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Abstract. The article contains descriptive statistics on rainfall in an area of the southern part of the last ice age in
Europe, and which now comprises the north-eastern part of the Poland. The study covers the period of 1981-2010.
The sums of the annual and monthly precipitation were calculated, while years and months were evaluated in relation
to the multi-annual and monthly averages. The frequency of daily precipitations was also determined. Values of SP/
(Standarized Precipitation Index) were calculated together with the values of the Selianinov Index, which measures
the environmental aspect of precipitation.

The average annual rainfall showed a spatial heterogeneity in the region from 700.1 mm (Elblag in the north-west) to
555.3 mm (Mtawa) in the east and south-east. The greatest precipitation occurred in the last decade of the analysed
period of thirty years. However, statistical analysis shows no significant trend change in precipitation during this
period. The number of years with sums of precipitation below 75% of the normal turned out to be very small. In
the annual cycle, summer precipitation prevailed. On a monthly basis, the averages sometimes exceeded the multi-
year averages by as much as 200%, while extreme lows in monthly precipitation reached levels below 25% of the
long-term averages. The calculated value of the SP/ indicated that the most common drought conditions occurred in
May and June; such droughts did not occur in April and July. The Selianinov Index indicates that the least favorable

hydrothermal conditions occur in April and May, while the most favorable conditions occur in August and September.
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1. Introduction

Precipitation is the most dynamically changing element
of the atmosphere, both in the weather and climatic con-
text (Kuchar, Otop 2004; Orlinska-Wozniak et al. 2013).
As it is one of the most important factors that determine
the values of the environment, knowledge of the volume
and distribution of precipitation is extremely important
for the environment, agriculture, health protection, tour-
ism, as well as in relation to industrial risk and individual
hazards for people. The importance of precipitation makes
research in this field important not only in its current state
but also in the future, in the context of climate change. Cli-
mate change increases stresses on water resources in some
watersheds, but decreases them in others (Arnell 2004).
These findings, though interim and preliminary, highlight
the growing challenges for water resource managers and
highlight the need to explicitly address potential changes

in climate and water use when developing future water
management plans (Arnell 2004; Lehner et al. 2000).
North-eastern Poland, as a part of the area covered by
the last ice age (the so called upper glacial), belongs to
the complex of areas with a higher volume of precipita-
tion than the mean for the whole country (Banaszkiewicz
et al. 2004a, b, 2006; Suchecki et al. 2011) and, thus, the
agricultural area includes a relatively large proportion of
permanent grassland, and the scale of precipitation and its
distribution does not present a substantial obstacle to the
development of other business activities (Szwejkowski et
al. 2002, 2005; Grabowska et al. 2004; Draganska et al.
2005). The topography and the large number of natural
water reservoirs, as a result of ice cap activity, neutralise
the impact of sudden precipitation and spring thaws on the
risk of flooding. However, floods do occur in Zutawy, lo-
cated in the Vistula delta, although they are mainly caused
by the mechanism of the so-called “cofka” (“outflow”)
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into the Vistula and Nogat rivers from the Baltic body.
Moreover, local flood risks occur in the main river beds
of the Lyna, Drweca and Pasteka (ISOK 2014). Thus, this
region stands out from other flood-threatened region sin
Poland (Szalinska et al. 2014).

This paper presents the course of characteristics in the
region over the last thirty years, including the first decade
of the 21* century; its objective is to search for an answer
to the question of how the hydrological elements of the
atmosphere will change in the next phase of progressive
and global climatic changes.

2. Methods

The records of daily values of meteorological elements
between 1981-2010 from the stations located in the area
included in the analysis were the basis for the paper. The
selected area is neither a separate geographical unit nor an
administrative unit. However, it constitutes a part of Po-
land that is situated on the right side of the lower course of
the Vistula River, with a conventional border on the south
outlined roughly by Pojezierze Brodnickie, Wzniesienia
Mtawskie, Réwnina Kurpiowska, Pojezierze Elckie and
Rownina Augustowska (Kondracki 1994). The selected
area, which is conventionally referred to as North-Eastern
Poland, was chosen — as an area converted by glaciers
in the last ice age — and was based on the location of six
meteorological stations administered by the Institute of
Meteorology and Water Management: Elblag, Ketrzyn,
Mikotajki, Mtawa, Olsztyn and Suwalki. The data used in
the present analysis were obtained at these stations.

All sets of data used in the analysis were checked for
completeness and tested for homogeneity. The accuracy
and reliability of the data were verified.

The analyses included daily precipitation sums. The
basic values were processed with descriptive statistical
methods' and compiled in appropriate tables. Precipitation
was described with monthly and annual sums. Their time
variability (tendency) was also determined. The relative
value of precipitation was evaluated with the models de-
veloped by Przedpelska (1971) and expanded with authors
assumptions.

An approximate index describing the fulfilment of
environmental requirements for precipitation was estab-
lished, based on known indices, such as periods without
precipitation lasting longer than 10 days, the Standardized
Precipitation Index (SPI), the Selaninov Index, the inten-
sity of precipitation, and the frequency of precipitation
with thunder.

' StatSoft, Inc. (2014). STATISTICA (data analysis software system),
version 12, www.statsoft.com.

