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Streszczenie. Jedng z miar wykorzystywanych do oceny ksztaltowania sie warunkow
hydrotermicznych danego obszaru jest wspotczynnik Sielianinowa. W pracy wykorzystano dane
z 9 stacji IMGW z rejonu $rodkowowschodniej Polski, zarejestrowane w latach 1971-2005.
Na podstawie wspétczynnika Sielianinowa okreslono czestosé wystepowania w okresie
wegetacyjnym miesiecy w klasach wilgotno$ci wg kryterium Skowery i Puly (2004). Przedstawiono
rozktad przestrzenny wartosci wspotczynnika Sielianinowa we wszystkich miesigcach okresu
wegetacyjnego na badanym obszarze. Wieloletnie zmiany wspétczynnika Sielianinowa oceniono
za pomocg wspoétczynnika regresji trendu liniowego oraz wspotczynnika zmiennosci. Najmniejsze
Srednie wartosci wspétczynnika Sielianinowa we wszystkich miesigcach okresu wegetacyjnego
notowano w zachodniej i poludniowo-zachodniej czesci badanego obszaru. Czesé poétnocno-
-wschodnia charakteryzowata sie najkorzystniejszymi warunkami hydrotermicznymi. Kwiecieh
w badanym regionie byt miesigcem najczesciej skrajnie wilgotnym lub optymalnym. W maiju,
czerwcu i sierpniu okresy suche wystepowaty dwa razy czesciej niz wilgotne. Istotne
zmniejszanie sie wartosci wspoétczynnika Sielianinowa w okresie wegetacyjnym analizowanego
wielolecia swiadczy o zwiekszaniu sie intensywnosci posuch.
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vegetation season.
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INTRODUCTION

The main meteorological factors shaping the living conditions of organisms are
precipitation and thermal conditions. These two meteorological (and in multiyear — climatic)
parameters are so important because they condition water circulation as well as mineral and
organic substances circulation in the environment (Bochenek 2012). In terms of agriculture
the analysis of meteorological elements course during vegetation season is very important
because they are recognized as the essential yield components. From the agrometeorology
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point of view the characteristics of atmospheric droughts is also relevant as they are often
the cause of soil drought which results in underdevelopment of plants thus in the reduction of
crop yields. Sielianinow’s hydrothermal coefficient is useful for determining water relations
in the environment (Kapuscinski and Nowak 2003; Bartoszek and Banasiewicz 2007;
Hutorowicz et al. 2008). It is important that development and yielding crops relations with
hydrothermal conditions of vegetation season were based on the current or foreseen
temperature and precipitation (Ziernicka-Wojtaszek 2009).

This paper is an attempt to determinate the variability of thermal and pluviometrical
conditions in the multiyear 1971-2005 based on Sielianinow’s hydrothermal coefficient.

MATERIAL AND METHODS

Data used in this paper regard average daily air temperature values and daily sums of
precipitation, they come from nine IMGW stations from the area of central-eastern Poland
between the years 1971-2005 (Table 1). Hydrothermal conditions of the area examined were
evaluated on the basis of Sielianinow’s hydrothermal coefficient which is a measurement of
precipitation effectiveness in a particular month. The months were classified according to the
following Skowera and Puta (2004) criteria:

— extremely dry — k < 0,40,

— verydry—-0,41 <k <0,70,

— dry = 0,71<k<1,0,

— ratherdry — 1,01 <k < 1,30,
— optimal - 1,31 <k < 1,60,

— rather humid — 1,61 <k < 2,0,
— humid - 2,01 <k < 2,5,

— very humid - 2,51 <k < 3,0,
— extremely humid — k > 3,01.

Table 1. Geographic coordinates of synoptic and climatic IMGW stations in central-eastern Poland
Tabela 1. Wspdlrzedne geograficzne stacji synoptycznych i klimatycznych IMGW w srodkowowschodniej
Polsce

Geographic coordinates

. . . . HS
Station — Stacja (pOWspo%rzedne geograflcz;oe mnp.m]
Ostrofeka 53° 05’ 21°34 95
Biatowieza 52°42 23°571 164
Wiodawa 51°33 23°32 163
Szepietowo 52°571 22°33 150
Legionowo 52° 24’ 20° 58’ 93
Biata Podlaska 52°02 23° 05 133
Sobieszyn 51°37 22° 09’ 135
Puttusk 52° 44 21°06’ 95
Siedlce 52°171 22°16 146

Explanations — Objasnienia: ¢° — geographic latitude — szeroko$¢ geograficzna, A° — geographic longitude —
dtugos¢ geograficzna, Hs — elevation above sea level — wysoko$¢ n.p.m.
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The frequency of occurrence of humidity classes was determined in particular months of
the vegetation season in nine stations of central-eastern Poland. In order to visualize the
dynamics of changes of the examined parameter, the coefficient of variation was calculated.

