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ABSTRACT

The weather in Slovakia changes a lot by the influence of dry continental air from the
west and the humid ocean air from the north. The Eastern Slovakia lowland is the
warmest and the driest region of eastern Slovakia with an annual average temperature
around 8°C and precipitation around 600 mm. The coldest places are mountainous area
— the High Tatras in the north of eastern Slovakia with the average temperature of -3°C
and with precipitation over 2000 mm. The non-parametric Mann-Kendall statistic test
was applied to detect trends and to assess the significance of the trends in the time
series. The significance of trends in 53 years precipitation and temperature time series
was assessed. The application of trend detection in eastern Slovakia has resulted in the
identification of a few increasing significant trends in precipitation but clear increasing
significant trends in temperature data. As expected, trends show large variability in
magnitude and direction of trend from one station to another related to the topography
of the country. It is clear that slight climatic changes may have affected the magnitude
and timing of the atmospheric variables within the study area.
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1. INTRODUCTION

Atmospheric precipitation is usually considered as the most important meteorological
parameter. It belongs also to the most changeable meteorological elements of both
spatial and temporal point of view. Atmospheric precipitation is most influenced by
geographic location area, altitude, windy area to the predominant flow, bringing moist
air masses and frontal systems. The Intergovernmental Panel on Climate Change
provides a comprehensive review of the potential impacts on the hydrological variables
of the man induced climate changes. It states that such changes will likely increase
runoff in the higher latitude regions because of increased precipitation; also, the flood
frequency is expected to change in some locations and the severity of drought events
could also increase as a result of the changes both in precipitation and evaporation.
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Observations show that changes are occurring in the amount, intensity, frequency and
type of precipitation [1].

In Slovakia, as in many other European countries (Romania, Portugal, Greece), the fresh
water related risk, and specifically the droughts are expected to become more frequent,
intense and prolonged due to climate change [1]. At the same time, most of the studies
about the issue are focused on specific regions or aspects rather than aiming at a
comprehensive characterization of the phenomenon for the whole country, based on
extensive hydrological ground data e.g. [2] - [7].

This paper presents results of spatial precipitation and temperature trends using Mann-
Kendall non-parametric test and geostatistics tools in climatic stations in the eastern part
of Slovakia.

2. MATERIAL AND METHODS
2.1 Statistical analysis

Trend analysis for hydrological time series is an important and popular tool for better
understanding the effects of climate variation and anthropogenic activities.

In this study non-parametric Mann-Kendall test is used for the detection of the trend in a
time series. This test is widely used in the environmental science because it is simple,
robust and can cope with missing values and values below a detection limit. The first
proposal of the test was by [8], [9]. The Mann-Kendall (MK) test is a rank-based
nonparametric test for assessing the significance of a trend, and has been widely used in
hydro-meteorological trend detection studies [10]. A serious problem in detecting and
evaluating trends in hydrologic data is the effect of serial dependence [11].

Mann-Kendall test is following statistics based on standard normal distribution (Z), by
using Eq.(2).

If JVvar(s) f 5>0

Z= 4' 0 if S= (1)

S+1
k JVvar(S) lf §<0
in which,
S =%k Xk sgn(x; — xi) 2)
+1 if (xj —xk) >0
sgn(—x) = | 0 if (x-x) =0 3

k -1 if(xj —xk) <0
Var(S) = [n(n—1)2n+5) - X7, t;(t; — D(2¢t; +5)]/18 (4)
Where n is the number of data points,

m is the number of tied groups (a set of sample data having the same value).
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Hypothesis HO - no trend is if (Z < Z,) and H1 - there is a trend if Z > Z,,. Positive
values of Z indicate increasing trends, while negative values of Z show decreasing
trends.

The magnitude of the trend was determined using Sen's estimator. Sen’s coefficient is
calculated by

B = Median ((xj —x)/ G — k)) (5)
fori=1,2,.., N,
where x; and xi are data values at time j and k (j > k), respectively and
N is a number of all pairs x; and Xx.

A positive value of g indicates an upward (increasing) trend and a negative value
indicates a downward (decreasing) trend in the time series.

