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ABSTRACT

The paper presents an assessment of atmospheric drought during vegetation season
defined on the basis of standardized precipitation index (SPI). The data used in this
paper come from nine IMWM stations from central-eastern region of Poland, and they
were registered in 1971-2005. The frequency of occurrence of vegetation season’s
months was determined in particular drought classes. Spatial distribution of SPI index
values was shown in all of the vegetation season’s months on the area examined. The
direction and significance of values changes tendency of the analyzed index during the
vegetation season were also defined. It was noticed that extreme droughts appeared
four times less frequently than the normal months. Very dry months were noted most
frequently in September while moderately dry — in August. The analysis of the fre-
quency of spatial distribution of particular drought classes showed that extreme dry and
very dry months occurred most frequently in western part of the area examined, while
the moderately dry months also in south-eastern part. On the basis of the linear trend
analysis it can be said that the SPI index values were slightly decreasing year by year.
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INTRODUCTION

Drought is an atmospheric as well as soil and
hydrological phenomenon. It is related to the pe-
riod with no precipitation or to the repeated less
than medium precipitation. To be able to fight
negative consequences of drought effectively one
should possess proven and reliable coefficients to
define drought. One of them is SPI — standard-
ized precipitation index [Bak and Labedzki 2004,
Lana 2001, Lloyd-Hughes and Saunders 2002,
Turke’s and Tatli 2009, Wu et al. 2005]. Coeffi-
cient’s value shows precipitation’s deviation from
the average value in a multi-year. It is used to de-
tect periods of drought and to assess its intensity
on a variety of time scales. SPI index is used in
many countries for operational monitoring of
meteorological drought, e.g. in USA in National
Drought Mitigation Center (NDMC) [Labedzki
2006, McKee et al. 1993]. The analysis of fre-

quency of occurrence, intensity and duration of
drought during vegetation season is very impor-
tant from the viewpoint of agriculture because it
is an important factor that limits yielding of crops.

The aim of this paper was to determine, on
the basis of SPI index, the frequency and intensity
of drought occurrence during vegetation season
in central-eastern Poland. Moreover, the attention
was paid to the scope of variation of the examined
coefficient during the time series analyzed. Sta-
tistical significance of directional coefficients of
linear trends was also examined.

MATERIALS AND METHODS

The data used in this paper concerning daily
sums of precipitation come from nine Institute
of Meteorology and Water Management stations
from central-eastern region of Poland from the
years 1971-2005 (Table 1).
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The assessment of drought was made on the
basis of standardized precipitation index (SPI).

(P)-
f—‘u (1)

a
where: SPI — standardized precipitation index,
f{P)= P —transformed precipitation sum,

SPI =

u  —average value of normalized
precipitation series,
o —average standard deviation of

normalized precipitation series.

Table 1. Geographic coordinates of synoptic and
climatic IMGW stations in central-eastern Poland

Station Geographic coordinates H,
¢° A° ma.s.l.

Ostroteka 53° 05 21°34 95
Biatowieza 52°42 23°571 164
Wiodawa 51°3% 23°32 163
Szepietowo 52°571 22°33 150
Legionowo 52024’ 20° 58 93
Biata Podlaska 52°02 23°05 133
Sobieszyn 51037 22°09 135
Puttusk 52044’ 21°06’ 95
Siedlce 52°11 22°16’ 146

Explanations: ¢°— geographic latitude, A° — geo-
graphic longitude, H_— elevation above sea level.

In practice the following fact is commonly
used: for random variable X with gamma distri-
bution variable Z= VX has approximately a nor-
mal distribution. Using that fact an approximate
method of calculating SPI index can be sug-
gested through standardization of random vari-
able Z= VX [Gasiorek et al. 2012].

Table 2 presents ranges of values (drought
classes) for each of the vegetation season’s
months.