3. Results

The annual precipitation sums in the selected areas
were distinctly variable (Table 1). The highest annual
means in the three-decade period at 700.1 mm were re-
corded in Elblag, which is in the location closest to the
Baltic Sea shore. The lowest precipitation was reported in
Mtawa (on average 555.3 mm per year), which is situated
in the southern part of the selected area and which directly
neighbours part the Polish Lowland (a climatic area with
the lowest precipitation in Poland). In the central and east-
ern part of the region, the average annual precipitation in
1981-2010 exceeded 600 mm and ranged from 601.1 in
Ketrzyn to 637 in Olsztyn. In the vast majority of cases,
the highest precipitation sums were recorded in the last
decade of the examined period, i.e., from 2001-2010. In
addition, there was a noticeable progression of precipita-
tion (though this did not repeat at all measuring points)
from one decade to another. By analysing the means for
decades in different locations in the region it can be seen
that they stayed within certain limits typical of a specific
area. The course of isohyets reveals major regularity,
which indicates the direction of spatial changes of the an-
nual average precipitation sums. This direction signifies
a decrease in precipitation sums from the north-western
region towards the east and south-east (Fig. 1). The decade
1991-2000 is a departure from this rule.

g
Years 1981-2010

Fig. 1. Spatial distribution of annual precipitation sums in the
years 1981-2010
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Table 1. Total monthly and yearly precipitation in ten-year intervals and average in the years 1981-2010

g 5 | 8
Weather stations/ g g 'g E % % z %o g g —% fjoé
Months E 3 s < = = = 2 % 8 Zg E
1981-1990
Elblag 46,7 30,9 34,8 333 43,6 102,5 | 75,4 75,2 74,3 49,2 62,1 55,7
Ketrzyn 37,8 20,1 33,1 29,0 53,3 89,8 80,1 65,5 57,3 36,8 47,2 42,5
Mikotajki 33,8 21,5 29,8 26,5 58,2 100,7 | 67,1 78,3 53,5 33,6 46,3 38,6
Mtawa 30,8 22,1 29,4 29,2 44,4 82,5 66,1 56,3 442 30,2 40,2 42,3
Olsztyn 45,8 26,4 35,7 28,2 50,8 95,9 66,5 59,0 60,2 40,4 54,5 52,9
Suwatki 41,5 21,9 32,6 28,9 59,3 91,0 77,8 63,1 59,1 41,2 48,1 41,8
1991-2000
Elblag 39,1 46,9 37,9 39,1 63,1 68,6 64,3 81,4 86,9 68,0 46,5 53,7
Ketrzyn 33,0 33,5 38,7 45,8 55,6 78,2 62,5 60,5 57,4 41,3 43,7 35,8
Mikotajki 29,0 35,0 43,1 44,9 554 70,9 72,1 69,0 61,0 45,2 42,7 38,7
Mtiawa 29,6 31,8 37,9 46,7 54,4 70,7 70,8 49,0 71,6 37,8 40,0 42,1
Olsztyn 36,8 40,8 44,1 51,0 61,0 71,4 73,4 53,4 62,8 46,9 45,7 48,0
Suwalki 31,9 35,5 40,8 45,0 45,4 63,4 73,1 56,9 53,6 45,3 49,7 45,0
2001-2010
Elblag 443 39,6 432 35,1 62,6 74,5 92,7 86,5 53,0 77,1 67,4 47,4
Ketrzyn 32,3 31,9 33,9 26,7 58,1 71,5 80,7 95,8 54,2 56,4 49,9 33,8
Mikotajki 36,4 31,8 31,2 26,2 65,2 77,9 79,9 104,0 | 56,2 57,0 43,6 34,8
Miawa 36,5 33,5 30,1 27,6 65,8 62,4 78,6 68,8 40,3 42,6 452 34,8
Olsztyn 45,6 34,7 38,9 28,9 60,9 77,8 83,8 84,0 493 59,5 55,5 40,7
Suwalki 41,8 35,7 34,7 232 64,6 66,8 91,4 87,6 49,6 57,5 40,8 35,1
1981-2010
Elblag 434 39,1 38,6 35,8 56,4 81,9 77,5 81,0 71,4 64,7 58,7 52,3
Ketrzyn 343 28,5 35,2 33,8 55,7 79,8 74,4 73,9 56,3 44,8 46,9 37,4
Mikotajki 33,1 29,4 34,7 32,5 59,6 83,1 73,0 83,8 56,9 45,3 44,2 37,4
Miawa 323 29,1 324 34,5 54,9 71,9 71,9 58,0 52,0 36,8 41,8 39,7
Olsztyn 42,7 34,0 39,6 36,0 57,5 81,7 74,6 65,5 57,4 48,9 51,9 47,2
Suwatki 38,4 31,0 36,0 32,4 56,4 73,7 80,8 69,2 54,1 48,0 46,2 40,7

The area demonstrates a certain proportion of conti-
nental climate characteristics; these show typical sea-
sonal differences in the annual distribution of precipita-
tion. The highest precipitation occurred in summer, from
June to August, whereas the lowest was from December
to April. The highest monthly values in the three-decade
period were recorded, with some exceptions, in June. In
this month, the average precipitation in Elblag was high-
est and reached 81.9 mm. Relatively low means in August
were recorded in Mtawa, Olsztyn, and Suwalki, amount-
ing to 58.0, 65.5, and 69.2 mm, respectively. The values
recorded in July were intermediate. The lowest monthly
precipitation sum, on average for the period 1981-2010,
was recorded in February in Ke¢trzyn (only 28.5 mm). For
the other months, the mean for three decades ranged from
40 to 50 mm and the upper limit approximated 65 mm only
in Elblag. The minimum and maximum of monthly precip-
itation, considering the individual decades, were 20.1 mm
(February 1981-2010 in Ketrzyn) and 104.0 (June 1981-
2010 in Mikotajki), respectively. The precipitation sums
decreased or were lower in June decade by decade, in rela-
tion to the first decade, in all locations, whilst in July and
August the situation was the opposite: the highest values

were always recorded in 2001-2010. The situation in win-
ter and spring was not unambiguous, yet in the majority of
cases the highest precipitation was recorded in the second
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Fig. 2. Time trend of annual precipitation in the period 1981-
2010
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Table 2. Time trends in precipitation totals in each month of the years 1981-2010

