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Abstract: The aim of this research was the analysis of the precipitation variability in the last decade in the

region of Wielka Laka reservoir. The daily sums of the precipitation (from 2005 to 2018) were the research

material. They were obtained from the Aqua S.A. in Bielsko-Biala. The measurements were carried out

according to the standard method using the Hellman pluviometer. In research the precipitation indicators were

used, which are commonly applied. They were used to description of the precipitation characteristics. The

frequency of days with precipitation at the certain height was determined according to the Olechnowicz-

-Bobrowska classification. The classification of individual years and months in respect of the excess or lack

precipitation was conducted based on the Kaczorowska method. In the analysed multi-year period

(2005–2018) the dry years prevailed, however the significant regularity wasn’t noticed. In the analysed

multi-year period the highest rainfall was recorded in 2010 year, when in May the total precipitation was

summarised at the 171 mm level. The recorded precipitation accompanied the inflow of air masses in the

directions from the east (E) to the northwest (NW).

Keywords: the atmospheric precipitation, the synoptic situation

Introduction

The atmospheric precipitation is one of the most variable weather elements, both in

respect of their height, length of their duration and dates (probabilities) of their

occurrence. This variability intensifies particularly in mountain areas. The most climate

elaborations connected with atmospheric precipitation don’t show a permanent down-

ward or upward trend in annual rainfall sums [1–3].

Many researchers show the increasing rainfall anomalies and increase the frequency

of the months with extremely high and extremely low rainfall [4–6]. One of the reasons

may be growth the greenhouse gases concentrations, i.a. the increasing of the CO2

concentration in atmosphere [7].
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The seasonal hydrological threats caused by heavy rainfall are not uncommon. The

example is the flood that occurred in southern Poland in May and June in 2010 year,

especially in the area of the Silesian Foothills, the Zywiec Beskids and the Silesian

Beskids [8,9]. In the Polish Carpathians, in the whole multi-year period (1881–2010)

the anomalously high rainfall occurred in 1931, 2007 and 2010 year. In turn 25 years

were defined as anomalously wet [10]. The nowadays the general decrease of the

rainfall is observed, it will intensify the phenomenon of the hydrological and soil

drought. Average number of days without precipitation in the Silesian Beskids (Wisla

Malinka) reached 43 % in years 1984–2013 [11]. During the growing season of the

recent years the rainfall deficit, particularly in June and August, is observed [12, 13].

Recently the similar drought periods are also observed in Central Europe, i.a. in

Germany and Czech Republic [14].

The increasing demand of water necessary for society and industry makes the

necessity to conduct the appropriate water management. The dam reservoirs ensure the

proper water management (i.a. the Wielka Laka reservoir in Bielsko-Biala).

The measurements of the atmospheric precipitation in the region of Wielka Laka

reservoir allowed to conduct the analysis of the precipitation variability in the last

decade.

The aim of this research was the analysis of the precipitation variability in the last

decade in the region of Wielka Laka reservoir.

Research methodology

The daily sums of the precipitation (from 2005 to 2018) were the research material.

They were obtained from the Aqua S.A. in Bielsko-Biala. The rainfall post is located

near the dam crown of the Wielka Laka reservoir in Wapienica at an altitude of 478 m

a.s.l. (Fig. 1).
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Fig. 1. The location of Aqua S.A. rainfall station in Wapienica (Bielsko-Bia³a district) (the own study

based on www.google.com/maps)



The measurements were carried out according to the standard method using the

Hellman pluviometer, due to uncertain results from automatically heated pluviometer.

The solid precipitation during the winter season have been converted for liquid

precipitation according to the IMGW methodology.

In research the precipitation indicators were used, which are commonly applied.

They were used to description of the precipitation characteristics.

The frequency of days with precipitation at the certain height was determined

according to the Olechnowicz-Bobrowska classification [15]. This classification in-

cludes the 5 classes, which are connected to daily rainfall sums:

0.1–1.0 mm – the day with very low rainfall,

1.1–5.0 mm – day with low rainfall

5.1–10 mm – day with moderately strong rainfall,

10.1–20 mm – day with strong rainfall,

above 20 mm – day with very strong rainfall.

The classification of individual years and months in respect of the excess or lack

precipitation was conducted based on the Kaczorowska method [16].

This method takes into account the rainfall sum percentage at the certain time (year,

month) in ratio to the average rainfall sum from the analysed multi-year period, which is

considered as the norm.

The results

The analysed multi-year period had the average value of the annual precipitation

sums at the 1281 mm level. The highest rainfall (1775.8 mm) was recorded in 2010

year, while the lowest rainfall (1002.5 mm) occurred in 2015 year and they constituted

78 % of the average precipitation from the multi-year period (Fig. 2).

