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Original Research Article
Estimation of Regional Evapotranspiration based on Tri-Angle Method Using
Thermal and VNIR Data.

Abstract

Evapotranspiration is a critical component in thgdrblogical cycle, water resources
management and climate studies especially in aridsami-Arid regions. Many remote sensing
models proposed to estimate actual EvapotransmirgT,), but it is more complicated and
need to more surface and climate information. Tgaper aimed at producing a simplified,
applicable and validated procedure for estimatingatial distributed daily actual
evapotranspiration (EJ directly at regional scale to produce Hilaps. Triangle method, which
makes a parameterization of priestly-Taylor equetiwas used to estimat€rl;, at daily scale
directly by using a simplified approach with reatidhypotheses. This study conducted in Egypt,
Salhia, 8' of October Company as an arid region over theewiotops (wheat, potato and sugar
beet) cultivated there using multi date Landsatgesa The results were validated agala$t
values adjusted from crop evapotranspiration Bfusing the Crop Water Stress Ind€&WS)
approach. The results showed high accuracy and ggoeement against assessment method.
The correlation factor (B values for wheat, potato and sugar beet were, 0.88 and 0.99 and
Root Mean Square Error (RMSE) were 0.2, 0.26 a8d espectively over the different dates of
potato and sugar beet despite the late stage déatekeat. In the 18 of April, there was a
significant error as the RMSE were 0.8 and we arpththe reasons of this error as it is a result
of the sprinkler irrigation system effect on thetara wheat. This results show that the proposed
procedure is accurate enough at least in most a#sesr study for estimating the regional
surface ETbut it need to evaluate for wheat under other atran systems like surface or drip
irrigation systems

Keywords: Remote sensingTa Landsat, CWSI and Arid regions.