The frequency of occurrence of drought classes
was examined in particular months of vegetation
season in nine stations in central-eastern Poland
and spatial distribution of the frequency of their oc-

Table 2. Drought classes according to standardized
precipitation index SPI

SPIl index Type of period
<2 extremely dry
From -1 to —1.50 very dry
From —1.49 to —-0.49 moderately dry
From —-0.48 to 0.49 normal
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currence was presented as well. The frequency of
drought occurrence in a specific month was calcu-
lated as the ratio of the number of cases of drought
in a given month over the multi-year (1971-2005)
to the number of 35 years being analyzed.

The basic characteristics of the distribution
have been determined: the arithmetic mean, the
minimum and the maximum. In order to express
the dynamics of changes of the coefficient dur-
ing the period examined, the standard deviations
were calculated. The direction and significance of
changes tendency were determined on the basis
of the linear trend equations. The significance of
directional coefficient of the trend was estimated
with t-Student test where o = 0.05.

RESULTS AND DISCUSSION

During the multi-year analyzed in central-
eastern Poland the lowest value of SPI index was
noted in June in Biatowieza (-5.94) and in Au-
gust in Ostroteka (-5.77), Bialowieza (-5.71) and
BiataPodlaska (-5.00) (Table 3).

While the highest values occured in June in
Legionowo (4.21) and in August also in Legiono-
wo (4.63) and Siedlce (4.00).

Extremely dry months occurred most fre-
quently in western part of the region examined
(frequency about 10%), while the least frequently
in central and eastern part (frequency about 8%)
(Figure 1).

Very dry months were noted with the highest
frequency in western and southern part of the region
examined (frequency above 14%) and moderately
dry in western and south-eastern part (frequency
above 30%). Whereas optimally humid (normal)
vegetation seasons occurred most frequently in
southern part (frequency in Sobieszyn — 36%).

In central-eastern Poland in all of the stations
during vegetation season extremely dry and very
dry months occurred most rarely, while normal
and moderately dry months were most common.
In the multi-year analyzed normal months oc-
curred with the frequency from 30% (September)
to 35% (May and July), moderately dry months
from 26% (May) to 34% (September), very dry
months from 9% (May) to 14% (September),
extremely dry months from 6% (August) to 9%
(April, May and July) (Table 4).

Labedzki and Bak [2004] defining SPI in-
dex variety in Poland in years 1954-1998 con-
cluded that dry periods with different intensity
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Table 3. Average, minimum and maximum values of standardized precipitation index SPI during the vegetation
season in central-eastern Poland between the years 1971-2005

Station Month

\% \Y \ VI Vil IX
min -3.38 -2.08 -3.46 -2.96 -5.77 -3.03
Ostroteka max 242 2.07 2.28 2.54 2.31 3.37
average -0.23 -0.23 -0.28 -0.23 -0.32 -0.29
min -2.93 -4.14 -5.94 -3.88 -5.71 -6.33
Biatowieza max 227 1.82 2.27 2.23 2.88 1.79
average -0.23 -0.24 -0.30 -0.25 -0.28 -0.27
min -2.08 -3.37 -4.66 -3.30 -4.00 -2.88
Wiodawa max 2.99 2.28 3.17 213 1.66 1.86
average -0.07 -0.17 -0.24 -0.22 -0.22 -0.18
min -2.42 -4.42 -3.11 -3.43 -2.70 -2.57
Szepietowo max 1.61 2.92 3.00 2.81 2.59 2.14
average -0.21 -0.20 -0.23 -0.26 -0.14 -0.26
min -2.90 -2.83 -3.89 -2.93 -3.10 -2.51
Legionowo max 2.46 1.82 4.21 2.70 4.63 2.66
average -0.25 -0.09 -0.13 -0.18 -0.29 -0.29
min -2.60 -3.53 -3.51 -2.31 -5.00 -3.09
BiataPodI. max 2.62 2.58 2.09 2.73 2.02 2.27
average -0.21 -0.12 -0.24 -0.21 -0.32 -0.13
min -2.37 -2.45 -2.06 -3.53 -3.37 -2.25
Sobieszyn max 2.20 2.62 2.53 2.60 2.46 1.98
average 0.00 -0.05 -0.20 -0.19 -0.21 -0.18
min -3.10 -2.35 -3.03 -2.69 -3.91 -3.02
Puttusk max 2.58 2.80 2.65 2.36 3.00 2.24
average -0.30 -0.13 -0.25 -0.23 -0.23 -0.25
min -2.57 -2.38 -2.96 -2.30 -4.72 -1.80
Siedlce max 2.80 2.50 3.58 2.67 4.00 2.01
average -0.03 0.00 0.09 -0.04 0.00 -0.04

