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Abstract

In the current research, long-term (1961-2016) rainfall and temperature data from Pertouli 
meteorological station (Central Greece) were collected and analyzed so as to assess the effect of their variability 
on surface runoff. Trends of the time series were evaluated using the non-parametric statistical test of Mann-
Kendall and surface runoff were estimated by Thornthwaite and Mather water balance model. The results 
showed a decreasing trend for rainfall and statistical significant, increasing trend for temperature over the 
examined period. Moreover, the beginning of the change is associated to 1985 in case of rainfall and 1993 for 
temperature. Based on the results of Mann-Kendal test, the study period was divided into two sub-periods, 
namely: 1961-1990 and 1991-2016. It is noteworthy that climate variability highly influences surface runoff, 
which gradually reduces through years. The highest decrease occurred in summer months (36.6%) and the 
lowest in autumn (11.5%).
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INTRODUCTION

The importance of water for human survival and existence was highlighted since 
ancient years. Many races lived aside rivers and lake banks exploiting the advantages 
of these positions for agriculture, livestock, farming and transport. However, the 
proximity of these sites to rivers increased the probability of damages due to intense 
flood phenomena. Therefore, people deified the water for his negative as well as positive 
effects (Sazaklie, 2015).

Life existence depends on the quality and availability of fresh water. It should be 
noted that Earth’s freshwater reserves’ form is 69% solid (ice and glaciers), whereas liquid 
form is limited to 0.8% of the total quantity of water (Gleick, 1996). The word’s rapid 
population growth, urbanization and industrialization has increased the water demand. 
Moreover, the availability of water resources during the last years have been dramatically 
decreased (Beran et al., 2016).

Europe, encompassing a wide range of hydrological conditions and recognizing 
the importance of water and related issues, has established the Directive 2000/60/EC, 
which is a framework for the management of water resources. This directive aims to a 
common policy within Europe for integrated river basin management, both for member 
states and applicant countries. 
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During the last decades climate variability drew the attention of the scientific 
community, due to its economic, social and ecological impacts. The most important 
meteorological parameters are rainfalls and temperatures.

Climatologists, highlight the current existence of global warming. In addition, 
the Intergovernmental Panel on Climate Change (IPCC, 2013) indicates the decrease 
of annual rainfall and increase of atmospheric temperature in Mediterranean basin. In 
particular, in Greece, the above-mentioned trends are obtained from long-term climate 
data analysis (Feidas et al., 2007; Feidas, 2017; Stathis, Mavromatis, 2009; Mavromatis, 
Stathis, 2011; Nastos et al., 2015; Paparrizos, 2016; Anagnostopoulou et al., 2017).

Identification of temperature and rainfall variability is crucial for mountainous 
catchment management. The main object of this study is to detect the annual rainfall 
and mean monthly temperature trends and assess their effects on surface runoff in a 
mountainous catchment.

MATERIAL AND METHODS
Study area

The present study was conducted in Aspropotamos catchment which concerns 
an area of 36.34 km2, within the University Forest of Pertouli (Central Greece). The 
rights for the management of Pertouli forest was assigned to the Aristotle University of 
Thessaloniki at 1934 for educational and research purposes.

The area is characterized as mountainous, altitude ranges from 1020 m to 2074 m 
a.s.l., average mean slope of the catchment is 42% and average main stream slope is 6%. 
As for the geology the main rocks are flysch and limestones which are quite vulnerable to 
landslides and weathering phenomena.

Fig. 1. Study area



39

The vegetation of the study area belongs to Fagion Illuricium froristic zone. The 
dominant forest species is Abies borissi regis while individuals species of Fagus moesiaca, 
Quercus cerris, Quercus dalechambii, Taxus baccata, Acer optusatum, Ostrya carpinifolia, 
Cytisus laburnum, Juniperus communis, Juniperus foeditissima, Tilia cordata, Salix caprea, 
Salix eleagnos, Ilex aquifolium can be found. Moreover reforestations using Pinus nigra 
(v. pallasiana), Pinus silvestris and Pinus leucodermis have been done (Zagas, 2016). 
Additionally, it has been included in the NATURA 2000 network of nature protected 
areas with site code GR1440002. Also, forest cover rate is too high (approximately 73%).

