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Abstract 

This paper refers to the effect of different irrigation methods (surface and subsurface drip 
irrigation) to sunflower (Helianthus annuus L.), as an alternative crop for biodiesel 
production. Additional, in the context of present survey conducted in the Farm of the 
University of Thessaly, studied potential of irrigation water – savings. The experimental 
design which was applied was a Randomized Complete Block and included two treatments in 
four replications. The treatments were: a) surface and b) subsurface drip irrigation, where 
the irrigation scheduling performed using the automated evaporation pan. The investigation 
concerns the year of 2012, during which significant water savings observed with the use of 
subsurface drip irrigation.  
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EFFECT OF FULL AND DEFICIT IRRIGATION TREATMENTS  
IN PLANT GROWTH AND PRODUCTION OF TWO SOYBEAN CULTIVARS 

 
C. Vamvakoulas1, , I. Argyrokastritis1, , Y. Papatheohari2, S. Alexandris1 

1Lab of Agr. Hydraulics, Dep. of Nat. Res. Development & Agr. Engineering, A.U.A.,  jarg@aua.gr 
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Abstract 

In the experimental field of the Agricultural University of Athens, a field experiment was car-
ried out from May to September of 2014, using two hybrids (PR91M10 and PR92B63) of Gly-
cine max L.Aim of the experiment was the evaluation of crop development and production 
under full and deficit irrigation conditions. A split – plot experimental design with 4 replica-
tions, 5 main treatments and 2 sub treatments was followed. During the experiment some 
characteristics of plant growth (crop height, leaf area and dry weight) and at the harvest 
(seed and oil production) were measured. Irrigation was applied using a surface drip irriga-
tion system. Useful conclusions for the production and development of the soybean crop 
under full and deficit irrigation conditions are reached. Also it is concluded that deficit irriga-
tion of soybean under Greek conditions causes a significant reduction in production.  
 
Key words: Deficit irrigation, Soybean, Crop production, Phenological properties 
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AGRICULTURAL WATER MANAGEMENT THROUGH IRRIGATION ADVICE BASED  

ON SIMPLE FIELD DATA 
 

E. Lekakis , F. Papadopoulos 
HAO-DIMITRA, Institute of Soil and Water Resourses, 57001, Thermi, Thessaloniki,  

 elekakis@agro.auth.gr 
 

Abstract 
Sustainable agricultural water management practices are essential for the economical use of 
water, the increase of water use efficiency, the boost of crop production, the reduction of 
irrigation applications costs and the protection of the environment. To this purpose, this 
study introduces a user – friendly software developed in the Soil and Water Resources 
Institute, with the objective to empower water management through irrigation advice. The 
proposed irrigations (mean monthly irrigation amount, duration and interval) for the 
growing season are estimated by site specific measured soil data (soil texture and organic 
matter), mean regional meteorological data, crop characteristics and simple irrigation 
system technical data. 
  
Keywords: Irrigation Advice, Software, Irrigation amount, Irrigation duration, Irrigation 
Interval  
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 1.      . 

 
2.2.    

 ,        
      (Heermann et al., 1990; Martin et al., 1990), 

     .        
         (Georgiou and 

Papamichail, 2008; Georgiou et al., 2010)  : 
SMi = SMi-1 + (ET – Pe – IR)i    SMLAM <SMi  SMFC                                                                   (1) 

 SMi          i, SMi-1    
   (i-1), IRi      , Pei     

  , ETi    , SMLAM    
         SMFC    

   (     mm).       
  ,  SMi       SMLAM.   

,   SMi    SMLAM,       
           : 

i FC LAM i FC FC pwp iUSM SM SM RD SM F SM SM RD                                                          (2) 
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 USMi     –   , SMpwp    
    , RDi        i  

   (     mm)  F    . 
    ,        

      ,     
   ,     . , 

             
     . 

 
2.3.       

      USMi,      
   , FC,     , pwp, 

         , ,  
van Genuchten (1980): 

(1 1/n)n
r s r 1 h                                                                                                        (3) 

 r (cm3cm-3)    , s (cm3cm-3)     
, h (cm)      ,  (cm-1)  n   

.           
          

         (Aschonitis and Antonopoulos, 
2013).           

            Vereecken 
et al. (1990)    : 

s = 0.838 – 0.283 b + 0.0013(%clay) r2= 0.849    (4) 
r = 0.015 + 0.005(%clay) + 0.014(%OC) r2= 0.702    (5) 

ln( ) = –2.486 + 0.025(%sand) – 0.351(%OC) – 2.617 b – 0.023 (%clay)     r2= 0.621    (6) 
ln(n) = 0.053 – 0.009(%sand) – 0.013(%clay) + 0.00015(%sand)2                 r2= 0.556 (7) 

 b (gcm-3)      , (%OC)     
  , (%silt), (%clay)  (%sand)     , 

    , .       
    Manrique and Jones (1991)  :   

b = 1.510 – 0.113(%OC)                                                                                         r2= 0.412 (8) 
  %sand, %silt, %clay  %OC      

,           FC (  hFC = -100 
cm  -330 cm  -500 cm      )  pwp (  hpwp = -15000 cm). 

 
2.4.   

          37 
 (8  , 15   14 ). 
,    ,   ,  

 ,          
     (Papazafiriou, 1996; Allen et al., 1998).   

, Kc,        
     (Allen et al., 1998).    

         : 
1

max maxi RD 1 exp[ (i i )]RD                                                                                                 (9) 
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 RDi        i, RDmax      
   imax, a  b   .   

,  imax, a  b      ,   
          100 mm    

       .    
  (    )     

      . 
 
2.5.   

           
   (Karamanos et al., 2005),   ,     

  .           
    : 

1
i n UT 60 d W L Q                                                                                                           (10) 

 Ti     (min), L      (m), W   
   (m), Qu    (lh-1)  dn     (mm).  
          

             
   .         

(10)  Qu      (lh-1), L      
     (m)  W       

 (m).          
          .  

      ,     
   ,         

 ,       (  
,   ,  , . .),    

   ,    . 
 
2.6.    

      ,     
     5900    ( , 

    ).        
 FAO-56 Penman-Monteith (Allen et al., 1998),     

  1950-2000.       (   
 )       .       

  Demertzi et al. (2014)  Aschonitis et al. (2015).     
   ,        

    ,       
 .  

 
3.  
 
3.1.  1.       

           
  ,          

Αρδεύσεις - Αγρομετεωρολογία 21



 

  ,    (       
)    .       .   . 

,    ,    Qu = 3600 lh-1,     
 L= 250 m       W = 0.80 m.     

  ,   ,  ,    
,          

          ,  
  %=16%, %=51%, %=33%  . =1.2%. O   

           
   25/40/60/25 ,       

 0.3, 1.15  0.35,  F = 0.55,  RDmax = 750 mm,       0.0002  
0.2620, .         427 mm 

  ,    142, 214  71 mm   , 
  , ,     16   237 min  

,         . 
 
3.2.  2.     

            
 ,           
       .       .  

 .          ,   
.            

10/30/25/10       5/10/10/5      
. O            

     0.4, 1.20  1.15    ,  F = 0.55,  
RDmax=1000 mm,       0.0001  0.2740, .    

   ,   ,  ,    
          . , 

      %=16%, %=51%, 
%=33%  . =1.2%.        

 475 mm         
   91, 182, 91  91 mm  , ,   , 

. 
 
3.3.  3.      

           
        1.5 3.5 m   

       .   . .   
    .         

     ,     
    .       , 

  ,           
   .       

        , Qu = 8 lh-1,  
       , L = 1.5 m,    

   , W = 3.5 m. ,     
  %=16%, %=51%, %=33%  . =1.2%. 
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,   ,  31/30/31/31/30   153  
 .  c    0.60, 0.85, 1.00, 0.85  0.80,    

  ,           1  
.             
   500 mm.       0.50.   

      367 mm     
    ,   73, 147, 110  37 mm  

, ,   , .      12 
          443 min. 

 
4.  

            
,           
    .       

       ,     , 
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  .     ,     
             

 ,     ,   
      .      
  ,         ,  

    .      
,             

     ,       
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    . 
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   ( )»  MIS 453350,     «  
 »,  2007-2013.       
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OPTIMIZATION OF PRESSURIZED IRRIGATION NETWORKS  
USING AN ANT COLONY OPTIMIZATION ALGORITHM 

 
P. Kanakis , D. Papamichail, P. Georgiou 

Department of Hydraulics, Soil Science and Agricultural Engineering, School of Agriculture, A.U.Th., 
54124 Thessaloniki,  kanakisp@gmail.com 

 
Abstract 

Heuristic optimization algorithms have been applied in recent years in many fields of re-
search. However, their applications in pressurized irrigation networks are very limited. The 
aim of this work is the application of an Ant Colony Optimization Algorithm for the economic 
optimization of the selection of diameters of a pressurized gravity irrigation network. For the 
development of the algorithm the programming language FORTRAN was used. In the pro-
gramming code all of the necessary preliminary hydraulic calculations, the control of hydrau-
lic consistency of the results and a process for improving the solution, by choosing two di-
ameters for those pipes that have the possibility according to their hydraulic load, are inte-
grated. To better evaluate the method, a comparative analysis of the results with the 
method of Linear Programming was made. 
 
Key words: Pressurized irrigation networks, Cost optimization, Ant colony optimization algo-
rithm 
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         ,   
,             -
 .          -

  ,        -
 (Karmeli et al., 1968; Kanakis et al., 2014),       -

 (Swamee et al., 1973),     Labye (Labye et al., 1988),  
     (Liang, 1971)     -

   (  . ., 2012; Kanakis et al., 2014).   -
  1990           

  (Evolutionary Algorithms, EAs),      
 .          -

             .  
         

 :   (Genetic Algorithms) (GA),   -
 (Simulated Annealing) (SA),    (Differential Evolu-

tion) (DE),    (Scatter Search) (SS),  -
   (Particle Swarm Optimization) (PSO)    -

   (Ant Colony Optimization Algorithm) (ACO),   
   .       

