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Variability of sums of precipitation in vegetation period
in north-eastern Poland during the years 1951-2000

Zmienna¢ sum opadoéw atmosferycznych w okresie wegetacyjnym
w potnocno-wschodniej Polsce w latach 1951-2000

Summary. The research was conducted on variability of precipitation in selected stations of the
Institute of Meteorology and Water Management (IMGW) in north-eastern Poland during the
years 1951-2000. Individual months of the vegetation period were characterized using a 30-year
moving sample. Evaluation of the values precipitation norms and the analysis of tendencies for all
months as well as probability of anomaly calculated by means of gamma distribution were de-
scribed. It was established that probability of occurrence of precipitations below the lower limit
of the norm at all the stations displayed a significant increasing trend in August and precipitation
exceeding the upper limit of the norm — showed a significantly decreasing trend. A growing,
mostly significant trend of probability of occurrence of high precipitation was found in all exam-
ined localities in June and September.
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INTRODUCTION

This study is a continuation of research concerning precipitation conditions of north-
eastern Poland in 1951-2000 [Banaszkiewicz and Grabowska 2009, 2010a, b, 2011]. The
research covered, among others, determination the precipitation norms’ values and the
analysis tendencies for all months of the vegetation period, presentation the spatial distribu-
tion the negative precipitation anomaly occurrence of probability and the selected precipita-
tion sums from the upper limit of the norm in case of a positive anomaly in the multi-year
period 1991-2020. The issues discussed here may be useful in analyses concerning meeting
water requirements of crop plants in the examined area, since precipitation changes for
Poland predicted on the basis of climatic scenarios are unreliable, particularly for the sum-
mer period [Kdziora 2010, Serbat al. 2009, Szwejkowslét al. 2008].
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MATERIALS AND METHOD

Characteristics of precipitation conditions of north-eastern Poland have been pre-
paed on the basis of sums of precipitation in 1951-2000, with reference to individual
months of the vegetation period (from April to September). The data originated from 12
weather stations and 6 posts of the Institute of Meteorology and Water Management
(IMGW) (Fig. 1). Precipitation variability was analysed using a 30-year moving sample
for monthly sums of precipitation, i.e. the data from 1951-2000 were used for creating
21 strings of variables, concerning subsequent 30-year periods. It was assumed that
gamma distribution of those variables is characterised by parancetms 8, which
were estimated using the method of maximum likelihood, according to formulas provided
by Johnson and Kotz [Otop and Kuchar 2004 after Johnson and Kotz 1970]. For each
distribution of total precipitation obtained, critical valueg)(Xere calculated according
to the following formula: P(X > ¥ = p, where X is a monthly (or seasonal) sum for
various values of probability ¢p= 0.99, 0.95, 0.90, 0.10, 0.05 and 0.01).

Fig. 1. North-eastern Poland: physical and geographical regions according to Kondracki [2009]:
| — Gdaisk Seashore, Il — ltawa Lakeland, Ill — Chetsko-Dobrzyiskie Lakeland, IV — North
Mazovian Lowland, V — Old Prussian Lowland, VI —Mazurian Lakeland, VII — Lithuanian
Lakeland, VIII — North Podlasie Lowlands
Legend: === province limitsa====  subprovince limits (own study)

Rys. 1. Polska pétnocno-wschodnia: regiony fizyczno-geograficzne wg Kondrackiego [2009]:
| — Pobrzee Gdaskie, Il — Pojezierze ltawskie, Il — Pojezierze Cheishio-Dobrzyiskie,
IV — Nizina Péinocnomazowiecka, V — Nizina Staropruska, VI — Pojezierze Mazurskie,
VIl — Pojezierze Litewskie, VIII — Nizina Pétnocnopodlaska
Legenda s granice prowinCiipssss granice podprowincji (opracowanie wiasne)

The spatial variation of values of precipitation norms was calculated and presented
according to Mrugata [1997, 2001], determining their upper and lower limits, respec-
tively, as mean values of deviations (positive and negative) from the mean 50-year sum
of precipitation. Trends of sums of precipitation and values of probability of a positive
and negative anomaly were described by linear trends. For each element under analysis,
the significance of regression coefficient for the obtained trend was calculated at the
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significance level oft = 0.05, 0.01 and 0.001. Determined regression models, taking into
account confidence limits and prediction at the levet ef0.05, were used as a basis to
calculate the probability of a negative precipitation anomaly and selected sums of pre-
cipitation from the upper limit of the norm in case of a positive anomaly in a 30-year
period of 1991-2020. Those values are presented in figures.

