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Abstract: Problem statement: Evapotranspiration (ET) has crucial role in agtietdl activity, water
management and hydraulic engineering. Recently niamygs of the equation have been applied for
estimating daily and monthly evapotranspirationuabthe world Approach: In this study, the daily
and monthly ET was estimated by Penman, PenmanétbnfP&M) and Hargreaves equation to
evaluate general relationships for estimating mignamd daily values of these 3 methods and also
effect of different parameters such as Humidity et speed on fluctuation of EResults: The results
showed that maximum and minimum values were befongp Hargreaves and P&M models,
respectivelyConclusion: Statistical analysis showed significant differeaceong the three methods and
coefficient variant for daily and monthly analysigas 18.49 and 7.17 respectively. However, the
difference between mean value of P&M and Hargreatas has the most different, is 1 mm y&ar
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INTRODUCTION Direct measurements of ET around the world are
rarely available and apply to provide an opportuiit
Evapotranspiration (ET), is one of the majorimprove the quality of ET which has collected by
components of the hydrologic cy@f® combines different hydrologic mod& because direct
evaporation (E) from soil and plant surfaces andmeasurement of ET implement by high-cost
transpiration (T) from planfé!. ET describes the loss of micrometeorological techniques based on energy
water from crop and soil to the air over a longigetto  balance and water vapor mass flux transfer
elucidate its relationship with annual precipitei.  methodologied”.
This process is very significant in many scientffalds Before 1938, Veihmeyer from University of
such as irrigation schedulifig California had represented data and informatiocrop
Estimation of ET is an important path to study ofevapotranspiration, using gravimetric metffodror the
hydrology, climate, agricultural, water balance, past 50 years, almost 700 registered empirical oaisth
planning, design and operation of irrigation system for different weather had been employed by sciettis
crop-growth model§'**"#?® and as efficient determine E¥. These methods widely express the
parameter in surface and subsurface modeling pgeses amount of ET by a mathematical formula based oin the
for MODFLOW, MIKESHE and HEC-HMS. understanding of component prod8ssSome of these
In addition financial and economic research,methods include Penman, Jensen-Haise, Turc, Fabd an
industrial engineering research, meteorology andigriculture Organization (FAQO) Penman-Monteith,
agroecological research studies has been approachedMakkink, Penman-Monteith (P&M), Priestley-Taylor,
ET' and imprecise estimation of ET can lead to pooFAO Blaney-Criddle, Hargreaves-Samani and Thorn-
investigation of water and efficient management ofthwaite can estimate ET at varying locations and
water in future for reliable applicatitfl. climatic condition&'.
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Equations are applied to calculate the ETgeaim  method in comparison to using lysimeters underaewi
sophistication  from  solar radiation equationsrange of climate conditions, (2) it can yield gaedults
temperature based on equations or the compleunder a variety of climate scenafthsin the absence of
combination of both of thef?. Different factors which lysimetric ~data Penman-Monteith  equation s
always affect ET are (1) weather parameters, (@p cr appropriate for finding error of another methdds
factors and (3) management and environmental Many researchers have recommended the
condition$”. Due to the mutual dependence of thesestandardization of the P&M equation for estimatiufn
factors and variability in different part of eaghrface, ET™?. Later, FAO has proposed the FAO-P&M
it is difficult to introduce an equation that caslaulate  equation with small changes for standardizatiorhaf
ET under different weather parametets Another method”. It needs air temperature, relative humidity,
difficulty in calculation of ET is the lack of acate  wind speed and solar radiation to compute th&¥t.
and precise row information from various sites inThe lack of one, or more, climate variable physycal
study area. Most of the sites do not have contislyou related to evaporation and transpiration processes
measured climate data for basic weather parameteriescapably reduces the accuracy of evapotrangpirat
However, the parameters that are measured in sgatio estimatioff’ .
have the systematic and/or random errors in solar Allen et al.¥! have demonstrated this particular
radiation, relative humidity, air temperature amd/o reduced set of P&M method, when used with data from
wind speed. The uncertainty in these parameters canell watered sites to produce ET values that are no
lead to significant errors in the estimated®T significantly different from those forms which stture

Computation of ET often applied models whichthe FAO-P&M for multi day periods.
have been different simplifying assumptions, input The empirical Hargreaves equation, as
requirements and system boundaries. For instamce, temperature based method which requires only
mentioned above, various models of the water-plantmaximum and minimum air temperature, has shown
atmosphere system existed. This requires largetinpgood results in different type of clim&t& 27 |t
parameter and needs site-specific calibration oshould be noted that the maximum and minimum air
validatiorf"". temperatures are usually available at weatherostati