     De Corte and Sörensen (2013). 
       (    -

   ACO),         -
,        (Maier et al., 2003; Afshar, 2006; 

Gil et al., 2011).       ACO  ,   
          . 

        (Ant 
System, AS)     Dorigo et al. (1996),       

 Elitist Ant System (EAS),        . 
,  Bullnheimer et al. (1999)   Rank-Based Ant System (ASRank)  

 Stützle and Hoos (2000)   Max-Min Ant System (MMAS).   -
          

ACO              
 o          . 

 
 
2.    
 
2.1.    

            -
,              : 

n

j i
i 1

F min DC L  (1) 

: n         , DC j     
m     j  €/m  Li     m   i. 
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  : 

( )       , Vi,        
  , Vmax,   , Vmin,  .  

( )      , Di,         
. 

( )        , Hi  m,    
  , . 

k

i 0 i min,i i
i 1

Z Z H H 0  (2) 

: 0    , i     i, Hmin,i   -

    i  
k

i
i 1

H        

        i=k. 
 
2.2.    (ACO) 

       ACO       
              
.          -

.           
,         .   

           -
       ,     

     . 
  1          
       . 

 

 
 1.          

   . 

     ACO    .  -
   ,         -

    ,        
,         ,  

           -
.      ,    

              
    . 
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.             
  (Dorigo et al., 1996): 

i,j

k
i,j i,j i,j i,j i,jl

p t t t  (3) 

:pi,j
k(t)        j    i   

t    k, i,j(t)       j   i 
  t, ni,j        -

,        ,     
         . 

   Dorigo et al. (1996),    i,j     
            (visi-

bility).         , ci,j,   : 

i,j i,j1 c  (4) 

   ,   ,       
       ,     -

.              
  ,   ,        -

 ,            
    (Zecchin et al., 2005).     ,  

       . 
             

   ,         . 
       ,      

  (pheromone persistence  evaporation),     
(Dorigo et al., 1996):  

i,j i,jt 1 t  (5) 

: i,j t 1            i,j t  -
      . 

     0 1.         
              -
 ,        .    1, 

         ,   
      .   0,   -

    ,        (Zec-
chin et al., 2005). 

      ACO,  AS,     
            

(Dorigo et al., 1996; Maier et al., 2003): 

i,j

kk

R ,           k
f
    0    ,     

 (6) 

: R           f( )k   
     k  €. 
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      ,     
     .     R    -

   ,     Zecchin et al. (2005)     
 , 0,   : 

n*
0 avgR n NO f  (7) 

: R/f( )n*      , f( )n*     -
    €, n       NOavg     

    . 
   Zecchin et al. (2005),       

         : 

avgm n NO  (8) 

            
ACO,       Fortran.    -

 :    ,     ,  -
          ,      

   ,         .  -
  ,    ,        

  Clemént.    ,        
             Hazen-

Williams (Kanakis et al., 2014). 
              

 0             
          (7)  (8) .  

    pi,j
k         

   (3).             
 .     ,     -
        . 
    ,      -

          .  -
      .      
  m          -

   . 
     ,       -

 ,       ,    
     .       

 ,          -
      . ,      

     : 

i,j i,j
k
i,j

t 1 t  (9) 

            
 .            -

           . 
         .    
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  ACO,       ,   
       .    

       .      : 
       . 
        ,   -

           ,  
       . 

              
    ,      

              
 . 

          
      ,      

  . 
           . 

           -
       .       

          -
. 

 
3.    

            
ACO         (1982)   -

          .      60 m, 
       35 m     6 l/s.   

         .     
,            -

   .        2. 
 

 
 2.    . 

            
  ,   ,   .       -

 .    ,       -
  =0.8, =0  =0.98.          -
,       0,         

 i,j.        (10)  m = 28.    (7) 
 R = 106,      0 = 90. 

            
 96.916 €.   100       99,    

  0.039 sec.          73 
  ,         23.   
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  1.            -
    2         

  150 . 
           

              
 .        Lingo.    

        ,   , 
    .       94.409 €. -

         ,  -
           ACO, 96.916 €. 

 
 1.          

      ACO 

  
(mm)   

 (m) 
1 226.2 1 8.72 
2 180.8 2 7.04 
3 180.8 3 6.75 
4 180.8 4 6.66 
5 144.6 5 4.26 
6 126.6 6 0.53 
7 99.4 7 0.002 
8 99.4 8 5.02 
9 113 9 7.81 

10 99.4 10 3.35 
 

 
 2.         

  (mm)  
81.4 99.4 113 126.6 144.6 180.8 203.4 226.2 

1 0 0 0 0 0 0 13.5 485.4 
2 0 0 0 0 0 484 14.9 4.3 
3 0 0 0 0 4.3 489.3 9.6 4.3 
4 0 0 0 0 4.3 494.5 4.3 4.3 
5 0 0 4.3 7.3 486.8 9.2 4.3 0 
6 0 4.3 5.2 483.5 14.5 0 0 0 
7 4.3 486 12.9 0 0 0 0 0 
8 5.7 488.4 9.1 0 0 0 0 0 
9 0 4.3 488.9 9.5 4.8 0 0 0 

10 4.3 485.9 13 0 0 0 0 0 

        , -
     .      -

     ACO,   ,   -
.           -

 , 94.406 €,   2.6%    .  
            

   ,        -
       . , 
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   L1 (Si)  L  (Ri) ,      Q   
   Si  Ri.     ,   

     « » (maximum group utility of majority)  
     « » (minimum individual regret of the 

opponent).        ,  -
      ,     

   .         
        -

    - .  
 

 :  ,  VIKOR,  , 
  

 
MANAGEMENT OF IRRIGATION NETWORKS IN THE THESSALONIKI PLAIN  

USING THE THEORY OF THE VIKOR METHOD 
 

D. Zormpa , C. zimopoulos, C. Evangelides 
Laboratory of Hydraulics and Environmental Management, Faculty of Rural and Surveying 

Engineering, AUTH., 54124, Thessaloniki,  dzormpa@yahoo.gr 
 

Abstract 
In the present paper the theory of multi-criteria analysis using the method VIKOR is applied, 
in order to obtain the optimal irrigation network in Thessaloniki plain. Moreover, the 
research is focused on the classification of a finite number of irrigation networks belonging 
to Thessaloniki plain. The VIKOR method was developed by Opricovic at the University of 
Belgrade (Opricovic, 1998) and it is based on L1 and L  norms, by inserting an intermediate Q 
norm as a linear combination of L1 and L . The compromise follows, providing a maximum 
benefit of all “majority” (maximum group utility of majority) and a minimum individual 
difference “opponent” (minimum individual regret of the opponent). This article presents 
the results of research conducted of doctoral thesis in a series of irrigation networks in the 
plain of Thessaloniki. The selection of irrigation networks was guided by the future use of 
research results in order to be incorporated in the Economic Plan of the General Land 
Reclamation Organisation (G.L.R.O.) of Thessaloniki – Lagadas. 
 
Key words: Multi-criteria analysis, Vikor method, Thessaloniki plain, Irrigation networks 
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 , )       -

 , )          
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      ,   
   (Zeleny, 1982; Yu, 1985).    
 VIKOR         

  Opricovic (1998).        
Duckstein and Opricovic (1980);  (1998);  (2003);  (2006); 
Zarghami (2006); Schiau and Wu (2006);  . . (2009);  (2010); 
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,        VIKOR    
          .  
  8          16,  

. . (2013).  
 
2.   

  VIKOR (Opricovic, 2002, 2009; Opricovic and Zeng, 2004, 2006)    
   : 

{( ( ), 1,...., ), 1,..., }mco f F i m j nij ii
                                                                                         (1) 

: mco=     MCDM (Multiple Criteria Decision Making)   
   ( )  , m=    
  , Fi=   i-   , fij=  

  j-      Fi  n=    . 
       : 

.......................1 2
.............1 11 12 1
.............21 22 22

...............................
..............1 2

x x xn
F f f f n

f f fF n

f f fF mnm mm

 

     VIKOR    : 
              

 xj, j=1,2,…,n 
* max , min , 1,2,... .f f f f j nj ij j ijii

                                                                               (2) 
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. 
   1S Li ,  

*

*1

f fn j ijS wi jj f fj j
                                                                                                                       (3) 

 , 1,2,...,R L i mi  

*
max[ ],*

f fj ijR wi jj f fj j
                                                                                                                  (4) 

 wj            (DM)  
. 

   , 1,2,..., ,Q i mi   : 
* *

(1 ) ,* *
S S R Ri iQ v vi S S R S

                                                                                                   (5) 

, * min , max ,S S S Si ii i
 * min , maxR R R Ri ii i

  v     

     ,  1-v      
 . 

   ,     S,R,  Q 
  .      . 

       F(1),     
       Q ( ),    

  : 
 ,  

(2) (1)( )Q F F DQ ,  F(2)          
Q,  DQ=1/(m-1). 

     
   F(1)         
   S  R.           

          (  v > 0.5),   
 ( 0.5v ),    (v < 0.5). To v        
     . 

 
3.       
 
3.1.    

     16      
       . . . .,  : F1=  

   . , F2=     , F 3=  
   , F4=     , F5=   

  , F6=     , F7=     
, F8=     , F9=      ( '), 
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F10=     , F11=     , F12=  
   , F13=     , F14=   

  , F14=       F16=   
     (     . . . : 

, , , . , . ,  ( '), 
.   ). 

       ,      
       -      - 

      . ,   
  :  C1 =         

 . . . .     , C2 =     
    , C3 =       
, C4 =          

   , C5 =       , 
           . 

,       ,     
          C6 =   

         ,  
  ,    .       

 ,       ,    
 1988    2010. 

           
   -   Saaty (1980) ( . . .).    

         
       (wj)     1.  

    1     9.      
           

  .           
            

.  
 

 1.     . . . (Analytic Hierarchy Process) 
   
9   
8    
7    
6       
5   
4    
3   
2    
1   

 
3.2.   

