
European Water 30: 31-40, 2010. 
© 2010 E.W. Publications 

Trend Analysis of Precipitation Data in Pieria Region (Greece) 

D.K. Karpouzos1, S. Kavalieratou2 and C. Babajimopoulos3 
Aristotle University of Thessaloniki, Lab. of General and Agric. Hydraulics and Land Reclamation,  
541 24 Thessaloniki, Greece 
1 dimkarp@agro.auth.gr, 2 kavalier@agro.auth.gr, 3 babajim@agro.auth.gr 

Abstract: Precipitation has been widely considered as a starting point towards the apprehension of climate changes courses, 
constituting one of the most substantial components of the hydrologic cycle. The purpose of this work is to investigate 
the temporal variability of precipitation in order to contribute to a better interpretation of the hydrological status of the 
study area located in Northern Greece within the prefecture of Pieria. The Aison River basin drains the water of its 
central part, forming the greatest receiver of surface water. The precipitation data refer to the period 1974-2007. The 
methodology adapts various statistical approaches in order to detect possible precipitation changes in annual, monthly 
and seasonal basis, including both tests for monotonic trend (Mann-Kendall test, Sequential version of the Mann-
Kendall test, Sen’s estimator of slope) and a test for step change (the distribution-free CUSUM test). The application 
of this methodological framework resulted in the identification of a few trends, occurred mainly at smaller than annual 
time scales. An overall downward trend, even though no statistically significant, has derived for the stations located at 
lower altitudes, within the agricultural zone of Pieria. Regional (Aison River basin) total precipitation series has also 
displayed trends similar to the ones observed in the majority of stations. Among the four seasons, a noticeable 
decrease of precipitation is observed in Spring by both ways of analysis (station based and regional). 
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1. INTRODUCTION 

Trend detection is an active area of interest for both hydrology and climatology in order to 
investigate climate changes scenarios and enhance climate impact research. The assumption of 
stationarity, connoting time-invariant characteristics of the time series under consideration, seems to 
be invalid as a result of anthropogenic influences and the natural variability of the climate system 
(Jain and Lall 2000; Xu et al. 2003). Therefore, trend detection in precipitation time series is crucial 
for planning and designing regional water resources management. Several recent studies on 
climatologic trends conclude that trend in observed precipitation comprises a complex function of 
the climatic environment, precipitation intensity and season (Osborn et al. 2000; Ventura et al. 
2002). Relevant reviews on trend analysis in precipitation time series include the studies of 
Lettenmaier et al. (1994), Turkes (1996), Zhang et al. (2000), Xu et al. (2003), Mosmann et al. 
(2004) and Partal and Kahya (2006).  

The purpose of this work is to investigate the variability of precipitation in Pieria Region, located 
in Northern Greece, by detecting precipitation changes in the temporal structure for the period 
1974-2007, in order to contribute to a better interpretation of its hydrological status. The 
precipitation regime features a high seasonal and annual variability in both temporal and spatial 
domains, providing the incentives for debating on precipitation variability and by extension on 
climate change.  

The present study consists of four sections. The first section introduces the paper and explains 
the motives of this work. The second section describes the study area, the data employed and the 
statistical techniques applied for trend and step change detection. The third section discusses the 
results while the fourth one outlines the major findings. 
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2. METHODOLOGY  

2.1 Study area 

The study area is located within the prefecture of Pieria in Northern Greece covering an extent of 
123200 ha. Its boundaries are delineated by Thermaikos Gulf (Aegean Sea) at the eastern side, by 
Olympus Mountain at the southern and south-western side, by Pieria Mountain at the western side 
and by river Aliakmon at the northern side (Figure 1). The climate is characterized as mild 
Mediterranean with a warm and dry summer period. The hydrological system is divided into three 
parts: the southern, the northern and the central one. The southern part has an extent of 2500 ha and 
consists of small streams, some of them reaching the drainage network of Varico-Litochoro, while 
others flow directly into the Aegean Sea. The northern part has an extent of 41200 ha and drains 
into Aegean Sea via small streams. The Aison River basin constitutes the central part, covering an 
extent of 73048 ha and forming the greatest receiver of surface water.  