Calculations and figures were prepared based on Excel 2003 and the statistical soft-
ware STATISTICA. The SURFER application was used to analyse and graphically
present materials. Geostatic methods applied in climatologic studies of precipitation —
ordinary kriging and simple point kriging were used for spatial interpolation [Lupiksza
2007, Ustrnul 2004].

RESULTS AND DISCUSSION

Precipitation norms

Due to the low variety of mean monthly values of the lower limit of the norm, their
spatial distribution was presented with isolines drawn every 2.5 mm, and for the upper
limit of the norm — every 5.0 mm (Fig. 2 and 3).

Lower limit of the norm

Values of this norm in April ranged on average between 22.5 and 25.0 mm in the
majority of the examined area. In the highest points of the Lubawa and Szeski Humps,
they exceeded 25.0 mm; the lowest values (below 22.5 mm) were recorded in the North
Podlasie and Old Prussian Lowlands, Miawa Hills and the area of Myszyniec. For most
of the region, the lower limit of the norm in May ranged from 32.5 to 35.0 mm. Values
below 32.5 mm were observed in Miawa Hills and the Suwatki Lakeland; slightly higher
(above 35.0 mm) occurred near Mikofajki and the Lubawa Hump and reached 37.5 mm in
the Biatystok Upland. In June, this norm amounted to 45.0 mm in the western and south-
western part of the region, while values below 42.5 mm occurred in the zone between the
Olsztyn Lake District and the Miawa Hills, increasing to 50.0-52.5 mm in the Land of
Great Mazurian Lakes and decreasing to 47.5-50,0 mm in the eastern part of the region.
In July, values of the lower limit of the norm were generally the highest (50.0-52.5 mm) in
the western part of the region (the Lubawa Hump, the ltawa Lakeland and the Olsztyn Lake-
land). In most areas of the Mazurian and Kurpie Plains, the Kolno Upland and the Lower
Narew Valley, the values amounted to below 45.0 mm and about 47.5 mm in the eastern
part of the region. In August, they ranged generally from 45.0 to 50.0 mm in the Mazurian
Lakeland and the Gdak Seashore, and they were lower in mesoregions situated in the east
and south of the area (from 37.5 mm to above 45.0 mm). In September the values of isoli-
nes representing the lower limit of the norm decreased quite regularly from the north west
(the Elbkg Hills) towards south and south-east, from above 47.5 mm to 32.5-35.0 mm.

The mean monthly values of their lower limits of precipitation norm for all month
of vegetation period were lower from 13—-21 mm in April and May to 25-41 mm in July
from comparable mean multiyear sums [Banaszkiewicz and Grabowska 2010a].

! StatSoft, Inc. (2007). STATISTICA (data analysis software system), version 8.0. www.statsoft.com.
2 Surfer Version 8.05 — May 11 2004 Surface Mapping System 1993—-2004 Golden Software, Inc.
Seaial Number WS —075888-1983
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Fig. 2. Mean values (in mm) of lower limit of precipitation norm in the month from April
to September in north-eastern Poland (1951-2000)
Rys. 2. Wartéci dolnej granicy normy opadowej (w mm) w migsich od kwietnia do wrZgia
w pétnocno-wschodniej Polsce (1951-2000)

Upper limit of the norm

The mean values of the upper limit of the norm in April exceeded 60 mm in the zone
of the Lubawa Hump and the central part of the area. They ranged from 55 mm to 60 mm
for most of the region, with the lowest values (up to 55 mm) recorded in its southern and
eastern areas. In May, recorded values generally amounted to 70—-75 mm, while in the
area of the Lubawa Hump, the Itawa Lakeland, the Kurpie Plain and the Bialystok
Upland, they reached 75-80 mm. The distribution of isolines representing the upper limit
of the norm in June demonstrates that they were generally the highest in the area of the
lake district: from above 105 mm in the llawa Lakeland and the Lubawa Hump, to
110-115 mm in the Land of Great Mazurian Lakes, and the lowest values (below
100 mm) were recorded in the southern part of the Biebrza Valley, the Mtawa Hills and the
Augustow Plain. In July, the western part of the region was characterised by the occurrence
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Fig. 3. Mean values (in mm) of upper limit of precipitation norm in the month from April
to September in north-eastern Poland (1951-2000)
Rys. 3. Wartéci gornej granicy normy opadowej (w mm) w migsich od kwietnia do wrzeia
w pétnocno-wschodniej Polsce (1951-2000)

of the highest values of this norm (from above 115 to 140 mm); values exceeding 120
mm were also observed in the area of the Szeski Hump and the Suwalki Lakeland. In the
zone between the Old Prussian Lowlands in the south to the Lower Narew Valley in the
south, the values of the upper limit of the norm amounted to about 105-115 mm. Isolines
representing the upper limit of the norm in August are characterised by values decreasing
from the north-west (the Eliy and Gorowo Hills) and the north (the Szeski Hump) to
the south-east and south (from above 120 mm to 105 mm), with the lowest values (below
100 mm) recorded in the Land of Great Mazurian Lakes, ChshoiDobrzyskie Lake-

