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Abstract: The present study performs the temporal trend analysis of the meteorological variables time-series in chosen climatic 
stations in Poland, Slovakia and Romania during period of 1962 (1967 in Poland) – 2015. Climatic stations are 
situated in Carpathian Mountains area which has a humid continental climate with cold winters, no dry season, warm 
summers and strong seasonality. The Carpathians consist of a chain of mountain ranges that stretch in an arc from the 
Czech Republic (3%) in the northwest through Slovakia (17%), Poland (10%), Hungary (4%) and Ukraine (11%) to 
Romania (53%). The highest range within the Carpathians is the High Tatras, on the border of Slovakia and Poland, 
where the highest peaks exceed 2,600 m. The second-highest range is the Southern Carpathians in Romania, where 
the highest peaks exceed 2,500 m. Trend of long-term data of average temperature, precipitation, relative humidity 
and wind speed were investigated. The Mann–Kendall (MK) test and the Theil–Sen approach (TSA) were applied to 
quantify the significance of trend and magnitude of trend. Prior to the application of statistical tests, the pre-whitening 
technique was used to eliminate the effect of autocorrelation of precipitation data series. The application of the above-
mentioned analysis has shown significant increasing trend mainly for temperature in the study area. The other 
investigated variables have shown increasing as well decreasing trends, but not significant at significance level of 
95%. 
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1. INTRODUCTION  

The detection of trends in meteorological data is essential for the assessment of the impacts of 
climate variability and change on the water resources (Sarkar et al., 2012). The major possible 
effects of climate change may include variability in water resources, increase desertification, loss of 
biodiversity and changes in agricultural productivity (Burlando and Rosso, 2002). Changes in 
precipitation patterns are very important for water resources managers to deal with the water 
resources planning and management. Variations in precipitation over daily, seasonal, annual, and 
decadal timescales influence water resource systems (Ampitiyawatta and Shenglian, 2009). The 
recent emphasis on integrated catchment planning and unifying EU directives has led to 
considerable research interest in the study of hydrology systems and climate. The major pressures 
on the European water are water pollution, water scarcity (including droughts), floods and 
modification to water bodies (Tsakiris, 2015). 

The objective of presented study is to investigate trends in meteorological time series in climatic 
stations in Carpathians, exactly in Poland, Slovakia and Romania. Annual and seasonal trends in 
average temperature, precipitation, relative humidity and wind speed were detected by Mann-
Kendall statistical test. 

The Carpathians climate change was investigated, e.g. in Hlásny et al. (2016). They strived to 
identify the main regional climate change hot-spots and evaluate the distribution of climatically 
exposed land-use types and ecosystems. The authors adopted a methodology based on change 
trajectories in a multidimensional climate space. Three hot-spots were in the Western Carpathians 
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(Czech Republic, Slovakia, and Hungary), two were in Ukraine, and three were in the Romanian 
and Serbian Carpathians. Analysis of inter-climate model variability indicated that the level of 
confidence in hot-spot position and magnitude differed among hot-spots. In addition to identifying a 
large-scale regional pattern of climate change, their results showed that there are sub-regions with 
remarkably high climate exposure. The hot-spot distribution in lower elevations suggests that 
Carpathian ecosystems in water-limited environment may be particularly exposed to climate 
change. 

2. STUDY AREA 

The situation of the Carpathians (Fig. 1), on the boundary line between western and eastern 
Europe, is reflected in the features of their climate, which in winter is governed by the inflow of 
polar-continental air masses arriving from the east and northeast, while during other seasons 
oceanic air masses from the west predominate.  

 

Figure 1. Regional division of the Carpathian Mountains (Encyclopedia Britannica, Inc.). 