 

Figure 1. Aison River Basin – Pieria (Greece) 

2.2 Materials and methods 

The data used in this study include the records of the precipitation stations of Vrontou, 
Moschopotamos, Katerini, Lofos and Kolindros, with an elevation range from 33 to 516 masl-
meters above sea level (Table 1). The precipitation records include observations spanning from 
1974 to 2007 and cover a period over 30 years, which is considered to be long enough for a valid 
mean statistic (Kahya and Kalayci 2004). Moreover, Burn and Elnur (2002) state that a minimum 
record length of 25 years ensures statistical validity of the trend results in a climate change research. 
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Precipitation data involve annual totals, four-seasons totals (spring, summer, autumn, winter) and 
irrigation period totals (May to September) per year. All time series were tested for homogeneity 
via double mass curve method while the areal precipitation is calculated through a modified 
Thiessen Polygon method in a GIS environment. In order to take into consideration seasonality and 
serial correlation, the different seasons of the year are considered separately. As a result, six 
precipitation variables at each station and six areal precipitation variables for the Aison River basin 
were subjected to trend detection analysis. Concerning the annual time series, the hydrological year 
(October to September) has been taken as reference.  

 
Table 2. Precipitation Stations and Aison River basin data  

 Elevation 
(masl) 

Mean annual precipitation 
(mm) 

Vrontou 182 836.7 
Lofos 250 824.5 
Katerini 33 628.3 
Moshopotamos 516 769.5 
Kolindros 330 631.3 
Aison Basin 735 768.1 

 
Various distinct approaches, including both tests for trend and step change are adapted in the 

statistical analysis. It should be noted that a change may occur either gradually as a trend or 
abruptly as a step change. As many hydrologic time series data are not normally distributed, non 
parametric tests were preferred over parametric tests, even though they do not quantify the size of 
the trend identified. Therefore, all tests employed are non-parametric, as this category is generally 
distribution free. The trend analysis framework that was adopted in this study is outlined in Figure 
2.  
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Figure 2. Trend analysis framework 

The Mann-Kendall test (M-K test): This method tests if there is a trend in the time series data. It is a 
non-parametric rank-based procedure, robust to the influence of extremes and suitable for 
application with skewed variables (Hamed 2008).  More particularly, this technique can be adopted 
in cases with non-normally distributed data, data containing outliers and non-linear trends (Helsel 
and Hirsch 1992; Birsan et al. 2005). According to this test, the null hypothesis H0 indicates that 
the deseasonalised data (x1...xn) is a sample of n independent and identically distributed random 
variables (Hirsch et al. 1982). 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 test statistic S is given below 
(Kahya and Kalayci 2004): 

n-1 n

j k
k=1 j=k+1

S= sgn(x -x )∑∑  (1) 
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where sgn() is the signum function. The S statistic, in cases where the sample size n is larger than 
10, is assumed to be asymptotically normal, with E(S)=0  and 

 ( )( ) ( )( )t
Var(S) = n n-1 2n+5 - t t-1 2t+5 /18⎡ ⎤⎣ ⎦∑   

where t refers to the extent of any given tie and Σ t  states the summation over all ties. The standard normal 
variate Z is computed by Equation 2 (Partal and Kahya 2006).  

( )

( )

S-1     if S>0
Var S

Z=       0            if S=0
S+1     if S<0

Var S

⎧ ⎫
⎪ ⎪
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎪ ⎪⎩ ⎭

        (2) 

Therefore, in case |Z| ≤Z1-α/2 in a two-sided test for trend, the null hypothesis H0 should be 
accepted at the α level of significance. A positive value of S connotes and “upward trend”, while a 
negative value of S indicates a “downward trend”. 
 
The sequential version of the Mann-Kendall test: This method is used to test an assumption about 
the beginning of the trend development within a sample (Taubenheim 1989; Sneyers 1990). The 
null hypothesis H0 presumes that the sample under investigation shows no beginning of a 
developing trend. This rank-based test considers the relative values of all terms in the time series 
(x1,x2,x3,..xn). The following steps are applied in order to accept or reject the null hypothesis 
(Gerstengarbe and Werner 1999): 

i) Definition of the test statistic:  The test statistic tj variables are computed as follows: 

j

jj
1

t = n∑  (3) 

where nj denotes for each element xj (j>k) the number of cases xj>xk , with j = 1,2,…,n and k = 
1,2,…,j-1. The distribution of tj is asymptotically normal with jE(t )=[j(j-1)]/4  and 

