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THE VARIABILITY
OF THE ATMOSPHERIC PRECIPITATION
IN THE REGION OF WIELKA LAKA DAM RESERVOIR

ZMIENNOSC OPADOW ATMOSFERYCZNYCH W REGIONIE
ZBIORNIKA ZAPOROWEGO WIELKA LEAKA

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 CO,
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).

Silesian Beskids

Wielka Laka reservoir

—
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‘Wapienica (Bielsko-B'i;Ia) Bie‘;ko.sia.a

-

Fig. 1. The location of Aqua S.A. rainfall station in Wapienica (Bielsko-Biata district) (the own study
based on www.google.com/maps)
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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

2000
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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).

200
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Number of days with precipitation in the year

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Time [year]

Fig. 3. The number of days with precipitation in the years 2005-2018

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]
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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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.

[ average year
1700 [ dryyear
- wet year
g 1500 [ very wet year
=z
Rl
£ 1300 |_| |_| |_| O I
Q
: L
: U U
1100

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Time [year]

Fig. 4. The classification of precipitation conditions in years 2005-2018

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
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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.

N ]

A\ 4
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\4

S

Bc (through of low pressure) = 29 %,

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

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

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.
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