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SUMMARY

Drought is one of the natural hazard risks which badly affects both agricultural and socio-economic sectors. Hungary, which is located in
Eastern Europe has been suffering from different drought cycles; therefore, the aim of this study is to analyse the rainfall data obtained from
ten metrological stations (Békéscsaba, Budapest, Debrecen, Gydr, Kékestets, Miskolc, Papa, Pécs, Szeged, Siofok, Szolnok) between 1985

and 2016, by using the Standardized Precipitation Index (SPI).

The results showed that 2011 was recorded as the worst drought cycle of the studied period, where the SPI ranged between -0.22 (extreme
drought) in Sidfok, and 0.15 (no drought) in Miskolc. In a similar vein, the study highlighted the year 2010 to be the best hydrological year,
when the SPI reached 0.73 (mildly wet) on average. Interestingly, the Mann-Kendall trend test for the drought cycle showed no positive
trends in the study area. Finally, more investigation should be conducted into the climate change spatial drought cycle in Europe.
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INTRODUCTION

Day by day, clues to the existence of climate
change (CC) and global warming have become more
and more of a reality. In the last decade many parts of
the world have started to suffer from the consequences
of CC, effects which include floods, drought, sea-level
rise and conflict (Khedun et al., 2014; Hsiang et al.,
2013; Smith and Katz, 2013; Allen et al., 2010;
Mundetia and Sharma, 2015; Hoang et al., 2018).

On a global scale, agricultural activities are the
main source of CC, where more than 14% of
greenhouse gas (GHG) emissions come from
agricultural sectors and approximately 17% from land
use changes (Paul et al., 2018). This rapid increase in
GHG emissions has altered global climate and led to
more extreme weather events (Alter et al., 2018;
Bento et al., 2018; IPCC, 2007; Snyder et al., 2009;
Hoerling and Kumar, 2004; Spinoni et al., 2018).

Recently, many parts of the world have been
affected by global warming, which has had a
catastrophic impact on natural resources, resulting in
decreasing rainfall, and more intense and frequent dry
spells, which worsen droughts in many regions of the
globe (Naumann et al., 2018; Touma et al., 2015;
Prudhomme et al., 2014)

Drought is one of the phenomena that is affected
rapidly by CC, due to the complex factors that lead to
it (Spinoni et al., 2018; Wilhite et al., 2007), and it has
started to affect new terrestrial ecosystems, especially
in the last few years (Allen et al., 1998). Interestingly,
as CC progresses, future drought will occur under
warmer temperature conditions (Breshears et al.,
2005; Hoerling and Kumar, 2004; IPCC, 2001 ) and
will have massive effects on vegetation cover (Allen
et al., 1998; Kelly and Goulden, 2008; IPCC, 2007;
He et al., 2018).

Globally, drought is considered to be one of the
most costly natural disasters, having killed more than
11 million people and affected more than 2 billion

people from 1900 to 2011; in particular, it affected
more than 900 million people worldwide from 1999 to
2010 (EMDAT, 2011; Wilhite, 2000; lvits et al., 2014;
EM-DAT, 2013; Spinoni et al., 2014). Historically,
Europe has been hit by the drought cycle many times
as a consequence of CC and global warming, causing
approximately 100 billion Euros of damage from 1976
to 2006 (Vogt et al., 2011a; van Lanen and Tallaksen,
2008; Feyen and Dankers, 2009; Lindner et al., 2010;
Dai, 2011). However, the future climate for Europe is
predicted to be higher temperatures with extreme
climate events, changing precipitation patterns and a
higher probability of drought cycles (Rowell, 2005;
Beniston et al., 2007).

On a regional scale, southern Europe is subjected
to increasing drought frequency and severity, with a
remarkable increase noticeable in the Carpathian
region (Spinoni et al., 2013, 2014; Spinoni et al.,
2015a, 2015b; Spinoni et al., 2018); in contrast,
northern regions recorded a wetter and cooler climate
(Kingston et al., 2015). Feyen and Dankers (2009)
concluded that CC will badly affect river basins in
Europe, particularly in the southern parts of Europe,
due to water stress, which is an increasing drought
hazard. Similarly, lvits et al. (2014) indicate that
ecosystems in the Western Atlantic regions and
Eastern Europe are vulnerable to climate change, and
increases in drought frequency or intensity may result
in great impacts on these ecosystems.