The Carpathians thus possess certain features of a continental climate, although from the 
viewpoint of relief they constitute a sort of island amid the surrounding plains, where the climate is 
much drier. In winter, temperature inversion, in which the low depressions retain very cold air while 
the mountaintops show relatively high temperatures, is a common occurrence throughout the 
Carpathians. In some depressed areas, notably the Transylvanian Plateau, the total annual 
precipitation is less than 24 inches (600 mm), while precipitation in the mountains at 2,600 feet 
(800 m) above sea level is about 45 inches, and on the highest massifs it reaches 65 to 70 inches. 
The mean annual and monthly air temperatures vary according to altitude above sea level but by no 
means at constant rates (Kondracki, 2009). 
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For the Polish part of the Carpathians, a series of climatic types and stages has been 
distinguished; and with slight modification these may be applied to the whole Carpathian mountain 
range. The range of mean temperatures is 6 °C in the northeast to 10 °C in the southwest, but 
individual readings in Poland's regions vary widely by season. On the highest mountain peaks, the 
mean temperature is below 0 °C. The average annual precipitation for the whole country is 600 mm 
(23.6 in), but isolated mountain locations receive as much as 1,300 mm (51.2 in) per year. In winter 
about half the precipitation in the lowlands and the entire amount in the mountains falls as snow 
(IMGW, 2005). Among the geographical factors influencing Poland’s climate, it is relief that plays 
the most important role. Its impact manifests itself in the spatial variability to air temperature, solar 
radiation and precipitation between various parts of Poland (Błażejczyk and Matzarakis, 2007). An 
interesting results regarding the climate change especially in Poland we can found in Kaczmarek 
(2003), Kundzewicz et al. (2005), Przybylak et al. (2005), Lupikasza (2010), Gadek and 
Leszkiewicz (2012), Bogawski and Bednorz (2014), Marszelewski and Pius (2016) and many 
others. 

The territory of Slovakia is in the light of global climate classification in the northern temperate 
climatic zone with a regular alternation of four seasons and variable weather, with a relatively even 
distribution of rainfall throughout the year. In Slovakia, according to the Slovak 
Hydrometeorological Institute (SHMI), are sometimes in average less than 600 mm of precipitation 
per year. Temperature conditions of Slovakia are diverse and vary from place to place thanks to a 
relatively large variability of altitude. The lowest air temperature in the period 1961-2010 was as 
low as -36.0 °C in Plaveč (1963) and the highest air temperature in the same period was as high 
as -36.0 °C in Hurbanovo. The minimum value of the relative air humidity is most frequently 
measured in April, which is related to the quick rise of the air temperature and frequent outbreaks of 
cold air masses with a low amount of water vapour to Slovakia. In the summer the relative air 
humidity reaches its annual maximum mostly in the mountains. The highest values of annual 
average wind speed in the interval 5.5 - 9.5 m.s-1 were recorded in the top parts of the mountains 
alongside the Carpathians belt. The mean annual wind speed in the lowlands in Slovakia reaches 
from 2.5 to 3.5 m.s-1. Conditions of the general circulation of the atmosphere in winter half-year 
cause an increase of windiness in most parts of Slovakia with a maximum in spring; in the summer 
half-year the windiness is smaller (SHMI, 2015). The climate in Slovakia was investigated in 
Hlavcova et al. (2002), Vojtek et al. (2003), Pekarová and Szolgay (2005), Gaál et al. (2012), Lapin 
et al. (2012), Štefunková et al. (2014), Velísková et al. (2014), Portela et al. (2015); Zeleňáková et 
al. (2015), Čistý et al. (2016) and others. 

Romania has a climate which ranges from temperate to continental. The average annual 
temperature is 11 °C (51.8 °F) in the south and middle-south and 8 °C (46.4 °F) in northeast. 
Rainfall receive more than 1,010 mm (39.8 in) of precipitation each year in mountainous areas. 
Annual precipitation averages are about 635 mm (25 in) in central Transylvania and only 381 mm 
(15 in) at Constanta on the Black Sea (Micu et al., 2014). There are many studies investigating 
climate and climate changes in Romania, e.g. Mares et al. (2005), Bîrsan et al. (2012), Croitoru et 
al. (2012, 2013), Prăvălie et al. (2013), Birsan (2015), Matei et al. (2016) and Pintilii et al. (2017). 

3. STATISTICAL ANALYSIS 

The meteorological data series for trend analysis were obtained from Institute of Meteorology 
and Water Management in Poland (8 climatic stations), Slovak Hydrometeorological Institute (7 
climatic stations) and National Institute of Meteorology and Hydrology in Romania (5 climatic 
stations).  

The Mann–Kendall (MK) test (Kendall, 1975), (Mann 1945) is a rank-based nonparametric test 
for assessing the significance of a trend, and has been widely used in hydro-meteorological trend 
detection studies (Lettenmaier et al., 1994; Burn, 2002; Pauling and Paeth, 2006; Partal and Kahya, 
2006; Sayemuzzaman and Jha, 2014; Johnes et al., 2015).  

