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Abstract

Recently, climate change is one of the most current scientific problems. As a result of the change of climatic factors, such regional

problems are emphasized by falling of underground water level, decrease of water supply and drying of the upper soil layer. The aim

of the study is to detect 20th century variations of the soil moisture content in East-Hungary with statistical analysis of objective

time series based on meteorological data. Furthermore, by determining representatively long dry and wet periods, management of

agro-ecological problems related to the soil moisture content are supported. Palmer drought severity index time series of five mete-

orological stations in East-Hungary are analysed in the paper for the growing season between 1901 and 1999. Significant fluctua-

tions of the soil moisture content were detected in the region for the 20th century; moreover, the soil became drier in the recent

decades. With the help of the ‘‘break-point analysis’’ decade-long dry and wet periods were defined for the aim of climatic research.

� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

According to the third report of the Intergovernmen-
tal panel on Climate Change prepared in January 2001

the global surface temperature in the 20th century ex-

ceeded the average of the period 1961–1990 with

0.6 ± 0.2 �C (IPCC, 2001).

In Hungary, temperature time series in the 20th cen-

tury indicate a warming tendency exceeding the global

average with 0.4–0.8 �C. Namely, homogenised tempera-

ture time series of three meteorological stations in East-
Hungary (Debrecen, Kecskemét and Szeged) show

increasing tendencies in the 20th century (Szalai and

Szentimrey, 2001). On the other hand, in the 120-year

long precipitation data sets of 16 Hungarian stations
1474-7065/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.pce.2004.08.035

* Corresponding author. Tel.: +36 62 545000 3174; fax: +36 62 544

158.

E-mail addresses: makra@geo.u-szeged.hu, lupo@geo.u-szeged.hu

(L. Makra), mika@met.hu (J. Mika).
40mm reduction can be observed (Molnár, 1994). On

the basis of contemporary comparison of temperature

and precipitation time series, an increasing arid charac-
ter of the climate can be established in East-Hungary

(Tar, 1992; Szinell et al., 1998).

The aim of the paper is to analyse tendencies of the

soil moisture content in the 20th century and, by deter-

mining representatively long dry and wet periods, to

support management of agro-ecological problems re-

lated to the soil moisture content.
2. The selected region and the data

The investigated region is the Hungarian catchment

area of the Tisza River, selection of which is motivated

by its important role in agricultural yield, strong

dependence of repeated inundations and droughts as

well as concern on natural protection, too (Horváth,
2002; Makra et al., 2002; Mika et al., 2005). 20th
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century variations of the soil moisture content of the

region were analysed on the basis of the Palmer drought

severity index (PDSI) time series of five meteorological

stations (Miskolc, Nyı́regyháza, Debrecen, Kecskemét

and Szeged) for the period 1901–1999. Only the growing

season of the year was taken into consideration, since
soil moisture content plays the most important role in

this period in the agricultural output. Not more than

every second months were presented in the growing sea-

son, considering high autocorrelations of the PDSI

(Mika et al., 2005). Even months (April, June, August

and October) were chosen for the analysis, because they

include August as the driest month considering soil

moisture content and June with its extreme precipitation
total.

PDSI is a worldwide known and used parameter

of agro-climatological analysis (Palmer, 1965; Alley,

1984; Briffa et al., 1994; Scian and Donnari, 1997; Cook

et al., 1999), since (1) results can be compared even when

using it for regions with different climate and manage-

ment of water-supplies, (2) it assures decision-makers

for measuring abnormal weather phenomena in the
given region, (3) with its help actual soil moisture

content circumstances can be arranged into historical

perspective, (4) it gives possibility for spatial and tempo-

ral representation of drought periods. Its disadvantages

are as follows: increasing droughts are detected with seve-

ral months delay and its use is limited in mountainous

regions. Their further characteristic is that PDSI gives

well usable results only for homogeneous and large re-
gions. PDSI is widely used by the Agricultural Ministry

of the USA to determine when allocating special

drought grants (Vermes, 2000). PDSI is suitable for

detecting spatial and temporal differences of drought

periods in Hungary (Bussay and Szinell, 1996; Mika,

1998; Domonkos et al., 2000, 2001; Horváth, 2002;

Makra et al., 2002; Mika et al., 2005).

