optical thickness in the area of central Poland. Impact of urban agglomeration to aerosol optical thickness amounts from about 0.02 to 0.03 at wavelength 500 nm (depending on the source of information on GOA) so it increases aerosol optical thickness by about 10%-15%. This result is in accordance with results of analysis of suspended PM10 dust, including those presented in paper [2]. However it is possible to record some episodes of elevated content of dust pollutant of air accumulating in the region of Warsaw as a result of proper meteorological conditions. In such cases difference between aerosol optical thickness in urban and rural areas can amount from 0.11to 0.20 (at wavelength 500 nm).
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