1. Introduction

Fresh water resources are becoming increasingltelinin many parts of the world, and decision
makers are demanding new tools for monitoring watailability and rates of consumption
(Martha, et al., 2012). The water shortage is tl@nntonstraint and a major limiting factor
facing the implementation of the country’s futusmeomic development plans (Mohamed, et al.
2007). Global estimates of water consumption bytoseimdicate that irrigated agriculture is
responsible for 85% of the water-use and that aopsion in this sector will increase by 20% by
2025 (Droogers, et al. 2010). In general, Waterilalgity is a major limitation for crop
production and agriculture development specialtyaiid and semi-arid regions. Egypt is under
the water poverty line, as the per capita is lass 650 nYyear. In addition to water poverty,
Egypt faces a great danger due to the millennium daEthiopian, which will lead to water
guota shortage from the Nile River. As the agrio@tsector is the largest consumer of fresh
water, so it will be the first and largest sectaftuenced by this shortage. Management water
resources, developing irrigation systems, actuaemequirements and its economic feasibility
studies must be conduct in order to face this damgbetter understanding of the water balance
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is essential for exploring water saving technig@se of the most important concepts regarding
water balance in arid and Semi-Arid areas is cr@petranspirationTg which is a key factor
for determining proper irrigation scheduling and ifmproving water use efficiency in irrigated
agriculture(Er-Raki et al., 2007, Yang et al., 2Q11arge volumes of water transfer from the
soil and vegetation to atmosphere by evapotrartemirdET). Accurate, spatially distributed
information on water use, quantified at the scdléwnan influence, has been a long-standing
critical need for a wide range of applications. Qfging ET for irrigated crops in arid regions
is vital to water resources management. The ddt&lE maps enable managers to allocate
available water precisely among agricultural, urkemd environmental uses. The actual rate of
water use by vegetation can deviate significantymf potentialET rates due to impacts of
drought, disease, insects, vegetation amount, pbgyosoil texture, fertility and salinity
(Anderson and Allen et al. 2012; Martha, et al12)0 Different methods have been proposed for
measuringET on various spatial scales from individual plandsfields or landscape scales.
However, conventional techniques provide essentmlint measurements, which usually do not
represent areal means because of the heterogefdégd surfaces and the dynamic nature of
heat transfer processes (Wang, et al. 2006; Wabgckinson, 2012). In recent years, as a result
of the enormous developments in remote sensingtdody, satellite datapecifications, spatial,
temporal and spectral resolution, are continuoimfyroving. Many surface parameters, such as
albedo, vegetation coverage, land surface temperadnd leaf area index, can be retrieved from
visible, near-infrared, thermal infrared and otbands of satellite data. These data provide a
basis for estimatingT from farmland and other regions and have attrasteeéspread attention
for the use of remote sensing technologies to stegwnalET (Li, X. et al., 2012). Over the last
few decades, different physical and empirical remsensing based models, which vary in
complexity, accuracy, and needing for ancillary noleigical data, have been proposed for
estimatingET at different scales. In general, Accuracy in estinggET basically depend on the
accuracy of the input satellite data products, aghand surface temperatutes(), normalized
difference vegetation indeXNDVI), surface emissivitys{) and surface albeda)( However, the
satellite derived variables are in turn and it depen factors relating to residual atmospheric
effects, spatial and temporal resolution, viewimglas, etc. Ancillary surface and atmospheric
data like wind speed, aerodynamic resistance, afdce roughness, which cannot readily be
measured through remote sensing techniques, useajlyred for these models. Therefore, it is
still challenging to estimate and produEd maps at regional and even global scale using
satellite remote sensing without ground measuresnentreanalyzed meteorological data. In
order to overcome this problem, some attempts hbeen made to develop new
parameterizations foET estimation that depend entirely on remote sen@fanng et al, 2013).
One widely used approach among them isLif@-NDVItriangle method, which was proposed
by (Jiang and Islam 1999, 2001) and improved bgn@iand Islam, 2003). Briefly, this method
shows the relationship and the incident interactietween the soil, vegetation and weather
conditions. TheNDVI values refer to the land cover type whil&T is a function in weather
conditions and soil moisture content. This methedbased on th&-T (Priestley—Taylor)
equation (Priestley and Taylor, 1972), which cancbesidered as a simplified version of the
more general Penman equation (Penman, 1948). Thegsapsitive point in this approach is the
determination of th&®-T parameter, which accounts for aerodynamic andmaresistances and
ranges from 0 at n&T to 1.26 at maximunkET. The P-T parameter is estimated from the
triangular shape of theST-NDVIfeature space, which is formed by the scattegfliSTversus
NDVI over a wide range of soil moisture content ancctivaal vegetation cover. The
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formalization of the triangular shape is causednprily by different sensitivity oLST to soil
moisture variations over bare soil and vegetatedsarThere are several studies replaced the
NDVI with other Vegetation Indiced/() such as fractional vegetation coveér)((Tang, et al.
2010; Liang, et al. 2011) or broadband surfacedalb@ang, et al. 2011). The advantages of
LST-Vltriangle method versus the other methods of ser@awrgy balance for estimatifd
are that:- 1) very high accuracy ibST retrieval and atmospheric correction are not
indispensable, 2) needless to parameterize the leanagrodynamic resistance and uncertainty
originated from replacement of aerodynamic tempeeatvith LST is by passed, 3) it depends
completely on remotely sense&TandVI, 4) a direct calculation of evaporative fracti®&F],
and 5) estimations of the Evaporative Fractigf)(and the Net RadiatiorR) are independent
from each other. Therefore, the overall errorg&incan be traced back &F andRn separately.
There are some other methods making the estimafidF and Rn dependent on each other
(Bastiaanssen, 2000; Norman et al. 1995), thus mgakiimpossible to trace errors separately.
Limitations of LST—VItriangle mainly lie in a bit subjective determioat of both dry and wet
edges and a large number of pixels required ovkat @area with a wide range of soil moisture
and fractional vegetation cover (Tang, R. et al®0 The triangle method has been applied
successfully in certain applications for estimatminboth ET (Gillies et al., 1997; Jiang and
Islam, 2001; Nemani and Running, 1989; Price, 19R0erink et al., 2000; Rasmussen et
al.2014) and soil moisture (Carlson et al., 1995&ndholt et al., 2002). The main objective of
this study is estimating dailigT, directly with no need to estimate the net radratf@n and
evaporative fractionHF) instantaneously by using a simplified approachinduthe winter
agriculture season in the different growth stagal@crops cultivated in the study area.

