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A bstr act Reference evapotranspiration was
calculated using five various types of estimating methods.
The Hargreaves and Thornthwaite methods produced close,
strongly-correlated £7, values to those yielded by the stand-
ard Penman-Monteith method. For these reasons and due to
their simplicity in calculations, i.e., few parameters needed,
these two methods are recommended for in order to deter-
mine crop water as well as irrigation water requirements for
the Gallikos watershed. Reference evapotranspiration isoli-
nes as yielded by the Hargreaves method showed a charac-
teristic pattern, by decreasing from the eastern to the western
part within the Gallikos watershed. Crop water requirements
divided crops into more groups. These crops can be an
alternative for the present situation which is mainly charac-
terised by wheat cropping. For shortage in irrigation water
supply special scenarios, not developed here, should be
followed.

K ey words: evapotranspiration, irrigation, cropwa-
ter requirements

INTRODUCTION

The Gallikos watershed is located along the
river similarly named, in the northern part of
Greece, around 41° latitude north. Within and
around this watershed there are seven wea-ther
stations situated at various altitudes that were
used to provide data for reference evapotranspi-
ration (ET,) calculations. These stations are:

Thessaloniki (32 m altitude), Sindos (7 m), La-
hanas (634 m), Melanthion (490 m), Metaxo-
hori (277 m), Ano-Theodoraki (480 m), and
Doirani (150 m).

Estimating ETo in order to evaluate irriga-
tion water requirements is an important aspect
needed for crop water management. Many spe-
cialists recommend the Penman-Monteith me-
thod as a standard method to calculate ET,,
unless lysimetric measurements are available
[7,9,10].

The purpose of this paper is to: (i) evaluate
ET, by five different methods as well as crop
and irrigation water requirements for the whole
agricultural area within the Gallikos watershed,
(ii) compare the estimation methods used and
recommend the most practical for use, and (iii)
provide the irrigation users with ETp-isoline
maps and crop coefficients for every month of
interest in applying irrigation water.

MATERIAL AND METHODS

The five methods used to calculate ET, as
described by Jensen et al. [10] were as follows
(i) two combination equation methods, Penman
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-Monteith (PM) [1,2,11], and FAO 24 Cor-
rected Penman (FAO 24 CP), [5], (ii) two tem-
perature-based methods, Hargreaves (H) [6,8]
and Thornthwaite (TH) [22] and (iii) a radiation
method, Priestley-Taylor (PT) [17].

Mean daily values of month periods for air
temperature (7m), relative humidity (RH), wind
speed (U), and solar fraction (n/N) were used to
compute PM-ET, with the help of the CROP-
WAT Program [20]. Temperature data was
available for each weather station, but only RH
and U data only in Thessaloniki, Sindos and
Lahanas. For the other four sites R and U data
was collected from the Lahanas weather station
that is situated in their proximity. Solar radia-
tion (Rs), was only measured in Thessaloniki
(University area) and Sindos (Land Reclama-
tion Institute). However, because the first site is
located on a polluted coastal area [18], the mea-
surements from Sindos were considered more
representative for the whole watershed and
therefore used for all the other six sites, as
recommended by Jensen et al. [10]. Because the
CROPWAT Program needs »n/N as input data,
this was derived from the Rs equation:

Rs = (a+b (W/N))Ra (1)

using locally-calibrated a and b coefficients
according to the values reported by Panoras and
Mavroudls [13], where Rs is the solar radiation
(MJ/m /d), and Ra is the extraterrestrial ra-
diation (MJ/m /d).

The PM combination equation used in the
CROPWAT Program to compute ET, (mm/-
day) was given in the CLIMATE for CROP-
WAT Program [21]:

ET,=(0.408A(Rn-G)+900y Uleg-es)/
(Tm+273))/(A+y(1+0.34U)) @)

where Rn - the net radiation at crop surface
MJ/m /d), G - the soil heat flux (MJ/m /d), Tm-
average temperature (°C), U- wind speed at 2 m
height (m/s), (es-ed) - vapour pressure deficit
(kPa), A - slope of the vapour pressure curve
(kPa/C), y- psychrometric constant (kPa/C).
The FAO 24 CP method formula [5] was:

ETo=c (WRn + (I-W) flU) (e4-eq)) (3)

where W- temperature-related weighting fac-
tor, Rn- solar radiation (mm/day), f{U)- wind-
related function ({U)=0.27(1+U/100), U(Km/-
day)), (e4 - eq) in mb, and c- an adjustment
factor to compensate for the effect of day and
night weather conditions.