The direction and significance of changes tendency was determined on the basis of linear
trend equations. The significance of the regression coefficient of the trend was calculated
with t-Student test where a = 0,05.

RESULTS AND DISCUSSION

In Poland, there are significant and deepening water shortages. An important issue is
therefore hydrothermal conditions study for the needs of the agricultural economy. The
transitional climate of Poland is manifested in high variation of particular climate elements
values, including air temperature and precipitation. Probable changes in temperature and
precipitation will vary in different regions. Zmudzka (2004) and Michalska and Kalbarczyk
(2005) point out statistical increase in temperature in Poland, especially visible during winter
and spring seasons. Whereas the precipitation course analysis in the multiyear confirm lack
of noticeable trend in precipitation for the region of Poland (Gérski 2002; Zmudzka 2004).
The analysis made within the project Adaptation of sensitive sectors... (2013) indicates the
increase in winter precipitation of up to about 15% in northern part of the country in years
2021-2050 and up to above 20% in eastern part in years 2071-2100. Moreover it is clearly
visible the reduction of precipitation at the end of century in summertime, the highest in the
southern east. Spring precipitation in the first period is slightly decreasing in western part of
the country, while in the second period considered approximately 10% increase is noticeable
in the whole Poland. As for autumn the tendencies are the weakest, a slight decrease in the
northern regions of the country.

On the basis of the analysis of average values of Sielianinow’s coefficients during
vegetation season (IV-IX) in central-eastern Poland it can be stated that north-eastern part
of the area examined was characterized by the most favourable hydrothermal conditions
comparing to the whole region of the study. The highest average value of this parameter
during vegetation season was noted in Biata Podlaska (1.68), Biatowieza (1.63) and
Szepietowo (1.48). While in all of the vegetation season’s months in western and north-
-western part this coefficient values were the lowest (Fig. 1). Average values (IV-IX) spread
from 1.38 (Pultusk) to 1.46 (Legionowo). In April north-eastern part was classified as very
humid while central-western part as rather humid. In May and August in south-western part
of the region examined it was rather dry. While the optimal hydrothermal conditions in
central-eastern Poland were characteristics of June, July and September.

As Kalbarczyk research (2003) shows the average national value of hydrothermal
coefficient in vegetation season from April till September varies from 1.29 to 1.67, wherein on
average the lowest coefficient’'s values take place in September and the highest in April.
Skowera and Puta (2004) analyzing extreme pluviothermal conditions during springtime in
Poland between the years 1971-2000 presented the distribution of average Sielianinow’s
coefficient values and highlighted its regional diversity across the whole country.
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April — Kwiecien

Fig. 1. Spatial distribution of average values of Sielianinow’s coefficient in particular months of the
vegetation season (IV-IX) in central-eastern Poland between the years 1971-2005

Ryc. 1. Rozkiad przestrzenny $rednich warto$ci wspotczynnika Sielianinowa w poszczegdlnych
miesigcach okresu wegetacyjnego (IV-IX) w srodkowowschodniej Polsce w latach 1971-2005

The most humid regions in April were southern and northern parts of the country. In the
central part the conditions were optimal. According to average Sielianinow’s coefficient
values in May in Poland on the substantial area occur rather dry conditions, while optimal
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conditions have much lower range. Only in southern part of the country occur rather humid
and humid conditions. In June optimal conditions dominate, rather humid and humid
conditions occur in northern, north-eastern and southern part.

In central-eastern Poland the least rarely in all of the stations and vegetation season’s
months occurred extremely dry, extremely humid and very humid months. Extremely humid
months were the most often noted in Biata Podlaska, and extremely dry in Legionowo (Fig. 2).
Very dry vegetation seasons were the most frequently noted in Sobieszyn and Siedice, and
the least rarely in Wiodawa and Biatowieza.