2. Materialsand Methods
2.1 Study area description

El-Salhia project is located at the eastern pamnfNile Delta as shown in (Fig. 1). The whole
area of the project is about 13,800 ha. Two irftgatsystems are used in the project; the
sprinkler irrigation center pivot and the drip gaktion. The project has about 100 center pivot
irrigation units. Each pivot unit irrigates an akdaabout 63.6 ha. The common pivots length in
the project is about 450 meter.

The climate in study area is a dry arid accordingktppen Climate Classification System,
where precipitation is less than 50% of potent@p®transpiration. Annual average temperature
is over 18C. The average rainfall is approximately 20nf/yea)y. The maximum values of
rainfall are registered in January with averagei@slof 6.91m). The average maximum values
of temperatures reach 34@®in June while January represents the coldest mbauh°C. The
minimum temperatures range between°€0n January to 21.5C in August.
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126 Figure (1) Location map of the study area.
127 2.2  Dataavailability
128  Satellitedata: a combination of Landsat 7 and Landsat 8 (Patfi6=ahd Row = 39) were used
129  to cover winter season crops. Table (1) illustdke details of Landsat 7 and 8 satellite data.
130 Table (1) illustrates the Landsat 7 and 8 sateditia details.
No. Date Sensor type | Spatial resolution | Number of bands

1 17-12-2013 Landsat 7 8

2 02-01-2014 Landsat 7 30mx30m 8

3 11-02-2014 Landsat 8 11

4 15-03-2014 Landsat 8 11

5 31-03-2014 Landsat 8 11

6 16-04-2014 Landsat 8 11

7 02-05-2014 Landsat 8 11
131 Climatic metrological data: ground meteorological data namely air temperatwied speed,
132 dew point temperature and net radiation was usedolder to calculate reference
133  evapotranspiratiorETo) during the days of the study.
134
135 2.3 ET,estimation
136 The method applied here aimed to estimate dallydirectly by using the daily component of
137  the energy balance equation eq.1;
138 Rn =G+ H+ 21 (1)
139  Where;R, is net radiation\{/ni?), G is the soil heat fluxWni?), H is the sensible heat flux
140  (Wnm?) andAE is the latent heat flux that is associated with sistualET (Wni?). The energy

141  balance can be rewritten to;
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AE = EF- (Rn — G) (2

Where; EF is the dimensionless evaporative fraction gReh - G) equals the net available
energy forET. G can often be ignored for time scales of 1 day orapand thu&E is a function
of RnandEF only (Zwart et al. 2010). ThEF is also defined as the ratio of actéAl to the
available energy (dimensionless).

AE

EF = e 3)

The common formula which represents the Triangléhote (Priestley and Taylor, 1972) was
used in this study according to (Priestley—Taykapiation;

AE=¢[Rn—-G) ] ()

Where; ¢ is a P-T parameter BT), A is the slope of saturated vapor pressure at the air
temperaturekPa/K) andy is the psychometric constakiP@/K) and fromeq. 2, 3 and 4&F can

be rewritten as;
A

Rn]—EG - q)(Ai-l-y) (5)

LST-Vltriangle method (Fig. 2) was applied. It is orafied from the parameterization of (Jiang
and Islam 1999), in a simplifieB—T formula (Priestley & Taylor, 1972). Regional, andEF
were estimated according to Eq. (4) which depehtdsst completely on remotely sensed data.
The accurate interpreting of the scatter plot whietulted from remotely sense&TandNDVI
under conditions of variance ranges of soil moestavailability and vegetation cover leads to
accurate estimation of regiorar,.