Input parameters required for computing the PDSI
index, the calculating procedure consisting of five steps

and the formula are published in several professional

journals (Palmer, 1965; Alley, 1984; Karl, 1986; Makra

et al., 2002). PDSI indicates the severity of the dry and

wet periods in such a way that the higher its absolute

value, the more severe the dry or wet periods are. Gene-

rally, the range of monthly PDSI time series is between

�9 and +9. If the PDSI > j4j, this means a severe differ-
ence from average circumstances and if the PDSI > j6j,
then extreme circumstances dominate. These threshold

values can change according to geographical regions

(Briffa et al., 1994). Originally, Palmer considered the

value of j4j as the threshold value of the extremity

(Palmer, 1965). Negative (positive) PDSI values indicate

dry (wet) periods, while those near zero presume a state

near the average.
When calculating the PDSI, it is an important step to

choose on the one hand the formula of the potential
evapotranspiration and on the other hand the reference

plant. For calculating the potential evapotranspiration,

Palmer used the Thornthwaite formula in the index

(Thornthwaite, 1948). However, the use of the Blaney–

Criddle method assured better assessments later (Alley,

1984).
Time series of mean monthly temperatures and

monthly precipitation totals are influenced by inhomo-

geneity owing to the change of observation times and

transfer of stations as well as other factors. Homoge-

nised monthly time series were used in the calculations

(Szentimrey, 1999).

Besides, meteorological parameters and values of the

available water capacity are also required to calculate
the index. Uniformly, for each of the five investigated

stations water capacity was considered with the value

of 150mm (Makra et al., 2002). This is the low threshold

of the water capacity values belonging to different soil

types in the examined region of East-Hungary, (Stefano-

vits, 1975).

On the basis of former results (Mika et al., 2005),

high significant correlations both between the homoge-
nised monthly PDSI time series calculated with the

Thornthwaite- and Blaney–Criddle methods and be-

tween the homogenised and non-homogenised monthly

PDSI time series calculated with the Blaney–Criddle

method were received. Hence, the PDSI index values

were produced with using the Blaney–Criddle method

of calculating evapotranspiration and homogenised mete-

orological time series of the five meteorological stations
in East-Hungary for the period 1901–1999. The selected

reference plant is maize, since it is characteristic for the

region (Mika et al., 2001) and its quickly increasing leaf

surface is similar to that of several other agricultural

plants.
3. Methods

3.1. Significance analysis of linear trends and

smoothing of time series

It was examined whether or not linear trends of the
99-year long PDSI time series of Miskolc, Nyı́regyháza,

Debrecen, Kecskemét and Szeged for April, June, Au-

gust and October were significant. The Student�s t-distri-
bution was considered to be the basis of the significance

analysis, which was performed at the 1% probability

level and with degree of freedom of n � 2 (n is the num-

ber of the investigated time series).

In order to characterise the data sets, 11-year mov-
ing averages and 11-year Gaussian averages of the

original index time series were produced. The reason

of using Gaussian averages is that moving averages

modify wave lengths unequally and sometimes they as-

cribe extreme values to such years, which have average



Table 1

Regression coefficients of the homogenised PDSI data sets, calculated

with the Blaney–Criddle method, 1901–1999, (1/100 year)

Station PDSI

April June August October

Miskolc �2.1 �1.5 �1.5 �1.9
Nyı́regyháza �1.6 �0.7 �1.2 �1.8
Debrecen �1.6 �0.7 �0.7 �1.7
Kecskemét �2.5 �1.2 �1.7 �2.2
Szeged �3.1 �1.7 �0.9 �2.0
Bold: regression coefficients indicating significant trends.
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or slightly below-average values in the given or neigh-

bouring years (WMO, 1986). The used loadings are

based on the density function of the standard normal

distribution.

3.2. Detecting share periods of different averages

In order to detect share periods with significantly

higher averages (significantly wetter) or significantly

lower averages (significantly drier) than the average of

the whole 99-year long time series, a new interpretation
of the classic two-sample test is used, developed by

Makra et al. (2000, 2002) (Tar et al., 2001).

The basic question of the test is whether or not signif-

icant differences can be detected between on the one

hand the average of any share period of a given times

series and on the other hand that of the whole time ser-

ies. The Makra-test performes the task for all possible

share periods with n = 3,4, . . . ,N � 1 element numbers
starting from the 1st,2nd, . . . , (N � n)th elements of the

time series. Detection of the significant differences also

includes information on their duration, onset and end.