         ,  
  J      .  F(I,J)     

         , 
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   .    « »      
        . 

     ,      
.       ,   

     (  ),     
 ( ).          

        .        
 .       

     .     
        .    

  2          
  .        C1, C3, C4  C6, 

       . . .,    3 
    .      

     ,       
          . 

 
 2.   

 C1 C2 C3 C4 C5 C6 
F1 0.0106 0.0276 0.0494 0.1916 0.1564 0.1495 
F2 0.0646 0.1096 0.0096 0.0165 0.0220 0.0098 
F3 0.0140 0.0202 0.0709 0.1247 0.0909 0.0718 
F4 0.0375 0.0903 0.0355 0.0537 0.0377 0.0308 
F5 0.1768 0.1528 0.0139 0.0144 0.0195 0.0086 
F6 0.0186 0.0093 0.0273 0.0488 0.0335 0.1223 
F7 0.0910 0.0382 0.1137 0.0452 0.0810 0.0361 
F8 0.0125 0.0130 0.0317 0.1072 0.1260 0.1010 
F9 0.0467 0.0653 0.0903 0.0414 0.0172 0.0261 
F10 0.0300 0.1259 0.0121 0.0383 0.0293 0.0172 
F11 0.1051 0.0461 0.0603 0.0353 0.0711 0.0534 
F12 0.0530 0.1957 0.0176 0.0325 0.0151 0.0797 
F13 0.1340 0.0112 0.1823 0.0297 0.0460 0.0454 
F14 0.0083 0.0241 0.0241 0.1393 0.1159 0.1301 
F15 0.0248 0.0170 0.1318 0.0203 0.0957 0.0939 
F16 0.1727 0.0538 0.1294 0.0612 0.0427 0.0243 
 
 

 3.   wj  
W1 W2 W3 W4 W5 W6 

0.39 0.17 0.22 0.07 0.05 0.11 
 

      ,   VIKOR (Opricovic, 
1998),       (   , 
2013)     Visual Fortran.       

 ,         
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.   4      
         p = 1  p = .  

   p=    ,  p=K (  =  
 )    : lim ( )L Lpp K

.     p    

  25 (L25 L ). 
 

 4.       VIKOR  
 S R Q 

F1 0,707 0,385 0,829 
F2 0,784 0,260 0,673 
F3 0,789 0,377 0,903 
F4 0,795 0,322 0,805 
F5 0,482 0,215 0,257 
F6 0,855 0,366 0,954 
F7 0,603 0,199 0,358 
F8 0,821 0,380 0,944 
F9 0,742 0,301 0,707 
F10 0,829 0,340 0,876 
F11 0,625 0,166 0,319 
F12 0,664 0,287 0,593 
F13 0,452 0,168 0,135 
F14 0,798 0,390 0,938 
F15 0,712 0,352 0,771 
F16 0,396 0,129 0,000 

 
    4      VIKOR     

 :  
68143101415921271151316 FFFFFFFFFFFFFFFF . 

     ,        
         

(2) (1)( )Q F F DQ (0,276-0)>1/(16-1)=0.067  
          S, R   

   Q.  
   ,     . . . (  

 16),    (   13),   
     (   14),   

(   8),     (   6)   
   .         

            
-  (w1)      (w2)   

    (w3).       78%  
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   ,       w1   39% 
 . 

       ,   
   ,      . . .  

  ,     ,     
               

. ,       . . .   
        ,   

     ,   
      ,   , 

   ,         .   
 

4.  
    ,      -

,     ’60  ’70,        
 ,      ,     

,          
,         . 

      VIKOR   ,    
  ,       / 
,       .        

.         
            
  ,           

 .   
     ,     

  p     .    VIKOR   
       L1    

 L  .  
       . . .,    

     (Q=0)         
   (Q=0.135).        

  . . .           
     ,       

          
          
 . 
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         ,  
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THE FINANCIAL COST EVOLUTION OF IRRIGATION WATER IN THE AREA  
OF KARLA LAKE AND THE APPLICATION OF IRRIGATION AUDITING 

 
I. Chalkidis , C. Karasavvidis, M. Sakellariou - Makrantonaki 

University of Thessaly, Department of Agriculture Crop Production and Rural Environment,  
Nea Ionia, 38446 Volos,  ichalkidis@agr.uth.gr 

 
Abstract 

The area of Lake Karla is a sensitive environmental area and in recent decades has experi-
enced the widespread flooding of former Lake Karla, drying and sedimentation from over-
pumping of groundwater to reconstitute this under the RAMSAR convention. The construc-
tion of water reservoirs and the reconstitution of Lake Karla gave new perspectives on farm-
ing activities, but increasing the cost of irrigation water. In this article under the framework 
of directive 2000/60 analyzed the construction and operating costs of water reservoirsand 
the operating cost of the competent Local Land Reclamation Agency (LLRA) when evaluating 
the total financial cost of irrigation water. The continuously increasing cost of irrigation wa-
ter in conjunction with the reduced crop yields, require rational water management with 
new and more efficient methods, such as irrigation auditing.  
 
Key words: Irrigation auditing, Reconstitution, Irrigation water cost, Directive 2000/60 
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1.   

              
      35 km   9-15 km  

   1663 Km2.        
39 20’56’’  39 45’15’’     22 26’10’’  23 0’27’’ .   

   5,5      1940   2   1950 – 1955.  
     16 – 17 oC       62 – 

72%.         500 – 700 mm   -
         (Sidiropoulos et al., 2013). 

 1964      ,     
 64.700        (Loukas et al., 

2007). 
          -
   1982        -

   . ,     Ramsar  
  Natura 2000,         , 

             
:  

            -
 

           
   

       
          -

       
           

         
       
         . 

 

 
 1.         . 
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 .  
        80%   -

  ,          -
.            

20        65% ( ., 2012). 
           -

        ( . .).   
        1.  

 
2.    

2.1.     
           -

    .       -
 ,       ( , -

  , . . .),      -
,            

(Irrigation Association).    Irrigation Management ETCP Project   -
  ,        40 – 60 % , ’ 

        . 
            

 ,     .      
  ,     ,    

     (Myriounis et al., 2015).  
     ,       
        ,     -

.   ,        -
 ,      ,     -
    (Myriounis et al., 2015).  

         ,  . . .  
 .        ,    -
        (IRMA – Irrigation-

Management)       .   
 
2.2.     

     ,        
      ,  ,      

. ,        -
             

       .   -
    ,         -

        . 
     (40%),  ,    

414     ( . . . .),      
     10    -

 ( . . . .) 
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     3881/58   ’    -
.           
  ,          . 
     (37,5%  1999)    .  

            
 .         -

           -
       .  

  
2.3.   

     ,     -
 ,         ,  -

 .        . , -
 (1988 - 2007)   11     

              1.  

 
 1.      

   

   
106m3 

 
103m2 

 
 

  
 

1   0,50 250 112.000 € 1989 – 1992  
2   1,45 500 2.241.000 € 2002 – 2004 
3  2,10 550 651.000 € 1993 – 1997 
4   1,80 570 205.000 € 1988 – 1989 
5   1,10 413 580.000 € 2001 – 2002 
6  1,00 400 385.000 € 1990 – 1997 
7   0,90 300 165.000 € 1990 – 1991  
8   0,80 300 792.000 € 2003 – 2004 
9  1,10 350 355.000 € 1992 – 1993 
10   5,50 2000 390.000 € 1989 
11   2,50 750 898.000 € 1999 – 2000 

(Lokkas et al, 2007) 

 
      2000/60      -

         . . . .    
         ,  

   (  2000/60/ ). 
    9 «     »   

2000/60,             -
 ,         -
,     «   » (Lokkas et al, 2007). 

 

9ο Πανελλήνιο Συνέδριο Εταιρείας Γεωργικών Μηχανικών Ελλάδος46



2.4.   
           -

    ,  ’     -
         1.     

    ,        
( , 2012),     (1): 

0
(1 ). . .

(1 ) 1
xE I K E x  

(1)

 . . .    , E0    ,    -
         . 

 
 
3.    

3.1.      
      . . . .    -

   ,    ( / ) -
,   ,   ,  ,  

 .  
 

 2.     . . . .   2002 – 2010 

  15.436,35 € 
    337.564,39 € 

/     58.478,96 € 
    622.364,60 € 

  38.877,63 € 
  152.811,22 € 

   1.225.530,18 € 
( :  )  

 
         . . . .   1.225.530,18 

€.         18.750.000m3,  -
     m3     1.225.530,18/18.750.000=0,065 €/m3. 
          

.        2007  1.594.526 €,  
    2002  1.208.853 €       2002 – 

2010   2003  1.364.876 €.  
 
3.2.     

   (1)    ,       
6.774.000 €     « » 50     -

 3,5%          288.800,75 €. 
 ,       18.750.000 m3    -

 ,      m3  0,0154 €.  
,     (    ) 

 m3    0,065 € + 0,0154 € = 0,0804 €. 
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   3%,       
 m3  ,          0,064 € + 

0,0154 € = 0,0794 €. ,      m3  -
,    4%           

0,085 € + 0,0154 € = 0,1004 €. 
         m3    2002  2010 

      (3%, 3,5%  4%),  -
   2 ( ).    2002    2007      

        2 ( ). ,  2007 
     ,  . . . .     
    (     20,6%).     -

          .   -
            

 .          
          -

. 
 

 
( ) ( ) 

 2.         m3    
    ( ) 2002  2010  ( ) 2002  2007. 

 
     ,       

  ,           -
   .     ,    -

            -
          ,    

  – .        
. . . .           18.750.000 m3.  

    1%,  187.500 m3,   39.375€.   
          0,21 €   1%  -

  (187.500 m3).        
     1%         39.375€,  

      .        -
         .  
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4.  
           

             -
 ‘’ ’’  : 

   2002    2007    m3    . 
      2007   2010,    -

   . . . .    . 
      . . . .,       

       . 
              

      39.000€     
   . 

          -
            -

            . 
 

