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AGAINST THE BACKGROUND OF CLIMATIC CONDITIONS
CHANGEABILITY IN THE MID-WIELKOPOLSKA REGION

From 'Department of Land Improvement and Environmental Development
and from *Department of Agrometeorology
of August Cieszkowski Agricultural University of Poznan

ABSTRACT. The issue of water deficit in the areas utilized agriculturally is one of the most impor-
tant problems in focus of agricultural services. The issue of estimation of irrigation needs against
the background of climatic conditions changeability presents a practical aspect, apart from theo-
retical one. The Wielkopolska region is an area endangered by water deficits. The shortage of
water in arable areas in May and July amounts on the average from 10 to 35 mm (monthly).
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Introduction

Climatic conditions are formed mainly by three processes creating the climate: heat,
moisture and atmospheric circulation (Martyn 1987). Wielkopolska, as compared to
other Polish regions, is regarded as the area of the highest water deficit (Kedziora 1991,
1993, Koczorowska 1964, Pastawski 1992). It is mainly the result of relatively low
atmospheric precipitation sums. The annual mean of precipitation from the period of
1951-1999 did not exceed 550 mm for the area of the middle part of Wielkopolska,
especially for the regions of the Gniezniefiskie and Poznafiskie Lakelands — annual
mean of days with precipitation period oscillated from 145 to 175. Long-lasting periods
without precipitation which can turn into soil droughts and next hydrological ones are
especially unfavourable for soil water balance. 12-14 drought periods are observed on
the average in the area covered by mid-Wielkopolska while even up to 20 in the areas of
the Gniezniefiskie and Poznanskie Lakelands. The publication by Galezewska and
Kapuscinski (1978) presents the described probability of the occurrence of drought and
drought period in central Wielkopolska.
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The second 10-day period of May, the first and the second 10-day periods af June,
the second 10-day period of July, the second 10-day period of August, as well as the
first 10-day period of September (Galgzewska and KapusScifiski 1978) are especially
unfavourable periods for plant vegetation and show a high probability of the occurrence
of droughts exceeding 40%. First periods (May, June) are especially dangerous since
they are periods when most important phenological stages of development of economi-
cally vital arable plants occur; sprouting of rare potato varieties, florescence of corn,
caring of corn etc. Figure 1 presents the zones of water demands in Poland. It can be
observed, at the same time, that the Wielkopolska region is characterized by the highest
precipitation deficits and higher irrigation demands, category I and 11 (Drupka 1986).
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Fig. 1. Water needs zones in Poland, categories I and II — highest precipitation
deficits and highest irrigation demands in mid-Wielkopolska
Ryc. 1. Strefy potrzeb wodnych w Polsce. kategorie I'i 1l — najwigksze defi-
cyty opadéw oraz najwigksze potrzeby nawodnien w srodkowej Wielkopolsce

The climatic characteristics of mid-Wielkopolska

The area of this part of Wielkopolska shows mean annual atmospheric precipitation
in 1970-1999 period from 500 to 550 mm. The precipitation sum in the vegetation pe-
riod (IV-IX) oscillated from 250 mm to 300 mm and in dry years did not exceed half the
volume, presenting the level of about 120 mm. The area presents one of highest water
deficits which is the effect of a high frequency of periods without precipitation.
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According to Rojek (1987) mean values of climatic water balances from many-year
periods for the summer half-year range from 120 to 150 mm, and in a dry year having a
probability of 10% water shortages reached 250 mm. The region of Wielkopolska is
situated in the first zone of irrigation applications (Drupka 1986) which includes its
mid-part analysed in the publication. According to the Departments’ own investigations,
many-year mean precipitation sum from 1986-1999 for the vegetation period reached
533 mm, and differentiation of precipitation deficits amounted from 6 mm to 131 mm.