The ET, -H method only needs maximum
and minimum 7 values [7]:

ET5=0.0023 Ra (Tm + 17.8) TD®  (4)

where ET, and Ra are in the same units (mm/d),
and 7D is the temperature deficit (mean ma-
ximum minus mean minimum 7, (°C)), and Tm
as before. The ETo -TH method [22] used the
formula:

ET,(mm/month) =16 Ld (10Tm /I)* (5)

where Ld is a correcting factor as a function of
latitude and month for actual day length and
days in a month, and / is defined by:

12 1514
1= 3 (1;/5) ©
j=1
and
a=67510°P-771107 P2
+1792 10 5 1+ 0.49239 . 0

The ETo - PT method was calculated ac-
cording to Jensen et al. [10]:

ET, =(I/2)(a A(Rn—G)/(A+y)) ®)

where & = 1.26 as recommended by Davies and
Allen [4] and Jensen et al. [10], A- the latent heat
of vaporisation (kJ/kg) as a function of tem-
perature. In a short period in 1988, Papaioannou
et al. [15] found values of 1.58 for coefficient
a, much larger than that recommended by Da-
vies and Allen [4] or Jensen et al. [10] that was
used here (1.26). The other symbols have the
same significance as in Eq. (2).

ET, values after being compared to the
standard-method results were displayed for
each irrigation-desired month (May-Septem-
ber) within the growing season, as isoline maps
created by help of the SURFER Program.

Crop water requirements using both exis-
ting experimentally-obtained crop coefficients
for seven crops: corn, cotton, alfalfa, tobacco,
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tomato, sugarbeet and grape [16] and estimated
crop coefficients by help of the method de-
scribed by Doorenbos and Pruitt [5] for sun-
flower were calculated for the FAO 24 Cor-
rected Penman method. These requirements we-
re utilised to compute crop coefficients for the
Hargreaves and Penman-Monteith methods, as
well as irrigation water requirements using effec-
tive rainfall calculated according to the USDA
Soil Conservation Service Method [20].

RESULTS AND DISCUSSIONS

Comparisons of ET, values obtained
by the five methods used

Multiannual mean daily ET, values per
month periods calculated by the five methods
are shown in Fig. 1 for all sites studied. As a
general rule the TH and PM methods produced
the lowest ET, values, while the PT and FAO
24 CP methods yielded the highest ones, espe-
cially at the weather stations based on the Sin-
dos-measured Rs, (Fig. 1). For all sites consi-
dered the minimum ET, values occurred in
Thessaloniki, irrespective of the method used.
The large differences between ET, values cal-
culated by these two groups of methods, as well
as sites, that occurred in the above mentioned
weather stations are due to differences in Rs
between Thessaloniki and Sindos, as earlier
discussed by Sahsamanoglu et al. [19]. The ET,
values obtained through the H method are close
to the PM results for all weather stations inves-
tigated, especially in Sindos and Lahanas (Fig.
1). However, for all sites studied the H method
produced slightly larger ET), values than the PM
method and is consistent with data found by
Amatya et al. [3]. For the peak month (July),
ET, values calculated by all methods ranged
from: 5.3 to 6.0 mm/d in Thessaloniki, 5.2 to 7.3
mm/d in Sindos, 4.4 to 6.8 mm/d in Lahanas
(highest altitude), 4.5 to 6.9 mm/d in Melan-
thion and Ano-Theodoraki, 4.9 to 7. I mm/d in
Metaxohori, and 4.9 to 7.2 mm/d in Doirani.

ET, correlation obtained from the PM
method and the other four methods

Linear correlation coefficients obtained be-
tween the PM-ET, results as a function of the

ETo results computed by the other four methods,
respectively, as well as the coefficients of deter-
minations (R2) are presented in Table 1. The
equation type used was of the form: y = ax, as
graph-lines were forced to pass through origin
of the two axes.