 
   ( . .) 

Lokkas, P., Kotsopoulos, S., Alexiou, J., Gravanis, G., Vassiloglou, V., Magalios, S., and Kas-
sos,V., 2007. The efficiency of water reservoirs at the region of the former Lake Karla in 
Thessaly to meet irrigation requirements. 5th WSEAS International Conference on Envi-
ronment, Ecosystems and Development, Tenerife, Spain, 277 – 282 

Loukas, A., Mylopoulos, N., and Vasiliades, L., 2007. A Modelling System for the Evaluation of 
Water Resources Management Strategies in Thessaly, Greece. Water Resources Manage-
ment, 21, 1673 – 1702. 

, .,2012.      –    -
 .      , . 

Myriounis, Ch., Tsirogiannis, I.L., Malamos, N., Barouchas, P., Babilis, D.I., and Chalkidis, I., 
2015.Agricultural and Urban Green Infrastructure Irrigation Systems Auditing – A case 
study for the Region of Epirus.Agriculture and Agricultural Science Procedia, 4, 300 – 309. 

, ., 2012.          
 ,  ,   , 81 – 82 . 
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  ,    ,  , . . ., 
54124 ,  koukouli_giota@yahoo.gr 

 
 

          , 
            -

     .   ,   
             

          .  -
.    ,      (SRES 2, 

1   1),         (CGCM3.1/T63, 
MPEH5-OM, HadGEM1),      2020-2050  2070-2100 

         GlimGen.    
             

 ,           -
      . 

 
 :  ,     ,   

 
 
 
 

IMPACTS OF CLIMATE CHANGE ON CROP WATER REQUIREMENTS  
AND ON WATER RESOURCES AVAILABILITY 

 
P. Koukouli , P. Georgiou 

Department of Hydraulics, Soil Science and Agricultural Engineering, School of Agriculture, A.U.Th., 
54124 Thessaloniki,  koukouli_giota@yahoo.gr 

 
Abstract 

Climate change is considered one major problem worldwide and this requires an assessment 
of its impacts on different aspects of social activity and on the natural environment. In the 
present paper, the impacts of climate change on water requirements and crop water re-
quirements and water recourses availability were studied in Agios Mamas area of Chalkidiki. 
For this purpose, three climate change scenarios were used (SRES 2, 1  and 1) - which 
were taken from three General Circulation Models (CGCM3.1/T63, MPEH5-OM, HadGEM1) - 
for the time periods of climate change 2020-2050 and 2070-2100 while the downscaling was 
done using the weather generator GlimGen. Climate change will increase crop water re-
quirements while water resources availability will be decreased, resulting in a decrease of 
the irrigated areas or the deficient irrigation of the existing irrigated areas.  
 
Key words: Climate change, Crop water requirements, Water resources 
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1.   
         .  

      .    -
        19        

      20    0.7°C  100 .   
  «      » (IPCC, 2007), -

         ,   -
       1.8-4°C   21  .  
             

             -
     .        

     ,        
    ,       , 

    80%    (  . ., 2012). 
           -

             -
       2020-2050  2070-2100,   

   .          
    CGCM3.1/T63 (Flato et al., 2000)   «Canadian Cen-

tre for Climate Modelling and Analysis (CCCma)», MPEH5-OM  ECHAM5/MPI-OM (Roeckner 
et al., 2003)   «Max Planck Institute for Meteorology (MPI)»  HadGEM1 (Johns et 
al., 2006)   «Hadley Centre for Climate Prediction and Research»,    

  (SRES 2, 1   1) (IPCC, 2000)     -
 2020-2050  2070-2100     (1977-2000).    -

       ,     
      GlimGen (Nelson, 2002)    
 ,         -

.         , -
           

         . , -
      ,       

    .        -
  ,         -

       . 

 
2.    
 
2.1.    

           -
    ,   SRES (Special Report on Emissions Scenarios) 

(IPCC, 2000),           , 
   ,       -

.   ,     SRES A2, A1B  B1 
(  1, 2, 3)      1      ,  

 2      3      -
 (IPCC, 2000; 2007).        

   «   » (General Circulation Models-GCMs)  
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  .  GCMs       -

            
(IPCC, 2007).   GCMs,  CGCM3.1/T63, MPEH5-OM  HadGEM1   

           
   (1977-2000)        2020-

2050  2070-2100.  
 GCMs         ,  -

     .       
 GCMs     ,     -

      GCMs    .   -
      : ( )  -   

 ( )  -      .  
  -       -

,        (  . ., 2012; , 
2014)     . 

   GlimGen (Nelson, 2002)      -
         . 

        ,    
              

  ,     ,   
            -

.       ,      -
    .       

    GlimGen     ,   -
            -

       . 
 

2.2.          
        (IRn)  -

      (ETc),    (Pe),  
            -

 (SM)            -
     (GW).         (IRt) 

           -
 (E)     (LR) (   , 2014).  

    (ETc)      -
        (kc)   -
   .     μ   (ETo) 
   ,      Penman-Monteith  

FAO (Allen et al., 1998;   , 2014)    -
   .    (Pe)     

      .     , 
          -

       CN (Curve Number)  Soil Conservation 
Service (S.C.S.) ( , 2004). 
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2.3.      
             

          
 ,      .      

    - ,     -
          

 (  . , 2000; , 2004). 
  ,         
    - ,      -

 ,   ,       ,  
    Thornthwaite and Mather (Steenhuis and Van Der 

Molen, 1986;  . ., 2000; , 2004)     -
.       ,       

    ,        -
            

            
 .  

 
3.    

              
           

  . ,       -
 ,            

  (  . ., 2008)       -
        . 

      GCMs,      
      ,    ,   (grid)  -
     . ,       

 40°15’ N  23°20’ E      GCMs  40°46’ N  
22°50’ E (CGCM3.1/T63), 40°10’ N  22°50’ E (MPEH5-OM)  40° N  22°50’ E 
(HadGEM1).        , 

    ,   ,     
     .      , 

     GlimGen    100  
            -

      .        
        1.6°C (  3-MPEH5-OM)  2.1°C 

(  2-CGCM3.1/T63)   2.7°C  (  3-CGCM3.1/T63)  5.4°C (  1-
CGCM3.1/T63),         0.8°C (  3-
MPEH5-OM)  1.2°C (  2-HadGEM1)   1.7°C (  3-CGCM3.1/T63)  
3.8°C (  1-MPEH5-OM)   2020-2050  2070-2100 .   -

     4% (  1-MPEH5-OM)  20% (  3-
MPEH5-OM)   2020-2050   3% (  3-CGCM3.1/T63)  36% (  2-
MPEH5-OM)   2070-2100,      (1%-3%)    
HadGEM1 ( , 2014). 

             
       ,    : ( ) 
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μ , ( ) μ   ( ) .          
           -

  .         , 
         -

       GCMs        -
  2020-2050  2070-2100    .    

1, 2, 3   GCMs,        13%, 
15%  13%   2020-2050      2070-2100   -

     (25%, 27%, 20%).  
  1          

      GCMs      (2020-2050  
2070-2100)      (1977-2000).      1,  

            
   ,          -

 2070-2100 (22%  30%)      2020-2050 (16%  19%)  -
       GCMs.       
           

 .         
 . ,  CGCM3.1/T63      

 3             
      .  

 

 
 1.          -

  2020-2050  2070-2100    .  
 

             
      (1977-2000)     2020-

2050  2070-2100.           
,             

            
        ,   

    0.85     .  
  2          

       GCMs      (2020-
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2050  2070-2100)      (1977-2000).    2  
             

,        2070-2100 (50%)     2020-2050 
(30%)         GCMs.      -

             -
             -
 2070-2100.    ,      

   ,         -
   .     CGCM3.1/T63    -

   3,            
 1     .  

 

 
 2.           -

  2020-2050  2070-2100    . 
 

            
         Thornthwaite 

and Mather (  2.3).         -
           ( -

, 2004).  
  3           

     1, 2, 3   GCMs     -
 (2020-2050  2070-2100)      (1977-2000).   
            

CGCM3.1/T63  MPEH5-OM  5% (  2)  33% (  2)    18% ( -
 2)  47% (  2)    2020-2050  2070-2100 .  

MPEH5-OM           
 GCGCM3.1/T63. ,    HadGEM1       

 9% (  1)-23% (  2)  2020-2050   22% (  2)-25% (  
1)  2070-2100.           CGCM3.1/T63 

 MPEH5-OM         -
      HadGEM1       .  
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 3.            

   2020-2050  2070-2100    . 
 

             
           

             -
    .       

    1, 2, 3     GCMs      -
 .           -

           .  
  1          -

      GCMs      
(2020-2050  2070-2100)      (1977-2000).   -

         2070-2100    
   73% (  2-MPEH5-OM).        

         .  
 

 1.          -
 2020-2050  2070-2100    .  

  ( ) 
 2020-2050  2070-2100  1977- 

2000  1  2  3  1  2  3 

 56.261 
 

CGCM3.1/T63 
38.748 
-31% 

MPEH5-OM
28.883 
-49% 

MPEH5-OM
35.662 
-37% 

MPEH5-OM
20.507 
-64% 

MPEH5-OM 
17.277 
-69% 

MPEH5-OM
28.256 
-50% 

 58.453 
 

CGCM3.1/T63 
40.218 
-31% 

MPEH5-OM
29.798 
-49% 

MPEH5-OM
36.772 
-37% 

MPEH5-OM
21.089 
-64% 

MPEH5-OM 
17.712 
-70% 

MPEH5-OM
29.262 
-50% 

 89.659 
 

CGCM3.1/T63 
58.916 
-34% 

MPEH5-OM
43.744 
-51% 

MPEH5-OM
52.503 
-41% 

MPEH5-OM
29.863 
-67% 

MPEH5-OM 
24.385 
-73% 

MPEH5-OM
41.633 
-54% 

 
4.  

           -
 2020-2050  2070-2100         

         .  
             

      2020-2050  2070-2100    
  . ,        -

       ,     -
             

 . ,          -
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           -
 ( ).             