The observed climatic warming is also of significance for agricultural production
since meteorological conditions — temperature and precipitation, as well as the length of
the vegetation season — influence both the quantity and quality of production and types
of cultivations. At the same time, plant water demands play a vital role in the processes
taking place on the boarder: atmosphere — plant — soil; it happens through quantitative
and qualitative influence on the processes of energy and mass exchange.

Table 1 presents changes in the structure of soil use in the periods between 1864 and
1893 and 1930-1939, as well as in 1950, 1970 and 1999. The included data show that
the percentage share of arable lands was gradually decreasing from 74.5% to 62.2% and
Table 2 presents yielding in Wielkopolska in the years 1918-1999.

Both the quality and distribution of atmospheric precipitation, structure of land use
and moisture conditions of a habitat influence water balance of a given region. Changes
of moisture conditions of habitats will evolve changes of heat balance structure in the
conditions of the expected global warming. An increase of air temperature will cause
some rise of evapotranspiration which will, as a result, bring about an increase of drying
up. It can also result in an increase of precipitation and creation of marshy areas in
moist region.

The area of mid-Wielkopolska belongs to the zones of lowest atmospheric precipi-
tation. The highest precipitation sums were noticed in July of 1956-1975 and their val-
ues increased towards South and East (Kapuscinski 2000).

Table 1
Structure of land use in Wielkopolska (%)
Struktura uzytkowania ziemi w Wielkopolsce (%)
Land use type Years — Lata
Rodzaj uzytkowania -
1864-1893 | 1930-1939 1950 1970 1999
Arable lands 61.3 63.5 62.7 56.4 522
Grunty orne
Meadows 8.2 (7.1 7.4 20 75
Laki
Pastures 50 3.4 3.5 3. 2.5
Pastwiska
Agricultural land total 74.5 74.0 73.6 67.4 62.2
Razem uzytki rolne
Forest, waters, underflows etc. 2555 26.0 26.4 32.6 37.8
Lasy. wody, cieki i inne
Total 100 100 100 100 100
Ogotem
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Table 2
Yielding in Wielkopolska in the years 1918-1999 (dt/ha)
Plonowanie w Wielkopolsce w latach 1918-1999 (dt/ha)
Cultivable plant Years — Lata
Roglina uprawna 1918-1919 | 1934-1938 | 1962 1970 1999
Wheat — Pszenica 1198 14.8 23.9 254 40.9
Rye — Zyto 'S5, 13.4 18.9 7S 2555
Barley — Jgczmien 19.0 15.8 244 25.8 36.7
Potatoes — Ziemniaki 136.5 133.0 149.0 199.0 169.0
Beets — Buraki - 232.0 259.0 327.0 252.0

The seasonal course of climatic water balance components seasonal for the three
forms use of land is shown in Figures 2-4. The Figures present the seasonal changeabil-
ity of climatic water balance components. The changeability is the difference between
the measured atmospheric precipitation and real evapotranspiration (P — ETr). The cal-
culated values characteristic for the mean year were obtained on the basis of the data
from 1956-1975 and 1961 (moist year), as well as 1972 (dry year). The highest values
of real evapotranspiration in relation to precipitation were observed in May and June, in
the period of highest water demands. On the average, the shortage of water for arable
lands in the period oscillated between 10-35 mm a month.

Figure 2 presents the annual course of climatic water balance for arable lands for the
mean year of 1956-1975 period and a moist year 1961 and dry year 1972; Figure 3
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Fig. 2. Annual course of water climatic balance for arable lands in: D — mean years (1956-1975),
D —wet year (1961) and . — dry year (1972) in the mid-Wielkopolska region

Ryc. 2. Roczny bieg klimatycznego bilansu wodnego dla gruntéw ornych w:

I:] — latach $rednich

(1956-1975), [] - roku mokrym (1961) i [l| - suchym (1972) w srodkowej Wielkopolsce
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Fig. 3. Annual course of water climatic balance for meadows and pastures in: D— mean years
(1956-1975), D —wet year (1961) and I — dry year (1972) in the mid-Wielkopolska region
Ryc. 3. Roczny bieg klimatycznego bilansu wodnego dla tak i pastwisk w: D— latach $rednich
(1956-1975), D — roku mokrym (1961) i . — suchym (1972) w $rodkowej Wielkopolsce
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Fig. 4. Annual course of water climatic balance for non-arable lands in: D— mean years
(1956-1975), [[] - wet year (1961) and | - dry year (1972) in the mid-Wielkopolska region
Ryec. 4. Roczny bieg klimatycznego bilansu wodnego dla nieuzytkow w: D — latach érednich

(1956-1975), [:I— roku mokrym (1961) i . —suchym (1972) w $rodkowej Wielkopolsce

shows the annual course of climatic water balance for meadows and Figure 4 for waste
land. Figures 5-8 illustrate trends of precipitation sums in Poznan for chosen periods
from 1956-1992 and also in the weather forecast till 2004. Figure 5 is an illustration of
the spring period (11I-V), Figure 6 — of summer period (VI-VIII), Figure 7 — of autumn
period (IX-XI), and Figure 8 — of annual period (I-XII). All the trends included in the
publication point to decreasing precipitation values in 1956-1992 and in the weather
forecast till 2004 (Kapuscinski 2000).



102 Cz. Przybyla, J. Kapuscinski

Precipitation sums corrected: 158.04 — 1.1099x
Sumy opadow: 158,04 — 1,1099x
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Fig. 5. Trend of precipitation sums corrected for Poznan in period of I1I-V in the years
1956-1992 and its prognosis for 2004
Ryc. 5. Trend sum opadéw dla Poznania w okresie I1I-V w latach 1956-1992 i jego prognoza
do 2004 roku

Precipitation sums corrected: 241.04 — 1.1291x
Sumy opad(’)\y: 241.04 —1.1291x
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Fig. 6. Trend of precipitation sums corrected for Poznan in period of VI-VIII in the years 1956-
1992 and its prognosis for 2004
Ryc. 6. Trend sum opadow dla Poznania w okresie VI-VIII w latach 1956-1992 i jego prognoza
do 2004 roku
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Precipitation sums corrected: 162.34 —1.1911x
Sumy opadéw: 162,34 —1.1911x

T T T T TV T T T T

300
o e

250
- B ; . 3l
2
5 & a
2 200
a2 1 ]
N T . .
E < = — A 4
Z 8150 - =
£ > P 0 . 1
25E = \ &
—(a g | . . \ B
= . 5% > \
‘& 100 ooy
§ - - < . X - =

50 £

0 :
0 10 20 30 40 50
Years — Lata

Fig. 7. Trend of precipitation sums corrected for Poznan in period of IX-XI in the years
1956-1992 and its prognosis for 2004
Ryc. 7. Trend sum opadéw dla Poznania w okresie IX-XI w latach 1956-1992 i jego prognoza
do 2004 roku

Precipitation sums corrected: 682.39 —3.38876x
Sumy opadow: 682.39 — 3,38876x
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Fig. 8. Trend of precipitation sums corrected for Poznai in periods of I-X1I in the years
1956-1992 and its prognosis for 2004
Ryc. 8. Trend sum opadéw dla Poznania w okresie I-XII w latach 1956-1992 i jego prognoza
do 2004 roku
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While analysing Table 3, which contains basic climatic data for the periods: 1951-
1970 and 1971-1999, it can be noticed that the mean temperature for the vegetation
period of 1977-1999 was by 2.2°C higher, than in 1951-1970. The rise equalled to 1.8°C
for the annual mean air temperature. Comparing the precipitation sums in the vegetation
period (IV-IX) it is found that many-year 1951-1970 mean precipitation sum was higher
by 27 mm than the sum from 1971-1999. While the annual precipitation sums were
higher in 1951-1970 by 30 mm when compared to 1971-1999. It brought about an in-
crease in a deficit climatic water balance from — 60 mm to — 90 mm (Tab. 3). Many-
-year field investigations carried out at the Department of Land Improvement and Envi-
ronmental Development showed that the occurrence of precipitation deficits is typical
not only for dry years or for years with standard precipitation. It becomes apparent that
water deficit in soil also occurred in periods regarded as moist (Przybyla 1994, 1995).

