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Abstract
The objective of the work, carried out as part of research programme on current change of the regional climate, was 
to confirm the hypothesis about the increasing frequency and intensity of droughts in May and June in the region of 
Kujawsko-Pomorskie (central Poland) in the years 1981 – 2010. Furthermore, the aim was to confirm a significant 
relationship between indicators characterizing meteorological and agricultural droughts. Material for the research 
was the data from five meteorological measuring points located in the region. Atmospheric precipitation and air 
temperature in the period of high water needs of cereals and rapeseed (May – June) were used. Statistical methods 
widespread in climatological studies were applied, particularly the method of trends. The average multiannual totals 
(1981 – 2010) of rainfall in May – June allow ranking the region of Kujawsko-Pomorskie into the area of the lowest 
rainfall in Poland. The frequency of meteorological drought in May and June is 23.3 – 30.0% in the region. In the 
analyzed period there were no significant changes in the frequency and intensity of these droughts with the passage 
of years. Rainfall shortages in cereal crops and rapeseed production range on average from -19 to -35 mm, and 
extend to maximum of -93 to -117 mm. The values of shortages did not show any significant changes in the years of 
the study. The significant dependence between the indicators of meteorological and agricultural droughts allows for 
determination of the rainfall shortages in crop production on the basis of the SPI values.
Key words: meteorological and agricultural drought, cereal, rapeseed, atmospheric rainfall shortage. 

Introduction
The region of Kujawsko-Pomorskie, which is 

located in the northern part of central Poland, is mainly 
the area of agricultural production. Agricultural land 
in this region covers over 1 million ha, of which cereal 
crops and rapeseed are grown on 700.000 hectares 
(Statistics Poland, 2018). Production of these crops 
is associated with climatic risk resulting from the 
frequent occurrence of droughts during the period of 
high water needs, spanning May and June (Łabędzki, 
2007; Doroszewski et al., 2012; Łabędzki & Bąk, 
2014; Żarski et al., 2017).

The main feature of droughts is their irregularity, 
resulting from a high variation of atmospheric 
precipitation in time. This variation, which consists 
of the occurrence of radically different weather 
conditions in the same calendar periods of particular 
years, is the most important feature characterizing the 
climate of central Poland, referred to as temperate 
and transitional between oceanic and continental 
climates. According to the forecasts of climate 
change, the main symptom of which is the increase 
in the air temperature, in the temperate latitudes the 
frequency of extreme weather conditions and thus the 
occurrence of droughts are to increase (Kundzewicz 
& Kozyra, 2011; IPCC, 2014). Under the projections 
and simulations of climate change for the years 2050–
2060, the determined probabilities for occurrence 
of extremely dry periods in central Poland indicate 
on average their two-, three- and fourfold increase 
depending on the scenario of climate change (Kuchar 
et al., 2015). Many research results indicate that these 
changes are already taking place. Somorowska (2009) 
stated that during the last two decades of the 20th 

century, dry months occurred in the most of analyzed 
regions in Poland. Jania & Zwoliński (2011), Wibig 
(2012), Skowera (2014), and Ziernicka-Wojtaszek 
(2015) have come to similar conclusions. 

The basic objective of the work, carried out as 
part of research programme on current changes in the 
regional climate, was to confirm or deny the hypothesis 
about the increasing frequency and intensity of 
droughts in May and June in the region of Kujawsko-
Pomorskie in the years 1981 – 2010. The work was 
also aimed at confirming a significant relationship 
between indicators characterizing meteorological and 
agricultural droughts. 