Although this correlation is highly signifi-
cant with R” values bigger than 0.85 for all sites
and methods investigated, differences among
the two ET, values calculated by the PM me-
thod compared to the PT and FAO 24 CP meth-
ods, respectively, are large, as illustrated by the
a values (very different from 1: the average a
values were 0.733 with a coefficient of variation
(CV) of 14.3 % for the PM(FAO 24 CP), and
0.751 with a CV of 11.6 % for the PM(PT)
correlation). For the PM versus the two tem-
perature-based methods correlation, differences
in ET, are smaller (a much closer to 1: the
averaged a value was 0.862 with a CV of 7.2 for
the H method, and 1.084 with a CV 0of 6.1% for
the TH method). The close results performed by
the PM and H methods are also shown by the
R2-values that were 0.986 averaged over all
sites with a CV of 0.8 %, while for the other
three types of correlation the average R? was
0.971 with a CV of 2.0 % for the PM(FAO 24
CP) one, 0.976 with a CV of 1.7 % for the
PM(PT) one, and 0.933 with a CV of 4.3 % for
the PM(TH) correlation. This finding is consis-
tent with the data reported by Jensen ef a/.[10]
for all methods applied, and Hargreaves [7] for
the Hargreaves method.

Based on these findings the FAO 24 CP-
ETo/PM-ET,, H-ET,/PM-ET,, TH-ET,/PM-ET,
and PT- ET,/PM-ET, ratios were then calcu-
lated and illustrated in Table 2. For the PT/PM
case this ratio is highly variable during the year
with a maximum of 1.38 to 1.6 in period April-
June for the Sindos-based Rs sites, and 1.14 in
May for Thessaloniki, decreasing during the
winter time to values specific for each site.
Averaged over the May-September period this
ratio varies from 1.1 in Thessaloniki and 1.25 in
Sindos to 1.39-1.46 for the other sites, whereas
over the whole year the ratio attains 0.96 in
Thessaloniki and 1.02 in Sindos to 1.25-1.42 in
the other sites. For these reasons the PT method
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Fig. 1. Dynamics of ET, values (mm/d) calculated by 5 methods in 7 sites within the Gallikos watershed.



EVAPOTRANSPIRATION AND IRRIGATION WATER REQUIREMENTS 53

Table 1.Linear - correlation parameters obtained between the E7,, Penman-Monteith (PM) standard method results and
the other ET, estimating methods results, respectively, for every site studied

2

Site Correlated methods Coefficient of x R”
Thessaloniki PM (FAO 24 CP) 0.969 0.93
PM (H) 0.899 0.99
PM (TH) 1.042 0.91
PM (PT) 0.920 0.98
Sindos PM (FAO 24 CP) 0.708 0.97
PM (H) 0.920 0.97
PM (TH) 1.150 0.85
PM (PT) 0.820 0.94
Lahanas PM (FAO 24 CP) 0.689 0.98
PM (H) 0.946 0.99
PM (TH) 1.114 0.94
PM (PT) 0.706 0.98
Melanthion PM (FAO 24 CP) 0.695 0.98
PM (H) 0.865 0.99
PM (TH) 1.129 0.96
PM (PT) 0.712 0.98
Metaxohori PM (FAO 24 CP) 0.708 0.97
PM (H) 0.809 0.99
PM (TH) 1.062 0.96
PM (PT) 0.726 0.98
Ano-Theodoraki PM (FAO 24 CP) 0.691 0.98
PM (H) 0.811 0.99
PM (TH) 1.127 0.95
PM (PT) 0.686 0.98
Doirani PM (FAO 24 CP) 0.670 0.99
PM (H) 0.784 0.98
PM (TH) 0.961 0.96
PM (PT) 0.687 0.99

needs to be calibrated versus lysimetric data
in this region in order to be used in ET, cal-
culations.

The FAO 24 CP/PM ratio presented high
values ( 1.41-1.48) for all sites, except Thessa-
loniki ( 1.03 ) over the May-September period,
and 1.38-1.50 for the whole year in the same
locations. Larger ET, values calculated by the
FAO 24 CP method that overestimated by about
10% the PM ET, values were previously re-
ported for a neighbour watershed by Panoras
and Mavroudis [12].

For the H/PM case (Table 2), the ratio is
more constant, ranging during period May-Sep-
tember from 1.05 to 1.15 (averaged values) in
Thessaloniki, Sindos, Lahanas and Melanthion,

and 1.22 to 1.25 in Metaxohori, Ano-Theo-
doraki and Doirani. For the whole year this ratio
ranged from 1.03 to 1.19 in the former men-
tioned group of stations and 1.24 to 1.40 in the
second one.

The TH/PM ratio variation among sites was
the smallest, and ranged from 0.89 to 1.04 for
period May-September and from 0.77 to 1.0 for
the whole year.