Hungary, which is located in the Carpathian
Region, is subjected to climate change, as are other
countries in Europe (Galos et al., 2007). Spinoni et al.
(2015a) emphasize the positive trends of heat wave
events in the entire Carpathian Region, while cold
waves tend to be less frequent and shorter. Similarly,
Galos et al. (2007) predicted a drying tendency until
the end of 21st century, especially in summer
(Bartholy et al., 2013; Pongracz et al., 2014;). Many
other studies have been conducted in Hungary in order
to track CC; Blanka et al. (2013) reported an expected
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an increase in the drought hazard due to climate
change, using regional climate models (REMO and
ALADIN). Domonkos (2003) analysed the monthly
precipitation data from 14 Hungarian stations (1901—
1998) and reported an important main change in the
mean summer precipitation with an increase in
summer drought frequency, In the same context,
Kocsis and Anda (2017) detected a significant
decreasing tendency of rainfall in Keszthely, which
will make it unfavourable for agricultural cultivation.

The principal aim of this study is to the track
drought cycle in ten metrological stations
(Békéscsaba, Budapest, Debrecen, Gyor, Kékesteto,
Miskolc, Péapa, Pécs, Szeged, Siofok, Szolnok) from
1985 to 2016 by using the Standardized Precipitation
Index (SPI).

MATERIALS AND METHODS

Monthly  precipitation and yearly average
temperature series covering the period 1985-2016
from 10 Hungarian observing stations were used in
this research. The data was obtained from The
Hungarian Central Statistical Office (1985-2016).

The Simple Linear Regression Model (SLRM), which
can be defined as follows:

Y= B+ ¢X

where Y is a dependent variable, X is an
independent variable, and 3 and @: are regression
coefficients, has been applied to estimate the trend of
climate data (temperature and rainfall) from 1900 to
2015.

The Standard Precipitation Index (SPI) (McKee et
al., 1995) has been used as an indicator of drought.
SPI statistically converts the gamma distribution
probability into a series of linear data with natural
distribution, where the mean value is equal to zero
(Table 1). Positive values mean an increase in rainfall
and negative values mean a decrease in rainfall,

according to the following equation:
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Where:
I'(a): gamma distribution probability, x Rainfall, a:
shape parameter, B: scale parameter.

Table 1
Drought categories from SPI
SPI Value Drought category
0to-—0.99 Mild drought
-1.00 to -1.49 Moderate drought
-1.5t0-1.99 Severe drought
-2.00 or less Extreme drought

After calculating the SPI Index, the trends were
checked using the Mann-Kendall test (Mann, 1945;
Kendall, 1975) to detect the presence or absence of an
increasing or decreasing trend within a time series
(Szelepcsényi et al., 2018).

RESULTS AND DISCUSSION

3-1- Trends of observed climate data:

The statistical analysis showed a general positive
trend in both rainfall and temperature, although in
most of the cases these changes are not significant, as
can be seen in Tables 2 and 3.

Rainfall has shown no significant changes, except
for the Miskolc station, where the changes were
significant; the average rainfall ranges between 525
and 785 mm. The temperature showed a positive trend
(nonsignificant; P > 0.001), and some changes were
significant, i.e. in Gyor, Kékestetd, Papa, and Pécs,
over the period between 1985 and 2015.

Table 2

Statistical analysis of rainfal data series (1985-2016)

Mean Minimum Maximum  Standard deviation SLRM Trend Sig

Békéscsaba 568 310 836 128 Y=1534.5+2.02X + non
Budapest 525 291 842 130 Y=492.58+ 1.9X + non
Debrecen 548 391 845 106 Y= 5255+ 3.5X + non
Gy6r 560 390 906 111 Y=481.69+ 2.85X + non
Kékestetd 785 489 1111 153 Y=741.8+2.6X + non
Miskolc 591 334 999 156 Y=465.5+7.6X el 99%
Papa 593 379 835 135 Y=1545.2+2.88X + non
Pécs 657 405 981 130 Y=549.9+3.7X + non
Siofok 554 287 894 142 Y=510.6+2.6X + non
Szeged 524 203 842 141 Y=457.8+ 3.99X + non
Szolnok 531 319 835 141 Y=501+1.7X + non
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Table 3

Statistical analysis of avareg temprature data series (1985-2016)

Mean Minimum Maximum  Standard deviation SLRM Trend Sig.