In 1956 Penman-Monteith (P&M) represented oneound the worlfl’ and it can be increased the usage of
equation, which combined energy and aerodynami¢iargreaves equation enormously.
considerations and requires measurement of net Gavilanet al.l”’ mentioned that Hargreaves equation
radiation, soil heat flux, air temperature, relativ is sensitive to sensible heat advection and unelesrs
humidity, wind speed and other environment-specificadvective conditions it can underestimate daily BY0
variables for calculating E¥F?®. This equation about 25%. Some scientists declared that the method
removed weaknesses of Penman combination equatigiould be adjusted to local condition with propose
in computation of the wind function, vapor pressureimproving the estimation.
deficit and net long wave radiation. Accuracy and =~ It is obvious —that  temperature range in
reliability of P&M method has been studied by Hargreaveset al.'l equation accounts for effects of
scientists and researchers numerdti&l§). It has been = cloudiness and that temperature range generally
mentioned in literature that different between soild€crease with increasing cloudiness. Also tempegatu
evaporation and plant transpiration and treatslahd ~ '@"9¢ _relates W'.th humidity ano_l vapor pressurecilef
surface as one homogeneous layer cannot b%nd is inversely influenced by wind sp€ed

[13]
distinguished by P&M equation. Due to the fact that Jenseret al.”* compared 20 reference ET methods
gainst lysimeter measurements at 11 stations droun

D T e oY vabolran P alfie ol According to them, Hargreaves. methoc
ranked best of all methods that required only air

and comparison between other methods unde{emperaturedata

different climate conditioris®® 2202220 o Various studies have compared Hargreavestiequa
There are a lot of investigations about ESt'ma““Qagainst directly measured ET or against ET prediibte
ET by various methods such as by Jeneeml."®.  some other ET methods. Hargreaves aL[Pl] and
They assessed 19 different methods in 11 variougemesgeret al.?” compared ET values from the FAO-
climatologic conditions. In comparison with their p&M with Hargreaves for paired weather stations and
lysimetric evaluation, P&M was ranked as best metho found small different in comparing the two methods.
to yield estimates close to daily and monthly obsdr The equation self compensates for the lack of tasie
ET values. This methods has two advantages iand humidity data required by the Penman and Penman
comparison with other methods, (1) well documentedMonteith methods.
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In comparing between Hargreaves and FAO-P&M
equation based on the World Water and Climate Atfas
the International Water Management Institute (IWMI) .
for more than 3,000 weather stations worldwide, |
Hargreaves predicts the ET similar or maximum 1
mm/day to FAO-P&M method in most tropical locations
of the globe with the exception of desert regions.
Therefore the temperature range is significant in
equatorial zones and there are no substantial gorebl -
associated with applying Hargreaves equation at low
latitudes and found good agreement between the twc RS
methods over a wide range of climates daily and
monthly®*%,

The basic goal of the study is to examine tinde
possibility of achieving reliable information of GAET g
estimation methods, Hargreaves-Samani and FAO-
P&M, as compared to the PM method for the grass ':
reference using data collected in Serdang, Malaiysia
latitude only about 3°. The P&M method was chosen a
a benchmark for comparison in this study becauseeth _.
were no measured ET data in the study area. The'd- 1:
objective for such comparisons is to find the digant
difference between methods as compared to the PMvapotranspiration model:
equation. Penman-Monteith equation®: The model can be

MATERIALSAND METHODS expressed as:

oo 03

D425 850 1275 1700 2125 2550 2975 3400
Feet
0125 25 375 S0 625 730 875 1000
N Meters

Map Seale 1:60,000

[;
Ellipsoid WS-8

General view of study area

Description of study site: The 700 ha tropical study

area, Latitude %9-3°00'N, Longitude 101°42'- AR, + (e, - ed)*ﬁ
101°43'E, is located in the South of Kuala Lumpur, E, = 2
Malaysia (Fig. 1). The location is characterizedckay AL +y*(L+5)
loam, sandy clay and sandy silt soil as Kajang fa

Formation. The groundwater table was estimatedeto b

30-85cm below ground surface and the range of landy/pere:

surface altitudes at the study site varies betv@geand R

40 m above mean sea level. "
Two years (from November 1, 2006 until October”