Month ‘ Time trend R’ Month Time trend R’ Month Time trend R’
Elblag Ketrzyn Mikotajki
January y=-0,1838x +46,216 | 0,007 |January y =-0,3508x + 39,781 | 0,0264 | January y=0,0413x + 32,413 | 0,0004
February y=0,4112x + 32,749 | 0,0645 | February y=0,6207x + 18,865 | 0,1767 | February y =0,5926x + 20,204 | 0,2014
March y=0,4267x + 31,999 | 0,0476 | March y=0,0197x + 34,894 | 0,0001 | March y =0,1034x + 33,064 | 0,0023
April y=0,0612x + 34,852 | 0,0006 | April y=-0,2634x +37,92 | 0,0116 | April y=-0,1868x + 35,412 | 0,0059
May y=0,9304x +42,002 | 0,1255 | May y=0,3924x + 49,591 | 0,0337 | May y=0,6507x + 49,534 | 0,0465
June y=-1,3971x + 103,5 | 0,0919 | June y =-0,7249x + 91,039 | 0,0414 | June y=-0,5385x +91,493 | 0,0131
July y=0,7891x + 65,229 | 0,0346 | July y=-0,1003x + 75,982 | 0,0006 | July y =0,5877x + 63,907 | 0,0272
August y=0,7371x + 69,602 | 0,0279 | August y=1,6972x + 47,637 | 0,1528 | August y=1,588x + 59,136 | 0,0748
September | y =-1,5009x + 94,667 | 0,0851 | September y =-0,52x + 64,35 0,0261 | September | y=-0,1751x + 59,601 | 0,0019
October y=1,1992x + 46,149 | 0,062 | October y=0,8411x + 31,793 | 0,0621 | October y=1,0621x + 28,791 | 0,0978
November | y=10,3693x + 52,943 | 0,0135 | November | y=0,1295x +44,923 | 0,0034 |November |y =-0,0494x + 44,989 | 0,0006
December |y =-0,3399x + 57,535 | 0,0211 | December y =-0,3457x + 42,729 | 0,0415 | December y =-0,095x + 38,835 | 0,003
Mtawa Olsztyn Suwatki

January y=0,1776x + 29,531 | 0,0067 | January y =-0,0784x + 43,946 | 0,0008 | January y =-0,0876x + 39,762 | 0,0011
February y=0,5967x + 19,878 | 0,1633 | February y =0,4725x + 26,647 | 0,1026 |February y=0,7061x + 20,066 | 0,1544
March y=0,0894x + 31,054 | 0,0029 | March y=0,2463x + 35,765 | 0,0125 | March y = 0,0806x + 34,744 | 0,0017
April y=-0,0235x + 34,848 | 0,0001 | April y =-0,0524x + 36,829 | 0,0004 | April y=-0,2632x + 36,439 | 0,0152
May y =1,2096x + 36,138 | 0,1941 | May y =0,8885x +43,776 | 0,1007 | May y=0,211x + 53,126 0,006

June y =-0,6068x + 81,291 | 0,0236 | June y =-0,8035x + 94,148 | 0,0397 | June y=-0,7235x + 84,941 | 0,0436
July y=0,6347x + 62,016 | 0,0298 | July y=1,0919x + 57,666 | 0,0602 |July y=0,7363x + 69,34 | 0,0283
August y=0,7107x + 47,008 | 0,0532 | August y=1,4937x + 42,304 | 0,1473 | August y=1,2601x + 49,635 | 0,0808
September | y =-0,4859x + 59,531 | 0,0093 | September | y=-1,0321x + 73,428 | 0,059 |September | y=-0,5507x + 62,639 | 0,0239
October y=0,4327x + 30,133 | 0,0231 | October y=0,7926x + 36,618 | 0,0456 | October y=0,6691x + 37,633 | 0,0398
November | y=0,4656x + 34,569 | 0,0406 | November | y=0,2519x +47,976 | 0,0106 | November | y=-0,2586x + 50,171 | 0,0171
December | y=-0,2325x +43,34 | 0,0126 | December | y=-0,4581x + 54,294 | 0,0331 | December y=-0,3177x + 45,58 0,037

decade (1991-2010). In autumn, a slightly higher propor-
tion of decadal means was recorded in the last decade.

The sums of annual precipitation in the multi-annual
period demonstrated a seasonal variability from year to
year, with longer cycles being more rarely recorded. The
course of a variability line for annual precipitation dem-
onstrates that, in most cases, the highest precipitation
in the annual scale was recorded at the beginning of the
examined period (1981), and also in 2007. The driest years
were: 1986, 1990, 2004, and 2006. Apart from this general
statement, there were some differences at the individual
stations. The statistical analysis did not demonstrate any
significant tendency towards increasing or decreasing
yearly sums of precipitation, putting aside the significance
of the r-Pearson’s Index.

In a monthly depiction, there are some examples of
statistically significant tendencies indicating increases of
precipitation in the multi-annual period. In such cases,
however, as opposed to temperatures, there are fewer of
them, and a certain degree of regional repeatability only
concerns February (4 significant growth from 0.6 to
0.7 mm/year, out of 6 cases). Two locations demonstrated
a significant increase in August, and one did so in May.