( )( )jVar(t )= j j-1 2j+5 /72⎡ ⎤⎣ ⎦ . 
ii) Calculation of the reduced variables: A reduced variable, called statistic u(t), is calculated for 

each of the test statistic variables tj as follows: 

( )
( )

j j

j

-E tt
u(t)=

Var t
  (4) 

iii) Determination of the starting point of a trend development: Similarly to the calculation of 
progressive rows of statistic u(t), the retrograde rows of statistic u΄(t) are computed backwards 
starting from the end of series. The intersection point of the progressive and retrograde rows of the 
statistics u(t) and u΄(t) provides the point in time of the beginning of a developing trend within the 
time series.The null hypothesis H0 should be rejected when at least one of the reduced variables is 
greater than a chosen level of significance of the Gaussian distribution.                                         
 
The Sen’s estimator of slope: This test is applied in cases the trend is assumed to be linear, 
depicting the quantification of change per unit time (Sen 1968; Gilbert 1987). De Lima et al. (2005) 
point out the utility of this estimator in cases there are missing values or other gaps in the data, as it 
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remains unaffected from outliers or gross errors. The slope estimates Qi of N pairs of data are 
calculated as i j kQ =(x -x )/(j-k)  for i= 1,…,N where xj and xk are data values at times j and k (j>k) 
respectively. The Sen’s estimator of slope derives from the above N values of Qi and equals to their 
median. When there is only one datum in each time period, then N = n(n - 1) / 2, where n 
corresponds to the number of time periods. The N values of slopes are ranked from the smallest to 
largest and if N is odd, Sen’s estimator of slope is calculated as Qmedian = Q(N+1)/2. On the other hand, 
in case that N is even, the estimator arises from Qmedian = [QN/2 + Q(N+2)/2] / 2.  
 
The distribution-free CUSUM test: This non-parametric rank-based method tests whether the means 
in two parts of a record are different for an unknown time of change. In particular, successive 
observations are compared with the median of the series in order to detect a change in the mean of a 
time series after a number of observations (McGilchrist and Woodyer 1975; Chiew and McMahon 
1993; Kundzewicz and Robson 2004). The test statistic Vk of a time series data is the cumulative 
sum (CUSUM) of the k signs of the difference from the median (a series of values of -1 or +1) 
starting from the beginning of the series. 

3. RESULTS AND DISCUSSION 

Initially, the autocorrelation test was performed to all time series in order to check the 
randomness of the data (Modarres and Da Silva 2007). As all lag-1 serial correlation coefficients 
were statistically not significant, there was no need to pre-white the data, and all statistical tests 
described above are applied to the original time series (Luo et al. 2007).  

Precipitation time series data were analyzed with a Mann-Kendall test for each station separately 
and the Aison River basin as well. Table 2 provides the calculations of the Mann-Kendall statistics 
and p-values derived for each distinct station and Aison River basin area according to time scales 
described above. As it can be observed, more important trends are related to seasonal time series 
than to annual ones. With respect to irrigation period (May to September), a clear characterization 
of trend could not be obtained in the total number of the stations data sets. During this period there 
is a spread of trend over the stations, as one of these (Moshopotamos) has no trend, two of them 
(Vrontou and Katerini) hold an upward trend and the rest two (Lofos and Kolindros) possess a 
downward trend.  

Concerning the seasonal analysis, the following remarks are noted. Spring reveals a downward 
trend in almost all stations (except Moshopotamos), which is statistically significant for Lofos. A 
weak upward trend is obtained in summer in the majority of stations (Vrontou, Moshopotamos and 
Kolindros). In autumn, three stations (Vrontou, Lofos and Kolindros) show a slight downward 
trend, while in the winter an equivalent upward trend is detected (Lofos, Moshopotamos, 
Kolindros). The contribution of each season to the total annual precipitation amount in each station, 
as well as for the whole area of Aison River basin is quite similar for spring, autumn and winter 
(varying from 25% to 32% for these seasons), meaning that the annual trend is not easily influenced 
by a single seasonal trend. In addition, M-K test was also performed to time series, which consist of 
the contribution (%) of seasons precipitation totals to annual ones, where the non-existence of 
statistically significant trends validates the above note. 

