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Summary: Taking into account monthly average surface tem-

allows to imply their effective modeling and forecasting for sev-

eral years. Prediction errors are at the maximum in June and rise 

as the forecast period increases. Nevertheless, when forecast is 

-

lute error of total ozone measurements instrumentally based on 

Key words: variability of total ozone distribution over Poland, 

-

casting, statistical relationship, interaction of the troposphere 

and stratosphere.

INTRODUCTION

ozone, growth of all land plants, animals and microorgan-

isms, and affect human health as well. Therefore, improve-

of physical geography, meteorology and ecology.

-

bution of daily mean and monthly mean TOC have been 

researched by the means of global monitoring system. TOC 

values for different regions of the Planet which are not in 

the area of a pole night are measured by spectrophotometers 

and are presented in the Internet for free access. Possibilities 

of these tools and data processing procedures provide resolu-

-

ferent cities; the most accurate device in use here is Dobson 

This allows to study the process peculiarities in more detail. 

of TOC variability is of a great interest.

It has been established that changes of ozone depleting 

is one of the essential factors, causing TOC distribution 

changes in terrestrial atmosphere [2]. Such species of tech-

nogenic and natural origin are formed on ground surface 

and can be delivered by air streams to stratosphere, where 

mainly ozone is located. Within troposphere their transport 

is carried out by streams, which arise at various convection-

such substances to enter stratosphere are not yet known 

role here is played by advection of tropospheric air through 

tropopause breakdowns, which are located above subtropical 

jet streams. Nevertheless, this mechanism does not explain 

how exactly such substances, which have gotten to the lower 

-

ers, where ozone destruction occurs. 

process is carried out by planetary and gravity waves, which 

arise as a result of various interactions of atmosphere and the 

of cyclones and anticyclones, interaction of jet streams and 

and large-scale, such waves break at some distance from 

[8]. This results in turbulent rising air currents, which can 

transfer air to any heights in stratosphere.

played by exposure of the atmosphere to heat and water va-

a relation between surface temperature changes of some 

water areas and TOC over many world regions can exist. 

by many researchers [9]. This suggests a possibility of using 



 

surface temperature measurement results of some World 

ocean areas in the monitoring of TOC variations over the 

majority of the planet regions. 

the world oceans. This suggests a possibility of existence of 

such regions within it, whose surface temperature changes 

-

tic relationships on coinciding time periods between TOC 

changes in the majority of atmosphere and surface temper-

connections between these processes are weaker when the 

Observations of surface temperature changes for the 

the Internet. The data present the values of monthly mean 

anomalies calculated as an average of a segment, limited by 

-

bution variations over one or other world region the most, 

understood. It does not allow to use connections between 

the mentioned processes in modeling and forecasting TOC 

changes over such regions.

On this basis, the object of the research was monthly 

mean TOC distribution changes over Poland and monthly 

The subject of the research was elaboration of monthly 

mean TOC distribution changes monitoring with regard 

TOC distribution variations forecasting over Poland.

To attain these ends the following tasks were solved:

-

TOC variations over the majority of Poland’s regions.

models over the Poland’s territory.

One of the most universal mathematical modeling meth-

ods of stochastic processes is a multiple regression method 

considered as arguments, are connected with the studied 

process. Proving existence of stochastic connections be-

tween such natural process as TOC changes over Poland 

and other natural processes is really hard, in many cases 

statistical connection between them.

The application of factors, connected statistically with 

the studied process, as factors in multiple regression model, 

does not guarantee its practicality in the forecasting tasks. 

-

of studied process was accepted as admissible.

latter, with due regard to freedom degrees of correspond-

segments over the studied territory. 

inter-annual changes , corresponding to each atmosphere 

Linear multiple regression was used as a predictive 

model:
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time moments t coinciding with the studied processes. 

are results of satellite TOC monitoring for these years over 

Poland so their comparison can be made.

It was suggested that the number of model arguments 

N . Time 

series for each of them contained M  members ( NM 2

of ( N Ñ , which is a solution to vector-matrix 
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The mentioned solution would look like: 

 BAC

here: A  is an inverse matrix to A . Vector C  was 

identified for each considered Poland’s region. The fore-

yy. TOC values were calculated for each month and each 

Poland’s region. For each of them prediction accuracy 

was estimated.

-

variability data, time series were taken of monthly mean 

covers the whole Poland’s territory and some regions of 

regions are located in the area where a strong interaction 

the most contrastive pressure gradients are observed. Their 

interplay with jet streams makes the last ones vertically 

oscillate. This arises planetary and gravitation waves, trop-

opause breakdown and allows ozone depleting species enter 

the stratosphere.

When solving the second task for each month, the TOC 

atmosphere segments.

With the use of these models, TOC values were pre-

These forecasts, as well as the fact values of TOC over 

various regions of Poland in June 2009 are tabulated in 

Table 2.

Ta b l e  1 .  

in June

# latitude longitude # latitude longitude # latitude
(

longitude 
(

2 7

8

9

Fig. 1. 

changes above Poland in June

Ta b l e  2 .  Fact and forecasted TOC values over the Poland 

regions in June 2009

Fact o  o  o 20 o 22 o  o

oN
 oN
 oN
 oN

Outlook
oN
 oN
 oN
 oN

Forecast error
oN 2.7 2.9 8.9
 oN
 oN 0.2 -2.0 -0.9
 oN -2.0



 

-

A)

B)

C)

Pic. 2. 

is less than TOC measurement error, obtained on Dobson 

spectrophotometer. 

-

the TOC forecasts mistakes over Poland are fewer. 

CONCLUSIONS

-

TOC variations over Poland in coinciding time periods. 

-

ture of the distribution mechanism in the stratosphere 

of ozone depleting substances.

2. Prediction errors of TOC distribution changes over Po-

land are maximal in June and increase when forecast is 

made on greater time shifts. Nevertheless, when forecast 

exceed absolute error of total ozone measurements in-

strumentally based on the most exact of existing devices 

-

ing process.
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