Based on the relative precipitation index according to
Przedpetska (1971), it may be said that for most cases the
annual precipitation sums remain within the range of nor-
mal conditions. The number of years with sums below

75% of the multi-annual norms was found to be very
small. Such situations were reported from 1 to 3 times in
the years 1981-2010 (Table 3). Specifically, this concerns
1982 (depending on the location) and the years 1991 and
1996. The years with the highest precipitation sum include
those in which the annual sums constituted not more than
131% of the multi-annual sum. In general, in the years
with high precipitation, the norm was exceeded by 10-
20%. On a monthly scale, the situation was more compli-
cated; the extremely low precipitation as the means for the
multi-annual period was lower than 25%. The maximum
exceedances of the norm in plus were by over 200%. In
general, low precipitation was typical of April, September,
and October. There were, however, departures from that
rule at individual meteorological stations. The first month
of the vegetation period, mostly April, was very variable in
precipitation and the year that stood out with a sum higher
than 200% of the norm was 1994 in all locations; in April,
however, there were also cases of very high precipitation,
especially in 1999, when over 300% of the norm was re-
corded in Olsztyn and Mtawa. The middle periods of the
year were driest in each decade and in all locations, but
April 2009 was found to be the driest month in almost all
locations, with sums ranging from 5% to 30% of the norm
in Elblag and Olsztyn, respectively. There were cases of
serial springs that were dry or very dry in April, when the
monthly sums did not exceed 75% of the multi-annual
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Table 3. Index of relative rainfall as percentages of the 1981-210 averages Elbl
ag

yr/mth 1 1I 11 v \Y VI Vil VIII IX X XI XII Year

168

Ketrzyn
yr/mth I 11 111 \Y VI VII VIII 1X X XI XII Year
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Mikotajki

yr/mth | 1 11 111 v v N Vil VI X X X1 X1 | Year
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

Miawa

yomth | 1 11 111 v v VI v | vl 1X X X1 X | Year
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1993 33,7
1994
1995
1996
1997
1998
1999
2000
2001
2002

2003 39,1

2004 44,6

2005 42,1 | 266
2006
2007 41,0
2008
2009
2010 28,2
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Olsztyn

yr/mth | 1 11 11 v v VI Vil VI X X X1 X1 | Year
27.8

38,0
38,0

Suwatki

yr/mth 1 1I 11 v \ VI VII VIII IX X XI XII Year

23,0

319

26,9
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Description for Table 3: percentage (%) of rainfall of a month in relation to the multi-year average 1981-2010

months years
>200 >155
150,1-200 135,1-155
125,1-150 110,1-135
75,1-125 90,1-110
50,1-75 75,1-90
25,1-50 50,1-75
<25 <50

norm. The longest period with such characteristics was re-
corded in 2005-2009 (5 years) in Suwalki. A 4-year series
was reported in Olsztyn in 1988-1991. There were 3-year
series in other locations, especially at the beginning of the
second decade of the analysed three-decade period. The
periods of drought with less than 50% of the multi-annual
precipitation sum for May were less frequent than in April.
In some cases, however, the sums lower than 75% of the
norm which occurred in a series of years with an uneven
distribution in time presented a problem — for instance, for
agricultural production. June was drier than May in the
analysed three-decade period. In July and August, the situ-
ation was markedly diversified. In the subsequent years
following 1991, precipitation was below the norm by at
most 30%, yet even in those months with the highest
multi-annual averages, there were cases of the norm being
exceeded by 100% or more. Apart from 2001, such a situ-
ation did not occur at the same time in all locations; on the
contrary, such cases were recorded for each situation in
a different year. September and October were most vari-
able in the precipitation sum year-to-year when the norm
was exceeded by up to 200%, alternating with situations
when the precipitation level was a few per cent of the
norm. In 1992, in all locations, the norm for September
was exceeded twice. In September 1995, at the station lo-
cated in Mtawa, rain meters showed a record-high overrun
of the multi-annual norm, amounting to 400.6%. The win-
ter period also demonstrated a varied picture of the situa-
tion. Precipitation in December (predominantly snow) had

Table 4. Periods of days without precipitation

decreasing sums in the three-decade period. As a result,
a sort of regularity appears for December, namely, the rela-
tive values are higher in the first ten-day period than in the
second and third ones of this month, especially in 1985-
1990. In January, a clear overrun of the multi-annual norm
was recorded in 1983 and in 2007. A series of much lower
precipitation occurred in January in 1996-1997. The pre-
cipitation that was higher than the norm in February was
typical of 1995-2000.

A precipitation sum does not always correctly indicate
a level of water in the environment that signifies deficits
or surpluses in relation to needs, especially for cultivated
plants. Longer periods without precipitation are most trou-
blesome for the biosphere, especially at higher positive
temperatures. Therefore, included in Table 4 are the values
indicating the number of incidents and the duration of pe-
riods without precipitation during plant vegetation from
April to September. This data shows that the frequency
of periods lasting longer than 10 days was from 50 to 59
of such incidents in the three decade-long periods (1981-
2010), with the highest number recorded in Ketrzyn and
Mikotajki (the central part of the region) and the lowest
recorded in Elblag. In this case, the average annual fre-
quency of such periods approximated two. The variability
indices for this characteristic of the climate over the three-
decade period, were 1.53 per year at their maximum (Ol-
sztyn, Mtawa), but they were generally lower, at 1.16-1.28
per year. There was no statistical tendency for a change
of the situation over time, which is demonstrated by

Parameter ) g S = E z
R Y s = S %

Number of periods without precipitation longer than 10 days 50 58 59 55 56 52
Mean years of periods without precipitation 1,67 1,93 1,97 1,83 1,87 1,73
Coefficient of variability 1,18 1,28 1,16 1,53 1,53 1,17
R’ of the trend 0,01 0,01 0,08 0,06 0,02 0,07
Mean days of periods without precipitation 14,68 14,17 14,00 14,47 14,36 15,31
Longest period without precipitation in days 31 34 39 31 25 39
Number of periods with total sum of precipitation less than 40 mm

. . . . o 8 14 9 12 8 6
during sixty days, following periods without precipitation
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exceptionally low R’ values. The periods lasting for over
10 days with no precipitation were evaluated, and the lon-
gest average period without precipitation in the region
over the three-decade period was recorded in Suwatki —
15.31 days, while the shortest was in Mikotajki (14 days).
The absolutely longest period, lasting 39 days, was also
recorded in Suwatki and Mtawa. Periods without precipi-
tation were preceded by precipitations that were higher.
When a period without precipitation was preceded by
a 60-day precipitation sum lower than 40 mm, the situa-
tion was then perceived as very bad. The worst situation,
when 14 of the 58 dry periods were preceded by a very low
sum of precipitation, was noted in Ketrzyn. In Suwatki this
relation ratio was 6:52.