EF =

'
A djmm =0

= i i
; (A\_D‘-]h T maxs “b n:uu}

2 D
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2 Vegetation /
E Cover
[-*]
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= = E
w (NDVL, T i, ') Wet Edge

L J

Vegetation Index (NDVTI)

(Fig.2) Schematic diagram interpret the scatter @idLST—NDV) triangular space to estimate
evaporative fraction using wet and dry surfacesragsion and data distribution entire the triangle.

The dry edge is the oblique red solid likB] and the wet edge is the horizontal blue solid lin
(CB) represent the minimur@T and maximunET, respectively. The two boundaries (dry and
wet edges) of th& ST-NDVIfeature space represent limiting conditidos the surface fluxes.
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These edges respectively represent two limitingas$ soil moisture content and so evaporative
fraction for eachNDVI value (i.e., the unavailability of soil moisturadastressed vegetation at
the dry edge and non-stressed vegetation which oeabgp potentialET at the wet edge).
Specifically, EF at the wet edgy is &k (ERna=1) S0, pixels at the wet edge are regarded to
evaporate/transpirate potentially while at the elilge, EF varies from Efs (EFRnwin=0) at the dry
bare soil to ERax(EFmac=1) at fully non stressed vegetation cover when aludiit of root zone
soil water is good. At the dry eddgéT, mainly comes from the transpiration of vegetafi@m

the root zone water as the soil surface hasn’t gimavater to evaporat&@he values ofPT (¢)
also ranges fromd{min = 0) at dry bare soil pixels tab(max =1.26) at non stressed with full
vegetation cover pixels and the otlewralues for each pixel are based on its soil wedetent
and partial vegetation covdn the absence of significant advection and coneectp in eq. (4

and 5) can take a wider range of 0 & to (%) (maximumkT).

Determination of dry and wet edges in ttfefT-NDVIscatter is necessary, to estimate pixel by
pixel ET andEF using Egs. (4) and (5). In arid and semi-arid s\régashould be noted that, for
given vegetation cover, spatial pixels with highface temperature and |loF are detectable
by satellite remote sensors. On the other hand,sHtarated soil water which evaporates
potentially pixels is rarely and hardly existedtimese conditions (see red lined triangle inside
fig.2).
Obtaining of thep value for each pixel requires a three step lima@rpolation scheme based on
the LST-NDVI triangle which used to allocat$ values inside the scatterplot (Fig. 2); (1)
determines the dry and wet edges in the triangpace. Thé&F estimation accuracy depends
basically on the accuracy of determining wet andetitges; (2) minimum and maximumare
respectively set temin = 0 for the driest bare soil pixel “with lowddDVI and highest.ST
(point A) andpmax = 1.26 for the full vegetated pixel “with laggeNDVI and lowest.ST
(point B). For eaciNDVI; value, there are max and min valueshpfdi max located on the wet
edge (point E) @i maxis generally set t@; max= ¢pmax = 1.26) andpi min Located on the dry edge
(point D). 3) Finally,pi entire eachNDVI value, is linearly interpolated betweén i, anddi
max through the similarity between tWeBC andEBD triangles (Fig. 2). The following relation is
taking out from the similarity;

AD ED

AB  AC
Thus, by converting the symbols into real paranseter value for each pixel can be calculated
using the given mathematical expression as follows;

Tmax—Ti

di=[( )*(¢p max —¢pmin )] + ¢pmin (6)

Tmax—Tmin
Since thep minis equal to zero andlmaxis equal to 1.26, the eq.6 becomes as:

. T —Ti
b1 = (TmTZJ(:iCTmlin)*l'26 (7)
The above scheme accuracy depend on the accutatendetion of the dry and wet edges, as
the eq.7 depends ony,& which represents the high value on the dry edge Bg, which
represents the wet edge as optimal conditionsEf@r Also, intensive care during the pre-
processing and extracting thé&T from the remote sensing data must be taken intouea.
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(Fig.3) represents of the relation betwé&TandNDVI for sample of our data which illustrates
the triangle shape and both of dry edge (obliqddirne) and wet edge (horizontal blue line).

