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Abstract: Problem statement: Reference agro-climatic Weather Stations (WS)rarely found in
newly reclaimed areas. The usage of weather data fion-reference WS may lead to inaccurate
estimations of Evapo Transpiration (ET), especidlyhe non-reference stations are distant from the
reclaimed locationApproach: Weather data from four WS located at Riyadh weseduto calculate
ET by using Penman Monteith (PM) and Hargreavesgns. PM equation was applied with both
alfalfa and grass reference crops. Calculationgwene with and without temperature correction for
non-reference weather stations. All calculationgeweompared with measured lysimeter data and
corrections in Hargreaves formula were sugge®Redults: (1): Weather data from non-reference WS
can be used safely to calculate ET only when teatpeg corrections are applied. (2) Hargreaves
formula underestimates ET at all locations in thelg area. By applying the simple linear correction
to the data, highly acceptable results are obtdin(® The ET ratio between alfalfa and grass in
Riyadh is 1.25Conclusion: The study concluded that temperature correctiomém-reference WS is
essential to ensure acceptable ET calculationsg@JeiHargreaves formula is recommended with the
corrections suggested in the study due to its $aityl
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INTRODUCTION For open field agriculture, the reference ET has
traditionally been predicted by using Either Gréss,)
Determining the Evapo Transpiration (ET) is theor alfalfa (ET). Each of these two crops has some
base of many disciplines including the irrigatiorstem  conditions to be considered as a reference cropgftv/r
design, irrigation scheduling and hydrologic andet al., 2000). The selection of either crop as reference
drainage studies (Irmak and Haman, 2003). Perfedtrop was studied by several investigators (Akesl.,
determination of ET is a big challenge for investiys ~ 2000; Howell, 2000; Wright, 1996; Wrighet al.,
especially in arid and hyper-arid regions. ActuapceT ~ 2000). It was recommended by the American Socity o
is computed by multiplying reference ET by the cropC!Vil Engineers Task Committee (ASCE-TC) to use a
factor. Reference ET is the summation of evapcmatioZ'.ngle equation for both reference crops, each with
o T ifferent constants (Allen, 2005). They recommended
and transpiration produced by a reference Cropegiic  gian4ardizing the equation with two surfaces, therts
growth conditions (height, coverage and health). ETCrop (about 0.12 m height e.g., theclipped cooksea
value depends on two main factors, the selectegrass) and the tall crop (about 0.50 m height ehg.full
reference crop and the climatic data (Allen, 1998). cover alfalfa). The heights of crop, however, mayyv
The Kingdom of Saudi Arabia (KSA) is one of the according to the crop variety and location’s gephya
most arid countries in the world and suffers pégsis When using crop with different height, one should
water shortage problems; however, more than 88% dflearly-mention the used height beside the ET data.
water consumption in KSA is due to agriculturahtet Climate data are acquired from Weather Stations
activites (Faruqui et al., 2001). Hence, several (WS) wh_ose location is an important consideration f
researches were performed to assess the ET in KSIH.‘e qléa.“ty. dOf the data:j. Reference \IIIVS _hﬁve o be
Some estimated the reference ET (a-Ghobari, 2000, <8 TICH & FORECE P80 A0 EED, B0 0,
EINesret al., 2010), some determined Crop coefficients

. station’s gauges as that of the cultivated cropsitt@
others assessed the ET for specified crops (Al-@®ra oiher hand, stations located in these reference

al., 2004; Al-Amoudet al., 2010) conditions usually record less temperature than-Non
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Reference (NR) weather stations (Allen, 1996). Thisconcluded that correcting the temperature valuethef
was attributed to the cooling effect of the cropleA,  NRWS to an adjusted value fixes the entire ET éojuab
(1996) suggested an adjustment for the recordegdive an acceptable value close to the RWS valdenal
temperature in  Non-Reference Weather Stationsnethod can be summarized in the following steps.
(NRWS) so that the resultant temperatures could be
used to give the reference ETo. Calculating the actual vapor pressure