The SPI is an index based on the probability of record-
ing a given amount of precipitation, and the probabilities
are normalised so that an index of zero indicates the me-
dian precipitation amount — half of the historical precipi-
tation amounts are below the median, and half are above
the median (Bak, Labedzki 2002). The index is negative
for drought, and positive for wet conditions. As the dry or
wet conditions become more severe, the index becomes
more negative or positive. The SP/ is computed for several
time scales, ranging from one month to 24 months, to cap-
ture the various scales of both short-term and long-term
drought (Dubrovsky et al. 2009).

Although the SPI was calculated for the months of
the vegetation season for the whole three-decade period,
Table 5 presents only a summary of these calculations as
the basic statistics. According to this criterion, the deep-
est dry periods occurred in May regardless of the location,
with the record-low value recorded in Mikotajki (—4.22).
The maximum values of SP/ were reported in June and the
absolute value for this month and the whole examined pe-
riod, i.e. 2.55, was generated with a calculation for Elblag
in June. In general, the average SP/ values for 1981-2010
were slightly below zero in May and June and slightly
below zero for parts of August, September and October
(in the latter case only in Elblag). April and July were, on
average, the months without symptoms of drought in all
locations in the region. According to this indicator, there
was a low variability in relation to the other parameters
over the period of thirty years (the variability index: from
0.89 to 1.11). Higher values of variability were recorded
in May and June and lower values were recorded in July.
There was no statistically proven tendency of variation
over time, as confirmed by the values of R® and linear
equations of the SP/ index in time, presented in Table 5.

The Selianinov Index most comprehensively describes
humidity conditions in relation to the needs of the environ-
ment. By using this criterion, the volume of precipitation

is determined as well as the potential for its use by plants,
depending on the thermal conditions. Table 6 includes only
the average values for the decades and the total value for
thirty years. From this perspective, actual situations in the
individual months are not visible, but it can be concluded
that the average values indicate a situation that reflects
a good provision of water on the decadal scale. However,
the numbers that are in each case higher than one were
generated by averaging this index for the ranges from 0.3
to over 4. Based on this, only one generalisation can be
made — that the hydrothermal system was most beneficial
over the three decades in August to September, whereas it
was the worst from April to May.

In terms of its utility value for the environment and
potential hazards, precipitation differs markedly. Low in-
tensity of precipitation is associated with substantial water
loss, especially at high temperatures, while high intensity
is dangerous to cultivated plants, increases the risk of ero-
sion or can cause flooding. The analysis of this situation
was performed by determining the frequency of precipita-
tion in different ranges of the daily sums (unfortunately,
there is a lack of data that would allow for the estimation
of the actual values of precipitation intensity per hour) and
the results are compiled in Table 6. Precipitation sums in
the range 5.1-10 mm were the most common. The occur-
rence of such a situation decreased from over 60%, and in
Mtawa from over 70%, in the first and second decade to
below 50% in the third decade. This tendency coincided
with an increase in precipitation incidents in the range
from 0.1 to 5 mm over a day. This tendency is confirmed
by the results recorded for Poland (Lupikasza 2010). Here,
a downward trend was found in the occurrence of days
with high daily precipitation totals in Poland over the years
1951-2006. The frequencies in the ranges from 10.1 to 20
mm and from 20.1 to 30 mm also significantly decreased.
Precipitation over 30 mm was extremely rare and no pre-
cipitation incidents below 1% were recorded. Cases of
precipitation with the higher intensity over 70 mm per day
were very rare. Such incidents did not occur in Mikotajki
and there were up to 0.03% of such incidents in Elblag
(which indicates, in practice, a maximum of 2 such situ-
ations over thirty years recorded in the region of a given
meteorological station). In general, almost two-thirds of
the cases over thirty years were less intensive precipitation
(not presenting a risk to the environment), which created
good conditions for their practical usage. Extremely low
precipitation (below 5 mm) constituted slightly over 20%
of the situations, and more intensive precipitation (from
10 to 20 mm) occurred with a 10% frequency. There were
no significant spatial differences in the region, apart from
a slightly higher proportion of precipitation from the most


https://www.researchgate.net/publication/273260885_Assessing_drought_severity_with_the_relative_precipitation_index_and_the_standardised_precipitation_index
http://link.springer.com/article/10.1007/s00704-008-0020-x
http://www.sciencedirect.com/science/article/pii/S1474706509001429
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Table 5. Standardized Precipitation Index (SPI)