LST/NDVI

LST

(Fig.3) Scatterplot which illustrates the trianghleape and both of dry edge (oblique red line) and
wet edge (horizontal blue line).

(Bastiaanssen, 2000) and (Allen, 2001) used tleBiDin, 1987) equation to calculate the daily
(24 hours)R, according to next formula;
Rn2a= (1-(1)RS¢-1101’SW24 (8)

Where; R4 is the daily net radiationn(mi?), « is the surface albed®s is the 24hour solar
radiation (vm?) andtswo4is the atmospheric transmissivity.

The following assumption was used to estimate dailywalues in a direct way; the near noon
instantaneou&F, which estimated by the triangle method was used eepresentative value to
the daily averag&F value based on the observations of (Caparrini.e2@04 and Crago, 1996)
for both homogeneous and heterogeneous land ssrie€eaemains fairly constant for daylight
hours, particularly at about 10:00 and 16:00 Okland this assumption used by (Peng et al,
2013). During daytimekF is mainly controlled and determined by land swefacoperties such
as vegetation amount, soil moisture and surfadstaege to heat and momentum transfer. Most
of them are slowly varying parameters during dagtias compared to other fast changing
variables (e.g., surface temperature and radiatiwhich have much stronger diurnal cycles due
to radiation and atmospheric forcing (Jiang et 2009). On the other hand, analysis of our
hourly climate data showed that the difference betwmeteorological parameters such as air
temperatures and relative humidity at the satefliterpass time and the daily average of these
parameters were not considerable. The highestvelatror value of air temperature and relative
humidity values during the overpass time value thedaverage daily value was not exceed 9.8%
and 15% respectively over the seven used datesataf ¢Hence, we can regard the weather
conditions during the satellite overpass time am@easentative of the whole day d&HB too. In
addition to, several studies have concluded thaguscal near nooiF instead of dail\eF for
daily ET estimation incurs very small error (Farah et 2004; Hall et al., 1992; Hoedjes et al.,
2008; Jia et al., 2009).

ET gaity= (Rn daily—G daily) * EF daily 9)
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As the dailyG ignored in this study, as it is usually assumegligile over the diurnal cycle or
day time scale (S"anchez et al., 2008; Jiang £2@09; Tang et al., 2011; Galleguillos et al.,
2011). The above equation can be rewritten as;

ET gaity= (Rn dgaily* EF daily). (10)
2.4 Validation

Crop Evapotranspiratio(ETC) has been used to chick the performance and thdtses the
proposed procedure by converting it fré&tcto actualET, using the crop water stress index
(CWS) extracted from satellite image&Tc calculated by multiplying FAO table crop
coefficient (Kc) and reference ETo which calculabgdusing FAO-Penmamn-MonteitkRM)
equation. TheCWSlis based on observed canopy-air temperature @ifées and is an index for
the water availability in the soil. When a cropwitll cover has adequate water it will transpire
at the potential rate for that crop. The actualpewanspiration EJ rate will fall below the
potential rate when water becomes limiting (Jacksioal. 1981; Boegh et al. 2002; Boulet et al.
2007; Kustas et al. 2003a). ThaVSIranges from 0 (no stress) to 1 (maximum stress)has
been defined as:

CWSI=1—(ET,/ET) (11)

The following expression used to calculate CWS &snction in difference ibST.
(Ti—-Tmin) (12)

(Tmax—Tmin)

Where;T; is theLSTof each pixelTmin is the minimunlLST, Thaxis the maximuniL STat the
study area. This strategy was applied to verifyabeuracy of the results of this approach on the
wheat, potato and sugar beet crops during therdiffegrowth stages.