land, the Mtawa Hills, the Augustéw Plain and the Biatystok Upland. In September (as in
August), the norms decreased quite regularly from the north-west to the south-east, from
110 mm in the Elbjg Hills to about 90 mm in the Miawa Hills, and 75 mm in the Mazu-
rian Plain, the Kurpie Plain and the Lower Narew Valley.
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For all months under investigation, the mean multi-year sums of precipitation re-
corded in the examined weather stations in 1951-2000 were lower than the mean
monthly values of their upper limits of the precipitation norm. Deviations ranged from
14+24 mm in April to 3055 mm in July [Banaszkiewieizal. 2011]. The presented
values of monthly precipitation norms are similar to the values of norms for north-eastern
Poland recorded in 1951-1990, provided by Mrugata [2001].

Precipitation anomaly trends

The probability of occurrence of precipitation below the lower limit of the norm
in a 30—year series of the moving sample in August generally demonstrated a significant
upward trend in all stations under analysis (Tab. 1). Upward trends, mostly significant,
were also observed in April in the majority of the examined localities (except from
Lubawa) and in July (except for Biatystok, Suwalki afaromin). Upward negative
anomaly trends also indicate an increasing probability of rainfall shortage in those
months and in the examined localities. A decreasing, mostly significantly negative,
anomaly trend was found in most of the examined localities in May (except for Biskupiec
on the Osa River and Wizna), in June (except for Lidzbark Wakini Suwatki and
Wizna) and in September (except for Banie Mazurskie g&llhlidzbark Warmiski and
Olsztyn). The trends observed indicate a decreasing probability of a precipitation short-
age in those months and localities.

The probability of precipitation exceeding the upper limit of the norm demonstrated
mostly significant decreasing trends in August (in all stations) and in most localities
in May and July. On the other hand, a growing, mostly significant trend of probability
of occurrence of high precipitation was found in all examined localities in June and Sep-
tember. Slight increasing trends were also recorded in most of the examined localities
in April, except for Bialystok, Biskupiec on the Osa River and Myszyniec.

In summer months, the probability of occurrence of precipitation below the lower
and above the upper limit of the norm revealed trends similar to the changes in the sums
of precipitation in the region in 1951-2000 examined by Banaszkieatz[2011].

The probability of occurrence of a negative precipitation anomaly in the 30-year
period of 1991-2020

Verified linear regression equations were applied to predict the probability of occur-
rence of a precipitation anomaly. After performing an analysis and eliminating equations
which did not meet prediction conditions, a reduced number of weather stations were
used to study spatial variation of a negative anomaly — 14 in May and 16 in June. The prob-
ability of occurrence of precipitation below the lower limit of the norm in April (Fig. 4)
ranges generally from 0.40 to 0.45, while in the area of the Lubawa Hump and the North
Podlasie Lowlands it is slightly lower (0.30-0.35). In May it amounts to 0.10-0.20 for
the most part of the Mazurian Lakeland, while in the area of the Gishoai
-Dobrzyaskie Lakeland and the North Podlasie Lowland it varies from 0.15 to 0.25.
In June, it ranges from 0.10-0.20 in the lake district (from the ChshmiDobrzyskie
Lakeland to the Land of Great Mazurian Lakes), to 0.20—-0.30 in the Kolno and Biatystok
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Values significant at the level: * 0.05; ** 0.01:%¥* 0.001. Stations without names designated
® were not used in spatial analysis/Wartosci istotne na poziomie * 0,05; ** 0,01;*** 0,001. Stacje
bez podanej nazwy oznaczone ® nie byly wykorzystane w analizie

Fig. 4. Probability of occurrence of precipitation below the lower limit of norm in the month from
April to September in the years 1991-2020
Rys. 4. Prawdopodobienstwo wystapienia opadéw ponizej dolnej granicy normy w miesiacach
od kwietnia do wrzesnia w latach 1991-2020

Uplands and in the Biebrza Valley. Spatial interpretation of the results of equations for
July revealed that in the entire area under examination, the probability of a negative
anomaly in this month is high, ranging from 0.40-0.50 in the western part of the region
to 0.25-0.35 in other parts (except for the vicinity of Wizna). For August, those values
are about 0.35-0.40 for the most part the area, with values above 0.45 covering the
south-western zone of the region. In September. they ranges from about 0.15-0.20 in the
Chelminsko-Dobrzynskie Lakeland and the North Podlasie Lowland, to 0.20—0.30 on the
Elblag. Gérowo and Mlawa Hills, the Szeski Hump and the Olsztyn Lakeland.
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Values significant at the level: * 0.05; ** 0.01; *** 0.001. Stations without names designated
® were not used in spatial analysis/Wartosci istotne na poziomie * 0,05; ** 0,01; *** 0,001. Stacje
bez podanej nazwy oznaczone ® nie byly wykorzystane w analizie