In many locations, Reference WS (RWS) are not
found especially for newly reclaimed desert ardas. “e.=0.00% R T]1+ RH AT
perform preliminary studies for an area, one shase o Ca E( & %[ n] i @[ X])
the nearest stations’ data. This situation is prhba
affected by the distance between the field and thdVhere: _
weather station. There are 13 districts in KSA sache ~ Tn = Minimum dry bulb air temperature [°C]
of them are larger in size than many countriesiyadh ~ Tx = Maximum dry bulb air temperature [°C]
District’s area, for instance, is 380,000%which is 17%  RHx =Maximum relative humidity [%]
of the country’s area. The main weather stations ifRH,= Minimum relative humidity [%]
Arriyadh and other places in the kingdom are Sitniat
airports. The current study aimed to know the il In the absence of RHand RH and the presence of
of using the weather data recorded at these statiorthe average relative humidity (RH one can use the
instead of reference agro-climatic data. Henceatiteof  oquatione, = 0.005R|—g( e[Tn] + %[Tx])
this study is to benchmark the ET calculation bingis
the RWS and the NRWS at Riyadh, Saudi Arabia in
comparison to the reference evapotranspirationcbase Calculating the dew point temperature (if not

lysimeter readings in reference conditions. 116.91+ 237.3|r@ ;)
measured)T, =
Used formulas: The original Penman-Monteith 16.78- In( ‘3)
equation (PM) for determining the evapotranspirats Computing thAT=T,-Ty4 , (T, is the minimum
expressed as follows (Allen, 1998): temperature).
For arid and semi-arid environmentsAIf>2 then
AR, -G) +pax0px(es‘ea) adjusting the maximum temperature,, here T
ET= fa 1) (com=T.,-0.5 AT-2), " stands for ‘corrected’ value.
X(Aﬂ’[“rsj] Flnally,. dqmg the same for Tif AT<2, then no
fa correction is needed.
For sites with limited weather data, Allen, (1998)
Where : suggested using a modified version of the Hargreave
ET = Evapotranspiration [mm ddy equation (HG) as an alternative method for deteingin
A = Slope of the vapor pressure curve [kPAPC ET; they also suggested calibrating the HG equation

Eq. 2, through linear fit comparing to the trustRi

R, = Netradiation at the crop surface [M¥day] .

. . _ - tion, Eq. 1.
G = Soil heat flux density [MJ thday] equation, =9
pa = Mean air density at constant pressure [K m B 05
Cp = Specific heat at constant pressure [M3°kj] EThe = 0.0023R, (T, +17.8)( T~ ) @)
ese, = Vapor pressure deficit [kPa]
e, = Saturation vapor pressure [kPa] ETpm = 1+ C2EThg 3)
e, = Actual vapor pressure [kPa] )
r. = Aerodynamic resistance [sth where, suffixes HG and PM stands for Hargreaves and
rs = The bulk surface resistance [Sm Penman-Mon.te;]th, respectlv_elly, Cé’. G M\l;nzrt;‘nlg
A = Latent heat of vaporization [MJ Ky parametersR,: the extraterrestrial radiation, :

v = The psychrometric constant [kP&*C R,=37.6d(w, sip sid+ siw, cds cB)

The formulae of the equation’s parameters are
detailed by Allen, (1998) in chapters 2 and 3. Tiaen Where: . .
component of ET calculation is the air Temperattie d: Relative - distance
Although it does not appear explicitly in the ejoat Earth to Sun
but it is included in most of the equation’s partarne ¢ =1+ 0.033c0f0.0172}}; 0
(like A, Ry, G Pa & €, A andy). Hence, Allen (1996) [rad]
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{ 5=0.400sir(0.01723 1.3p}; ¢ = latitude [rad] All of the weather data was recorded on daily base
®s = Sunset hour angle While the field data was recorded on monthly bases.
[rad]e, = arccoq- tap tad) Hence, daily ET values for all the studied weather
i stations were calculated and later, the data was
summarized as average monthly ET values. The
ecorded dataset varies from station to statiorr. Fo
airport’s weather stations, complete records fr@85t
2009 were obtained. For Campbell and Davis weather
o75 R stations, the records were from 1993-2006. We dichit
J=int(TM+D—30). if (M >2) j our study to the least-size dataset i.e., Campbell’
dataset for an appropriate comparison. The datalmHse
where, M: month of the yeaD: day of the month. the_studied stations were not so coincident. For al
Julian day ranges from 1 to 366 (in leap year). _stat|ons, the commonly available datq parameters
Notice that the Efe resulted from Eq. 2 is include the dry bulb temperature (max., min. angd.gv

measured in MJ i b2, while the ET PM resulted from elative humidity (max., min. and avg.), rainfaihca
Eq. 3is in mm & wind speed (average). In addition to the common

variables for airports stations, the wet bulb terapee
Data sources: We used two types of data in this study; (max., min. and avg.), the atmospheric pressurseat
first is the weather data, from which we calculatieel |evel and at station level and the actual vaposgune