CWSI =

3. Results and Discussions

Daily ET, was calculated by using eq.10, which consist @f tmain componentSF andRn EF
estimated by triangle method, which parameter2d)(parameter from th€ST/NDVIscatter
plot. P-T parameteX¢) is a down samples coefficient for both aerodynammel surface
resistance of evaporation and making the complicaensible heat calculations are not needed
the thing which make this procedure is more sintpln others models. The P-T parameter
basically depends on and estimated by ukf®g@in a form of rational equation which eliminates
the error inLST calculation “if there is error”. There are otherameters in eq.5 which entered
in calculation ofEF such af\ and y which depend on air temperature. In this studyused the

air temperature which obtained from the metrologstation in order to calculate theand y,

but there are many studies aimed at correlate LtB& and T, in order to dispense of
metrological information completely. The second poment is the net radiatioRn, which
estimated by using eq.8 at daily scale directhheatthan instantaneous calculatiofSla
estimated by the proposed procedure validated sigattuaET, adjusted fronETc by using the
CWSIwhich account for the soil moisture availabilit/heat, potato and sugar beet are three
herbaceous crops which were used to test the sabdlithis procedure. The results showed high
agreement and responsible results during diffeyemwth stages over these crops. THe/&ues

of wheat, potato and sugar beet were 0.88, 0.980a9@ respectively which mean that the
proposed procedure had enough accuracy for whetatgoand sugar beet at least in our case.
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289 (Fig.4) shows matching and the correlation betwdées triangle method values and the
290 validation method values for many crops which ealed in the study area during different
291  growth stages (highlighted dates on X axis are iaedsatellite images dates).

292  Maps of dailyETawere created for all study area crops but for befiew, we viewed a part
293  which contains the studied center pivot units af tifferent crops in fig.5 and detailed ETa
294  distribution for these crops (wheat, potato andasumeet) at different crop stages in fig.6. The
295  highlighted red, purple and brown circles represemeat, potato and sugar beet respectively. In
296 17" of December th&Tavalues for wheat and sugar beet were 1.1 amdrldayrespectively
297 and the validation values for these crops at thmesalate were 1.24 and 0.68m/day
298  respectively. These values showed good agreemehé agheat and sugar beet where the RMSE
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were 0.101 and 0.277 respectively. M 2of January, th&Tavalues for wheat and sugar beet
were 1.35 and 1.1mm/dayrespectively and the validation values for thesmpg at the same
date were 1.07 and 0.&m/dayrespectively. These values showed good agreersdgheavheat
and sugar beet where the RMSE were 0.201 and 8spectively. In 1 of February, th&Ta
values for wheat, potato and sugar beet were 2£1and 2.25mm/dayrespectively and the
validation values for these crops at the same wate 2.29, 0.86 and 1rm/dayrespectively.
These values showed good agreement as the whéatt) pod sugar beet where the RMSE were
0.079, 0.23 and 0.24 respectively. If"1& March, theETa values for wheat, potato and sugar
beet were 3.78, 3.1 and 3.&6n/dayrespectively and the validation values for thesps were
3.76, 3.48 and 3.6imm/dayrespectively. These values showed good agreensetiteawheat,
potato and sugar beet where the RMSE were 0.028,ahd 0.36 respectively. In"3bf March,