Meteorological data for the long term period 1961-2016 (55 years) were collected 
from the meteorological station of Pertouli, which is located at an altitude of 1180 m. 
The mean annual rainfall is 1497.7 mm and the mean annual temperature is 9.2οC.

Data sources 
To accomplish the goals of the current research, numerous GIS layers were 

generated as land use, geology, hydrologic soil groups, hydrographic network, and 
catchment boundary. 

Aerial orthophoto maps, scale 1:5000, were used to evaluate land use through 
photo interpretansion technique. The geological and hydrological soil conditions were 
derived from map scale 1:50 000 of the Institute of Geology and subsurface research of 
Greece and Soil maps of Greece, respectively. Also, hydrographic network and catchment 
boundary were designed from topographic maps, scale 1:50 000, of the research area. 
Finally the meteorological data from Pertouli Station were collected and analyzed.  

Trend analysis
Time series of annual rainfall and mean annual temperature were subjected 

to Mann-Kendall test to detect any trend over the period 1961-2016. There are two 
advantages of using this test. Firstly, it is a non-parametric test and does not require the 
data to be normally distributed. Secondly, the test has low sensitivity to abrupt breaks 
due to inhomogeneous time series. This is the most widely used test for trend analysis in 
climatological time series (Goossens, Berger, 1986).

The purpose of Mann-Kendall test (Mann, 1945; Kendall, 1975) is to statistically 
assess if there is a monotonic upward or downward trend of the variable of interest 
over time. A monotonic upward (downward) trend means that the variable consistently 
increases (decreases) through time, but the trend may or may not be linear. The Mann-
Kendall test was conducted, as it has been proposed by Sneyers (1990). For each xi (i 
= 1,..., n) of the time series in Mann-Kendall test, the number ni of lowest elements xj 
(xj<xi) preceding it (j<i) was calculated and the test statistics t was given by:

ii
t n= ∑         (1).

In the absence of any trend (null hypothesis), t is asymptotically normal, 
independent from the distribution function of the data:
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The null hypothesis can, therefore, be rejected for high values of │u(t)│, this 
being the probability of rejecting the null hypothesis when it was derived by a standard 
normal distribution table:

( )a P u u t= >
        (5).

The sequential form of Mann-Kendall test, consisting of its application to all the 
series starting with the first term and ending with the ith and to those starting with the 
ith one and ending with the first, was also used for a progressive analysis of the series. In 
the absence of any trend, the graphical representation of the direct (ui) and the backward 
(ui’) series obtained with this method gives curves that overlap several times. However, 
in the case of a significant trend (5% level │ui│>1.96), the intersection of the curves 
enables to detect approximately the occurrence time of one.

Water balance model
In order to estimate surface runoff Thornthwaite, Mather (1957) water balance 

model was chosen. This model uses as a parameter the maximum soil-moisture holding 
capacity (K) and having as input precipitation and temperature data, given as a result the 
surface runoff and the actual evapotranspiration. The mathematical description of the 
model given below:

S P E Q∆ = − −        (6),
where ΔS is change in soil moisture, P is the annual rainfall, Ε is annual actual 

evapotranspiration, and Q is water surplus (percolation και surface runoff). The 
corresponding equation of the monthly water balance described below:

If Pn>ETp

1min( ),max( )n n n pS S P ET K−= + −
     (7)

1max(S ),min(0)n n n pQ P ET K−= + − −
    (8)

If Pn< ETp

 
1 *exp( )n P
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P ETS S

K−
−

=
 
     (9)

0nQ =           (10)               
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1( )a n n n n n n An nET S S P Q P S Q D−= − + − = − ∆ − −    (11)

1n nS S S −∆ = −         (12)

1( )An n AnQ a Q Q −= +        (13).
For the month n, Pn is mean monthly rainfall, ΕΤp is mean monthly potential 

evapotranspiration, ΕΤa is mean monthly actual evapotranspiration, Sn: maximum 
soil retention, Qn: water surplus, QAn: surface runoff, Dn is infiltration and α: runoff 
coefficient.