ET value and the second is the field ET data. Foare also recorded. While for Campbell station, the
weather data, two WS located at the educationad &fr  actual vapor pressure and solar radiation are decor

the King Saud University, naming Campbell and Davis Finally, for Davis station, the only addition toramon
were selected as agro-climatic (reference) WS.1@n t narameters is the solar radiation. This informatien
other hand, Two WS at Old Riyadh airport and Kinggmmarized in Table 1. Solar Radiation)(&nd vapor
Khaled airport (location shown in Fig. 1) were used o5 red) are essential parameters for computing ET.
dOmssetf'gr?ﬁgére;?éf§cg;gswas obtained from AI_If not recorded at the weather station, these petams
Amoud et al. (2010) based on five years project of are calculated. Calc'ulation procgdures of these
ET evaluation through Ilysimeters in 9 zonegParameters are shown in the Appendlx. .
throughout the country. As mentioned above, the field data was obtained
from Al-Amoud et al. (2010). The five years project
used Alfalfa cultivated in weighing lysimeters loea
at Riyadh and at 8 more locations in the Kingdotme T
daily and monthly values of irrigation, drainage,
precipitation and water consumption are recorded by
them, however, only the monthly results were phigis
in the published quick guide.

MATERIALSAND METHODS

All these parameters depend on the Julian d
number (J) which is calculated by Craig (1984) fakam
as follows:

For each of the four stations mentioned in Table 1
weather data were manipulated as daily recordsidJsi
the raw data, we calculated gf, ETema and ETg;
where the suffix PMg and PMa stands for Penman
Monteith formula for 0.12 m grass reference crod an
0.25 m alfalfa reference crop, respectively.

The entire calculations were repeated after apglyi
Allen (1996) corrections to the temperature dataonly
for non agro-climatic stations. To simplify data
representation and discussion, we assigned syntbols
data sources as shown in Table 2. Since the peblish
data by Al-Amoucktt al. (2010) were on monthly bases
and since Allen (1998) suggested calibrating Harggs
Fig. 1: Location and distances between the studyormula using monthly data, subsequently, we caeder

locations the daily calculated data to monthly bases.
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Table 1: Recorded parameters of the studied weatatons
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Temperature Relative Wind

Solar

Vapor Atm. pressCommualative

(Dry bulb)  (Wet bulb) Humidity speed radiation epsure sea level Station level Rainfall
Campbell station 4 v 4 4 . v
Davis station 4 . v v v . . v
Riyadh old airport v v v v v v v
King khaled intl. airport v v v v v v v
Table 2: The used data sources in the study afmdsymabols
Data is Measured Calculated
Location Educational Farm, King Saud University irpArt
Name Project data Campbell Davis Riyadh Old Airport King Khaled Intl. Airport
# 0 1 2 3 4 5 6
Reference data? yes yes no no no no
Corrected data? no need no need no need yes no yes no
Symbols Px(L) Cs(a,g.H) Ds(a,g,H) Oc(a,g.H) On@d)g, Kc(a,g,H) Kn(a,g,H)
Longitude: 24N, 44'12.24” 44'12.24” 44'12.24” 42'38" 42'35.46" 57'27.00" 57'27.00"
Latitude: 46E, 37'14.90” 37'14.90” 37'14.90” 433" 43'30.54” 41'55.54" 41'55.54”

Symbols: A: Alfalfa; C: Corrected; C: Campbell; Davis; g: Grass; H: Hargreaves; K: King Khalidoairt; L: Lysimeters; n: Normal; O: Old

airport; P: Project data; s: Reference; x: Expenitale

RESULTS

Both
Hargreaves

show
and

stations
formula

mentioned methods.
underestimation  of

The ET data for the six datasets are presentegyerestimation of PM alfalfa, ‘a’, calculations. ik

graphically in Fig. 2. The charts are denoted litets
‘a’ to ‘" for Campbell reference WS, Davis refexmn
WS, old Riyadh airport corrected dataset, old Riyad
airport raw dataset, King Khalid airport corrected
dataset and King Khalid airport raw dataset,

respectively. Four ET values for each dataset i.e.

measured ET, {Px(L)}; grass based PM
evapotranspiration{g}; alfalfa based
evapotranspiration{a}; and Hargreaves method E

were plotted.

strange that the grass ET, ‘g’, almost coincides the
measured alfalfa data. This may be attributed meso
lack of precision either in the field measurements
devices or to some calibration errors of the weaathe
stations. The data at old airport (Fig. 2c and eh)dves
differently and the closer values to the measuttzdfa