The non-parametric Mann-Kendall statistic test was applied to detect trends and to
assess the significance of the trends in the time series. The non parametric Mann-
Kendall statistical test has been widely applied to assess the significance of trends in
climatological time series. The significance of trends in 53 years climatological time
series was assessed by the Mann-Kendall test at the significance level of 0.05. We
investigated the precipitation data in study area — eastern part of the Slovak Republic —
in 16 climatic stations in which no gaps in the data were presented.

2.2 Spatial distribution of trends

We have used modelling and analysing tools of ArcGIS — Geostatistical Analyst — in
modelling of spatial distribution of precipitation and temperature trends. Geostatistics is
based on the regionalization of random variable in a given area. A set of random
variables generated random function. Random function model is based on a study of the
spatial variability of the studied phenomenon in different directions — experimental
variogram. Calculation of empirical semivariogram is written in the form [12]:

1

y(h) = 5o N [2(s) — 2(s; + W) (6)
Where y (h) is estimated semivariation for the distance h;
n (h) is the number of pairs of measured points separated by a distance h;
z(s;) is a measured value in point (s;).

The results of spatial distribution of precipitation time series trends are presented in
Figures 2 — 5.

2.3 Study area

Slovakia belongs to the northern moderate climatic zone. There are four seasons during
the year — spring, summer, fall and winter. The topography of Slovakia is very diverse
and the altitude is an important factor affecting the precipitation. Area under the study
and location of climatic stations in eastern Slovakia is depicted in Figure 1.
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Fig. 1: Study area

Monthly precipitation data recorded at 16 climatic stations in eastern Slovakia operated
by Slovak Hydrometeorological Institute were useded for this study. A climatic stations
network data length from 1962 to 2014, it means 53 years of data for hydrological year
in Slovakia (from November to October), were set up to study seasonal precipitation
trends in eastern Slovakia.

3. RESULTS
3.1 Trend analysis

Results of precipitation analysis are presented for seasonal data (Table 1). Data series
for the 53 years period, from 1962-2014, were considered for trend detection. The
evaluation was done for the seasons of the year — winter (November, December,
January) (XI -I), spring (February, March, April) (I1 -1V), summer (May, June, July) (V
=VII) and fall (August, September, October) (VII —X).
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Tab. 1: Seasonal precipitation trends in climatic stations

Season

X1 -1 -1V V-VII VI - X
Lomnicky peak | 0.4871 |0.6000 |0.3678 | 0.1188
Skalnaté Pleso | 0.0500 | 0.1333 | 0.0965 | -0.0400
Strbské Pleso 0.0512 0.0729 0.1526 0.0135

Climatic station

Poprad -0.0227 |0.0159 |0.1464 |0.0178
Svedlar 00149 |-00176 |0.2100 |0.0878
Moldavanad | 0140 | 00258 |0.0637 | -0.0560
Bodvou
Cerveny .0.0284 |0.0479 |0.2063 |0.0524
Klastor
Plave¢ nad

.0.0146 |0.0412 |0.2667 |0.0333
Popradom
Bardejov 00011 |0.0060 |0.1462 |-0.0226
Caklov 0.0264 |-0.0036 |0.0821 | 0.0000

KoSice. airport | 0.0023 | -0.0290 | 0.0702 | -0.0635
Medzilaborce 0.0185 0.0386 | 0.1380 -0.0432
Milhostov -0.0102 |-0.0222 |0.0483 |0.0139
Somotor 0.0165 |0.0185 |0.0333 |0.0077

Michalovce 0.0408 0.0154 | 0.0500 0.0186

Kamenica nad
Cirochou

-0.0102 | -0.0362 | 0.0286 |-0.0148

The results of spatial distribution of precipitation trends in climatic stations in the
eastern Slovakia are presented in Figures 2, 3, 4 and 5.
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Fig. 3: Precipitation trends in spring
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Fig. 5: Precipitation trends in fall

Seasonal trend analysis proved mostly increasing trend in precipitation in the study area
although not significant trends (Table 2). Significant positive trends are found in station
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Lomnicky Stit in the mountains — the High Tatras (north part of Slovakia). Significant
positive trends in precipitation are obvious during the summer season. No significant
trends are found in fall. Trends in precipitation are also mostly positive during winter
and spring, although some negative trends were also found during these seasons.