Materials and Methods
Material for the research was meteorological 

data of standard measurements of atmospheric 
precipitation and air temperature in the period of high 
water needs of cereals and rape, spanning May and 
June. The meteorological data were derived from 
three local branches of the Central Research Center for 
Cultivar Testing located in Chrząstowo, Głębokie and 
Głodowo. Also data of meteorological measurements 
carried out at the Research Station of UTP University 
of Science and Technology in Bydgoszcz, located in 
Mochełek rural area, were used. In order to check the 
homogeneity of rainfall data from the four measuring 
points, they were compared to the sole reference 
station in the region, operating in the national network 
of the Institute of Meteorology and Water Management 
(IMGW–PIB), located in Toruń. All measuring points 
are located in the region of Kujawsko-Pomorskie. 
Chrząstowo and Mochełek are located in the northern 
part of the region in the Pojezierze Krajeńskie, and 
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the other two are located in the southern part of the 
province: Głębokie in Pojezierze Gnieźnieńskie 
(Równina Inowrocławska) and Głodów in Pojezierze 
Dobrzyńskie (Wysoczyzna Płońska) (Figure 1). The 
geographical location of the listed sites is presented 
in the Results section (Table 2). They all are located 
in poorly urbanized and industrialized areas, which 
decreases the impact of urban anthropogenic 
factors to a minimum. To ensure the homogeneity 
of the meteorological data series, following the 
recommendations of the World Meteorological 
Organisation (WMO), only the totals of rainfall in 
the 30-year normal period were statistically analysed 
(1981–2010). Next to the representativeness of the 
data, it is also important, whether rules of comparability 
of meteorological measurements and observations 
provided by WMO are respected. Failure to comply 
with those rules often leads to erroneous conclusions 
due to the lack of comparability of measurement sites, 
measuring instruments, or data averaging procedures 
(Kuśmierek-Tomaszewska, Żarski, & Dudek, 2012). 

Droughts were identified on the basis of the 
standardized precipitation index (SPI) (Bąk & 
Łabędzki, 2002). The SPI was calculated separately 
for each location; 30-year data series of two-
month precipitation totals were normalized by the 
transforming function f(P) = (P)1/3. Based on the 

calculated values of the SPI, the drought level was 
determined (Table 1) according to the scale stand in 
rainfall monitoring in Poland, run by the Institute 
of Technology and Life Sciences (Łabędzki & Bąk, 
2013).

The indicator SPI is used to identify meteorological 
drought only on the basis of rainfall data. To determine 
the agricultural drought (RS), an index of deficiency 
of real rainfall (Pr) was compared to the optimum 
rainfall totals (Po) elaborated by Klatt for plants grown 
on soil of medium compactness (Schwarz, 1970). For 
cereal crops and rapeseed, the optimum rainfall is  
65 mm in May at the average air temperature of 13 
°C, and 70 mm in June at the average temperature of  
16 °C. The temperature difference in relation to the 
stated increases or decreases the optimum rainfall of 5 
mm for every 1 °C of the difference (Schwarz, 1970). 

The following statistical methods commonly used 
in climatological studies were applied (Garnier, 1996): 
analysis of regression and correlation, and analysis 
of trends that employ linear regression equations in 
relation to the 30-year measurement period. 

Results and Discussion
Multiannual averages (1981 – 2010) of atmospheric 

precipitation in the period of high water needs of 
cereals and rapeseed (from May to June) calculated 

Figure 1. Location of the meteorological measuring points.

Table 1
Drought classes according to the standardized precipitation index SPI (Łabędzki & Bąk, 2013)

Type of period SPI Graphic designation

Extremely dry ≤-2.00   

Very dry -1.99 ÷-1.50  

Moderate dry -1.49 ÷-1.00  

Slightly dry -0.99 ÷-0.50 
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for particular locations proved very strong consistency 
and compliance with reference data obtained from the 
station of The Institute of Meteorology and Water 
Management – National Research Institute (IMGW–
PIB) in Toruń (Table 2). The lowest rainfall totals 
were in Mochle, and the highest in Głodowo - set in 
Wyżyna Płońska (100 m a. s. l.). These results are 
consistent with the existing studies carried out in the 
national (Czarnecka & Nidzgorska-Lencewicz, 2012) 
or regional scale (Żarski et al., 2014). The long-term 
rainfall in the period of May–June for the analyzed 
locations, on average amounted to 110.4 mm (Table 
2), which makes the region of Kujawsko-Pomorskie 
the area with the lowest atmospheric precipitation in 
Poland (compared to Lorenc, 2005). 