the ETa values for wheat, potato and sugar beet &7, 3.54 and 3.7@m/dayrespectively
and the validation values for these crops at theesdate were 3.75, 3.75 and 41hén/day
respectively. These values showed good agreemeheé agheat, potato and sugar beet where the
RMSE were 0.079, 0.15 and 0.31 respectively. [ dBApril, the ETavalues for wheat, potato
and sugar beet were 3.75, 4.3 and 46/dayrespectively and the validation values for these
crops at the same date were 2.6, 4.4 and uidayrespectively. These values showed good
agreement for potato and sugar beet where the RMSE 0.06 and 0.32 respectively, but for
wheat there was significant error as the RMSE wa4.0in 2 of May, theETa values for
wheat, potato and sugar beet were 1.3, 1.55 arimrB/dayrespectively and the validation
values for these crops at the same date were 68,ahd 5.2nm/dayrespectively. These values
showed good agreement as the wheat, potato and lsegawhere the RMSE were 0.38, 0.004
and 0.25 respectively. For crop wheat, there wersignificant error at the initial development
and mid stages, but at the late stage a high &gniferror appeared as the RMSE were 0.81 in
16" of April and 0.38 in & of May. We interpreted the significant error at thte stage to many
reason: 1) at the late stage wheat leaves, eslyebadal leaves, became almost dead which
mean that the cell structure is more weak and #blevater absorption than healthy leaves
(development and mid stages). 2) sprinkler irrgagystem increase the leaves water absorption
chance. 3) Continuation of the irrigation procesdater stages every day or at least day after
day. The previous reasons made the LST and sualaeelo &) down normal, the thing which
raise the EF and Rn values respectively. Risingffand Rn values led to raising of estimated
ETa value. Absence of this significant error withtgio and sugar beet “ever green until harvest
crops” support our interpretation. This mean thegt proposed method need to test for wheat
under other irrigation systems like surface or d@migation.
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337  (Fig.5) distribution of daily ETa over differentaps developing stages during the winter season.
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338
339 (Fig.6) ET, distribution for wheat, potato and sugar beet smpich used for validation during

340 different crop stages. (Note: on"1@f December, 2013 and®»f January, 2014, the potato
341 Pivot was not cultivated)
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4. Conclusion

Decision-makers and water resources managers &egsaineed to regional information about
ET to manage water resources distribution. Trianglaate sensing method was proposed by
(Jiang and Islam 1999, 2001) and improved by (Jamd) Islam, 2003). This method is used for
estimating spatial distributed region&ll and soil moisture content. Although, this method
estimates instantaneous value of Evaporative BraciF), it could be used to estimate daily
ETadirectly; the near noon instantane®fs which estimated by the triangle method is used as
a representative value to the daily aver&gfevalue which strengthened by the analysis of our
climatic data. ActuaET at daily scale had been estimated directly foied#ht dates during the
winter season over different crops cultivated thé@itee assessment strategy conducted on three
crops, wheat, potato and sugar beet through a awsopabetweenETa estimated by the
proposed procedure arila adjusted fromETc using theCWSlapproach. ETc calculated by
using of ET from FAO Penman-Monteith (FPM) equation and FAGpccoefficient (KC). The
ET, values of wheat varied from 1.1 mm/day at the Wgraent stage to 3.78 mm/day at the mid
stage as the highest value, then 1.3 mm/day datbestage. Potato graduated from 1.2 mm/day
at the initial stage to 4.3 mm/day at the mid stagi¢he highest value, then 1.55 mm/day at the
late stage. The last crop is sugar beet which gitedufrom 1 mm/day at the initial stage to 4.83
mm/day at the mid stage. The maximum RMSE for theat (before the late season), potato and
sugar beet is 0.20, 0.26 and 0.37 respectively ineedifferent dates. At the late stage of wheat a
high significant error appears due to the sprinkiggation system effect on the mature wheat.
The results showed high agreement between the tetbads values during the growing season
of the three crops. The’Ralues were 0.88, 0.98 and 0.99 for wheat, pagaid sugar beet
respectively which mean that, this method is aoasible, realistic and acceptable for estimating
daily ET, at regional scale. We recommend that, the proposgtiod need to evaluate for wheat
under other irrigation systems rather than sprinkigation system.
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