Monthly potential evapotranspiration (PET)
It  is  estimated  from average  monthly temperature (T) and is defined as the water  

loss  from  a  large,  homogeneous,  vegetation-covered area  that  never  lacks  water .  
Thus, PET represents the climatic   demand   for   water   accordingly   to   the   available 
energy. In order to calculate the amount of precipitation that evaporates or transpires 
back to the atmosphere the generally accepted method proposed by Thornthwaite (1948) 
were used.
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(16),

where ETP is the potential evapotranspiration, tn is mean monthly temperature 
and Ld is coefficient depending on the latitude (in decimal degrees) of the location of the 
study area. 

Snow accumulation
Mean monthly precipitation (Pm) divided into rainfall (RAIN) and snowfall 

(SNOW) according the snow melt factor Fm based on mean monthly temperatures (Τ) 
(Dingman, 2002). The equations calculate these factors were given below:

0 : F 0O
mT C≤ =        (17)

0 6 : F 0.167*To O
mC T C< < =      (18)

T 6 : F 1O
mC≥ =        (19).

Therefore:
*m mRAIN F P=        (20)

(1 ) *m mSNOW F P= −        (21).
The monthly melting amount of snow (MELT) was given from the above equation:

1*(SNOW PACK )m mMELT F −= +      (22),
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where PACKm, the snow accumulation for each month m, was estimated from 
the above equation:

2
1(1 ) * P (1 ) * PACKm m m mPACK F F −= − + −     (23).

Monthly precipitation considering both rainfalls and snowfall was estimated as 
described below:

    Pn RAIN MELT= +       (24).
Subsequently, the known equations were applied if Pn> ETP and if Pn< ETP.

Potential maximum soil moisture storage (K)
The  Potential  maximum  soil  moisture  storage  after runoff  begins (So) is a  

parameter  related  to  curve  number  and is computed as: 
25400 254K

CN
= −

      
 (25).

Curve  number  (CN)  is  an  index  that  represents  the combination  of  a  
hydrologic  soil  group and land  use  and management class and has a range of 30 to 
100. Lower number indicates low runoff potential whereas larger number demonstrates 
an increasing runoff potential. SCS developed a soil classification system that consists 
of four groups, which are identified by the letters A, B, C, and D according to their 
infiltration, retention and evaporation capacity. There  are  tables  from  USDA  Soil  
Conservation  Service that   indicate   CN   for   characteristic   land   cover descriptions  
and  a  hydrologic  soil  group (USDA, 1972).

Infiltration
The inflow of surface runoff into subsoil called infiltration. The direct measure 

or calculation of infiltration is very difficult due to the number of factors affecting this 
process. So empirical coefficients were used according the literature (Voudouris, 2007). 

Table 1. Infiltration coefficients for each petrographic formation in the study area

A/A Petrological Formation Infiltration coefficient (%)

1 Alluvial deposits 20

2 Flysch 7

3 Limestone 52

4 Neogene 18

Based on the values of Table 1 and the equation described below a mean infiltration 
value was estimated for Aspropotamos catchment.

1 1 2 2* * ... *n nw F w F w Fw
Fολ

+ +
=

     
(26),

where w1…wn is infiltration coefficient for each petrographic formation, F1…..Fn 
is the area of each petrographic formation and Fολ is catchment area.
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RESULTS AND DISCUSSION

The results of Mann-Kendall statistical test indicate a non-statistical significant 
(0.05 significance level) decreasing trend in annual rainfall and statistical significant 
increasing trend in mean annual temperature for the examined period 1961-2016. The 
beginning of the change took place in the middle of 1980s (1985) and early 1990s 
(1993) for rainfall and temperature, respectively. The graphical representation of the 
obtained results is illustrated in the Fig. 2 and 3.