Far greater than the spatial variation of rainfall in 
the analyzed period was their variation in time, which 
is distinctive of the climate of Central Poland. This 
is evidenced by both extreme values of totals and 
high coefficients of variability (CV), amounting to  
32.3 – 40.0%, depending on the locality. The difference 
between the maximum and minimum rainfall in May 
and June in the years 1981 – 2010 was on average 
around 150 mm, so it exceeded the optimum rainfall 
for plants in the stages of their high water needs.

A high temporal variability but less spatial 
variability were also related to the frequency 
of occurrence of meteorological drought in the 
period of high water needs of cereals and rapeseed 
(Table 3). In the analyzed multiannual period, 7 to 
9 meteorological droughts occurred in particular 
locations of the Kujawsko-Pomorskie region, which 
means a frequency of 23.3 to 30.0%. This result is fully 
consistent with the study of Łąbędzki (2007), made 
for central Poland. Noteworthy is the high consistency 
of drought occurrences in the analyzed locations. The 
entire region experienced drought in the years 1983, 
2000 and 2008. In four of the analyzed locations, 
drought occurred in 1989, 1992 and 2006, and in three 
locations in 2003. The adverse effect of the evidence 
of drought is the reduction in yields and deterioration 
of their quality (Doroszewski et al., 2012; Żarski et al., 

2013; Łabędzki & Bąk, 2017). According to the study 
by Żarski et al. (2017), regional losses in yields and 
harvests of barley, due to the occurrence of drought in 
May and June, are on average 14%, and the maximum 
of 23%. Minimizing the effects of agricultural 
droughts is associated with the development of plant 
irrigation. According to many studies on agricultural 
and horticultural plants, irrigation contributes to the 
regular rhythm of plant growth and development as 
well as the intensification of physiological processes. 
As a result, it increases yields and stabilizes them in 
subsequent years, and also positively affects the yield 
quality (Żarski et al., 2013). According to Żarski et 
al. (2017), the application of irrigation in dry periods 
not only prevents yield decreases, but also ensures a 
higher level of yield, compared to the average one 
achieved without using this treatment.

In the years 1981 – 2010, there was no evidence of 
increasing frequency and intensity of meteorological 
drought in the period covering May and June in the 
selected locations of the Kujawsko-Pomorskie region 
(Figure 2). Nosignificant changes were observed in the 
SPI values over the period of time. The coefficients of 
determination characterizing these relationships were 
low, so it is difficult to point to a trend of changes over 
time. However, a great temporal variability of the SPI 
values was found, which is typical for the climate of 
central Poland.

A similar absence of significant trends and 
tendencies was also seen regarding the agricultural 
drought indicators expressed as the difference of the 
real and optimum rainfall, calculated for cereal plants 
and rapeseed, grown on soils of medium compactness 
(Figure 3). This deficit, as well as SPI values, were 
characterized by a very high time variability. They 
were on average from -19 to -35 mm depending on the 
location, which means that the production of cereals 
and rapeseed in the region of Kujawsko-Pomorskie is 
limited by the shortage of rainwater. The maximum 
rainfall deficit ranged from -93.2 mm in Głodowo 
and -22.3 mm in Głębokie (2000) to -111.6 mm in 
Chrząstowo and -117.0 mm in Mochle (2008). In 

Table 2
The average multiannual (1981 – 2010) total of rainfall in the period of May – June in the region of 

Kujawsko-Pomorskie and statistics defining their temporal variability

Location Latitude Longitude Avg. rainfall 
(mm)

Max. rainfall 
(mm) (year)

Min. rainfall 
(mm) (year)

CV
(%)

Mochle 53º13’ N 17º 51’E 102.1 178.6 (2007) 27.0 (2008) 39.3
Chrząstowo 53º 11’ N 17º 35’ E 110.4 195.2 (2007) 32.8 (1989) 40.0
Toruń 53º 03’ N 18º 36’ E 108.6 182.0 (2010) 35.0 (1989) 34.7
Głodowo 52º 50’ N 19º 15’ E 119.7 208.7 (2009) 54.3 (2000) 32.3
Głębokie 52º 39’ N 18º 27’ E 111.2 187.9 (1985) 48.5 (1989) 33.9
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the case of such high deficit, substantial losses in the 
regional crop production occur.