Annual time series did not reveal a statistically significant trend, although a downward one exists 
in three stations (Vrontou, Lofos and Katerini) situated at the lower altitudes. This is consistent with 
seasonal analysis, where Vrontou and Lofos appear to have three seasons with a downward trend 
(86.8% and 68.8% of total annual precipitation respectively) and Katerini has two seasons (53% of 
total annual precipitation) with a downward trend and one season with no trend. Kolindros presents 
no trend in annual precipitation time series as two seasons (57.5% of total annual precipitation) 
appear to have a downward trend, while the other two seasons (42.5% of total annual precipitation) 
show an upward one. On the other hand, Moshopotamos annual series present a weak but upward 
trend, since all four seasons have the same positive sign of trend.  
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The results of the M-K test for the regional analysis (Aison River basin) show a fragile 
downward trend in annual time step, which is in accordance with the majority of the stations. 
Irrigation period also shows a downward, but not statistically significant trend. Four seasons 
analysis reveals a weak downward trend for autumn, winter and spring, taking its highest value 
during the latter.   

Mann-Kendall test results were also checked with Spearman’s rank test in order to enhance the 
reliability of trend identification outputs. The Spearman’s rank test gave almost the same results 
with M-K test. Trend direction in all cases was similar to the one detected by M-K test and the 
confidence intervals were more or less at the same levels (Karpouzos et al. 2008).  

 
Table 2. Mann-Kendall test results  

Vrontou Lofos Moshopotamos Precipitation Totals 
S statistic Z p-value S statistic Z p-value S statistic Z p-value 

Annual (hydr.year) -70 -1.07 0.285 -70 -1.07 0.285 38 0.57 0.569 
Irrigation period 23 0.33 0.741 -51 -0.74 0.459 1 0.00 1.000 
Spring -111 -1.63 0.103 -161* -2.37* 0.018 17 0.24 0.810 
Summer 35 0.50 0.617 -19 -0.27 0.787 17 0.24 0.810 
Autumn -27 -0.39 0.697 -58 -0.85 0.395 23 0.33 0.741 
Winter -18 -0.26 0.795 12 -0.17 0.865 60 0.91 0.363 

Katerini Kolindros Aison basin 
 S statistic Z p-value S statistic Z p-value S statistic Z p-value 
Annual (hydr.year) -38 -0.57 0.569 0 0.00 1.000 -58 -0.88 0.379 
Irrigation period 26 -0.37 0.711 -23 -0.33 0.741 -29 -0.42 0.674 
Spring -81 -1.19 0.234 -87 -1.27 0.204 -107 -1.57 0.116 
Summer -7 -0.09 0.928 17 0.24 0.810 13 0.18 0.857 
Autumn 27 0.39 0.697 -11 -0.15 0.881 -9 -0.12 0.904 
Winter -30 -0.45 0.653 52 0.79 0.430 -2 -0.02 0.984 

 *statistically significant at 95% confidence level 

 
The most interesting results of the sequential version of the Mann-Kendall test are presented in 

Figures 3, 4 and 5. The sequential values of the u(t) and u΄(t) statistics are depicted by solid and 
dashed lines respectively.  Also, horizontal dashed and solid lines correspond to confidence limits at 
the 5% and 10% significance levels respectively. Regarding annual precipitation, in all stations 
there is an apparent decrease during the period 1987-1993. This decrease, as it can be shown in 
Figure 4, is statistically significant at 95% confidence level at Vrontou. The intersection point of 
u(t) and u΄(t) curves indicates the beginning of the decreasing trend in the year 1987. Except 
Vrontou, there is no significant trend detected at all other stations since the graphical representation 
of u(t) and u΄(t) gives curves that do not point out an intersection point or overlap several times. 
Concerning seasonal analysis, it has been considered more purposive to illustrate the case of spring, 
since its trend has been found to be the most noticeable and also statistically significant at Lofos 
station. As it can be seen in Figures 3, 4 and 5, a significant downward trend in spring appears very 
recently, yet the location of its starting year can not be definitely identified, although it seems to be 
around the year 2003. However, the beginning of this trend will be determined more precisely in the 
future, by taking into account the data of the forthcoming years.  