       .     -
      CS655   .     

  (R2>0.93)   r ,      Topp and 
Reynolds (1998)         .  -

    Kelleners,       r      
CS655         ( b)  0.8 
dS/m.  
 

 :  , ,  
 
 
 

THE EVALUATION OF SOIL MOISTURE WITH THE SENSOR CS655  
AND THE EFFECT OF APPARENT ELECTRICAL CONDUCTIVITY OF SOIL 

 
G. Kargas1, , G. Floros1, G. Bourazanis2 

1Agricultural University of Athens, Sector of water resources management,  kargas@aua.gr 
2Department of Rural Economy and Veterinary of Regional Government of Laconia, Sparta, 23100, 

Laconia 
   

The dielectric sensors measure the dielectric constant of the soil ( r ) which is then used to 
calculate the water content of the soil ( ). For the accurate estimation of , it is necessary to 
calibrate the sensors and to investigate the other soil properties effects. The main objective 
of the study is the calibration of the device CS655 for different soil types. The high value of 
R2> 0.93 shows that the equation of Topp and Reynolds (1998) can be used for the accurate 
measurement of . Furthermore, the method of Kelleners was examined, which for the 
cases of non conductive soils, gives similar results for the r  with that of the CS655 sensor 
until a maximum apparent electrical conductivity ( b) value at approximately 0.8 dS/m.  
 
Key words: Dielectric sensors, Calibration, Salinity 
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1.  
     , ,       

      ,      -
      ,      -

  .         
            

 .           
r               

   .        
         ,  -

              -
 80              -

  ( :1,  : 2-5) (Seyfried and Murdock, 2004).  
   *          

    /         .  
/              .  
  ,     ( . . )    -

,   ,       . 
 *     .  1j ,  *   :      

* j                           (1) 
  . (1)       0 (8.854 10-12 Fm-1) -
    (   )  : 

*
r r rj                                       (2) 

    . (2)      , r ,  
     s       
    (TDR)       

r r  (Topp et al., 1980).        = f( r ),    
   ,   . . .,       

      (Topp et al., 1980).    r  
           -

          /  
 ( ''

,r mr )      ( b)     -

 .  r     :  

''
,

02r r mr
b
f

                         (3) 

 f     /  . 
   ''

,r mr      f    10-
1000 MHz           

   (Kelleners et al., 2005; 2009; Logsdon, 2009). O  ,  
 ,     f .      r  -

     f .          
   s         *

r ,    r   r .  
        s      f -
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,   r     (Kelleners et al., 2009; Robinson et al., 2005).  
 TDR,      ,  Topp et al. (1980)   

   ,         : 

0.115 0.176r                   (4) 

  TDR       2L (  L   
  ),       ( / )     

             . 
      r .    -

            TDR.  -
   CS615, CS625, CS655     -
  TDR        (Kelleners et al., 2005).  

 Seyfried and Murdock (2001)     CS615   -
   4    ,     

  . ,  Chandler et al. (2004)      -
        .  Kelleners et al. (2005) 
    CS625   TDR    Wyoming,    s  

CS655   187%    TDR         
    . ,     R2,  -

            s     
     (Max b ). H    

s            
(Seyfried et al., 2005; Kargas and Kerkides, 2008; Kargas et al., 2011; Kargas and Soulis, 2012; 
Kargas et al., 2013).  

          CS655  -
            -

,   . 
 

2.    
 
2.1.  CS655 

O CS655     12 cm   3.2 mm,   
32 mm  .     3600 cm3  .   

  ,  b     .        (5-
50%)     Topp      ±3%,   

  (EC)    EC  10 dS/m,     
       ±5%     3 

dS/m,         -10  70 C (Instruction manual 
CS650 and CS655 Water Content Reflectometers,).      

 175 MHZ. 
         (data log-

ger) CR850 (Instruction manual CS650 and CS655 Water Content Reflectometers). 
 CS655         .   

      Sf     (P)   
.         . (5) (Kelleners et al. 

2005): 
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s42 2 d
r f

LPt t
f S c

                  (5) 

 td            
   c    .   . (5)     s. 

  
2.2.    

    ( r =1),   ( 24.3r )     
( 80r ).            

     .  
 

2.3.    
 4          = 0 %   

.          .   -
         -

   PVC  30 cm   20 cm.     -
     s,     P (Kargas and Soulis, 2012) .    -

    ECw      0.28 dS/m. 
       . (6)    -

    TDR     (Ledieu et al., 1986; Kar-
gas et al., 2011; Kargas and Soulis, 2012). 

'=a r b      (6) 
   a  b      .  
            -
,       .    -

,  KCl   ECw 1.17, 3.6, 6.1  12 dS/m. 
 

2.4.   Kelleners et al. (2005) 
 . (5)        s   P    

  (L)    td  .      12 cm   
 /       .      -

   . (5)          
 ,     :   

w a

a

c P -P

4 f w

L
S

                         (7) 

     L,  td    . (5)     -
     .        -

  s      . (5). 
 

3.    
 
3.1.    CS655 

  1      s          
   ( b)    .  
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SAND
a=0.127
b=-0.166

b=0.04 dS/m
R2=0.993

0

5

10

15

20

25

0 0.1 0.2 0.3 0.4

 (cm3/cm3)

s

EXP
TOPP

 

LOAM  1
a=0.092
b=0.090

b=0.22 dS/m
R2=0.938

0

5

10

15

20

25

30

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
 (cm3/cm3)

s

EXP
TOPP

 

SANDY LOAM
a=0.083
b=-0.106
R2=0.977

b=0.39 dS/m

0

5

10

15

20

25

30

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
 (cm3/cm3)

s

EXP
TOPP

 

CLAY 1
a=0.087
b=-0.124
R2=0.967

b=0.62 dS/m

0

5

10

15

20

25

30

35

0 0.1 0.2 0.3 0.4 0.5

 (cm3/cm3)

s

TOPP
EXP

 
 

 1. EXP: H        s    4  :sand 
( ), Loam1 ( ), Sandy Loam ( ), Clay1 ( ). TOPP:  H 

       s       Topp et 
al. (1980) TOPP. 

 
   1       a (E . 6)    ,   
,     Topp and Reynolds (1998) (a = 0.115).     
 a    CS655    s    TDR. 

     CS655     opp et al. (1980)  -
 12             
 0.20-0.25 cm3/cm3.           

   CS655 (f < 175 z). ,     -
   CS655,    s        

02
b

f
 (E . 3) (Topp et al., 2000). E ,      s   -

         (Kelleners et al., 2009). 
           
  silty loam   CS616        CS655 (Kel-

leners et al., 2005). 
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H      (  1)      -
       ,  0.083  0.092,   

      0.090  0.124,      . -
         ,     -

 .  
    R2 > 0.938 (  1)       

        Topp end Reynolds (1998). 
 

 1.    ,       R2    

    
a 

   
b 

  
R2 

Sand  0.125 0.157 0.997 
Loam1  0.092 0.090 0.938 
Clay1  0.087 0.124 0.967 
Sandy Loam  0.083 0.106 0.977 

 
          

RMSE       :  

2^

1

n

m

RMSE
n

                           (8) 

 ˆ      , m i         n   
   .    2      RMSE   

  CS655   0.01  0.028 cm3/cm3.     
     0.03 cm3/cm3. 

 
 2.     RMSE      CS655     

Kellener 

    
cm3/cm3 

 Kellener 
cm3/cm3 

Sand 0.010 0.013 
Loam1 0.028 0.029 
Clay1 0.025 0.026 
Sandy Loam 0.017 0.018 

 
3.2.     

      ECw, ,    CS655   
 s (80-81)     ECw    3 dS/m.     b  

   . ,   3 dS/m  b     
    .         -
 (Kargas et al., 2011    WET, Seyfried and Murdock (2004)   

Hydra Probe  Hilhorst (2000)   Sigma probe ). 
            ECw  

    m s       EC  Max b (  
3). 
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 3.             
   

 (Sand)  (Loam1) ECw (dS/m) 
a b Max b dS/m a b Max b dS/m 

0  0.127 0.166 0.040 0.092 0.090 0.220 
0.28 0.125 0.157 0.050 0.092 0.091 0.250 
1.17 0.131 0.169 0.190 0.094 0.101 0.430 
3.6 0.141 0.186 0.630 0.093 0.103 0.860 
6.1 0.172 0.237 0.900 0.093 0.097 1.480 
12    0.076 0.067 2.690 

            
   b  1.5 dS/m.         

.  ,            b = 1.48 
dS/m (  EC=6.1 dS/m  =0.416 cm3/cm3)       

 0.092-0.094  0.90-0.103, .     b (  
EC=12 dS/m  =0.416 cm3/cm3)        

 (a = 0.076  b = 0.067).        -
,      EC    s.     -

  0.127  0.172      0.157  0.237.   -
      .         

  s        Topp et al. (1980)  4  
  EC=0.28 dS/m,       EC=12 dS/m     

12 .        b    
CS655. 

 
3.3.  KELLENERS 

     P          
 . (7)    L    CS655    0,1157 m.  -

     .(5)    L   td = 3.4 nS.    
s     P     . (5).      

       b      EC = 
0.28 dS/m.            s    

    .        
  ECw      s    Kelleners    -
         b  0.8 dS/m.   

       s      Kelleners  
         ,  -

  b   P (Kelleners et al., 2005).  
 

4.  
    CS655          
     TDR    . H  
              

  ,  0.083  0.092,        
 0.090  0.124,      .      -

          b  1.5 
dS/m.         .     
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     ECw      s    Kel-
leners             b -

 0.8 dS/m. 
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O   TriSCAN       
  ( )       .   

         (VIC)  
            

 (ECe).           
   .         
 .         

 (WET)            
    ( b).      WET  

   b –VIC.          
 b- VIC    (R2=0.692).  