Averaged over all sites within the Gallikos
watershed for the irrigation season and the who-
le year, respectively, this ratio was 1.38 and 1.36
in the FAO 24 CP/PM case,1.16 and 1.20 for
the H/PM case, 0.94 and 0.86 for the TH/PM
case, and 1.36 and 1.22 for the PT/PM case.



CR. PALTINEANU et al.

54

STl 61 L80 Y01 611 (4! 6T'1 9¢'1 24! SS'l 8yl ve'l wl £6°0 JojAe]-Aapsalid

060 S60  ¥60 S6°0 LO'T 10°1 860 L60 160 060 €L0 90 50 1S°0 anemipuioy]

Tl £l 0Tl STl STl 61°1 0Tl 'l wl el Pel Ie1 9Tl 9Tl SoAeaIZIEH

8¢l A ¥0'1 960 ST'1 €1 (4! Il 'l 651 8S°1 6v'1 81l 61°1 UBUWIUD P3JOaLI0] HoyoxedN

(1 Wl L6'0 801 9Tl Se'l 1¢°1 LE'l Lyl LS'1 IS°1 Pel 0¢'l £0'1 Jo[Ae]-Aapisatid

€80 060 LSO  LLO L60 €60 760 60 880  S80 690 £5°0 () 40] Se0 empuioy],

61°1 ST'1 STl (48! vl (! 01’1 ell L1l 9Tl wl YA LTl 0¢'1 saAga13IeH

Wl eyl SI'1 €01 'l Pel Sel wl 8v'1 191 [£A! 6v'1 LS'T ¢l UBLWUS P33o3LI0) uoryjue[aN

0l Wl 880 LT 6Tl ee’l (4! 6¢'1 6yl 861 €671 8¢l 9Tl w01 JojAe1-Aapsatid

£8°0 160 &?o 190 101 60 ¥6°0 160 060 980 890 LYo 1€°0 870 emipuioy ],

80'1 So0'1 LO'T €0'1 601 660 0071 €01 01l Il el'l 61°1 oT'1 er'l SoABdI3IeH

vl 'l (40! 80°1 STl (4! 9’1 £l (I £€9'1 £9°1 ¥l 161 8T'1 UBWU P3jo3H0] seueye’]

w1 STl §§0  6L°0 €0'1 81'1 61°1 wl LTl 8¢'1 (A 001 £8°0 8¥°0 Jojhe 1 -Aapsatid

LLO 680 9¢0 950 980 160 ¥60 60 880  6L0 190 0¥'0 LTO0 £C0 Spemipuloy],

€01 or'1 €80 060 801 80°1 ¥0'1 £0'1 01’1 STl €Tl 80°1 00°1 6L°0 SoABQISIEH

o'l 7'l 160  ST'1 LTl (4! 9¢'1 0¢'l 6l 191 9¢°'1 8l (4! eyl UelIudd p3joaLo) sopuls

960 OI'l §90 980 10°1 90°1 801 80°I (AN Il (UN! 01l vL0 $9°0 JojAe-Aapsatid

880 860 80 6L0 VOl ¥0°1 SOl 1071 60  ¥80 99°0 ¥$0 840 LED SeMIpuIoy L,

140! A Il el'l 0Tl el'l 80°1 SO°1 80°1 0Tl 0Tl 0Tl 91’1 erl S2AROISIEH

960 £0'1 90 850 €L°0 160 80  ¥I'I 91’1 680 060 880 60 LLO UBWUS] PIIOAI0]  IjIUO[esSaY],
Alreax SN a N O S A4 r [ W \4 W d [ POYISIN As

(19qua0a-( “** ‘ATeniqa -1 ‘Arenue(-[) YJUOW pue pAIPNIs S)IS YIE & POUIILW PIEpUEs YISIUON-UBLIUSJ 3y} PUE SPOIdW 17 9y} uaaMIdq Soney ‘T 1 q B L



EVAPOTRANSPIRATION AND IRRIGATION WATER REQUIREMENTS 55

T able 2. Continuation

M-S Yearly

D

Method

Site

1.48 1.44 1.37 1.35 1.22 1.02 1.00 1.44 1.42

1.59

32 1.57 1.59 1.59

1.38
0.42

1.