There are many indicators for quantitative 
assessment and drought monitoring, but despite 
identifying and expressing the intensity of the 
phenomenon in different units, they indicate a great 
compliance of the course from statistical point of 

view (Tokarczyk & Szalińska, 2013; Łabędzki & Bąk, 
2014; Żarski et al., 2017). The confirmation of this 
statement is the high coefficients of determination 
characterizing the relationship between SPI indices 
and rainfall shortages for cereals and rape (Figure 
4). These coefficients were at a level exceeding 90%. 
The regression equations allow for an assessment of 

Table 3
The occurrence of meteorological droughts in the period of high water needs of cereal crops and 

rapeseed (May – June) in the years 1981 – 2010 in the region of Kujawsko-Pomorskie

Year Mochle Chrząstowo Toruń Głodowo Głębokie
1981      
1982      
1983      
1984      
1985      
1986      
1987      
1988      
1989      
1990      
1991      
1992      
1993      
1994      
1995      
1996      
1997      
1998      
1999      
2000      
2001      
2002      
2003      
2004      
2005      
2006      
2007      
2008      
2009      
2010
 1 2 1 1 0
 1 1 2 2 5

4 1 1 2 1
3 5 4 4 1

White cells indicate periods without drought
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Figure 2. Temporal variation of the meteorological drought index (SPI) in the period of high water needs of 

cereals and rapeseed (May – June) in the locations of Kujawsko-Pomorskie in the years 1981 – 2010. 
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and rapeseed (May – June) in the locations of Kujawsko-Pomorskie in the years 1981 – 2010. 
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Figure 2. Temporal variation of the meteorological drought index (SPI) in the period of high water needs of 
cereals and rapeseed (May – June) in the locations of Kujawsko-Pomorskie in the years 1981 – 2010.
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Figure 3. Temporal variation of the agricultural drought index (RS) in the period of high water needs of 
cereals and rapeseed (May – June) in the locations of Kujawsko-Pomorskie in the years 1981 – 2010.

Renata Kuśmierek-Tomaszewska, Stanisław Dudek,  
Jacek Żarski, Katarzyna Januszewska-Klapa

TEMPORAL VARIABILITY OF  
DROUGHT IN FIELD CROPS IN THE REGION OF 

KUJAWSKO-POMORSKIE, POLAND



67RESEARCH FOR RURAL DEVELOPMENT 2018, VOLUME 2 

rainfall shortages during the growing season based 
on SPI, so only on the basis of rainfall data. These 
shortages of rainfall determine the irrigation needs of 
the tested plants in the analyzed region, as well.

Conclusions
1. The average multiannual (1981 – 2010) totals 

of atmospheric precipitation in May – June, in 
particular locations allow ranking the region of 
Kujawsko-Pomorskie into the area of the lowest 
rainfall in Poland.

2. The frequency of meteorological drought in May 
and June is 23.3 – 30.0% in the region of Kujawsko-
Pomorskie. In the analyzed period, there were no 
significant changes in the frequency and intensity 
of these droughts with the passage of years. The 
hypothesis about the increasing frequency and 

intensity of droughts in May and June in the region 
of Kujawsko-Pomorskie (central Poland) was not 
confirmed.

3. The production of cereals and rapeseed in the 
region of Kujawsko-Pomorskie is carried out 
under the conditions of atmospheric rainfall 
shortages, which on average range from -19 to -35 
mm, and extend to maximum of -93 to -117 mm, 
depending on the locality. The values of shortages 
did not show any significant changes in the years 
of the study of 1981 – 2010.

4. The significant interdependence between the 
indicators of meteorological and agricultural 
droughts allows for determination of the rainfall 
shortages in plant production on the basis of the 
SPI values.
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Figure 4. Relationship between the meteorological and agricultural drought indices in the period of high water 
needs of cereals and rapeseed (May – June) in the locations of Kujawsko-Pomorskie in the years 1981 – 2010.
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