The observed downward trends in annual and winter precipitation of Greece was 
linked mainly to a rising trend in the hemispheric circulation modes of the North Atlantic 
Oscillation Index and its connection with the Mediterranean Oscillation Index (Feidas et 
al., 2007). As for the temperatures, increasing trends in temperature was attributed to an 
enhanced frequency of northwest and northeast continental dry and cold air flows over 

Fig. 3. Graphical representation of temperature time series of Mann-Kendall rank statistic test

Fig. 2. Graphical representation of rainfall time series of Mann-Kendall rank statistic test



44

Greece from northern Europe and western Russia (Feidas et al., 2004). Also, in other 
studies over mountainous region of Greece a downward trend in annual rainfall and 
upward trend in mean annual temperatures were recorded (Stefanidis, 2018).

According the results derived from Mann-Kendall test, the examined period 
was divided into two sub-periods (1961-1990 and 1991-2016) based on the detection 
of the beginning of climatic parameters change. During first sub-period, 1961–1990, 
the mean annual rainfall was 1527.4 mm and average temperature 8.7οC, while 
over 1991–2016 sub-period the mean annual rainfall was 1413.2 mm and average 
temperature 9.5οC. 

In order to identify the effects of climate trend on surface runoff, it was necessary 
to estimate the input parameters that were used from the hydrological model. For these 
reasons geological, land-use and soil data were processed using geographical information 
systems. Taking into account these elements mean CN values for Aspropotamos 
catchment was estimated to 49.44, the potential maximum soil moisture storage (K) 
equal to 259.75 and mean infiltration rate (w) equal to 0.32.

Based on the above mentioned elements water balance model was applied and 
surface runoff was estimated for the sub-periods. The results showed that the decrease in 
rainfalls and increase in temperatures lead to decrease of surface runoff. The results given 
in the next table (Table 2).

Fig. 4. Spatial distribution of a) land-use, b) petrographic formation, c) hydrologic soil group and d)  
CN values within Aspropotamos catchment.
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Table 2. Compare of surface runoff 

  J F M A M J J A S O N D
1961-1990 105.7 124.9 134.6 108.3 88.3 50.1 29.0 19.0 25.0 70.6 120.5 159.2
1991-2016 96.4 103.4 106.6 92.3 72.0 34.4 18.4 11.0 21.5 67.5 100.7 132.5
% Change -8.8 -17.2 -20.8 -14.8 -18.5 -31.3 -36.4 -42.1 -13.9 -4.4 -16.4 -16.8

 
From Table 2 it was found that the decrease of surface runoff was greater during 

the summer months and following the spring months. Moreover the lowest change was 
occurred in autumn. 

CONCLUSION 

In this study, the recent trends of meteorological time series of air temperature and 
rainfall from Pertouli meteorological station for the period 1961-2016 were examined. 
Regarding the results of Mann-Kendall test, decrease of annual rainfall and increase of 
mean monthly temperature were detected. Moreover, it was worth mentioned that the 
increase of temperature was statistically significant whereas the decrease of rainfall not. 
The beginning of the change took place in the middle of 1980s for rainfall and early 
1990s for temperature. The two sub-periods were divided 1961-1990 and 1991-2016.

The effects of these climatic trends to the surface runoff showed that the highest 
decrease occurred in summer months and especially August (-42.1%) and the lowest in 
autumn and especially October (-4.4%). Hydrological regime showed that the surface 
runoff will have greater decrease during summer, where there is a lack of water.

Spatial and temporal variation of water balance plays a key role for the appropriate 
catchment management and decision making. It is proposed to investigate impact of 
climate trends not only for surface runoff, but also other process as soil erosion, landslide 

Fig. 5. Surface runoff regime for the examined periods.
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activity, reservoir sedimentation, flood genesis, etc. Moreover future estimations of 
meteorological parameters should be carried out, except of trends identifications, and 
assess their impact to natural ecosystems. 
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