Békéscsaba 10.919 9.200 12.400 0.873 Y=9.8+0.06X + non
Budapest 11.878 10.400 13.300 0.824 Y= 10+ 0.05X + non
Debrecen 10.613 8.700 12.200 0.809 Y=9.6+0.06X + non
Gyo6r 10.769 9.100 11.900 0.796 Y=9.9+0.05X il 99%
Kékestetd 10.900 9.400 12.300 0.819 Y=5.2+0.05X Rl 99%
Miskolc 6.088 4.700 7.400 0.780 Y=8.86+0.07X + non
Papa 10.688 9.100 11.800 0.715 Y=9.9+0.04X el 99%
Pécs 10.075 8.100 11.700 0.901 Y=10.33+ 0.05X il 99%
Sidfok 10.813 9.500 12.200 0.797 Y=10.36+ 0.6X + non
Szeged 10.638 9.100 11.900 0.756 Y=10.16+ 0.05X + non
Szolnok 11.163 9.600 12.300 0.806 Y=9.97+ 0.06X + non

3-2- SPI analyse:

As can be seen from Figure 1, the SPI (drought)
has changed over time from 1985 till 2015, which
reflects the characteristics of precipitation changes
through the years. The results show that Békéscsaba;
Budapest, and Miskolc were affected by 3 drought
events (with an SPI of less than 0), while Papa and
Siofok were affected by 2 drought events (an SPI of
less than 0), and 5 drought events (an SPI of less than
0). The results also showed that the years 2000 and

2011 were the worst in the studied time series, in
which most of the stations recorded a negative SPI
value. Interestingly, the Mann-Kendall trend test for
the drought cycle showed no positive trends in the
study area.

Principle component analysis showed a potential
drought in Debrecen, Gy6r, Kékestetd, and Miskolc,
while the correlation matrix showed a good agreement
between SPI for all the studied locations, as can be
seen in Table 4.

Figure 1: Distribution of Standardized Precipitation Index (SPI) in the study area

Our results are in accord with other researchers,
including Matyasovszky et al. (1999), who reported a
warmer and drier temperature over the last century in
Hungary due to increased atmospheric greenhouse
gases, a finding supported by many researchers, e.g.
Hanssen-Bauer et al. (2005), Bartholy et al. (2007),
Havril et al. (2018). Similarly, many scholars have
indicated drought trends in Hungary, especially in
2011, due to climate change and a lack of precipitation
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e.g. Bartholy et al. (2014), Moéricz et al. (2018). On
the contrary, there are no records in the research of
increased rainfall along Hungary, although our
positive trend was not statistically significant.

In conclusion, further studies should be conducted
with an emphasis on drought trends in Hungary, and
the SPI should be calculated on a different scale in
order to track drought changes through the seasons.
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Table 4
Correlation matrix within studied locations (SPI)
Bék  Budt Deb G Kék  Misk  Pap Pé Szeg Sio
Budt 0.709
Deb 0.667 0.638
G 0.654 0.787 0.679
Kék 0.654 0.787 0.679 1.000
Misk 0.735 0.769 0.739 0.772 0.772
Pap 0606 0524 0454 0495 0495 0478
pPé 0.669 0.693 0559 0512 0512 0.682 0.634
Szeg 0.897 0.706 0.647 0598 0.598 0.754 0.625 0.798
Si6 0699 0751 0595 0.689 0.689 0.660 0.796 0.852 0.746
Szo 0.858 0.818 0.729 0.757 0.757 0.780 0.674 0.703 0.821 0.804
REFERENCES
Allen, C. D.—Breshears, D. D. (1998): Drought-induced shift of a ~ EMDAT (2011): The OFDA/CRED International Disaster
forest-woodland ecotone: rapid landscape response to climate Database. Universite Catholique de Louvain, Brussels,

variation. Proceedings of the National Academy of Sciences,
95(25), 14839-14842.