ET are the calculated alfalfa values, especially at

PM months 1-3 and 9-12. The situation is differentkarg
_|J<halid airport’s station (Fig 2e and f) as the rdata

appear to give fuzzy trend dissimilar to the meadur
data, Fig. 2f. After applying the data correctidghe

Al of the calculated data groups were comparedshape of the curve improved dramatically, Fig. Pteis
with the measured dataset and the correlatiofs confirmed in Fig. 3, which shows the Correlation

coefficient for each data group pair was calculafgue
correlation coefficients are illustrated in Fig).(3

Coefficient (CC) between measured data versus each
data group. Although all the values of cc are ntbem

Next, the conversion parameters, mentioned in E¢0.9, which is a very good value, however, the 'Kn'
3, between HG and PM formulas were calculated ethesdataset is the worst representation of actual .s@ite

values are shown in Table 3. Finally, the ET ratio
between alfalfa and grass was calculated and cadpar
to the value of 1.15 which was reported by Pruiit a
Doorenbos and Pruitt (1977).The evaluated values fi
different sites are listed in Table 4.

DISCUSSION

the other hand, it strangely appears that the ctaue
values of King Khalid's airport (K) are the top mhos
accurate representatives of the measured data.ig his

Oprobably due to the geographic condition of the ‘K’

airport, which is outside of the city and almost
surrounded with desert lands, in addition to theglo
distance between the Educational Farm stations (EF)
and the ‘K’ airport (about 25.7km), as shown in.Fig

Campbell and Davis weather stations are located athe Old airport (O) is near (10.9km), in fact almis

the educational farm of the King Saud Universitye t
lysimeters’ experiment of Al-Amouet al. (2010) was

the middle of the city and surrounded by buildings,
roads and some green areas. The correction ofdhe *

held at the same location. Figure 2a and b shows thdata improves the ‘g’ and ‘a’ data groups, while it

results of measured and calculated ET by the thre
436
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Fig. 2:

Monthly evapotranspiration of the studiezbion, showing three datasets in each chart cordptre

measuredevapotranspiration, where: a: Alfalfa; orr€cted; C: Campbell; D: Davis; g: Grass; H:
Hargreaves; K: King Khalid airport; L: Lysimeters; Normal; O: Old airport; P: Project data; s:
Reference; x: Experimental

Table 3: Fitting equations to fit hargreaves EThfola to PM formula

Allen (1996) correcting algorithm to the data, wehior

Grass Alfalfa HG formula, applying the corrections improves the
Equation Equation 2 accuracy for ‘K’ station but worsens it for ‘O’ imm
Cs PMg=1.280 HG + 0.324  0.9983 PMa= 1.608 HG £®.50.9985 In general, Hargreaves equation gives very satfac
is Ff'\l\//llg= llfsﬁgng g-lljg 8-3?321 ;’h'\//lla= 112313:2 jg-fg-g;;‘g results of ET for Riyadh city and the equation ¢en
c g=1. - 0. . a=1. .10. i : . :
Kn PMg= 1296 HG + 0.013  0.9857 PMa= 1619 HG 40.10.9912 used trus_,tfully gspe0|ally in the absgn_ce of solimeatic
Oc PMg=1214HG-0.211  0.9812 PMa= 1.517 HG 48.2 0.9879 factors like wind speed and radiation. However, we
On PMg=1298 HG-0.021 09908 PMa=1.624 HG £8.00.9940  gpplied the linear correction equations and foumahes

From the same figure, it can be concluded thatPtkle
calculations improves dramatically after applyirte t
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excellent fitted equations, as listed in Table 8. thAe
equations are excellently fitted with minimum valoke
coefficient of determination{yof 0.974.
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Px (L) through simple procedure. Two reference and two non
reference WS were taken in Riyadh city and coroesti
were applied to non-reference WS only. We calcdlate
the evapotranspiration using Penman Monteith and
Hargreaves formulas. PM was calculated for two
reference crops i.e., alfalfa and grass. Calculaisic
were compared with measured data. Results show an
admirable enhancement in data accuracy after applyi
the data correction to the non-reference statidie
simple ET formula of Hargreaves underestimates the
actual ET. The situation changes after applying the
simple linear fitting equation to the resulted \euThe
ratio between alfalfa and grass ET was found t&.B&

Dataset

Ds(H) for Riyadh area. It is concluded to use the tentpega
o Dslg) correction method when using non-reference stations
Dsia) Hargreaves formula is recommended to be used after
Cs(H) applying the suggested fit in this study, espegiathen
® Csfg) the wind speed and radiation data are missing.
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