 
 :  ,  

 
 
 
 

A NEW METHOD FOR EVALUATION SOIL SALINITY  
USING DIELECTRIC DEVICE triSCAN  

 
G. Kargas1, , G. Bourazanis2 

1Agricultural University of Athens, Sector of water resources management,  kargas@aua.gr 
2Department of Rural Economy and Veterinary of Regional Government of Laconia, Sparta, 23100, 

Laconia 
   

Abstract 
The dielectric sensor TriSCAN enables simultaneous measurements of soil moisture ( ) and 
soil salinity. For the calculation of soil salinity device provides primary measurements (VIC) 
that should be associated with the measurement of soil salinity in the saturation extract 
(ECe). However, the method proposed by the manufacturers for the correlation is complex 
and difficult. This paper studies a faster and simpler method. In this method, another 
dielectric sensor is used (WET) which enables calculation of  and apparent electrical 
conductivity of the soil ( b). By means of the WET sensor ECb and VIC can be correlated. 
From the first experimental data showed that the relationship between b- VIC is quite 
linear (R2 = 0.692) 
 
Key words: Dielectric sensor, Salinity 
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1.  
  TDR        ,  
   ,         

        b     
   ,       ( p ),   

            
.          b    p  

(Rhoades et al., 1976; Rhoades et al., 1989; Mualem and Friedman, 1991; Malicki et al., 
1994; Malicki and Walczak, 1999; Hilhorst, 2000; Amente et al., 2000).   

           
    (Kargas and Kerkides, 2012).  
   (profiler)      

       1 m.       
          .   

           
    . 

         triSCAN. 
            triSCAN  
    (WET) 
 
 

2.    
 
2.1.   triSCAN 

             
           ( ) 

  .          
   100 mm. 

     - .       
        (Volumetric Ion Content (VIC))    

     .   VIC      
 ,          
     (ECe).   

    ECe           0 
 17 dS/m  ,     (TriSCAN Agronomic User 

Manual Version 1.2a., 2003). 
           

 : 
           

.     triscan    5m 
.            

    (data logger)    10 min     
        .   
           

              
  .  25 Lt     
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    25 Lt  3 4 ( )     
 5-10 dSm-1.    25 Lt         

      .     
    24-48 h     .   

         data logger   
    .         

       (access tubes)    
.             

   .         
    ..     

    EC   (1:5).     
   Volumetric ion Content (VIC)       

      ECe.  
      ECe     

EC(1:5)  
 
ECe = EC1:5 x WCF                          (1) 
 
WCF = -2.21 x %CLAY0.5 + 23.78                       (2)

  
    ECe    VIC     

 
ECe = 1.095.5 x VIC – 50.157                       (3) 
  

        . (3)   
           
.  

 
2.2.        WET 

     ,     
,  b     20MHz.     

           
 2,      (Delta –T Devices Ltd, 2005).  p 

     (Hilhorst, 2000)      >0.1 
cm3/cm3.     WET   b      

    TDR,    Regalado et al. (2007). 
     WET     2014  

  b      (10 cm)  triSCAN.  
    VIC    triSCAN.    
    b    VIC   triSCAN     10 cm. 

         (  31%,  
49%   20%)  ECe=0.6 dS.m-1    .  

 
 

3.    
  1           b-

VIC.         b-VIC    R2=0.692.  
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b-VIC            

     .        
            b  

    .  
            p 

    b.       (Hilhorst, 2000)  
  p  1.30  1.60 dS.m-1.        p   

        (USDA, 1954)   
  (Hilhorst, 2000)       

  . 
 

y = -0.0085x + 37.747
R2 = 0.6924

0
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VIK-triscan

b-
W

ET
  (

m
S.

m
-1

)

 
 1.     b     WET    VIC  

   triSCAN. 
 
 

            
       triSCAN   b     

WET (  2).             
    Rhoades et al.(1976).  

              
     .   triSCAN   

     WET.   triSCAN      
 ( )            triSCAN  

      WET.    (  3)      
   (R2=0.933),          

  triSCAN     .    WET   
    (Kargas et al.,  2014)  
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y = 0.0455x2 - 0.5028x + 10.166
R2 = 0.7219
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 2.         triSCAN    b  
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y = 9.4433x - 24.699
R2 = 0.9329
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 3.       % (triSCAN)       (WET) 
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4.  
          

     triSCAN       
      (WET).    

      .      
          

   . 
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TEMPORAL VARIABILITY OF HYDRAULIC CONDUCTIVITY AT SATURATION  
OF UPPER SOIL LAYER 

 
G. Kargas , K. Mpakogianis, I. Papaioanou, K. Soulis 

Agricultural University of Athens, Sector of water resources management,  kargas@aua.gr 
   

Abstract 
The purpose of this study was to follow the temporal variation of the hydraulic conductivity 
of the surface soil layer during three years (2011-2014) in the three cases 1) Cultivated and 
bare soil (RT) 2) Uncultivated and kept bare  (NT) 3) Uncultivated but cover by local weed 
vegetation (NV). From the results it was shown that there is remarkable temporal variability 
in the RT and NT treatments. More specifically minimum values of Ks prevailing during the 
rainy period and maximum ones during the dry periods. For the NV treatment the Ks values 
varied slightly during the years. Soil water retention curves exhibited remarkable variation, 
particularly in the case of pores draining in the range of negative pressure head h up to -60 
cm. To this the variation of Ks values measured may related.  

    
Key words: Hydraulic properties, Cultivation treatments, Pore space 
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et al. 2000; Kribaa et al. 2001; Moret and Arrue 2007),     (Mapa 
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  (Ehlers W. and van der Ploeg 1976; Poulovassilis, 1990; Kargas et al. 
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al. 2008; Xu et al. 2009).  Ahuja et al. (1998)     
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2.    
 
2.1.     

       ( , , C)  
    .  (Kargas et al., 2012).     

 1 m  .   
        

18/10/2011, 16/10/2012  16/10/2013.       .  
           

   .   C        
 .         

              Ks. 
         

     (h).    100   
  (h)  400    Ks. 

          
. 

 
2.2.   Ks    (h)   

   Ks         
 (h)     sand –kaolin box.    (h)    h=-200 cm 

          
        . 

   s          
           

(h)              . 
 

2.3.         
          PR2 (Delta –T 

Device Ltd, User manual for the Profile probe, 2008)       
  .          

          . 
         

kargas et al., (2012).   
 

2.4   
    ANOVA        
        ( - )      
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s.         s   
 CV= standard deviation/mean values (Coefficient of variation). 
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. 
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       RT, NT   NV   24.4  59.8%,  
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COMPARISON OF MEASURED AND ESTIMATED HYDRAULIC CONDUCTIVITY  
OF TWO POROUS MEDIA 

 
P. Londra , G. Kargas, J. Valiantzas 

Department of Water Resources Management, School of Agricultural Production, Infrastructures  
and Environment, A.U.A., 75 Iera Odos street, 11855 Athens,  v.londra@aua.gr 

 
Abstract 

In this study, experiments were conducted to determine the soil water retention curve ( ) 
and hydraulic conductivity ( ) of two porous media, a sand and a loam soil. The 
experimental data were compared with those predicted by the worldwide used closed-form 
analytical hydraulic model of Mualem-van Genuchten using RETC program for two scenarios. 
The first scenario concerned the adjustment of the van Genuchten equation on the 
experimental ( ) data and the comparison of experimental and predicted ( ) using the 
Mualem-van Genuchten model. The second scenario concerned the adjustment of the 
Mualem-van Genuchten model simultaneously on the experimental ( ) and K( ) data and 
the comparison of experimental and predicted ( ) using the Mualem-van Genuchten 
model. Analysis of results showed that in some cases studied there was weakness of 
Mualem–van Genuchten model to properly describe the unsaturated hydraulic conductivity.  
 
Key words: Soil water retention curve, Hydraulic conductivity, Mualem-van Genuchten 
model 
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1.   
      ,    

    ,      
          .  

,       ( )      ,  
      , ( ),    

, ( ),      . ’   ,  
     ( )     

       s (Burdine, 1953; Childs and Collis 
George, 1950; Mualem, 1976).        

            
    (Brooks and Corey, 1964; van Genuchten, 1980).  

  ,        
    (Londra, 2010; Poulovassilis et al., 1988; Talsma, 1985; Valiantzas 

and Sassalou, 1991; Valiantzas et al., 2007). 
      (Doering, 1965)       

 ,      ,    
        , D( ),   

        .    
  ( )    D( )     (Childs and Collis 

George, 1950).           ( ) 
  .         

D( )      (Gupta et al., 1974; Londra and Valiantzas, 2011; 
Passioura, 1976; Valiantzas, 1989; Valiantzas et al., 2007; Valiantzas and Londra, 2012). 

         ( )    
       ,     

         Mualem-van Genuchten (Mualem, 
1976; van Genuchten, 1980)    RETC (van Genuchten et al., 
1991). 

 
 

2.     
 
2.1.   

   ,    (22% clay, 39% silt, 39% sand) 
   (0.2 mm < d < 0.5 mm),     -

          
  Haines (Haines, 1930).      

( )  ,       ,     
(Doering, 1965)        D( )   

      ( )    
. 

 
2.2.   

  Buchner     (  Haines)  
      ,  2.5 cm   9.6 cm.  
       ,   
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       .  

  ,   ,        , 
          .  

        hf      
    (hf =-140 cm      hf =-110 cm   

)      Vi    ti. , 
     i,  i= s-Vi/Vo,  s   

   Vo    . 
   Valiantzas et al. (2007)      S, 

     ,          
: 

b
S t a t c               (1) 

 f

s f

 (0 1S S ) , f         

 ,  , b, c       
.  

            
          S t  (Valiantzas et al., 

2007). 
      D( )      

      Valiantzas et al. (2007):  
222

2

2 1 2
bb

f s f

s f f

L aD c b b c               (2) 

 L      a, b, c     
     (Valiantzas et al., 2007).  

          (Valiantzas et al., 
2007; Valiantzas and Londra, 2008; Kargas and Londra, 2015). 