_ 3 B 5
Values/Months ;;1 § g E §D § é
< & o
1)
Elblag
Mean SPI 0,04 -0,11 -0,19 0,07 -0,11 -0,00 -0,07
Minimal value -2,13 -2,49 -1,99 -1,50 -1,79 -2,46 -2,34
Maximal value 2,05 2,19 2,55 2,33 1,67 1,87 1,45
Coefficient of variability 0,98 1,01 1,07 0,87 0,98 1,08 1,03
R’ of trend 0,00 0,09 0,00 0,02 0,02 0,07 0,12
Ketrzyn
Mean SPI 0,13 -0,04 -0,06 0,00 -0,09 0,07 0,10
Minimal value -1,96 -3,84 -1,83 -1,74 -2,42 -2,47 -2,29
Maximal value 2,21 1,52 2,28 2,10 1,78 1,74 1,73
Coefficient of variability 0,98 1,02 1,02 0,93 0,98 1,06 0,93
R’ of trend 0,04 0,00 0,01 0,00 0,03 0,07 0,07
Mikotajki
Mean SPI 0,13 -0,01 -0,06 0,03 -0,09 0,01 0,11
Minimal value -1,60 -4,22 -1,88 -1,55 -2,63 -2,44 -1,90
Maximal value 2,18 1,82 1,98 2,34 1,69 1,63 1,73
Coefficient of variability 0,98 1,09 0,98 0,90 1,02 1,11 0,90
R’ of trend 0,02 0,00 0,03 0,02 0,03 0,04 0,06
Mtawa
Mean SPI 0,04 -0,07 -0,07 0,10 -0,03 0,00 0,17
Minimal value -2,53 -3,49 -1,98 -1,44 -1,81 -2,43 -1,89
Maximal value 2,03 1,35 1,70 1,92 1,68 1,74 1,63
Coefficient of variability 0,98 0,95 1,05 0,89 0,91 1,10 0,90
R’ of trend 0,00 0,13 0,02 0,01 0,01 0,03 0,04
Olsztyn
Mean SPI 0,07 -0,05 -0,07 0,10 0,03 0,08 0,12
Minimal value -2,11 -3,62 -1,85 -1,64 -1,79 -2,34 -2,09
Maximal value 2,30 1,30 2,05 2,24 1,74 1,60 1,41
Cocfficient of variability 1,01 0,97 0,97 0,92 1,00 1,08 0,96
R’ of trend 0,00 0,03 0,00 0,00 0,03 0,10 0,08
Suwatki
Mean SPI 0,18 -0,09 -0,09 0,01 -0,04 -0,00 -0,02
Minimal value -2,26 -2,88 -1,87 -2,13 -1,94 -2,26 -2,62
Maximal value 2,22 1,82 2,20 2,15 1,92 1,61 1,59
Coefficient of variability 0,94 1,04 0,97 0,91 0,91 1,04 0,91
R’ of trend 0,04 0,00 0,02 0,00 0,05 0,11 0,07

common range. The total number of days with precipita-
tion in relation to the total number of days in the three
decades was 66% in the whole region.

Full comprehensive assessment of moisture conditions
is possible only after taking into account the transpiration
field (Bac, Kuchar 2001; Bac et al. 2008; Dubrovsky et al.
2009; Orlinska-Wozniak et al. 2013). Unfortunately, there
is sufficient data for the calculation of this type in all loca-
tions.

Rainfalls with thunder are a separate category of pre-
cipitation, as it is characterised by high intensity com-
bined with fierce winds. The highest daily precipitation
totals recorded in Poland are formed in connection with
the activity of Mediterranean cyclones, especially in sum-
mer (Degirmendzi¢, Kozuchowski 2015). Rainfalls with
thunder can therefore be regarded as a class of extreme
climatic events. In many cases, these situations are detri-

mental to the environment as they are destructive to veg-
etating plants (e.g. they cause cereal and rape lodging).
In the analysed region, thunder occurred throughout the
year, but its nature and number was much lower in winter
and autumn, and spring. It was found that the number of
thunder events decreased in the over the decades of the
thirty-year period. In 1981-1990 and 1991-2000, the num-
ber of thunder storms was twice as high as in 2001-2010.
On average, there were slightly more thunder storms in
Elblag and Mikotajki, with the lowest number recorded in
Ketrzyn. In the annual arrangement, the period from May
to August is thought to be a typically thunder storm season
when from 4 to 7 incidents were recorded on average in
the first two decades, whereas this number amounted to
3 to 5 in the last decade. It is very probably that the cir-
culation situation had an impact on precipitation (Bielec-
Bakowska 2003).


http://dlibra.umcs.lublin.pl/dlibra/plain-content?id=6150
http://www.old.acta-agrophysica.org/artykuly/acta_agrophysica/ActaAgr_162_2008_12_2_305.pdf
http://link.springer.com/article/10.1007/s00704-008-0020-x
http://link.springer.com/article/10.1007/s00704-008-0020-x
http://www.mhwm.pl/Water-availability-in-reference-to-water-needs-in-Poland,0,7.html
https://www.degruyter.com/downloadpdf/j/quageo.2015.34.issue-1/quageo-2015-0004/quageo-2015-0004.xml
http://www.sciencedirect.com/science/article/pii/S0169809503000826
http://www.sciencedirect.com/science/article/pii/S0169809503000826
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Table 6. Selianinov index in years 1981-2010

5 2
. _ % 2 5 £
Weather stations/ i 2 % 2 Z £ g 3
Months < p= - = Z g 3 _L
A =
<
Years 1981-1990
Elblag 1,6 1,1 23 1,4 1,5 2 1,7 1,6
Ketrzyn 1,5 13 2 1,5 13 1,6 14 1,5
Mikotajki 1,3 1,4 2,2 1,3 1,5 1,5 1,2 1,5
Miawa 1,3 1 1,8 1,3 1,1 1,3 1,2 1,3
Olsztyn 1,4 1,2 2,1 1,3 1,2 1,7 1,5 1,5
Suwatki 1,6 1,5 2,1 1,5 1,3 1,8 1,8 1,7
Years 1991-2000
Elblag 1,6 1,7 1,5 1,2 1,5 2,3 29 1,8
Ketrzyn 22 1,5 17 12 12 1,6 2 1,6
Mikotajki 2,1 1,5 1,5 1,3 1,3 1,6 2,1 1,6
Miawa 2 1,4 1,5 1,3 0,9 2 1,8 1,5
Olsztyn 23 1,6 1,5 14 1 1,7 22 17
Suwatki 2.3 1,3 1,4 1,4 1,1 1,6 2,5 1,6
Years 2000-2010
Elblag 1,5 1,6 1,5 1,6 1,5 1,3 3,3 1,7
Ketrzyn 1,2 1,5 1,5 1,4 1,7 1,4 2,6 1,6
Mikotajki 1,2 1,6 1,6 1,3 1,8 1,4 2,6 1,6
Miawa 1,1 1,7 1,3 1,3 1,2 1,1 2 1,4
Olsztyn 1,3 1,6 1,7 1,5 1,5 1,3 2,8 1,6
Suwatki 1,1 1,7 1,5 1,6 1,6 1,3 3,1 1,7
Years 1981-2010
Elblag 1,6 1,4 1,8 1,4 1,5 1,9 2,6 1,7
Ketrzyn 1,6 1,4 1,7 1,4 1,4 1,5 2 1,6
Mikotajki 1,5 1,5 1,8 1,3 1,6 1,5 2 1,6
Miawa 1,5 1,4 1,5 1,3 1,1 1,4 1,6 1,4
Olsztyn 17 1,5 1,8 14 12 1,6 22 1,6
Suwatki 1,7 1,5 1,6 1,5 1,3 1,6 2,5 1,7