Many tests for the detection of significant trends in meteorologic time series can be classified as 
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parametric and non-parametric methods. The Mann–Kendall (MK) test (Kendall, 1975; Mann, 
1945) is a rank-based nonparametric test for assessing the significance of a trend, and has been 
widely used in hydro-meteorological trend detection in many studies.  

In this study non-parametric Mann-Kendall test is used for the detection of the trend in a time 
series. Mann-Kendall test is following statistics based on standard normal distribution (Z), by using 
Eq. (1). 

1 > 0
( )

0 if 0
1 <0
( )

S if S
Var S

Z S
S if S
Var S

−⎧
⎪
⎪⎪= =⎨
⎪ +⎪
⎪⎩

 (1) 

1

sgn( )
n n

j k
k k i

S x x
−

= +

= −∑∑  (2) 

( )
1 ( ) >0

sgn 0 ( ) 0
1 ( ) <0

j k

j k j k

j k

if x x
x x if x x

if x x

+ −
− = − =

− −
  (3) 

1
( ) ( 1)(2 5) ( 1)(2 5) /18

m

i i i
i

Var S n n n t t t
=

⎡ ⎤= − + − − +⎢ ⎥⎣ ⎦
∑  (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).  

According to this test, the null hypothesis H0 states that the depersonalized data (x1, …, xn) is a 
sample of n independent and identically distributed random variables. The alternative hypothesis 
H1 of a two-sided test is that the distributions of xk and xj are not identical for all k, j ≤ n with k ≠ j. 
The significance level is chosen as α = 0.05 and Zα/2 is the value of normal distribution function, in 
this case Zα/2 = 1.95996. Hypothesis H0 - no trend is if (Z < Zα/2) and H1 - there is a trend if Z > 
Zα/2. 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 method assumes a 
linear trend in the time series and has been widely used for determining the magnitude of trend in 
hydro-meteorological time series (Sen, 1968), etc. In this method, the slopes (β) of all data pairs are 
first calculated by 

( )( ) / ( )j kMedian x x j kβ = − −  (5) 

for i = 1, 2, ..., n, where xj and xk are data values at time j and k (j > k), respectively and N is a 
number of all pairs xj and xk. A positive value of β indicates an upward (increasing) trend and a 
negative value indicates a downward (decreasing) trend in the time series.  

4. RESULTS AND DISSCCUSSION 

In this study, programme developed in Microsoft Excel was used to generate the algorithm of 
non-parametric method. 

Monthly meteorological data series for the 54 years period, from 1962-2015 for Slovakia and 
Romania and for 49 years period, from 1967-2015, were considered for trend detection. In the Sen’s 
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method the slope of all the data points are calculated and their median value is the Sen’s estimator 
of slope. The trend analysis was done for the whole year from November to October (XI –X) in the 
study area. 

Bold values in Table 1 indicate statistical significance at 95% confidence level as per the Mann–
Kendall test (+ for increasing and − for decreasing). 

 
Table 1. Meteorological time series trends in climatic stations in the region 

 Climatic 
station 

Average Temperature Precipitation Relative Humidity Wind speed 
 Z β Z β Z β Z β 

Po
la

nd
 

Kielce 1,456463 0,001826 -1,25137 -0,00027 -0,49824 -0,00069 2,195307 0,000284 
Krakow 1,547663 0,001900 -1,23792 -0,00028 -1,64475 -0,00223 -0,22338 -3,5E-05 
Lodz 1,475796 0,001846 -0,62096 -0,00012 -0,88573 -0,00152 -4,45260 -0,00078 
Lublin 1,320294 0,001733 -0,38392 -7,7E-05 -1,00046 -0,00139 -2,65635 -0,00041 
Poznan 1,528330 0,001905 0,911366 0,000173 -0,67811 -0,00122 -5,11496 -0,00084 
Suwalki 1,420319 0,001946 0,463773 9,63E-05 -0,60036 -0,00089 -6,05175 -0,00123 
Torun 1,466970 0,001893 -0,16790 -3,5E-05 -2,00324 -0,00346 -4,58919 -0,00050 
Ziel Gora 1,405190 0,001761 0,152770 3,20E-05 1,405190 0,001761 -2,58448 -0,00033 

Sl
ov

ak
ia

 