[%]

25
20 A
15 e ri I A [=] e
R A A L A
| y =] B E | ﬁ |
Y W 1
| = 2
_ E ; il - 2 i
s | IR E B 2 3 E = : i :
i A = 2 2 5
2 e A A = FE - 3 :
| H = A C RHE = A & =
1 L HE | = EE : 5 :
o LI HE ROl s Nal = B DiE E B 3 2 i
Szepietowo  Siedlce Ostroteka Legionowo  Pultusk  Biatowieza Biata Sbieszyn  Wiodawa
Podlaska
B extremely dry - skrajnie suchy . very dry - bardzo suchy B dry - suchy
B optimal - optymalny * ratherhumid - do$¢ wilgotny very humid - bardzo wilgotny
extremely humid - skrajnie wilgotny -~ humid - wilgotny = ratherdry - dos$¢ suchy

Fig. 2. The frequency of occurrence of months in adopted humidity classes during the vegetation
season (IV-IX) in stations of central-eastern Poland between the years 1971-2005

Ryc. 2. Czesto$¢ wystepowania miesiecy w przyjetych klasach wilgotnosci w okresie wegetacyjnym
(IV=IX) w stacjach srodkowowschodniej Polski w latach 1971-2005

In the multiyear analyzed, taking into consideration the mean from nine stations, the most
frequently were noted dry and optimal vegetation seasons (Table 2). Months classified as
extremely dry during vegetation season appeared with similar frequency (6—8%). April was
the most frequently optimal and extremely humid month, while May was dry or optimal. June and
August were the most frequently dry, whereas July was characterized by optimal moisture.
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Table 2. The frequency [%] of occurrence of months in adopted humidity classes during the vegetation
season (IV—-IX) in central-eastern Poland between the years 1971-2005. Mean value from 9 stations
Tabela 2. Czesto$¢ [%] wystepowania miesiecy w przyjetych klasach wilgotnosci w okresie
wegetacyjnym (IV-IX) w $rodkowowschodniej Polsce w latach 1971-2005. Srednia z 9 stacji

Humidity class

Klasa wilgotnosci v \Y VI VI Vil IX IV-IX
Extremely dry 6 6 6 6 7 8 7
Skrajnie suchy

Very dry 10 13 8 10 20 16 13
Bardzo suchy

Suchy 10 20 20 17 21 16 17
Dry

Rather dry 10 12 16 13 10 9 12
Dos¢ suchy

Optimal 15 19 15 19 14 12 16
Optymalny

Rather humid 12 15 11 13 12 11 12
Dos¢ wilgotny

Humid

Wilgotny 11 10 11 9 7 13 10
Very humlld 11 4 7 7 5 9 7
Bardzo wilgotny

Extremely humid 15 1 6 6 4 6 6

Skrajnie wilgotny

Variation in average Sielianinow’s coefficient values during vegetation season (IV-IX)
ranged from 17% (Wtodawa) to 23% (Szepietowo, Legionowo, Biata Podlaska) — Table 3.

Table 3. The parameters of regression equation of the linear trend of Sielianinow’s coefficient during
the vegetation season (IV-IX) in central-eastern Poland between the years 1971-2005

Tabela. 3. Parametry réwnania regresji trendu liniowego wspétczynnika Sielianinowa w okresie
wegetacyjnym (IV-X) w srodkowowschodniej Polsce w latach 1971-2005

Regres§ fon Coefficient of Coefficient of
. coefficient L o
Station Intercept determination variation
. of the trend . . . .
Stacja . . Wyraz wolny Wspotczynnik Wspétczynnik
Wspétczynnik I . 2 o
. determinaciji zmiennos$ci [%]
regresji trendu
Ostroteka -0,01 31,31 0,10 20
Biatowieza -0,03* 53,13 0,30 23
Wiodawa -0,01* 18,34 0,09 17
Szepietowo -0,02* 38,36 0,19 23
Legionowo -0,02* 38,36 0,19 23
Biata Podlaska -0,03* 66,93 0,30 23
Sobieszyn -0,01 29,72 0,14 22
Puttusk -0,01 16,39 0,05 20
SiedIce -0,01* 16,39 0,05 20

* Significant a = 0.05 — Istotne przy a = 0,05.