The data presented above, accompanied

with the precipitation increases, the amount of snow and the area

analyses, describes how, on a very small scale, it is not covered by snow are expected to decline due to warming

possible to provide a clear answer to the fundamental (Anders et al. 2014).

question about precipitation in the future. However, some

indicators of rain tendency seem to fit well with the trends 4. Conclusions

described by those authors who have dealt with the prob-

lem of future precipitation across Europe. It is proven that ¢ The spatial distribution of precipitation in the region

precipitation trends since 1960 show an increase by up to indicated that the highest average annual values in the
70 mm per decade in north-eastern and north-western period of 1981-2010 (700.1 mm) were recorded in
Europe, in particular in winter, and a decrease by up to Elblag whereas the lowest (555.3 mm) were noted in
90 mm per decade in some parts of southern Europe, in Mtawa; this proves a decrease in the precipitation sums
particular in summer (Klein et al. 2002). Some of our re- from the north-western part of the region towards the
sults also agree with the results found by Casanueva et al. east and south-east.

(2014): in winter, both the mean precipitation and consecu- ¢ The highest precipitation sums occurred in the last de-
tive wet days present an upwards (downwards) trend in the cade, namely, in 2001-2010. Despite this, the statistical
north (south) of the continent, while in summer these two analysis did not demonstrate any significant tendency
variables decrease (increase) in the west (east) of Europe. of precipitation change over thirty years.

A general assumption is that the summer precipitation all ¢ The summer precipitations (from June to August) were
over Central Europe (except along the coast of the Baltic predominant in the whole region, while the lowest pre-
Sea — see data about future tendencies from Elblag) will cipitations were recorded from December to April. On
decrease, while in most cases Central Europe will most a monthly scale, there are some cases of statistically

likely become wetter in the winter season. Despite these significant tendencies towards an increase in precipi-


http://onlinelibrary.wiley.com/doi/10.1002/joc.773/epdf
http://www.hydrol-earth-syst-sci.net/18/709/2014/
http://www.hydrol-earth-syst-sci.net/18/709/2014/
http://webcache.googleusercontent.com/search?q=cache:9QqGZ_5ws2UJ:www.springer.com/cda/content/document/cda_downloaddocument/9789400779594-c2.pdf%3FSGWID%3D0-0-45-1489578-p176338535+&cd=2&hl=pl&ct=clnk&gl=pl
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Table 7. Frequency of daily sums of precipitation in intervals

as percentages of total days with precipitation — in years 1981-2010

Intervals of sums Average:
of precipitation 1981-1990 | 1991-2000 | 2001-2010 198 1_2%10
Elblag
>70 mm 0,00 0,04 0,03 0,03
60,1-70 mm 0,05 0,00 0,00 0,02
50,1-60 mm 0,19 0,04 0,07 0,10
40,1-50 mm 0,38 0,40 0,10 0,29
30,1-40 mm 1,03 0,76 0,71 0,83
20,1-30 mm 6,01 6,16 5,53 5,90
10,1-20 mm 12,73 12,04 9,13 11,30
5,1-10 mm 61,25 62,40 48,17 57,27