   ( )     (Childs and Collis-George, 
1950): 

( ) ( ) dK D
dH           

(3) 

 /d dH      . 
,          

  s     ( lute and Dirksen, 1986). 
 
2.3.  RETC  

   RETC (van Genuchten et al., 1991)    
       Mualem-van 

Genuchten (Mualem, 1976; van Genuchten, 1980)      
           

 . 
 van Genuchten (1980)        
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       )     
   p=0.5    (Leij et al., 1992; Schaap and van Genuchten, 

2006; Kargas and Londra, 2015). 
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Abstract 
Up to date, the use of satellite data in the calculation of the actual or reference 
evapotranspiration has been addressed by numerous researchers. However, the application 
of three empirical methods (Hargreaves, COPAIS and Valiatzas) and their comparison with 
the FAO56 Penman –Monteith method using both terrestrial and satellite data is presented 
for the first time. The present effort aims at highlighting the usefulness of the spatial 
application of those empirical methods which may contribute towards the accurate 
determination of the crop water requirements and limit the uncontrollable wasting of that 
resource in the agricultural sector. 
 
Key words: Reference Evapotranspiration, Satellite data, Terrestrial data, Empirical methods 
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  ,      ,     

   .   ,   -
   24%      . ,   

      ( , , , , ) 
     80%.      

     (   - )    
 ( )        , 

      (Pereira et al., 1999). , 
 ,         . 
           (Esty et al., 2005, 

Ravenga, 2005; Hsu et al., 2014; de Sherbinin et al., 2014).  
         

   ,       
           

   .         
             

  .           
 (Moran and Brondizio, 1994). ,      

        .  
 ,          -

  (actual evapotranspiration)     
(reference evapotranspiration)       (Bailey, 
1990; Ramos et al., 2009; Blanta et al., 2011; Evans et al., 2011; Irmak et al., 2011). , 

       (Hargreaves, COPAIS  Valiatzas)  
   FAO56 Penman-Monteith (FAO56PM)      

     .      
            ,  

           
           

   .  
 
2.  

  ,       
        .  , 

              
 .          

  - FAO56 PM          
(FAO56 Irrigation and Drainage paper)       
(Pereira et al., 1996; Walter et al., 2005; Allen et al., 1998; Alexandris et al., 2008).  

             
  FAO56-PM,       

 ( )         
          

    (23.092 ,38.392 ) .  
           

    Syngenta Hellas . . . .    770.06 km2. 
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      FAO56 PM     

   .          
     (01/01/2014 – 31/12/2014). 

 
2.1.    

2.1.1. FAO56 Penman-Monteith (Allen et al., 1998) 
  FAO56-PM             

 1. 

2

2

9000.408
273 

1 0,34

n s aR G u e e

u
 (1) 

,       (mm day-1), Rn    
     (MJ m-2day-1), G      
   (MJ m-2day-1) ,          

 2  (oC), u2        2  (m s-1), es 
     (kPa), ea      (kPa),  
       (kPaoC-1)      

 (kPaoC-1).         
G=0. 

 
2.1.2. Hargreaves (Hargreaves and Samani, 1985) 

  Hargreaves (1975)     1985    
          2. 

0.5
min0.0023 17.8o max m aET T T T R  (2) 

Tavg, Tmax  Tmin   ,         (oC) 
   Ra         (mmday-1) 
          (DOY). 

 
2.1.3 Copais (Alexandris et al., 2006) 

          ETo  
   3      3   3 .  

1 2 2 3 1 4 1 2m m C m C m C C  (3) 

  m1 = 0.057, m2 = 0.277, m3 = 0.643, m4 = 0.0124   

1 0.6416 0.00784 0.372 0.00264  s sC RH R R RH  (3 ) 

2 0.0033 0.00812 0.101 0.00584  s sC T R R T  (3 ) 

RH      (%), Rs       (MJ 
m-2day-1)         (oC). 

 
2.1.4. Valiantzas (Valiantzas, 2013) 

          
    4         . 
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0.6 0,150.0393 9.5 0.19 0.078 20 1  
100s s
RHR T R  (4) 

, Rs     (MJ m-2day-1),      (oC), RH 
    (%)       rad. 

 
3.  

           
 (AA )     (SAT)    N = 365 (  2014) 

   1, .  
 

 1.      (Sat)  
  Min  Max  Mean  Std. Dev  Range 
   SAT   SAT SAT SAT   SAT

Tavg  0.5 2.1  31.4 30.1 17.0 17.3 6.5 6.7  30.9 28.0
Tmax  1.0 3.4  40.4 40.1 23.9 23.4 7.7 7.8  39.4 36.7
Tmin  -1.1 -0.5  21.3 23.6 10.1 11.9 5.6 5.8  22.4 24.1
RH  31.7 35.0  100.0 91.0 76.0 67.5 13.8 13.9  68.3 56.0
RHmax  61.8 51.0  100.0 98.0 98.5 83.9 5.1 10.4  38.2 47.0
RHmin  10.4 12.0  100.0 86.0 46.4 47.0 19.0 16.6  89.5 74.0
u2  0.0 1.3  3.3 8.1 0.8 2.7 0.5 1.0  3.3 6.8
Rs  12.0 42.0  358.2 343.4 191.8 203.6 103.2 87.9  346.2 301.4

 
    Pearson (r),        

          
       : Tavg (0.986), Tmax 

(0.981), Tmin (0.940), RHavg (0.869), RHmin (0.842), Rs (0.957). ,  RHmax   
           

(0.276).          
   ( )  « »       

   (    8-12 cm)   ,    
 . ,      (u2 – usat)    

      (0.647). 
 
3.1.  FAO56-PM vs FAO56-PMsat 

  1       
       

(FAO56-PM vs FAO56-PMsat)     
    .  

   FAO56-PMsat    38.9 %  
       ETo  

      358,64 mm  
(1280.7 mm  922.0 mm ).  

      
       -

.        
       

     
   (Willmott and Wicks, 1980; Fox, 

 1.   
FAO56-PM vs FAO56-PM SAT 
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1981; Willmott, 1981, 1982; Alexandris et al., 2008).  ,    
(Index of Agreement-d),        (root 
mean square error-RMSE),     (mean absolute error-MAE)   

   (mean bias error-MBE).      
    (a)  intercept (b), R2     2 

   . 
 

 2.         
  FAO56PM ( ) 

 a b MBE RMSE MAE Sd2 D R2 
FAO56-PM  - - - - - - - - 
Hargreaves-Samani 1.322 0.417 1.231 1.477 1.258 0.667 0.857 0.911
Copais 1.084 -0.121 0.091 0.413 0.343 0.162 0.984 0.952
Valiantzas 1.167 -0.245 0.178 0.443 0.382 0.165 0.983 0.972
FAO56-PM SAT 1.291 0.246 0.983 1.278 1.008 0.669 0.886 0.898
Hargreaves-Samani SAT 1.236 0.379 0.974 1.210 1.026 0.515 0.893 0.907
CopaisSAT 1.082 0.279 0.485 0.682 0.562 0.229 0.958 0.930
ValiantzasSAT 1.136 0.226 0.569 0.781 0.636 0.286 0.948 0.929

 
3.2.     ETo -  & SAT 

             
 (Hargreaves, Copais, Valiantzas),      

FAO56-PM          
 2.  

 

 
 2.        (mm/day)   

(a,b,c)    (d,e,f)     FAO56-P  (  ). 
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        (T, RH, Rs)    
( )         Copais (+3.6%)  
Valiantzas (7.05%)         (  RH) 
Hargreaves-Samani   +48.7%    .  

             
         , COPAIS +19.20% 

 Valiantzas 22.52%    Hargreaves-Samani     10%  
 +38.56%.   
         (  ) FAO56-PM 

 922.04 mm         
          

    3    3.  
  3       

       2014      . 
 

 3.    (mm/year)       
      (ref) 

 ETo (mm/year) 
 FAO56-P  Hargreaves Copais Valiantzas 

( ) 922     (Ref) 1371  (+49%) 955  (+3.6%) 987 (+7.0%) 
SAT( ) 1281 (+39%) 1277  (+38%) 1099  (+17%) 1130  (+22%) 

 

 
 3.             

    FAO56 Penman –Monteith (   ). 
 
4.  

            
         

            
          
  .           
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ON THE APLICABILITY OF THE METEOROLOGICAL DROUGHT INDEX SPEI  
OVER THE LARISSA AREA IN THE CONTEXT OF THE “DAPHNE” PROGRAM 

 
T. Karacostas , I. Tegoulias, D. Bampzelis 

Department of Meteorology and Climatology, School of Geology, A.U.Th., 54124 Thessaloniki,  
 karac@geo.auth.gr  

 
Abstract 

The DAPHNE project aims at mitigating meteorological drought in Thessaly, by means of 
Weather Modification. For this reason, an investigation of the meteorological drought in 
Thessaly has been made using Palmer Drought Severity Index (PDSI). In the present study, 
the newly derived drought index SPEI is adopted, computed and compared against the al-
ready known drought indices, PDSI and SPI, in the area of Larissa for the period 1955-2010. 
The aim on this study is to verify the SPEI capability on measuring drought severity according 
to its intensity and duration, and to compare the results with PDSI and SPI drought indices. 
Results indicated that SPEI index successfully identified several drought episodes that af-
fected the area during the period of study. Moreover, these episodes were also recognized 
from the other two drought indices that were used with minor differences. Drought epi-
sodes exhibited identical behavior between SPEI and SPI drought indices especially at long 
time scales (12-24 months).  
 
Key words: Meteorological Drought, Thessaly, Drought Indices, SPEI, PDSI, SPI 
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   ,        
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.         -
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            (Keyan-
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   Standardized Precipitation-Evapotranspiration Index (SPEI) (Vicente-
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   . ,    -

  ,        -
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   ,         -

  (Vicente-Serrano et al., 2010). 
 
2.    

 ,      ,   -
         .  -

    55 ,   1955   2010,    -
     .  

     SPEI        
  SPI,       ,  

             -
 .         