Bratislava 1,829910 0,002083 -0,01924 -0,00012 2,951209 0,000389 -4,81344 -0,00751 
Hurbanovo 1,459258 0,001724 0,634257 0,003785 -4,67519 -0,00053 -1,23022 -0,00184 
Sliac 1,633375 0,001923 -0,46313 -0,00319 -2,31303 -0,00023 -3,47917 -0,00490 
Telgart 1,473456 0,001546 1,353517 0,012530 1,116255 0,000167 -0,12872 -0,00015 
Kamenica 1,431608 0,001614 -0,44258 -0,00294 -4,09567 -0,00040 -1,94312 -0,00233 
Kosice 1,779842 0,002095 0,016253 0,000118 -9,17085 -0,00145 -3,74258 -0,00769 
Poprad 1,500358 0,001678 0,655554 0,004467 -9,66966 -0,00171 -0,87488 -0,00097 

R
om

an
ia

 Brasov 0,409279 0,002480 0,409279 0,001305 -0,40528 -0,00083 -0,69085 -9,4E-05 
In. Buzaului 0,480489 0,003106 0,480489 0,001332 4,088972 0,007969 -4,76438 -0,00061 
Sinaia  -0,19274 -0,00193 -0,19274 0,001489 -2,76831 -0,00424 -9,57763 -0,00189 
Buzau  0,754432 0,004422 0,754432 0,001411 -1,74956 -0,00400 2,621527 0,000370 
Ploiesti 0,985866 0,006368 0,985866 0,001492 -1,37280 -0,00297 2,223330 0,000215 

 
Regarding the temperature trends in climatic stations in Carpathians region we can conclude that 

although all climatic stations prove increasing trends only Bratislava and Kosice station prove 
significant increasing trend (Table 1).  

There are no significant trends in precipitation in all investigated climatic stations, although the 
stations situated in Poland prove more decreasing trends in precipitation than the stations situated in 
the south Carpathian (Romania) which is in contrary with Fifth Assessment Report of the 
Intergovernmental Panel on Climatic Changes. Mentioned Report concluded that precipitation has 
generally increased over latitudes north of 30 over the period of 1900–2005 (Stocker et al., 2013). 

Regarding the relative humidity and the wind speed, there are mostly a significant decreasing 
trends. Although some stations – Bratislava (Slovakia) and Intorsura Buzaului (Romania) proved a 
significant increasing trends of relative humidity and stations – Kielce (Poland), Buzau and Ploiesti 
(Romania) proved a significant positive trend in wind speed. It is an interesting results that need the 
further investigations in trends of meteorological time series. 

5. CONCLUSION 

The Carpathians are the largest European mountain range and harbour exceptional biodiversity. 
Its distance from the Atlantic Ocean (from 620 to 1,240 miles) and the influence of the intervening 
masses of the Alps and the Bohemian Massif cause diminished precipitation in the Carpathians. 
However, recent and anticipated changes in climate along with rapid social and economic 
development suggest that the region’s values may not be sustained (Kondracki, 2009). Most of the 
recent studies about climate change suggest that the behaviour of some of the climatological 
variables has already changed and will continue to change towards increasing or decreasing 
magnitudes and frequencies, depending on the type of variable. Increased rainfall and floods are 
expected in some regions while other regions will experience smaller rainfall and longer droughts, 
meaning water scarcity. Mountains are generally richer in atmospheric precipitation than the plane 
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areas. Rainfall in general is increasing with altitude of approximately 50-60 mm at 100 m of the 
high. Air masses have a different dependency of air temperature from the altitude, mostly expressed 
by a significant decrease about 0.6 °C per 100 m. The relative air humidity increases irregularly 
with increasing altitude in general. Its lowest values are usually recorded in lowlands during the 
whole year, except from the winter months, when frequent temperature inversions cause the air 
humidity decrease to the lowest level in stations with altitude above 900 m a.s.l. Wind speed is 
changeable during the year. 

Trend analysis for meteorological time series is an important and popular tool for better 
understanding the effects of climate variation and anthropogenic activities. The Mann-Kendall test 
coupled with the Sen’s slope was applied to identity the significant trends, as well as the increasing 
or decreasing trend and the magnitude of those trends. 

The results achieved for meteorological time series revealed more frequent increasing trends in 
temperatures, no trends in precipitation and significant decreasing trends in relative humidity and 
wind speed in investigated climatic stations in Carpathians. 
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