Sen’s estimator of slope, following the M-K test, was employed to figure out the change per unit 
time of the trends observed in all precipitation time series.  Outputs are presented in Table 3, where 
a negative sign represents a downward slope and a positive sign indicates an upward one. At 
seasonal basis, the statistically significant downward slope identified at Lofos (M-K test) during 
spring season approximates 3.461 mm/ hydrologic year (Figure 6). As it concerns the whole basin, 
annual precipitation decreases slightly by 3.710 mm per hydrological year.  

The distribution-free CUSUM test was used in order to test the hypothesis concerning the 
existence of a step (shift) change in precipitation time series during the period of study. The results 
for annual precipitation time series are presented in Figures 7, 8 and 9. As it can be observed in all 
figures, the maximum values of the statistic Vk have not reached the critical values at 90% 
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confidence level, signifying that there is no statistically significant step change in any of the tests 
applied. However, Vrontou approximates the critical value of 90% confidence level at 1986 and if a 
step change were accepted in 1986, the period before the jump (1975-1986) would be characterized 
by an upward trend, whereas the period after 1986 (1986-2007) would feature a downward trend 
(Figure 7).  
 

Lofos Station (annual)

-4

-2

0

2

4

1975 1980 1985 1990 1995 2000 2005

Year

ut
u't

 

Lofos station (spring) 

-4

-2

0

2

4

6

1974 1979 1984 1989 1994 1999 2004

Year

ut
u't

 

Figure 3. Sequential values of the statistics u(t) and u΄(t): annual and spring precipitation totals at Lofos 
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Figure 4. Sequential values of the statistics u(t) and u΄(t): annual and spring precipitation totals at Vrontou 
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Figure 5. Sequential values of the statistics u(t) and u΄(t):Areal annual and spring precipitation totals  
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Figure 6. Sen’s linear estimate: annual precipitation totals at Aison River basin (left) and spring precipitation totals at 
Lofos (right)  
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Furthermore, a decreasing short-term trend can be identified in all cases during the period 1987-
1993 in a similar way to the sequential version of Mann-Kendall test. This decrease is more 
apparent at low altitude located stations (such as Vrontou, Lofos and Katerini) within the 
agricultural zone of Pieria than the one observed at higher altitude located stations (such as 
Moshopotamos and Kolindros). An overall illustration of the regional analysis is provided in the 
right part of Figure 8, where it is shown that this decrease also concerns the whole area of the Aison 
River basin. 

Table 3. Sen’s slope estimate (mm/period) 

Time series Vrontou Lofos Moshopotamos Katerini Kolindros Aison Basin 
Annual  -6.968 -5.23 2.328 -2.037 -0.027 -3.71 
Irrigation period 0.529 -1.114 0.03 0.506 -0.386 -0.428 
Spring -2.129 -3.461* 0.65 -1.375 -1.54 -1.943 
Summer 0.4 -0.165 0.4 -0.11 0.188 0.125 
Autumn -0.741 -1.767 0.767 0.6 -0.571 -0.6 
Winter -1.146 0.538 1.746 -0.94 0.911 -0.142 

       *statistically significant at 95% confidence level 
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Figure 7. Distribution Free CUSUM chart at Vrontou (left) and Lofos (right) for annual precipitation totals 
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Figure 8. Distribution Free CUSUM chart at Katerini (left) and Moshopotamos (right) for annual precipitation totals 
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Figure 9. Distribution Free CUSUM chart at Kolindros (left) and Aison Basin (right) for annual precipitation totals 
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4. CONCLUDING REMARKS 

The application of this trend analysis framework revealed an overall downward precipitation 
trend - even though no statistically significant - for the stations located at lower altitudes, within the 
agricultural zone of Pieria Region. Furthermore, in all stations a precipitation decrease is identified 
during the years 1987-1993. Regional (Aison River basin) precipitation analysis has also displayed 
downwards trends similar to the ones derived for the majority of stations. Among the four seasons, 
a noticeable decrease of precipitation occurred in spring in both station and region based analysis. 
However, this decrease was found to be statistically significant at 95% confidence level at only one 
station. Finally, a statistically significant step change of precipitation was not identified during the 
study period in both scales of analysis. 
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