Corrected Penman

Hargreaves

Ano-Theodoraki

Thornthwaite

Priestley-Taylor

1.50
1.40
1.00
1.42

1.48
1.25
1.04
1.46

1.40

1.21
1.36
0.93
1.32

1.38
1.46
1.25
1.45

1.42
1.27
1.16

1.45

1.42
1.28
1.14

1.39

1.46
1.18
1.05
1.42

1.48
1.20
0.96
1.46

1.64
1.35
0.91
1.60

1.68
1.46
0.89
1.56

1.68
1.55
0.63
1.48

1.81
1.63
0.80
1.47

1.69
1.71
0.75
1.25

Corrected Penman
Hargreaves

Doirani

1.36
0.88
1.16

Thornthwaite

Priestley-Taylor

For the reasons shown, i.e., the close ratio
values discussed above between the ET,-PM
and the temperature-based methods, as well as
for their strong correlation and simplicity in
calculation, it is suggested here that the E7o-H
and ETo-TH methods be recommended for prac-
tical use in this area.

Spatial distribution of ET, values
calculated by the H method

Over the entire Gallikos watershed the ET,
values calculated through the H method during
period May-September are illustrated in Fig 2.
As a general rule ETy isolines are traced almost
north-south for all months. An increase in ET,
values is thus noticed from the eastern to the
western part of the Gallikos watershed, associ-
ated with a general decrease in altitude in the
same direction and an increase in distance from
the sea; maximum ET, values were recorded for
the Metaxohori neighbouring area.

For instance, in May ET, ranged from 4.0
mm/d in the eastern part of the Gallikos water-
shed to 4.6 mm/d in Metaxohori and Sindos
area. In June, ET, decreased from less than 5.2
mm/d around Lahanas to 5.7 mm/d in the wes-
tern part of the watershed. During the peak
month, July, ET, values ranged from 5.4 mm/d
for the eastern part to 6.1 mm/d around the pole
of maximum values in the Gallikos watershed,
Metaxohori. In August, ET, varied from 4.8
mm/d for the eastern watershed border to 5.6
mm/d in Metaxohori, showing the highest ET,
spatial variation, while in September ETo in-
creases from 3.5 mm/d in east to 4.0 mm/d in
Metaxohori, showing now the lowest E7, spa-
tial variation.

Crop water requirements (CWR), crop
coefficients (Kc) and irrigation water
requirements (IWR) for 8 crops in the
area studied

Crop water requirements

CWR for 8 more or less representative
crops related to each site investigated within the
Gallikos watershed during the period May-Sep-
tember for both individual months and as totals
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Fig. 2. Mean daily £7, isoline values (mm/d) during the irrigation season in the Gallikos watershed.

are shown in Table 3. During the whole irriga-
tion period the maximum CWR values for all
crops were calculated for Sindos, followed by
Doirani and Metaxohori. The difference be-
tween this finding and the maximum ET,, values
for Metaxohori discussed in the previous sub-
chapter is due to the spatial interference be-
tween adjacent sites. For the crops referred here,
corn and cotton use almost the same water (rain
+ irrigation) amount during the irrigation pe-
riod, around 450 mm in Thessaloniki and ap-
proximately 600 mm in the other sites, where as
alfalfa, tobacco, sugarbeet and sunflower were
grouped together with circa 550 mm in Thessa-
loniki area and 650-750 mm for the other sites.
The other two crops, tomato and grape consume
smaller amounts of water during the growing

season, ranging from about 400 mm in Thessa-
loniki area to 500 mm within the other sites for
tomato, and about 300 mm in Thessaloniki to
350 mm in the other sites for grape.

Crop coefficients

With the help of crop coefficients, Kc,
CWR can be calculated. Table 4 provide Kc
values for each site, crop and month for both the
recommended ETy method, i.e., the H method.
For all months taken into account, June and July
manifest the highest Kc values, most of them
>1 (except for Thessaloniki), while May and
September show the lowest Kc values. Among
crops, sunflower had the highest Kc values, up
to 1.5 in Sindos and Lahanas in June, but this
value should be regarded with care as its Kc was
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Table 3. Crop water requirements (mm/day) for 8 crops within the Gallikos watershed, 7 weather stations

Crop May June July Aug. Sept. Total

Thessaloniki
Com 1.3 4.0 5.1 37 09 459.0
Cotton 1.1 3.1 5.1 4.1 1.5 453.5
Alfalfa 2.8 4.8 5.1 3.8 2.6 585.3
Tobacco 1.7 5.6 6.0 43 540.9
Tomato 1.4 4.1 5.1 1.7 3719
Sugarbeet 1.5 4.5 5.1 3.8 2.5 533.1
Sunflower 2.6 6.2 5.4 23 505.4
Grape 1.0 2.0 3.0 2.0 1.1 277.8