In order to use the method, normality of the given time

series is a sufficient but not necessary condition.

Namely, in case of very large N and n, considering the

central limit theorem, density function of sums of the

sample elements (random variables) is nearly normally
distributed independently of the distribution of the orig-

inal sample. Necessary conditions are stationarity of the

original distribution, independence of the random vari-

ables and they should have standard deviations. In this

way, for a sample with high enough element number

(for high enough N and n) the method can be used even

the sample is not normally distributed.

The procedure can produce several such share peri-
ods, averages of which differ significantly from that of

the whole time series in a given month and station. In

our former studies those long enough share samples

were detected, which mostly characterised the significant

share periods within a given term. Namely, of the re-

ceived several significant share periods those were re-

tained per stations and months, for which the value of

the probe statistics became the highest. After performing
the Makra-test, the selected most characteristic signifi-

cant breaks were generally distinct; however, beginning

and ending years of some breaks with different signs

slightly overlapped one another. In these cases, some

years were omitted from the longer break until the over-

lapping stopped. The longer break was retained pro-

vided the rest of the break remained also significant

(Makra et al., 2002). Nevertheless, all share periods with
significantly higher or lower averages of that of the

whole time series are presented in this study. In this

way, with the help of the ‘‘break-point analysis’’, dec-

ade-long dry and wet periods are defined for the aim

of climatic research.
4. Results

4.1. Tendencies of PDSI in the 20th century and its

connection with time

According to the results of the significance analysis,
in trends of the PDSI time series only for three stations

of the five (Miskolc, Kecskemét and Szeged) and only

for one month of the four (April) were received regres-

sion coefficients significant at the 1% probability level.

Negative trends in the four months of the five stations

indicate clear drying tendency (Table 1).

After using the two filters for the homogenised PDSI

data sets, statistical connections of the time series were
characterised with the correlation coefficients. Each of

the correlations between 0.75 and 0.93 is significant at

the 1% probability level. On the basis of the results, slow

changes characterised with negative linear trends repre-

senting the 20th century decrease of the soil moisture

content can be detected both with using the moving

averages and Gaussian filters.

The latter smoothing seems to follow the values of
the PDSI more exactly than the simple linear regression.

For this reason, it is worth to analyse the joint temporal

course of the two filters in the 20th century. The

smoothed curves are parallely shown for the four

months and the two filters, respectively (Fig. 1a and b).

Figures of the 11-year moving averages represent a

decreasing tendency in the values of the time series for

each station. Definite wet periods can be detected be-
tween 1910 and 1925, while the clearest dry periods

can be found, except for Debrecen, between 1980 and

1999. Fig. 1 shows results for Szeged.

Curves smoothed with the Gaussian filter also indi-

cate decreasing tendencies in the values of the time series

for all the four months of the five stations. In Fig. 1b,

for the sake of simplicity, only results for Szeged are pre-

sented. Temporal course of the Gaussian filter is similar
station by station while its extreme values, with different

intensity, can be observed in the same period for each

station. When comparing the temporal course of the

two filters, it can be established that the Gaussian filter

follows the original time series much more precisely and

reacts much more sensitively for their changes. In other
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Fig. 1. (a) Moving averages of the homogenised PDSI values

calculated with the Blaney–Criddle method, Szeged, 1906–1994. (b)

Gaussian averages of the homogenised PDSI values calculated with the

Blaney–Criddle method, Szeged, 1906–1994.
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Fig. 2. (a) Those share periods (breaks), averages of which differ

significantly from that of the whole homogenised PDSI data set,

calculated with the Blaney–Criddle method, Szeged, June, 1901–1999

(two-dimensional representation). (b) Those share periods (breaks),

averages of which differ significantly from that of the whole homo-

genised PDSI data set, calculated with the Blaney–Criddle method,

Szeged, June, 1901–1999 (three-dimensional representation).
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words, standard deviations of the Gaussian averages are

higher than those of moving averages.

4.2. Changing and different share periods of PDSI,

objective climate-analogies

In this chapter such share periods are planned to

show in the homogenised PDSI data sets of the five sta-
tions calculated with the Blaney–Criddle method for the

period 1901–1999, averages of which are significantly

lower (drier) or higher (wetter) compared to the (near-

zero) average of the whole data set. To perform this

task, the statistical test described in Section 3.2 was used

for the data sets of April, June, August and October.