In the mountain catchment the important problems are the extreme rainfall, because

they shape the hydrological situation. The daily extreme rainfall [mm] for analysed

multi-year period in individual months was presented in Table 1.The extreme rainfall
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Fig. 2. Annual rainfall sums in the years 2005–2018
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(as a daily sum) slightly exceeded 50 mm and only in 2010 was recorded the daily

rainfall at the 171 mm level. In the same year (with the highest annual rainfall sum)

(Fig. 2) the extreme rainfall above 100 mm was recorded in May and August (Table 1).

After analysing the years in respect of the number of days with precipitation, the 65%

days of the year with precipitation were recorded in the analysed period. The number of

days with precipitation oscillated from 142 in 2014 year to 189 in 2005 year in

individual years (Fig. 3).

The variation in the number of days with precipitation in individual months was very

large (Table 2). It oscillated from 1 day, 2–3 days (in November 2011, April 2009 and

February 2014 respectively) with precipitation to 25 days (in January 2012) and 29 days

(in May 2010) with precipitation. Then the rainfall was recorded almost every day.

The classification of the rainfall, which includes the ranges of the daily precipitation

height in the whole research period (Table 3) showed that the most days were recorded

with low rainfall (39 %) and moderate strong (22 %). In turn the days with very low and

very strong rainfall were recorded at 15 % and days with strong rainfall only occurred at

9 % per year.

Table 3

The percentage share of rainfall in individual classes

in whole multi-year period

Rainfall 2005–2018

[mm] [%]

0.1–1.0 16

1.1–5.0 39

5.1–10.1 22

10.1–20.0 14

20 9
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Fig. 3. The number of days with precipitation in the years 2005–2018
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The detailed share of the precipitation in individual rainfall classes was presented in

Table 4.

The classification of the individual years in relation to multi-year period (according

to Kaczorowska method) gives the information about the potential possibility the

occurrence of the deficiency or excess atmospheric precipitation (Fig. 4). In the whole

multi-year period average (7) and dry (5) years prevailed and only 2010 year was

classified as extremely humid and 2017 year was classified as very humid.

The Table 5 shows the classification of precipitation conditions in individual months

in years 2005–2018.

The above analysis of the multi-year period (2005–2018) (Table 5) indicated that the

largest percentage share had the average months (35 %) and dry months (21 %). The

percentage share of very dry and very humid months was similar and constituted 12 %

of all analysed months from the multi-year period. In turn, the wet months (10 %) and

extremely dry and extremely wet (5 %) had the minimal percentage share.

According to the daily calendar of the circulation types [17] annual rainfall sums

including the low-pressure baric system (cyclonic system) and the high-pressure baric

system (anti-cyclonic system) were analysed. The cyclonic system favors the prob-

ability of the precipitation occur, while the anti-cyclonic system does not favor the

convection and the cloud formation and rainfall formation (Tables 6–9). In the analysed

multi-year period almost the three times more days with precipitation in the

anti-cyclonic situation were recorded. This also translates on the similar ratio of the

annual rainfall sums.

The air masses shaping the weather in the upper Vistula basin [11] have been daily

set together with rainfall sums and number of days with rainfall (Table 10 and 11).

The air masses moving over Europe shaping the climate and have the influence on

the individual meteorological elements, i.a. precipitation of varying amounts. The

percentage share of the precipitation heights in the whole multi-year period

(2005–2018) on the directional rose of air mass inflow was presented on the following

8 Janusz Kozak and Ewa Jachniak

Fig. 4. The classification of precipitation conditions in years 2005–2018
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graph (Fig. 5). The significant share of precipitation from multi-year period

(2005–2018) in directions from the east (E) to northwest (NW) is visible.

Conclusion

1. In the analysed multi-year period (2005–2018) the dry years prevailed, however

the significant regularity wasn’t noticed.

2. In the analysed multi-year period the highest rainfall was recorded in 2010 year,

when in May the total precipitation was summarised at the 171 mm level.

3. The most days with precipitation were characterized as low rainfall and they

constituted 39 % of all recorded precipitation days.

4. No significant variability in the number of days with precipitation was observed in

individual months in the whole multi-year period.

5. The recorded precipitation accompanied the inflow of air masses in the directions

from the east (E) to the northwest (NW).

6. In the whole multi-year period 65 % of days with precipitation were recorded, in

which the days with low rainfall dominated.