0,1-5 mm 18,37 18,15 36,25 24,26
Ketrzyn
>70 mm 0,00 0,00 0,03 0,01
60,1-70 mm 0,04 0,00 0,10 0,05
50,1-60 mm 0,04 0,00 0,03 0,03
40,1-50 mm 0,27 0,28 0,10 0,22
30,1-40 mm 1,03 0,78 0,49 0,77
20,1-30 mm 4,08 4,79 4,30 4,39
10,1-20 mm 10,95 10,60 8,18 9,91
5,1-10 mm 63,15 63,58 47,64 58,12
0,1-5 mm 20,42 19,96 39,10 26,50
Mikotajki
>70 mm 0,00 0,00 0,00 0,00
60,1-70 mm 0,13 0,00 0,03 0,05
50,1-60 mm 0,09 0,13 0,14 0,12
40,1-50 mm 0,30 0,04 0,31 0,22
30,1-40 mm 0,85 1,07 1,05 0,99
20,1-30 mm 3,80 4,50 3,36 3,89
10,1-20 mm 9,65 10,17 7,42 9,08
5,1-10 mm 60,46 58,82 46,75 55,34
0,1-5 mm 24,72 25,27 40,95 30,31
Mtawa
>70 mm 0,05 0,00 0,00 0,02
60,1-70 mm 0,00 0,10 0,03 0,04
50,1-60 mm 0,05 0,05 0,07 0,06
40,1-50 mm 0,25 0,39 0,03 0,23
30,1-40 mm 0,91 0,98 0,62 0,84
20,1-30 mm 4,10 4,38 3,73 4,07
10,1-20 mm 9,41 9,98 7,98 9,12
5,1-10 mm 71,57 70,50 46,27 62,78
0,1-5 mm 13,66 13,62 41,26 22,84
Olsztyn
>70 mm 0,00 0,00 0,03 0,01
60,1-70 mm 0,05 0,00 0,03 0,03
50,1-60 mm 0,14 0,00 0,03 0,06
40,1-50 mm 0,23 0,13 0,24 0,20
30,1-40 mm 0,87 1,12 0,85 0,95
20,1-30 mm 4,37 5,22 3,67 4,42
10,1-20 mm 12,02 10,79 8,81 10,54
5,1-10 mm 62,34 63,49 46,26 57,36
0,1-5 mm 19,99 19,24 40,07 26,43
Suwatki
>70 mm 0,00 0,00 0,07 0,02
60,1-70 mm 0,05 0,05 0,04 0,04
50,1-60 mm 0,14 0,05 0,04 0,07
40,1-50 mm 0,09 0,10 0,14 0,11
30,1-40 mm 1,25 0,67 0,84 0,92
20,1-30 mm 4,49 5,09 3,75 4,44
10,1-20 mm 10,31 11,71 8,51 10,18
5,1-10 mm 66,42 64,73 47,36 59,50
0,1-5 mm 17,25 17,61 39,27 24,71
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Table 8. Occurrence of thunder storms in years 1981-2010
£
[y z2 = 7 g o} _q;) E §
Weather stations/ El g g i z % = & 5 S 8 8 <
Months g é = < = = = z £ 3 : 8 §
2] Z & z
=
Years 1981-1990
Elblag 0,1 0,0 0,0 1.9 4,3 5,8 4,2 3,6 1,3 0,4 0,2 0,1 21,9
Ketrzyn 0,1 0,0 0,1 1,7 55 6,9 59 4,6 1,9 0,4 0,2 0,0 27,3
Mikotajki 0,1 0,0 0,3 1,5 5,9 7,2 4,8 4,2 1,3 0,2 0,2 0,0 25,7
Mtawa 0,0 0,0 0,3 1.9 4,3 4,7 4,5 34 1,0 0,3 0,0 0,0 20,4
Olsztyn 0,5 0,0 0,9 2,1 5,0 52 4,1 3,0 0,8 0,5 0,1 0,3 22,5
Suwatki 0,0 0,0 0,2 0,9 4,5 6,6 5,5 2,7 1,6 0,0 0,1 0,0 22,1
Years 1991-2000
Elblag 0,0 0,1 0,3 1,1 4,8 5,8 5,1 6,5 2,2 0,6 0,1 0,1 26,7
Ketrzyn 0,0 0,0 0,2 0,4 2,2 3,6 3,3 3,6 1,4 0,1 0,0 0,0 14,8
Mikotajki 0,0 0,0 0,1 0,6 4,9 6,3 5,6 5,8 1,6 0,4 0,0 0,0 25,3
Mtawa 0,0 0,0 0,0 1,6 5,0 4,7 5,5 4,3 1,7 0,4 0,0 0,0 23,2
Olsztyn 0,0 0,1 0,5 1,3 52 4,7 4,0 4,1 0,8 0,2 0,1 0,1 21,1
Suwatki 0,0 0,0 0,1 0,7 4,0 5,0 4,7 4,3 1,0 0,3 0,0 0,0 20,1
Years 2000-2010
Elblag 0,0 0,1 0,1 0,5 1.9 2,5 4,5 1,7 1,3 0,2 0,0 0,0 12,8
Ketrzyn 0,1 0,1 0,2 0,4 1,5 2,4 3,8 1,3 0,9 0,2 0,0 0,0 10,9
Mikotajki 0,0 0,0 0,2 0,4 1,7 2,0 3,9 2,2 1,0 0,2 0,1 0,0 11,7
Mtawa 0,0 0,0 0,1 0,8 2,2 2,2 4,3 2,0 1,3 0,1 0,0 0,0 13,0
Olsztyn 0,2 0,3 0,3 0,5 1,7 2,0 3,8 1.8 1,0 0,2 0,0 0,0 11,8
Suwatki 0,0 0,1 0,2 0,3 1,7 1,5 3,7 1,4 0,7 0,2 0,0 0,0 9,8
Years 1981 — 2010
Elblag 0,0 0,1 0,1 1,2 3,7 4,7 4,6 3.9 1,6 0,4 0,1 0,1 20,5
Ketrzyn 0,1 0,0 0,2 0,8 3,1 4,3 4,3 32 1.4 0,2 0,1 0,0 17,7
Mikotajki 0,0 0,0 0,2 0,8 4,2 52 4,8 4,1 1,3 0,3 0,1 0,0 20,9
Mtawa 0,0 0,0 0,1 1,4 3,8 39 4,8 3,2 1,3 0,3 0,0 0,0 18,9
Olsztyn 0,2 0,1 0,6 1,3 4,0 4,0 4,0 3,0 0,9 0,3 0,1 0,1 18,5
Suwatki 0,0 0,0 0,2 0,6 3,4 4,4 4,6 2,8 1,1 0,2 0,0 0,0 17,3

tation in years 1981-2010, in winter, especially in
February.

e The number of years with sums of precipitation below
75% of the multi-annual norm was very low, however
the multi-annual means of precipitation for specific
months in some cases were below 25% of the norm,
but in some cases exceeded 00%.

* The frequency of dry spells lasting for over 10 days
ranged from 50 to 59 incidents over the thirty years.
The longest average period without precipitation in the
region was recorded in Suwatki (15.3 days) whereas
the shortest was in Mikotajki (14.0 days).

* The average SPI values for 1981-2010 were slightly
negative in May and June and partly slightly below zero
in August, September, and October (in the latter case
only in Elblag). According to the average SPI index for
the multi-annual period, April and July were the months
without drought symptoms in all locations in the region.

e According to the Selianinov Index, the hydrothermal
system was most beneficial between August and Sep-
tember over thirty years, whereas it was the worst from
April till May.

* The intensity of daily precipitation was moderate and
in general stayed within the 5.1-10 mm range. The
most intense rainfalls with thunder were visibly re-
duced in the last decade of the analysed period.
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