Selection of significantly different share periods provides

a practical contribution to the historical description of
the climate in the 20th century.

In order to illustrate all significant share periods at

the 1% probability level, two- and three-dimensional

representations were preferred (Fig. 2a and b).

For the two-dimensional figures the horizontal axis

shows the time (years), while the vertical axis indicates
element number (share periods with 1–98 elements) of

the 99-year long (with 99 elements) whole PDSI data

set for the period 1901–1999. Quadratic screens include

values of probe statistics for all one-element share peri-
ods, for all two-, three-, . . . , 97-element share periods

and, at last, for the only 98-element share period. Those

share periods, averages of which differed not signifi-

cantly from that of the whole sample were indicated

with zero. While for those share periods averages of

which differed significantly from that of the whole sam-

ple, the values of the probe statistics remained valid. The

representation occurs so that the horizontal axis shows
the beginning year, while the vertical axis indicates the

term of the share periods. For example, on the two-

dimensional diagram for Szeged, June the quadratic

point belonging to the year 1949 as a horizontal co-ordi-

nate and the value of 16 as a vertical co-ordinate show

the share period, which began in the year 1949 and took

for 16 years, namely till 1964 (Fig. 2a).
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For the three-dimensional figures the horizontal axis

(x) shows the time, the vertical axis (y) indicates the val-

ues of the significant probe statistics, while the third axis

(z) contains element numbers (share periods with 1–98

elements) of the 99-year long (with 99 elements) whole

PDSI data set for the period 1901–1999. Quadratic
screens include values of probe statistics for all one-ele-

ment share periods, for all two-, three-, . . . , 97-element
share periods and, at last, for the only 98-element share

period. Those share periods, averages of which differed

not significantly from that of the whole sample were

indicated with zero. While for those share periods aver-

ages of which differed significantly from that of the

whole sample (similarly to the two-dimensional repre-
sentation), the values of the probe statistics remained

valid. The representation was similar to the two-dimen-

sional one, with the exception that differences which

proved to be significant in the cut of the beginning year

given in the horizontal axis (x) and the length of term

given in the vertical axis (y) were characterised by the

distance from the reference-plane (99-year average),

too. The difference of the PDSI from the 99-year average
was between �1.9 and �0.9 (Fig. 2b).

Fig. 3 illustrates all significant share periods found in

the investigated data sets in another way. It contains the

following characteristics of all share periods with

1,2, . . . , 98 elements: (a) number of share periods aver-

ages of which exceed that of the whole sample signifi-

cantly, (b) maximum differences of the share periods,

(c) number of share periods averages of which are signif-
icantly lower than that of the whole sample, (d) mini-

mum differences of the share periods.

Some months and stations have definitely lots of long

and important differences, while in some cases difference

for only a couple of periods are significant. Maxima of

significantly different averages decrease near exponen-
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Fig. 3. Those share periods (breaks), averages of which differ

significantly from that of the whole homogenised PDSI data set,

calculated with the Blaney–Criddle method, Szeged, June, 1901–1999.
tially with increasing element number of the share

period. However, characteristics of this function are

not the same at the investigated stations.

Knowledge of any share periods with significantly

different averages can be used for climatic research re-

lated to soil moisture content.
With the help of the Makra-test significant wet peri-

ods were detected in the first part of the 20th century

(between 1901 and 1940), while important dry breaks

were revealed in the second half of the century. Location

of the dry and wet periods in the times series of the 20th

century is in agreement with the establishments of the

special literature, according to which climate of East-

Hungary became drier in the last decades (Molnár and
Mika, 1997; Szinell et al., 1998; Horváth et al., 1999;

Pongrácz et al., 2000; Makra et al., 2002).
5. Conclusion

Results are summarized as follows.

• The PDSI data sets calculating for the even months of

the growing season, show significant linear trends in

each month and station for the whole period of the

99 year. Namely, the 20th century is characterised

by slow drying out. This definite tendency is reflected

also in the data sets, smoothed with the moving aver-

age and Gaussian filters.

• With the help of the Makra-test all the share periods
were determined, averages of which differed signifi-

cantly from that of the whole 99-year long period.

Then, graphic representation made the received share

periods more interpretable. These sub-periods were

several decade long at the investigated stations and

months in most part of the growing season.

• Significant wet periods were detected in the first half

of the 20th century, while important dry breaks
occurred in the second half of the century.
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