4. CONCLUSION

In this paper, the results of seasonal trend analysis applied to precipitation data is
presented for the hydrological year (from November to October) in sixteen climatic
stations in eastern Slovakia. The topography of this part of the country is very diverse
and it affects the climate. The Mann-Kendall non parametric test coupled with the Sen’s
slope was applied to identify the significant long-term climatic trends, as well as the
magnitude of those trends. Trends in precipitation are mostly positive during winter and
spring, although some negative trends were also found during these seasons. Spatial
distribution of precipitation trends was modelled in ArcGIS using geostatistical
analysis.

The application of trend detection in eastern Slovakia has resulted in the identification
of a few increasing significant trends in precipitation data. Spatial differences in the
trend results can be expected to occur as a result of spatial differences in the changes in
precipitation over the study area and spatial differences in the country characteristics.
As expected, trends show large variability in magnitude and direction of trend from one
station to another related to the topography of the country. It is clear that slight climatic
changes may have affected the magnitude and timing of the atmospheric variables
within the study area.

This paper develops a picture of recent precipitation trends in climatic stations across
the region of eastern Slovakia, which should be of interest to future agriculture and
water resource management.

5. REFERENCES

[1] Kovats R.S., Valentini R., Bouwer L.M., Georgopoulou E., Jacob D., Martin E.,
Rounsevell M., & Soussana J.F. Europe. In: Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working
Group Il to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Barros, V.R., C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E.
Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N.
Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA, pp. 1267-1326, 2014.

[2] Bara M., Gaal L., Kohnova S., Szolgay J. & Hlavcova, K. On the use of the simple
scaling of heavy rainfall in a regional estimation of IDF curves in Slovakia. J. Hydrol.
Hydromech., DOI: 10.2478/v10098-010-0006-0 49/ 58, 1, 49-63. 2010.

[3] Fasko P., Pecho J., Mikulova K. & Nejedlik, P. Trends of selected characteristics of
precipitation in the northern Carpathians in the light of water supply for agriculture. In
Eitzinger, J., and Kubu, GH. (2009), Impact of Climate Change and Adaptation in
Agriculture. Extended abstracts of the International Symposium. Vienne, Austria. 106-

172



Danube COnfErence SO CONFERENCE OF THE DAGUBIAL COUNTRIEES

o AYDROLOSICAL FORECASTING
2017 AND HYDROLOGIGAL BASES OF WATER MANASEMENT
26-28 September 2017, Golden Sands, Bulgaria

109. BOKU-Met Report 17, 106-109, ISSN 1994-4179 (print), ISSN 1994-4187
(online) - http://www.boku.ac.at/met/report. 2009.

[4] Fendekova M., Pekarova P., Fendek M., Pekar J. & Skoda, P. Global drivers effect
in multi-annual variability of runoff. J. Hydrol. Hydromech., DOI: 10.2478/johh-2014-
0027169/ 62, 3, 169-176. 2014.

[5] Oosterwijk J., van Loon A. F., Machlica A., Horvat O., van Lanen HAJ. &
Fendekova M. Hydrological drought characteristics of the Nedozery sub catchment,
upper Nitra, Slovakia, based on HBY modelling. Technical Report n.° 20. WATCH -
Water and Global Change. 2009.

[6] Pekarova P., Onderka M., Pekar J., Ronc¢ak P. & Miklanek P. Prediction of water
quality in the Danube River under extreme hydrological and temperature conditions. J.
Hydrol. Hydromech., DOI: 10.2478/v10098-009-0001-53 / 57, 1, 3-15. 20009.

[7] Vido J., Tadesse T., Sustek Z., Kandrik R., Hanzelovd M., Skvarenina J.,
Skvareninov4, J. & Hayes, M. Drought occurrence in Central European mountainous
region (Tatra National Park — Slovakia) within the period 1961-2010. Advances in
Meteorology. Hindawi Publishing Corporation. DOI:10.1155/2015/248728/ pp.1-8.
2015.

[8] Mann, H.B. Non-parametric tests against trend. Econometrica 13, 245-259. 1945.
[9] Kendall, M.G. Rank Correlation Measures. Charles Griffin, London, U.K. 1975.

[10] Burn D.H. & Hag Elnur M.A. Detection of hydrologic trends and variability,
Journal of Hydrology, DOI:10.1016/S0022-1694(01)00514-5/ 255(1-4), 107-122. 2002.