              

Αρδεύσεις - Αγρομετεωρολογία 99



SPEI.         -
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   Thornthwaite (1948).  
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> +2.0    (Extremely wet) 
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  .      PDSI     

  SPEI  SPI         3, 
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       .     -
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PDSI,   McKee et al. (1993)   SPI    Vicente-Serrano et al. (2010)  
 SPEI. 
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 18  24 .     PDSI,      -
,        .   
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     SPEI  SPI     , (  

12   ).          
 SPEI  SPI          

             
.             

SPEI             
SPI.  
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  18  24 .    R2     0,89  

0,87   18  24  (    3  ),    
     R2 0,88  0,86 .      3, 
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 3.    PDSI  SPI   ( ):18  ( ):24    

 1955 – 2010    . 
 
4.  
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   ,        
  .         
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Abstract 
Heat-stress (HS) affects significantly physiology, welfare, health, and productivity of rumi-
nants. This paper studied the HS conditions to which sheep were potentially exposed during 
the summer of the last 50 years at 4 sites in Greece by means of the Temperature Humidity 
Index (THI). The variation of the maximum daily maximum THI value and the variation of the 
frequency of occurrence of the HS categories observed every summer and every summer 
month separately were examined. Descriptive statistics were presented and temporal trends 
were identified. This study provides spatial quantitative results which could be taken into 
account when proposing measures to improve sheep’s housing conditions and adaptation 
and mitigation measures in the frame of climate change.  
 
Keywords: Sheep, eat-stress, emperature humidity index, rend 
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1. INTRODUCTION  
Many researchers have found that physiology, welfare, health, and productivity of rumi-

nants are significantly affected when ruminants are exposed to HS conditions (Finocchiaro et 
al, 2005; Panagakis & Chronopoulou, 2010; Sevi et al, 2001; Sevi & Caroprese, 2012; Silanik-
ove, 2000). A combination of high ambient temperatures and high relative humidity is un-
suitable for sheep (Papanastasiou et al, 2014; Seedorf et al, 1998; Thwaites, 1985). 

The increase in temperature due to climate change may induce various effects on live-
stock production (Kuczynski et al, 2011). A temperature increase will probably have a direct 
effect on animals’ HS. Segnalini et al (2011) used NCEP Reanalysis data (monthly mean val-
ues of temperature and relative humidity) to study the dynamics of THI (i.e. mean values of 
annual and seasonal THI of three 30-year periods and one decade and THI anomalies for the 
same periods) over the Mediterranean basin for the period 1951–2007. Their seasonal 
analysis pointed out an increase of summer THI values. Solymosi et al (2010) found that in 
Hungary the number of HS days increased by 4.1% per year during the period 1973–2008. 
However, the last two studies mentioned above underlined that the observed and projected 
increases, and consequently their impacts, are spatially heterogeneous due to several physi-
cal and geographical factors such as the atmospheric circulation, the regimes of climate vari-
ables, the latitude, the altitude and the topography, as well as due to the spatial distribution 
of the livestock population. Consequently, there is a need to perform temporal and spatial 
monitoring of the HS conditions. 

This paper aimed to study the variation and the trend of the HS conditions to which sheep 
were potentially exposed during the summers of the period 1964 – 2013 in Greece. 

 
2. MATERIAL AND METHODS  
 
2.1. Estimation of sheep’s potential heat-stress 

Marai et al. (2007) suggested that an appropriate climatic index to estimate the severity 
of sheep HS is the THI given in equation 1, where T is the dry-bulb temperature ( C) and RH 
is the relative humidity (%). The same authors defined four HS categories (Table 1).  
 
THI T 0.31 0.0031 RH T 14.4           (1) 

 

Table 1. Definition of HS categories according to THI values 
THI class HS category 

THI < 22.2 absence of HS 
22.2  THI < 23.3 moderate HS 
23.3  THI < 25.6 severe HS 

THI  25.6 extreme severe HS 
 

2.2. Data 
Temperature and relative humidity data recorded every three hours during the summers 

of the period 1964 – 2013 by four automated ground-based meteorological stations distrib-
uted in Greece were used to calculate THI values. The meteorological stations operate by the 
Hellenic National Meteorological Service (HNMS). The locations of the four meteorological 
stations are shown in figure 1, while information about them is given in table 2. The analysis 
in the present paper is based on the daily maximum THI values. Missing values were 1.3%, 
7.3%, 0.1% and 0.1% in AGR, ALE, LAR and SOU, respectively. 
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Table 2. Information about the meteorological stations 

Name Abbreviation of the name 
used in this study 

Latitude 
(oN) 

Longitude 
(oE) 

Height 
(m) 

Agrinio AGR 38.37 21.23 24 
Alexandroupoli ALE 40.51 25.53 2 

Larisa LAR 39.38 22.25 73 
Souda SOU 35.31 24.09 150 

 

 

Figure 1. Location 
of meteorological stations. 

 
3. RESULTS AND DISCUSSION  

Figure 2 shows the maximum values of the daily maximum THI values observed during 
June and July and their corresponding linear trends. Descriptive statistics for the maximum 
values of the daily maximum THI values and the slopes of the identified trends for every 
summer month are presented in table 3. The mean values reported in table 3 show that the 
warmest month was July and the coldest month was June. For this purpose figure 2 refers to 
these two months. Figure 2 shows that the maximum values of the daily maximum THI val-
ues during June and July exhibited an increasing trend. The same also stands for August, not 
shown in figure 2, except for SOU. 

Table 4 shows the frequency of occurrence of every HS category. As the two worse HS 
categories were observed during the vast majority of the days, the analysis is focused on 
these two categories. Figures 3 and 4 show the number of days when severe HS and extreme 
severe HS, respectively, was observed during summer and their corresponding linear trends 
during the examined period. The number of days when severe HS conditions were estab-
lished exhibited a decreasing trend (figure 3), while the number of days when extreme se-
vere HS conditions were established exhibited an increasing trend (figure 4). 

The trends of the number of days when these two HS conditions were established were 
further examined on a monthly basis. Figure 5 show the trend of the number of days when 
severe HS and extreme severe HS was observed during June and July. The corresponding 
slopes, also for August which is not included in figure 5, are presented in table 5. Decreasing 
and increasing trends were identified, similarly to figures 3 and 4. In June and July, the num-
ber of days when extreme severe HS conditions were established was always higher than the 
number of days when severe HS conditions were established in AGR and LAR (figure 5a and 
5c, respectively). However, figure 5d shows that these two numbers were almost equal in 
SOU in June in mid 60s. Moreover, figure 5b shows that the days when severe HS conditions 
were established were higher than the days when extreme severe HS conditions were estab-
lished in ALE in June until mid 80s. 
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Figure 2. Maximum values of the daily maximum THI values observed during June (grey 
curved line) and July (black curved line) and corresponding linear trends (straight lines)  

in AGR (a), ALE (b), LAR (c) and SOU (d). 
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 Table 3. Descriptive statistics for the daily maximum THI values observed  
during every summer month and slopes for the corresponding linear trends.  

Max: maximum; Min: minimum; SD: standard deviation 
Percentile Meteorological 

Station Month Max 
value

Min 
value

Mean 
value SD 

90th  50th 10th 
Slope

June 33.7 28.3 31.0 1.3 32.5 30.9 29.5 0.032
July 35.9 30.3 32.5 1.4 34.4 32.3 31.1 0.014AGR 

August 35.2 29.2 32.2 1.3 34.2 31.9 30.9 0.036
June 31.5 26.3 29.0 1.3 30.8 28.8 27.4 0.054
July 33.0 28.1 30.4 1.1 31.9 30.4 29.3 0.018ALE 

August 33.5 26.8 30.1 1.5 31.7 30.4 28.2 0.045
June 36.2 28.6 31.6 1.4 33.6 31.5 30.2 0.024
July 37.3 30.0 33.0 1.8 35.7 33.2 31.0 0.014LAR 

August 34.9 28.2 31.9 1.4 33.8 31.7 30.0 0.018
June 35.4 27.6 30.3 1.6 32.6 30.0 28.9 0.004
July 35.8 28.4 31.3 1.5 32.9 31.3 29.6 0.014SOU 

August 35.2 28.1 30.8 1.6 32.5 30.7 28.9 -0.002
 

Table 4. Frequency of occurrence (%) of every HS category 
Meteorological station Heat-stress category 

AGR ALE LAR SOU 
absence of HS 2 6 2 2 
moderate HS 1 6 2 4 

severe HS 9 25 12 26 
extreme severe HS 88 63 84 68 

 
Table 5. Slopes of the linear trends of the number of days when severe HS  

and extreme severe HS was observed during every summer month 
Meteorological station Month Severe HS conditions Extreme severe HS conditions

June -0,062 0,065 
July -0,056 0,053 AGR 

August -0,042 0,029 
June -0,079 0,132 
July -0,130 0,182 ALE 

August -0,111 0,165 
June -0,037 0,079 
July -0,062 0,065 LAR 

August -0,091 0,092 
June -0,052 0,104 
July -0,129 0,152 SOU 

August -0,222 0,229 
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4. CONCLUSIONS  

The potential HS of sheep during the summers of the period 1964 – 2013 at four sites in 
Greece was examined by means of THI. Results showed that sheep experienced HS at least 
during the 96% of the examined days at the four monitoring sites. The number of days 
when extreme severe HS conditions were established varied between 63% and 88%, being 
higher in central mainland and lower to the northeast of the country and to a southern is-
land. The trend analysis revealed that (a) the maximum values of the daily maximum THI 
values during the three summer months (except during August at one site) and (b) the 
number of days during the whole summer and during every summer month separately 
when extreme severe HS conditions were established, exhibited an increasing trend. On the 
contrary, the number of days during the whole summer and during every summer month 
separately when severe HS conditions were established, exhibited a decreasing trend. 
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Figure 5. Linear trends of number of days when extreme severe (upward lines) 
and severe (downward lines) HS was observed during June (dashed lines) 

and July (solid lines) in AGR (a), ALE (b), LAR (c) and SOU (d). 
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