Alter, R. E—Douglas, H. C.—-Winter, J. M.—Eltahir, E. A. (2018):
Twentieth century regional climate change during the summer
in the central United States attributed to agricultural
intensification. Geophysical Research Letters, 45(3), 1586—
1594,

Arnold, C. Y. (1960): Maximum-minimum temperatures as a basis
for computing heat unit. Proc. Amer. Soc. Hort. Sci. 76: 682—
692.

Bartholy, J.—Gelybd, R. P. G. (2007): Regional Climate Change
Expected In Hungary For 2071-2100. Applied ecology and
environmental research, 5(1), 1-17.

Bartholy, J.—Pongracz, R.—Hollosi, B. (2013): Analysis of projected
drought hazards for Hungary. Advances in Geosciences, 35,
61-66.

Bartholy, J.—Pongracz, R.—Pieczka, I. (2014): How will the climate
change in this century? Hungarian Geographical Bulletin, 63,
55-67. (BJ-et-alHunGeoBull_2014_1_55-67.pdf)

Beniston, M., et al. (2007): Current and future extreme climatic
events in Europe: Observation and modeling studies conducted
within the EU PRUDENCE project, Clim. Change, 81, 71-95.

Bento, C. B.—Filoso, S.—Pitombo, L. M.—Cantarella,~Rossetto, R.—
Martinelli, L. A.—do Carmo, J. B. (2018): Impacts of sugarcane
agriculture expansion over low-intensity cattle ranch pasture in
Brazil on greenhouse gases. Journal of environmental
management, 206, 980-988.

Blanka, V.-Mezési, G.—Meyer, B. (2013): Projected changes in the
drought hazard in Hungary due to climate change. Id6jaras,
117(2), 219-237.

Breshears, D. D.—Cobb, N. S.—Rich, P. M.—Price, K. P.-Allen, C.
D.—Balice, R. G.—Anderson, J. J. (2005): Regional vegetation
die-off in response to global-change-type drought. Proceedings
of the National Academy of Sciences, 102(42), 15144-15148.

Dai, A (2011): Drought under global warming: a review. Wiley
Interdisciplinary Reviews: Climate Change, 2, 45-65.

Domonkos, P. (2003): "Recent precipitation trends in Hungary in
the context of larger scale climatic changes." Natural
Hazards29, no. 2: 255-271.

Belgium. Available at: www.emdat.be

EM-DAT. (2013): http://www.emdat.be/disaster-list.

Feyen, L.—Dankers, R. (2009): Impact of global warming on
streamflow drought in Europe. Journal of Geophysical
Research: Atmospheres, 114(D17).

Galos, B.—Lorenz, P.—Jacob, D. (2007): Will dry events occur more
often in Hungary in the future? Environmental Research
Letters, 2(3), 034006.

Hanssen-Bauer, |.—Achberger, C.-Benestad, R. E.-Chen, D.-
Forland, E. J. (2005): Statistical downscaling of climate
scenarios over Scandinavia: A review. — Climate Research 29:
255-268.

Havril, T.—Toth, A—Molson, J. W.-Galsa, A—Madl-Szényi, J.
(2018): Impacts of predicted climate change on groundwater
flow systems: Can wetlands disappear due to recharge
reduction? Journal of hydrology, 563, 1169-1180.

He, B.-Liu, J—Guo, L.-Wu, X.-Xie, X.-Zhang, Y.—Chen, C.—
Zhong, Z.—Chen, Z. (2018): Recovery of ecosystem carbon and
energy fluxes from the 2003 drought in Europe and the 2012
drought in the United States. Geophysical Research Letters.

Hoang, L. P.-Biesbroek, R.—Kummu, M.-van Vliet, M. T.-
Leemans, R.—Kabat, P.—Ludwig, F. (2018): Managing flood
risks in the Mekong Delta: How to address emerging challenges
under climate change and socioeconomic developments.
Ambio, 1-15.

Hoerling, M.—Kumar, A. (2004): The Perfect Ocean for Drought.
Science 299, 691-694.