16 Janusz Kozak and Ewa Jachniak

0

5

10

15

N

NE

E

SE

S

SW

W

NW

[%]

B

Cc

Ka

x

c (through of low pressure) = 29 %,

/a (central cyclon/anti-cyclon) = 2 %,

(anti-cyclonic wedge or ridge of high pressure) = 2 %,

(unclassified situations or pressure col) = 2 %

Fig. 5. The percentage share of the rainfall at different directions of air masses inflow in the multi-year

period (2005–2018)



References

[1] Zawora T, Ziernicka A. Precipitation variability in time in Poland in the light of multi-annual mean

values (1891-2000). Stud Geograf Acta Univers Wratislav. 2003;75(2542):125. Available from:

www.researchgate.net/publication/296003585_Precipitation_Variability_in_Time_in_Poland_in_the_

Light_of_Multi-Annual_Mean_Values_1891-2000.

[2] Zmudzka E. The contemporary climate changes in Poland, Acta Agrophys. 2009;13(2):555-68.

[3] Cebulak E, Limanówka D, Pyrc R, Gêbica L, Starkel L. Influence of Selected Mountain Barrier for the

Distribution of Precipitation in the Polish Carpathians, Prz Geof. 2018;1-2:123-34. Available from:

http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.baztech-3587888f-cf18-4a77-89d5-b028a

359b445?q=bwmeta1.element.baztech-65f312a4-3368-4988-abef-c21d2b7e7283;6&qt=CHILDREN-

STATELESS.

[4] Benestad RE. Can we expect more extreme precipitation on the monthly time scale? J Climate.

2006;19:630-7. DOI: 10.1175/JCLI3656.1.

[5] Schönwiese CD, Grieser J, Trömel S. Secular change of extreme monthly precipitation in Europe. Theor

Appl Climatol. 2003;75:245-50. DOI: 10.1007/s00704-003-0728-6.

[6] Müller M, Kašpar M, Matschullat J. Heavy rains and extreme rainfall-runoff events in Central Europe

from 1951 to 2002. Natural Hazards Earth Syst Sci. 2009;9:441-50. DOI: 10.5194/nhess-9-441-2009.

[7] Räisänen J. Impact of increasing CO2 on monthly-to-annual precipitation extremes: analysis of the

CMIP2 experiments. Climate Dynamics. 2005;24(2):309-23. DOI: 10.1007/s00382-004-0510-1.

[8] Maciejewski M, Ostrowski M, Walczykiewicz T. Dorzecze Wis³y: monografia powodzi maj czerwiec

2010 (Vistula river basin: flood monograph May June 2010). Warszawa: Instytut Meteorologii

i Gospodarki Wodnej – Pañstwowy Instytut Badawczy Warszawa; 2011. ISBN: 9788361102595.

[9] Wozniak A. Opady w 2010 roku w Karpatach Polskich na tle wielolecia 1881-2010 (The rainfall in 2010

in the Polish Carpathians against the background of the multi-year period 1881-2010). Pr Geograf.

2013;133:35-48. DOI: 10.4467/20833113PG.13.009.1099.

[10] Cebulska M, Twardosz R. Anomalously wet seasons and years in the Polish Carpathian Mountains and

in their foreland (1881-2010). Przegl Geof. 2014;3-4:111-26. Available from: www.researchgate.net/

publication/286275721_Anomalously_wet_seasons_and_years_in_the_Polish_Carpathian_Mountains_

and_in_their_foreland_1881-2010.

[11] Cebulska M. Periods without precipitation and with low precipitation in the Polish Carpathians in the

years of 1984-2013. Pol J Agron. 2018;34:52-61. DOI: 10.26114/pja.iung.355.2018.34.06.

[12] Durlo G. Climatic water balance of wegetation periods at the Wyrchczadeczka forest nursery in the

Silesian Beskids. SYLWAN. 2007;6:53-61. DOI: 10.26202/sylwan.2006047.

[13] Durlo G. Klimatyczny bilans wodny na obszarze Parku Krajobrazowego Góry Opawskie (Climatic water

balance in the Gory Opawskie Landscape Park). SYLWAN. 2019;163(10):802-10.

DOI: 10.26202/sylwan.2019050.

[14] Hänsel S, Ustrnul Z, £upikasza E, Skalake P. Assessing seasonal drought variations and trends over

Central Europe. Adv Water Resour. 2019;127:53-75. DOI: 10.1016/j.advwatres.2019.03.005.

[15] Olechnowicz-Bobrowska B. The frequency of days with precipitation in Poland. Przegl Geograf.

1970;86:13.

[16] Kaczorowska Z. The rainfall in Poland over a long-term cross-section. Przegl Geograf. 1962;33:72.

[17] Niedzwiedz T. Calendar of the atmosphere circulation types for southern Poland – computer collection.

Sosnowiec: University of Silesia in Katowice. Department of Climatology; 2017.

The Variability of the Atmospheric Precipitation in the Region of Wielka Laka... 17



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