Sindos
Com 24 55 6.2 55 14 646.3
Cotton 19 4.4 6.1 6.2 2.3 641.0
Alfalfa 5.1 6.6 6.2 5.8 4.1 852.7
Tobacco 3.1 7.8 72 6.6 757.4
Tomato 2.5 5.7 6.2 2.6 521.0
Sugarbeet 2.7 6.2 6.2 5.8 4.0 762.7
Sunflower 48 8.6 6.6 34 714.7
Grape 1.8 2.7 3.6 3.1 1.7 396.9
Lahanas

Comn 2.1 4.7 5.8 49 1.2 572.7
Cotton 1.7 3.7 5.7 5.4 2.0 568.8
Alfalfa 4.4 5.6 5.8 5.1 3.6 751.5
Tobacco 2.7 6.6 6.8 5.8 670.3
Tomato 22 4.8 5.8 23 463.3
Sugarbeet 2.3 53 5.8 5.1 35 673.3
Sunflower 42 73 6.2 3.0 630.8
Grape 1.6 23 34 2.7 1.5 351.8

Melanthion
Cormn 2.1 4.7 5.9 49 1.2 579.8
Cotton 1.7 3.7 5.8 5.5 2.1 576.0
Alfalfa 4.5 5.7 5.9 52 3.7 761.4
Tobacco 2.8 6.7 6.9 5.8 678.3
Tomato 22 49 5.9 23 468.9
Sugarbeet 24 5.3 59 52 35 681.9
Sunflower 42 7.3 6.2 3.0 638.4
Grape 1.6 2.3 35 2.7 1.5 356.4

Metaxohori
Comn 22 4.8 6.0 5.0 13 593.5
Cotton 1.7 3.8 6.0 5.6 2.1 590.1
Alfalfa 4.6 5.8 6.0 5.3 3.8 780.1
Tobacco 2.8 6.8 7.0 6.0 693.6
Tomato 23 5.0 6.0 2.4 4792
Sugarbeet 24 5.4 6.0 5.3 3.7 698.9
Sunflower 43 7.5 6.4 3.1 652.5

Grape 1.6 24 3.5 2.8 1.6 365.1
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Table 3.Continuation

Crop May June July August September Total
Ano - Theodoraki
Com 2.1 4.7 5.9 4.9 1.2 578.2
Cotton 1.7 3.7 5.8 54 2.1 574.4
Alfalfa 45 5.7 5.9 5.1 3.7 759.3
Tobacco 2.7 6.7 6.9 5.8 676.3
Tomato 22 49 5.9 23 467.7
Sugarbeet 24 53 5.9 5.1 35 680.3
Sunflower 42 73 6.2 3.0 636.7
Grape 1.6 23 35 2.7 1.5 355.4
Doirani

Com 22 4.9 6.1 52 13 603.1
Cotton 1.7 39 6.0 5.7 22 600.0
Alfalfa 4.6 59 6.1 5.4 38 791.1
Tobacco 2.8 6.9 7.1 6.1 704.9
Tomato 23 5.0 6.1 24 486.3
Sugarbeet 24 5.5 6.1 5.4 37 709.9
Sunflower 43 7.6 6.5 32 661.2
Grape 1.6 24 3.6 29 1.6 370.7

the only one built theoretically from the general
estimation procedure described by Doorenbos
and Pruitt [5].

Irrigation water requirements

IWR for each site, crop and month of inte- rest
are presented in Table 5. Crop groups charac-
terised for CWR remain also valid for this topic
as rainfall is relatively constant in small areas.
Most crops, except alfalfa only need small
amounts of irrigation water in May; but care
should be taken when accounting for sunflower
values due to the aspects already mentioned.

The other three months: June, July and
August are of great interest for irrigation due to
the high values of IWR in this area. For all crops,
except grape and cotton, the monthly recom-
mended irrigation amount exceeds 100 mm in
June, while in July IWR attains about 150 mm
(again except grape that requires only 70-80
mm), even more for tobacco, that is consistent
with the conclusions reported for similar cli-
matic conditions by Panoras and Mavroudis
[14]. In August IWR still remain rather high
(100-150 mm) for many crops (corn, cotton,
alfalfa, tobacco and sugarbeet, whilst for to-

mato, sunflower and grape IWR are small now
(about 50 mm).

In September there is an abrupt decrease in
IWR for most crops due to harvest approaching,
except alfalfa and sugarbeet that still need about
50-100 mm, depending on site considered.