[11] Cunderlik J.M., & Burn D.H. Local and regional trends in monthly maximum
flows in southern British Columbia. Canadian Water Resources Journal 27. 2002.

[12] Clark 1. Practical Geostatistics. Applied Science Publishers, London, U.K. 1979.

6. COPYRIGHT/ACKNOWLEDGEMENTS

The contribution is written thanks to support of bilateral project of Slovak Research and
Development Agency between Slovakia and Portugal SK-PT-2015-0007.

173


http://www.boku.ac.at/met/report
http://www.kriging.com/pg1979_download.html

	Putting in operation of the modern high-tech hydrometric technologies also requires solving a number of methodological and organizational issues, among them we would like to indicate following: a) it is necessary to include the issues of using the mod...
	METHODICAL APPROACHES TO THE ESTIMATION OF REPRESENTATIVENESS OF BENCHMARK CLIMATE STATIONS
	CОNTEMPORARY DEVICES FOR MEASURMENT OF WATER DISCHARGE IN OPEN FLOWS
	http://www.sommer.at/en/products/water/rq-30-rq-30a19.06.2017
	HYDRAULIC DESIGN OF CULVERTS
	How affect the application of biochar the water regime of agricultural soil when a maize (Zea mays L.) is grown?
	UTILIZATION OF GAINED EXPERIENCES BASED ON ICE OBSERVATION BY WEBCAMERAS
	EXPECTED CHANGES IN THE 100-YEAR RIVER DISCHARGE  IN THE 21ST CENTURY AT THE DANUBE RIVER IN BRATISLAVA
	HYDRO-GENETIC ANALYSIS OF THE LONG-TERM FLUCTUATIONS OF THE AVERAGE ANNUAL WATER TEMPERATURE IN THE SIVERSKYI DONETS RIVER BASIN (WITHIN UKRAINE)
	3. RESULTS AND DISCUSSION
	4. CONCLUSION
	REFERENCES
	Identification of changes in the hydrological regime due to Gabčíkovo Water Dam operation
	THE UNCERTAINTY INTERVAL OF THE MAXIMUM DISCHARGES    WITH HIGH RETURN PERIOD
	A DESIGN FLOOD ESTIMATION AT THE HYDROLOGICAL GAUGING STATIONS – WHAT THAT COULD BE?
	ACKNOWLEDGMENT
	references:
	4. RESULTS
	IMPACT OF DROUGHT PERIODS ON THE GROUNDWATER RECHARGE IN THE DOBRICH REGION, NORTHEASTERN BULGARIA
	SEASONAL PRECIPITATION TREND ANALYSIS IN CLIMATIC STATIONS IN THE EASTERN SLOVAKIA
	CHANGES IN WATER TEMPERATURE IN SELECTED STREAMS OF THE MORAVA RIVER BASIN
	REFERENCES
	Oleksandr Aksiuk , Pavlo Poperechnyi, Hanna Goncharenko
	ABSTRACT
	REFERENCES
	NEW PRODUCTS IN HYDROLOGICAL FORECASTING SYSTEM ON MORAVA RIVER
	SHORT-TERM FORECASTING OF WATER INFLOW TO DNIESTER RESERVOIR USING NUMERICAL WEATHER FORECAST MODEL DATA
	1. L.O. Gorbachova, B.F. Khrystyuk, The hydrologic regionalization of the territory of Ukraine for the formation conditions of the annual streamflow based of Andrews’ curves, Ukrainian Geographical Journal, Ukraine, № 3, pp 27-33, 2016
	HYDROLOGICAL SIMULATIONS BASED ON REGIONAL CLIMATE MODEL OUTPUTS
	STOCHASTIC REGULARITIES OF LONG-TERM FLUCTUATION OF AVERAGE ANNUAL RUNOFF OF RIVERS OF TISZA RIVER BASIN (WITHIN THE UKRAINE)
	EXTENDING THE OLSER FORECASTING SYSTEM FOR SMALL CATCHMENTS IN HUNGARY
	APPLYING A NEW MODEL IN WATER LEVEL FORECASTING FOR THE COMMON HUNGARIAN-CROATIAN SECTION OF DRAVA RIVER AT THE HUNGARIAN HYDROLOGICAL FORECASTING SERVICE
	[4] WMO, World Meteorological Organization Executive Council 66th session, WMO - No. 1136: Executive Council Reports, Switzerland, pp 91, 2014.
	BACKWATER EFFECT IN THE SAVINJA RIVER CATCHMENT ON THE FLOOD SAFETY AND HYDROLOGICAL DATA
	HYDROLOGICAL- HYDRAULIC MODEL FOR REAL TIME FORECASTING ON SAVA RIVER IN CROATIA
	CASE STUDIES OF 2D HYDRO-DYNAMIC MODELING OF DIFFERENT DANUBE REACHES IN HUNGARY
	INTER-ANNUAL DISTRIBUTION FOR YANTRA RIVER BASIN, NORTH BULGARIA
	Fig. 1: Yantra watershed - hydrological (►) and meteorological (●) gauge stations
	STOCHASTIC RAINFALL-RUNOFF MODELLING TO EVALUATE THE SPATIAL CONCURRENCE OF THE RUNOFF OF INN TRIBUTARIES
	ASSESSING RISKS AND COSTS OF CLIMATE CHANGE IMPACTS ON FLOODS AND DROUGHTS WITH THE FUTURE DANUBE MODEL
	TOPIC 4: DISASTER EVENTS
	SEVERE FLASH FLOODS IN SLOVAKIA, JULY 2016
	Unusual February 2016 in Slovak river basins
	A DAILY WETNESS INDEX BASED ON SATELLITE GRAVITY FOR FLOOD AND DROUGHT FORECASTING IN THE DANUBE BASIN
	FLOOD REGIME OF RIVERS IN THE DANUBE RIVER BASIN
	ASSESSMENT OF FLOOD PRONE AREAS ALONG DANUBE RIVER USING OPTICAL SATELLITE DATA
	ANN MODEL FOR FLOOD RISK IDENTIFICATION: SEVLIEVO, BULGARIA
	The result of the described method is a Catalogue for off-line flood hazard and risk identification. It can be used as interactive computer system, based on simulations of the ANN “Catalogue”. Flood risk identification of the future rainfall event is ...