Fig. 5. Probability of occurrence selected values of precipitation from upper limit of norm
in the month from April to September in the years 1991-2020

Rys. 5. Prawdopodobienistwo wystapienia wybranych sum opadéw powyzej gornej granicy normy
w miesigcach od kwietnia do wrzesnia w latach 1991-2020

The probability of occurrence of selected sums of precipitation from the upper limit
of the norm in the 30-year period of 1991-2020

Since 15 weather stations were used for analysing the spatial differentiation of the
above-mentioned parameters for May. July and August, the isoline distribution presented
for those months is less precise. In April, the probability range of sums of precipitation of
60 mm (Fig. 5) for most of the region amounts to 0.15-0.20. In May, in the case of 65 mm
precipitation, it differs from 0.15-0.20 in the western part to 0.25-0.35 in the eastern part
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of the examined area. In June, with a sum of precipitation of 95 mm, it was lower (0.25-0.35)
in the south of the region than in the north (0.40-0.50). In July, for precipitation of 95 mm,
its probability ranges for the most part of the area from 0.1 to 0.15; higher amounts
(0.20-0.30) were recorded in the Cheishio-Dobrzyiskie Lakeland, the Lithuanian
Lakeland and the Bialystok Upland (0.3-0.35). In August, for the sum
of precipitation of 90 mm, its probability ranges from 0.10-0.15 for most of the region to
0.20 in the Gdiask Seashore and the ltawa Lakeland. In September, for precipitation
of 75 mm, it is the highest (0.40-0.45) in the western part of the region (theskGda
Seashore, the fawa Lakeland, the Ché#kd-Dobrzyiskie Lakeland, and the Gérowo
Hills), amounting to 0.30-0.40 in other parts of the area.

CONCLUSIONS

Determined characteristics describing sums of precipitations for individual months of
the vegetation period (from April to September) in north-eastern Poland of 1951-2000
led to the following conclusions:

1. For all months under examination, the multi-year mean sums of precipitation re-
corded in the examined stations in 1951-2000 were higher than the mean values of their
lower limit of the precipitation norm and they were lower than the value of their upper
limit of the norm.

2. The probability of occurrence of precipitation below the lower limit of the norm in
30-year series of the moving sample revealed, in the majority of the examined stations,
generally significant growing trends — in August, April and July — and decreasing trends
in May, June and September. On the other hand, the probability of precipitation exceed-
ing the upper limit of the norm showed significantly increasing trends in most localities
(in June, September and in April) and decreasing trends in August, May and July.

3. The probability of occurrence of a negative anomaly was the highest in April
(0.40-0.45) in the majority of the examined area, and in July (0.40-0.50) in its western
part. In August, it amounted, generally, to about 0.35-0.40 and values above 0.45 cov-
ered the south-west of the region.

4. The probabilities of occurrence of selected sums of precipitation from the upper
limit of the norm in the 30-year period of 1991-2020 (of 60 mm in April and 90 mm in
August) are similar — they amounted to 0.15-0.20 for most of the area. In the case of 95 mm
precipitation in July, it was even lower (0.10-0.15). In June, for the sum amounting to 95 mm,
it was the highest in the north (0.40-0.50) and in September, for the value of 75 mm,
it reached 0.40-0.45 in its western part.
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StreszczenieBadano zmiennié opaddw atmosferycznych Polski pétnocno-wschodniej w wybra-
nych stacjach IMGW w latach 1951-2000. Scharakteryzowano sumy opadéw poszczeg6lnych
mieskcy okresu wegetacyjnego z zastosowaniem 30-letniej probydagjcOpracowano waréoi

norm opadowych, tendencje sum opadow oraz prawdopadilvie wysgpienia anomalii wyli-

czone z rozktadu gamma. Stwierdzone, prawdopodobiestwo wysgpienia opadéw ponej

dolnej granicy normy wykazywato w sierpniu we wszystkich badanych stacjach prieveotny

trend rosncy, a opadéw przekraczaych goérn granie — przewanie istotne tendencje madeg.
Wozrastajcg, przewanie istotry, tendengj pojawiania si duzych opadéw notowano we wszyst-

kich badanych miejscowoiach w czerwcu i wrZaiu.

Stowa kluczowe:opady atmosferyczne, pétnocno-wschodnia Polska