The monthly values presented above sho-
uld be regarded as IWR for the medium climatic
year. If shortage in water supply appears during
the growing season in some years, then the
irrigation water application performed under
water stress conditions should follow special
strategies developed for this situation.

CONCLUSIONS

From all five estimating reference eva-
potranspiration methods, the temperature-based
methods yielded the closest ET, values com-
pared to the Penman-Monteith standard me-
thod, that recommended them for use in this
area. Although the Hargreaves method has the
simplest way of calculation, it produced the
strongest correlated values to the Penman-Mon-
teith method. For this reason the Hargreaves
method was used to compute E7, isolines in the
Gallikos watershed.
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Table 4. Crop coefficients for the Hargreaves Etf, method, 8 crops, 7 weather stations

Crop May June July Aug. Sept.

Thessaloniki

Corn 0.30 0.76 0.92 0.74 023
Cotton 0.24 0.60 091 0.82 0.39
Alfalfa 0.63 0.91 0.92 0.77 0.68
Tobacco 0.39 1.07 1.07 0.87
Tomato 0.31 0.78 0.92 0.35
Sugarbeet 0.33 0.86 0.92 0.77 0.66
Sunflower 0.59 1.18 0.98 0.45
Grape 022 0.38 0.54 0.41 0.28
Sindos
Com 0.52 0.97 1.08 1.06 0.36
Cotton 0.41 0.76 1.06 1.17 0.59
Alfalfa 1.10 1.16 1.08 1.11 1.04
Tobacco 0.67 1.36 1.25 1.25
Tomato 0.54 0.99 1.08 0.50
Sugarbeet 0.58 1.09 1.08 1.11 1.01
Sunflower 1.03 1.50 1.14 0.65
Grape 0.39 0.48 0.63 0.59 0.43
Lahanas
Com 0.58 0.97 1.18 1.10 0.39
Cotton 0.47 0.76 1.16 1.23 0.64
Alfalfa 1.24 1.16 1.18 1.16 1.14
Tobacco 0.76 1.37 1.37 1.31
Tomato 0.61 1.00 1.18 0.52
Sugarbeet 0.66 1.09 1.18 1.16 1.10
Sunflower 1.17 1.50 1.25 0.68
Grape 0.44 048 0.69 0.61 0.47
Melanthion
Com 0.51 0.89 1.06 1.00 0.35
Cotton 0.41 0.71 1.05 1.11 0.58
Alfalfa 1.09 1.07 1.06 1.04 1.03
Tobacco 0.66 1.26 1.24 1.18
Tomato 0.54 0.92 1.06 0.47
Sugarbeet 0.57 1.01 1.06 1.04 1.00
Sunflower 1.02 1.39 1.13 0.61
Grape 0.38 0.44 0.63 0.55 043
Metaxohori
Com 0.47 0.84 0.98 0.89 0.32
Cotton 0.38 0.66 0.97 0.99 0.53
Alfalfa 1.01 1.01 0.98 0.94 0.94
Tobacco 0.62 1.18 1.14 1.06
Tomato 0.50 0.87 0.98 0.42
Sugarbeet 0.53 0.95 0.98 0.94 091
Sunflower 0.95 1.30 1.04 0.55

Grape 0.36 0.41 0.58 0.50 0.39
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Table 4. Continuation

Crop May June July Aug. Sept.
Ano - Theodoraki
Corn 0.48 0.86 1.02 0.93 033
Cotton 0.39 0.68 1.00 1.04 0.55
Alfalfa 1.02 1.03 1.02 0.98 0.98
Tobacco 0.63 1.21 1.18 1.11
Tomato 0.51 0.89 1.02 0.44
Sugarbeet 0.54 0.97 1.02 0.98 0.94
Sunflower 0.96 1.33 1.08 0.58
Grape 0.36 0.42 0.60 0.52 0.40
Doirani

Corn 0.48 0.88 1.05 0.90 033
Cotton 0.39 0.69 1.04 1.00 0.54
Alfalfa 1.03 1.05 1.05 0.94 0.95
Tobacco 0.63 1.24 1.23 1.07
Tomato 0.51 0.90 1.05 0.42
Sugarbeet 0.54 0.99 1.05 0.94 0.92
Sunflower 0.97 1.36 1.12 0.56
Grape 0.36 0.43 0.62 0.50 0.39