Horion, S.—Carr~ao, H.—Singleton. A. et al. (2012): JRC Experience
on the Development of Drought Information Systems.
Europe, Africa and Latin America. EUR 25235 EN.
Publications Office of the European Union, Luxembourg.
JRC68769, doi: 10.2788/15724. Auvailable at:
http://publications.jrc.ec.europa.eu/repository/bitstream/111111
111 /23582/1/Ibna25235enn.pdf

Hsiang, S. M.-Burke, M.-Miguel, E. (2013): Quantifying the
influence of climate on human conflict. Science, 341(6151):
1235367.

Intergovernmental Panel on Climate Change (2007): Climate
Change 2007: Impacts, Adaptation and Vulnerability.



ACTA AGRARIA DEBRECENIENSIS 2019-2

DOI: 10.34101/actaagrar/2/3685

Contribution of Working Group 1l to the Fourth Assessment
Report of the IPCC (Cambridge Univ. Press, Cambridge, UK).

IPCC (2007): Agriculture. In: B, M. (Ed.), Climate Change 2007:
Mitigation of Climate Change: Contribution of Working Group
111 to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge  University
Press,Cambridge, UK, pp. 1e851.

IPCC (2001): Intergovernmental Panel on Climate Change, Climate
Change 2001: Synthesis Report, A Contribution of Working
Groups I, I, and 11l to the Third Assessment Report of the
Intergovernmental Panel on Climate Change, eds. Watson, R.
T. & Core Writing Team (Cambridge Univ. Press, New York).

lvits, E.—Horion, S.—Fensholt, R.—Cherlet, M. (2014): Drought
footprint on E uropean ecosystems between 1999 and 2010
assessed by remotely sensed vegetation phenology and
productivity. Global Change Biology, 20(2), 581-593.

Kelly, A. E.—Goulden, M. L. (2008): Rapid shifts in plant
distribution with recent climate change. Proceedings of the
National Academy of Sciences 105: 11823-11826.

Kendall, M. G. (1975): Rank correlation methods, Fourth edn.
Charles Griffin, London.

Khedun, C. P.-Singh, V. P. (2014): Climate change, water, and
health: a review of regional challenges. Water Quality,
Exposure and Health 6(1-2): 7-17.

Kiesselbach, T. A. (1950): Progressive development and seasonal
variation of corn crop. University of Nebraska Bulletin p. 166.

Kingston, D. G.-Stagge, J. H.-Tallaksen, L. M.—Hannah, D. M.
(2015): European-scale drought: understanding connections
between atmospheric circulation and meteorological drought
indices. J. Clim. 28(2): 505-516.

Kocsis, T.—Anda, A. (2017). Analysis of precipitation time series at
Keszthely, Hungary. Quarterly Journal of the Hungarian
Meteorological Service, 121(1), 63-78.

Lindner, M.—Maroschek, M.—Netherer, S. et al. (2010): Climate
change impacts, adaptive capacity, and wvulnerability of
European forest ecosystems. Forest Ecology and Management,
259, 698-709.

Mann, H. B. (1945): Nonparametric tests against
Econometrica 13(3): 245-259. doi:10.2307/1907187

Matyasovszky, |.—Weidinger, T.—Bartholy, J.—Barcza, Z. (2018):
Current regional climate change studies in Hungary: a review.
Geographica Helvetica, 54(3), 138-146.

McKee, T. B.-Doesken, N. J—Kleist, J.: (1995): Drought
monitoring with multiple time scales, Preprints, Ninth Conf. on
Applied Climatol, Dallas, TX, Amer. Meteor. Soc. 233-236.

Moricz, N.—Garamszegi, B.—Rasztovits, E.—Bidlo, A.—Horvath, A.—
Jagicza, A-Illés, G.—Vekerdy, Z.-Somogyi, Z.—Galos, B.
(2018): Recent Drought-Induced Vitality Decline of Black Pine
(Pinus nigra Arn.) in South-West Hungary—Is This Drought-
Resistant Species under Threat by Climate Change? Forests,
9(7), 414.

Mundetia, N.—Sharma, D. (2015): Analysis of rainfall and drought
in Rajasthan State, India. Global NEST J, 17(1), 12-21.