Table 4. Average territorial frequency of occurrence (%) of particular humidity classes (type of month) during
the vegetation season (IV-IX) in central-eastern Poland between the years 1971-2005

Droughtclass/month \% Vv VI VIl VIl IX Average IV-IX
Extremely dry 9 9 8 9 6 7 8
Very dry 12 9 13 12 13 14 12
Moderately dry 27 26 30 29 34 31 29
Normal 32 35 32 35 33 30 33

of precipitation deficiency lasted for about 1/3
part of the whole vegetation season. Among the
driest months were mentioned May and July,
while the least dry — August. Extreme droughts
occurred most frequently in August, very dry
periods in May and moderately dry in May and
July. Labedzki’s studies [2008] during the years
1961-2006 from the station Bygdoszcz — IMUZ
show that the frequency of the months in which

drought was identified was 40—45% for various
time scales. On the other hand Kanecka-Geszke
and Smarzynska [2007] claimed that according
to SPI during the whole 35 years period (1970-
2004) in the four out of five stations examined
(Bydgoszcz, Krakow, Suwatki, Szczecin) there
were 16 (46%) vegetation periods with drought,
and in one (Wroctaw) — 17 vegetation periods
with drought.
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Figure 1. Frequency of occurrence (%) of particular humidity classes during the vegetation season (IV-IX)
in stations of central-eastern Poland between the years 1971-2005

Variability of average SPI index values dur-
ing vegetation period (IV-IX) in all of the sta-
tions was on a similar level. Standard deviation
value balanced from 0.34 in Wtodawa to 0.48 in
Legionowo (Table 5).

Table 5. Values of directional coefficients of the trend
and of coefficients of variation of Sielianinow’s coef-
ficient during vegetation season (IV-IX) in central-
eastern Poland between the years 1971-2005

Station Directional coefficient Star_md?rd

of the trend (a) deviation
Ostroteka -0.006 0.41
Biatowieza -0.013 0.46
Wiodawa -0.010 0.34
Szepietowo -0.014* 0.41
Legionowo -0.014 0.48
Biata Podlaska -0.008 0.40
Sobieszyn -0.014 0.45
Puttusk -0.006 0.44
Siedlce -0.014* 0.39

Explanations: * significant at o = 0.05.
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On the basis of the analysis of directional co-
efficients of the trend values it can be stated that
SPI index values were slightly decreasing year
by year. Whereas statistically significant changes
were noted only in Szepietowo and Siedlce. SPI
index in those stations was decreasing about 0.14
within 10 years. Different tendencies of precipita-
tion changes are observed in particular months in
different regions of Poland [Banaszkiewicz et al.
2007, Musiat and Rojek 2007].

CONCLUSIONS

1. Variability of average SPI index values dur-
ing vegetation season (1971-2005) in central-
eastern Poland remained on a similar level.

2. During the vegetation season of the multi-year
analyzed extreme droughts occurred four times
less frequently than normal months, with at
the same time similar frequency of occurrence
in separate months. Whereas very dry months
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were noted most frequently in September and
moderately dry — in August.

. The analysis of frequency of spatial distribu-
tion of particular drought classes showed that
extremely dry and very dry months occurred
most frequently in western part of the area
examined while moderately dry also in south-
eastern part.

. On the basis of the linear trend analysis it can
be stated that SPI index values were slightly
decreasing year by year. Statistically signifi-
cant changes were noted only in Szepietowo
and Siedlce (about 0.14 within 10 years).

. Standardized precipitation index SPI allows
to evaluate the atmospheric drought. It can be
used to monitor the atmospheric drought as
well but in relation to the agricultural needs,
further analysis of the soil and hydrological
effects is a must. Its value depends in a large
extent on precipitation variability.
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