Table 5.Irrigation water requirements (mm) for 8 crops within the Gallikos watershed, 7 weather stations

Crop May June July Aug. Sept. Total
Thessaloniki
Corn 0.0 88.6 1349 87.3 5.6 316.4
Cotton 0.0 63.4 133.0 99.8 22.8 319.1
Alfalfa 419 112.2 1349 929 56.5 4383
Tobacco 8.0 137.5 161.0 108.2 414.8
Tomato 0.0 92.0 1349 27.1 254.1
Sugarbeet 0.8 103.8 1349 929 53.7 386.1
Sunflower 36.7 154.4 1442 439 3793
Grape 0.0 27.9 69.6 36.9 11.0 145.5
Sindos

Corn 29.9 1352 171.3 151.1 159 503.5
Cotton 15.1 100.1 169.1 170.2 43.7 498.2
Alfalfa 113.1 168.0 171.3 159.6 979 709.9
Tobacco 52.1 203.2 202.9 182.9 641.1
Tomato 336 139.9 171.3 59.9 404.8
Sugarbeet 392 156.3 1713 159.6 93.5 619.9
Sunflower 103.8 226.6 182.6 85.4 598.4
Grape 114 50.9 92.3 74.8 24.7 254.1
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Table 5. Continuation

Crop May June July Aug. Sept. Total
Lahanas
Com 0.0 92.1 131.6 104.0 113 339.0
Cotton 0.0 62.4 129.5 120.7 354 348.0
Alfalfa 713 119.9 131.6 1114 823 516.6
Tobacco 18.1 149.6 161.3 1319 460.9
Tomato 2.0 96.1 131.6 242 253.9
Sugarbeet 6.8 110.0 131.6 111.4 78.5 438.4
Sunflower 63.2 169.5 142.2 46.4 4214
Grape 0.0 20.7 57.4 372 18.9 1342
Melanthion
Corn 13.5 92.6 146.3 117.3 7.1 376.7
Cotton 03 62.7 144.1 1342 31.6 3729
Alfalfa 87.4 120.5 146.3 124.8 793 558.3
Tobacco 332 150.4 176.4 145.5 505.5
Tomato 16.8 96.6 146.3 36.5 296.2
Sugarbeet 21.7 110.5 146.3 124.8 75.4 478.8
Sunflower 79.2 170.4 157.0 59.1 465.7
Grape 0.0 20.8 71.0 49.7 14.8 156.2
Metaxohori
Corn 19.5 95.7 148.6 114.0 102 388.1
Cotton 6.1 65.2 146.4 1314 356 384.7
Alfalfa 95.0 1242 148.6 121.7 85.1 574.7
Tobacco 39.7 154.8 179.4 1429 516.8
Tomato 229 99.8 148.6 31.1 302.4
Sugarbeet 279 114.0 148.6 121.7 81.1 4934
Sunflower 86.6 1752 159.6 542 475.6
Grape 2.8 224 71.7 44.6 18.2 159.7
Ano - Theodoraki
Cormn 18.2 99.2 154.6 118.8 9.6 4004
Cotton 52 69.2 152.4 135.6 342 396.6
Alfalfa 914 1272 154.6 126.3 82.1 581.5
Tobacco 37.7 1572 184.6 146.8 526.4
Tomato 214 103.2 154.6 38.6 317.8
Sugarbeet 26.3 1172 154.6 126.3 78.2 502.6
Sunflower 83.3 1772 165.3 61.0 486.8
Grape 1.9 272 79.5 51.7 174 177.6
Doirani

Com 33.8 99.9 146.3 134.0 30.1 4441
Cotton 20.5 68.8 144.1 151.8 55.9 441.0
Alfalfa 108.8 128.9 146.3 141.9 106.0 632.0
Tobacco 53.8 160.0 177.6 163.7 555.1
Tomato 37.1 104.0 146.3 49.0 336.4
Sugarbeet 42.1 118.5 146.3 141.9 102.0 550.9
Sunflower 100.5 180.7 157.5 727 511.4
Grape 17.1 252 68.2 62.8 382 211.6
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Reference evapotranspiration isolines as
yielded by the Hargreaves method showed a
characteristic pattern, by decreasing from the
eastern part to the western part within the Gal-
likos watershed. Crop water requirements as
well as irrigation water requirements divided
crops into more groups. These crops can be an
alternative for the present situation charac-
terised mainly by wheat. For shortage in irriga-
tion water supply special scenarios not deve-
loped here should be followed.
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