Naumann, G.-Alfieri, L.-Wyser, K.—-Mentaschi, L.—Betts, R. A.—
Carrao, H.-Spinoni, J.—Vogt, J—Feyen, L. (2018): Global
changes in drought conditions under different levels of
warming. Geophysical Research Letters, 45(7), 3285-3296.

trend.

Paul, B. K.—Frelat, R.—Birnholz, C.—Ebong, C.—Gahigi, A.—Groot, J.
C. J-Van Wijk, M. T. (2018): Agricultural intensification
scenarios, household food availability and greenhouse gas
emissions in Rwanda: Ex-ante impacts and trade-offs.
Agricultural Systems, 163, 16-26.

Pongracz, R.—Bartholy, J—Kis, A. (2014): Estimation of future
precipitation conditions for Hungary with special focus on dry
periods. Id6jaras, 118(4), 305-321.

Prudhomme, C.—Giuntoli, .—Robinson, E. L.—Clark, D. B.—Arnell,
N. W.-Dankers, R. et al. (2014): Hydrological droughts in the
21st century, hotspots and uncertainties from a global
multimodel ensemble experiment. Proceedings of the National
Academy of Sciences, 111(9), 3262-3267.

Rowell, D. P. (2005): A scenario of European climate change for
the late 21st century: Seasonal means and interannual
variability, Clim. Dyn., 25, 837-849.

Smith, A. B.—Katz, R. W. (2013): US billion-dollar weather and
climate disasters: data sources, trends, accuracy and biases.
Natural hazards, 67: 387-410.

Snyder, C. S.—Bruulsema, T. W.-Jensen, T. L.—Fixen, P. E. (2009):
Review of greenhouse gas emissions from crop production
systems and fertilizer management effects. Agriculture,
Ecosystems & Environment, 133(3-4), 247-266.

Spinoni, J.—Antofie, T.-Barbosa, P.-Bihari, Z.—Lakatos, M.-Szalai
S.—Szentimrey, T.-Vogt, J. (2013): An overview of drought
events in the Carpathian region in 1961-2010. Adv. Sci. Res.
10(1): 21-32.

Spinoni, J.—Lakatos, M.-Szentimrey, T.-Bihari, Z.—Szalai, S.—Vogt,
J—Antofie, T. (2015a): Heat and cold waves trends in the
Carpathian region from 1961 to 2010. Int. J. Climatol. 35(14):
4197-4209.

Spinoni, J.—Naumann, G.—Carrao, H.—Barbosa, P.-Vogt, J. (2014):
World drought frequency, duration, and severity for 1951—
2010. Int. J. Climatol. 34(8): 2792-2804.

Spinoni, J—Naumann, G.-Vogt, J. (2015b): Spatial patterns of
European droughts under a moderate emission scenario. Adv.
Sci. Res. 12(1): 179-186.

Spinoni, J.—Vogt, J. V.-Naumann, G.-Barbosa, P.-Dosio, A.
(2018): Will drought events become more frequent and severe
in Europe? International Journal of Climatology, 38(4), 1718—
1736.

Szelepcsényi, Z.—Breuer, H.—Kis, A.—Pongracz, R.—Siimegi, P.—
(2018): Assessment of projected climate change in the
Carpathian Region using the Holdridge life zone system.
Theoretical and Applied Climatology, 131(1-2), 593-610.

Touma, D.—Ashfaq, M.-Nayak, M. A.—Kao, S. C.-Diffenbaugh, N.
S. (2015): A multi-model and multi-index evaluation of drought
characteristics in the 21st century. Journal of Hydrology, 526,
196-207.

van Lanen, H. A.-Tallaksen, L. M. (2008): Drought in Europe.
Proceedings of water down under 2008, 98.

Wilhite, D. A. (2000): Drought as a natural hazard: concepts and
definitions. In: Drought: A Global Assessment (ed. Wilhite
DA), pp. 3-18. Routledge Publishers, London.

Wilhite, D. A.—Svoboda, M. D.—Hayes, M. J. (2007): Understanding
the complex impacts of drought: a key to enhancing drought
mitigation and preparedness. Water Resour. Manage. 21(5):
763-774.