	AN IMPACT ASSESSMENT OF CLIMATE CHANGE IN THE DANUBE RIVER BASIN – ANALYZING RESEARCH PROJECTS TO DETERMINE ADAPTATION STRATEGIES
	FLOOD RISK ASSESSMENT IN ROMANIA BASED ON SOCIAL, ECONOMIC AND CULTURAL EXPOSURE
	TOPIC 6: RIVER BASIN AND WATER MANAGEMENT
	MONTE CARLO SIMULATIONS TO EVALUATE THE POTENTIAL OF ALPINE RETENTION MEASURES
	THE ASSESSMENT OF LEVEL OF FLASH FLOODS THREAT OF URBANIZED AREAS
	Pavla Štěpánková1, Miroslav Dumbrovský2, Karel Drbal1
	1 T. G. Masaryk Water Research Institute, p.r.i., Brno Branch, Czech Republic
	Corresponding author:Pavla Štěpánková, T. G. Masaryk Water Research Institute, p.r.i., Brno Branch, Mojmírovo nám. 16, Beno, 612 00, Czech Republic, pavla_stepankova@vuv.cz
	Keywords: water erosion, critical point, flood risk, catchment area, porosity, concentrated surface runoff
	ACKNOWLEDGEMENTS
	This paper was elaborated with the support The National Agency for Agricultural Research for the project “New approaches to optimization of systems of integrated area protection in the context of their economic sustainability” [QJ1520268] and project ...
	TRENDS ASSESMENT OF METEOROLOGICAL FACTORS, RIVER FLOW AND DROUGHTS IN NORTHWESTERN BULGARIA
	The water level regime of the Danube River between Kienstock and bratislava
	Fatemeh Ghader1, Mohammad Hajiketabi2, Uwe Tröger 1

	POTENTIAL CLIMATE CHANGE IMPACT ON MEAN FLOW IN ROMANIA
	National Park Rila (NP Rila) is the biggest national park in Bulgaria and is situated in the central and highest part of the Rila mountain. The creation of the park aims protection of the several separate ecosystems as well as some historical and cult...
	METHODOLOGY FOR DEVELOPING AND ANALYZING MULTI-PRESSURES MATRIX ACTING ON FUNCTIONAL ELEMENTARY CATCHMENTS (FEC) IN THE DANUBE CATCHMENT