Conclusions

Concluding the investigations it can be stated that mid-Wielkopolska is regarded as
a region endangered by water deficits. The researched region presents demands for
irrigation not only in post drought periods (Przybyla 1994, 1995). Usefulness of ap-
plying irrigations to the highest extent depends on natural conditions which are not very
favourable for the region. It is both proved by agricultural usability of soils which do
not present high retentional capabilities and their position in the area of highest precipi-
tation deficits. They are main natural factors influencing the purposefulness of irriga-
tions and describing irrigation demands for the region. Deficits of climatic water bal-
ance occurring in the area of mid-Wielkopolska (Kapu$cinski 2000), their temporal
changeability and the observed tendencies of changes fully prove the indispensability of
irrigations. Applying irrigation is an indispensable condition to get rid of negative influ-
ence of precipitation changeability. At the same time, proper qualitative and quantitative
standards of agricultural production must be provided. The problem is vital especially in
horticulture and pomiculture.

The forecasted increase of water deficits and mean air temperatures will cause a sig-
nificant decrease of moisture in top soil layers, as well as levels of ground water. It
frequently leads to depletion of both easily accessible water and water accessible with
difficulty. The soil moisture may also get close to the moisture of plant wilting in some
periods.
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OCENA POTRZEB NAWODNIEN NA TLE ZMIENNOSCI WARUNKOW
KLIMATYCZNYCH W SRODKOWEJ WIELKOPOLSCE

Streszczenie

Wystepujacy na terenie $rodkowe; Wielkopolski znaczny deficyt klimatycznego bilansu wod-
nego, duza zmienno$¢ czasowa oraz obserwowane tendencje zmian w pelni uzasadniaja potrzebe
stosowania nawodniefi. Prowadzone w Katedrze Melioracji i Ksztaltowania Srodowiska —
w stacjach doswiadczalnych w Przybrodzie, Niepruszewie i Sapowicach — wieloletnie badania
polowe wykazaly, ze wystepowanie niedoborow opaddéw nie jest zjawiskiem charakterystycznym
tylko dla lat suchych i $rednich. Réwniez w okresach zaliczanych do mokrych wystapity deficyty
wody w glebie. Bez stosowania nawodnien nie uwolnimy si¢ od negatywnych skutkéw zmienno-
sci opad6w i nie zapewnimy odpowiednich norm ilosciowych i jakosciowych w produkcji rolnej,
co ma szczegdlnie duze znaczenie zwlaszcza w ogrodnictwie i sadownictwie.

Prognozowane zwigkszenie deficytow wody oraz $rednich temperatur powietrza spowoduje
znaczne zmniejszenie wilgotnosci wierzchnich warstw gleby oraz stanéw wéd gruntowych. Pro-
wadzi to do wyczerpania nie tylko wody tatwo dostepnej, lecz takze wody trudno dostepne;j.
W pewnych okresach wilgotno$é gleby zbliza si¢ do wilgotnosci wiednigcia roglin.

Reasumujac, mozna zaliczy¢ srodkowa Wielkopolske do obszaréw zagrozonych deficytami
wody, wymagajacych stosowania nawodnien nie tylko w latach posusznych. Celowos$¢ nawod-
nien zalezy w duzym stopniu od warunkéw przyrodniczych, ktore dla Wielkopolski nie sa najko-
rzystniejsze. Swiadczy 0 tym warto$¢ uzytkowo-rolnicza gleb, ktore charakteryzujg si¢ niezbyt
duzymi zdolnosciami retencyjnymi oraz polozeniem w strefie najbardziej dotkliwych niedoboréw
opadéw. Sa to gléwne czynniki wplywajace na celowosé stosowania nawodnien w tym regionie.