On the basis of the analysis of regression coefficients of the trend values it can be stated
that average k coefficient values during vegetation season (IV-IX) in most of the stations
were significantly decreasing, in Siedlce and Wtodawa of 0.1 in 10 years, in Szepietowo and
Legionowo of 0.2 in 10 years, and in Biata Podlaska and Biatowieza of 0.3 in 10 years.



Hydrothermal characteristics of vegetation... 139

Change of values of 0.3 results in a change of classification by one humidity class. In all of the
vegetation season’s months regression coefficients were negative and statistically significant
(except for April and May). Sielianinow’s coefficient values were significantly decreasing
of 0.1in 10 years in July and of 0.2 in 10 years in June, August and September (Table 4).

Table 4. The parameters of regression equation of the linear trend of Sielianinow’s coefficient
in particular months of the vegetation season (IV-IX) in central-eastern Poland between the years
1971-2005. Mean value from 9 stations

Tabela. 4. Parametry réwnania regresji trendu liniowego wspétczynnika Sielianinowa w poszczegdinych
miesigcach okresu wegetacyjnego (IV-X) w srodkowowschodniej Polsce w latach 1971-2005. Srednia
z 9 stacji

Parameter \Y Vv v VI Vil IX
Parametr

Regression coefficient

of the trend -0,01 -0,01 -0,02* -0,01* -0,02* -0,02*
Wspétczynnik regresiji trendu

Intercept

Wyraz wolny 24,38 9,10 44,78 20,55 43,02 34.84
Coefficient of determination 0,01 0,01 0,06 0,01 0,07 0,03

Wspétczynnik determinaciji

* Significant a = 0.05 — Istotne przy a = 0,05

Statistically significant trend of Sielianinow’s hydrothermal coefficient in the multiyear
1965-1995 proved also Kalbarczyk (2003) analyzing the influence of precipitation-thermal
conditions on potato yielding in Poland. In May this trend was negative, while in September
positive. Also Ziernicka and others (2000/2001) based on the analysis of Sielianinow’s
coefficient values point out the increase in climate dryness in vegetation season in south-
eastern Poland.

CONCLUSIONS

1. The variability of hydrothermal conditions, determined on the basis of coefficient of variation
during the vegetation season in all of the analyzed stations from central-eastern Poland,
remained at a similar level.

2. The lowest average Sielianinow’s coefficient values in all of the vegetation season’s
months were noted in western and south-western part of the area examined (Puttusk,
Legionowo and Sobieszyn). While north-eastern part was characterized by the most
favourable hydrothermal conditions (Biata Podlaska, Biatowieza and Szepietowo).

3. Between the years 1971-2005 April was the most frequently extremely humid or optimal
month. Whereas in May, June and August dry months occurred two times more frequently
than humid ones, and in July and August dry and humid months occurred with similar
frequency.

4. Significant decrease of Sielianinow’s coefficient values during vegetation season is an
evidence of deterioration of water conditions in the environment. Changing hydrothermal
conditions should be the cause for determining better water management methods
in agricultural production.
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Abstract. One of the measures used to evaluate the hydrothermal conditions development
of a particular area is called Sielianinow’s coefficient. Data used in this paper come from nine
IMGW stations from central-eastern region of Poland, and they were registered between the
years 1971-2005. On the basis of Sielianinow’s coefficient it was determined within the
vegetation season the frequency of occurrence of months in humidity classes according to
Skowera and Puta criterion (2004). The paper also describes spatial distribution of Sielianinow’s
coefficient values in all of the vegetation season months in the area examined. Long-term
changes of Sielianinow’s coefficient were evaluated using regression coefficient of the linear
trend and coefficient of variation. The lowest average values of Sielianinow’s coefficient in all
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of the months of vegetation season have been noted in western and south-western parts of the
area examined. Whereas the north-eastern part has been characterized by the most favorable
hydrothermal conditions. In the area examined, April was generally extremely humid or optimal
month. While in May, June and August the dry months have occurred two times more often than
the humid months. The significant decreasing of Sielianinow’s coefficient values during the
vegetation season in the years analyzed proves the increase of intensity of drought.