31, 2008) daily meteorological data was obtainemnfr C

the University Putra Malaysia weather station. Adow s

to Linsley et al.’® every weather stations is enough to

cover 25 krfi. Hence according to this requirement 1'a

station would be enough for present study area. The ! -

weather station selected was equipped with eleictron instruments (sec )

sensors to monitor the air temperature, relativaidity, ¥ Hygrometric constany¢ 66 Pa K')

precipitation, wind speed, solar radiation, soilishoe, A (PaK') = e saturated vapor pressure at air

soil temperature at 5, 10 and 20 cm depths and temperature (m s&b

barometric pressure. The average annual maximum arég = Mean vapor pressure (Pa)

minimum daily air temperatures are 33.01 and 2¥18°

respectively. The average annual wind speed at 2 1BAO Penman-Monteith equation: FAO P&M

height is 0.76 (m séb. Average annual air humidity is equation is given as follow:

94%. The average annual rainfall of the area isuabo

2996.3 mm. The groundwater level is varying in gtud

area from ground surface between 1 and 10 m. Tiire en 0.408A (R, - G}y

region is covered by vegetation consisting mainty o E, =

trees, shrubs, grass and low bush.

Net radiation (W nf)

Density of air (kg 1)

Specific heat of air (J KgK™)

Net resistance to diffusion through the
surfaces of the leaves and soil (seé&)m
Net resistance to diffusion through the air
from surfaces to height of measuring

900
T+273
A+y(1+0.34, )

yE-e

700
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Where:
R, = The net radiation at
(MImi? day™)
The soil heat flux density (MJfnday™)

®
inn

Monthly maximum and minimum air temperature

the crop surfaceand monthly humidity for study site is show in F8.

and 4 respectively. In tropical zone the fluctuatiof

temperature is almost same throughout the year.

Tmean= The mean daily air temperature at 2 m heightHumidity has been changed between 93 and 95%
(°C) month™.
U, = The wind speed at 2 m height (msgc
es = The saturation vapor pressure (kPa) 700.00 4 _
_ « Rainfall
€ = The actual vapor pressure (kPa) €00.00 4 .
ese, = The saturation vapor pressure deficit (kPa) 50000
A = The slope of the vapor pressure curve (kPa ]
°CY ’g 400.00 | . . .
= *
G = The psychrometrics constant (kPa’jC F 30000 . .
a
2 200.00 | v e tev .o,
The terms in the numerator on the right-hand side 10000 1 v . .
of the equation are available energy force and air 0.00 . . . .
dryness indicator, respectively for daily compuatiat & 8 5 5 5 &5 8 B 8
maximum and minimum air temperatures at 1.5-2.5 m 25 B & F OF OB OE B oA
height above surface(kP&). Montt
Hargreaves equation!*”: This equation is expressed Fig. 2: Average annual total precipitation
as:
40.00 ¢
E, =0.0023(F, + 17.8) T.- Tn )R S T AR T PP A L PR PP
30.00 4
Where; %2322: sippeipgeuiENgugu®fggumn
Tm = Da?ly mean air temperature (°C) g 15.00 4
Tax = Da!ly maximum air temperature g C) E’ 10,00 ] o Tesspesature s
Tmin = Daily minimum air temperature (°C) .
. .. 5.00 4 B Temperature min
R, = Extraterrestrial radiation
ek £ £ & E 8 8 8 3
The mean air temperature in the Hargreaves 2§ & & 2 & B E % 53'
equation is calculated as an average g@fs Bnd Ty, Month

and R is computed from information on location of the
site and time of the year. Fi
Statistical analysis: One-way Anova was performed to
analyze the differences between three methods. The
Statistical Analysis System (SAS) version 9.1 wasdu

in this work. Statistics analysis included the nnauam,
minimum, mean and standard deviation of ET
calculations. Besides these data, the Coefficient
Variation, Root Mean Square Error (RMSE), R-square

dity (%)

iBiyait

was determined. =
RESULTSAND DISCUSSION
Average annual total rainfall in study area iswtbo
2996.3 and the monthly precipitation for period of
study is show in Fig. 2. This parameter is mostly
changed between 100 and 400 mm mdnth Fig.
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Fig. 5: Estimate daily ET by three methods Mar. 08| \

. . Feb.0g | —
Table 1: Max., min., mean daily value of three noeth B

ET methods P&M FAO P&M Hargreaves Jan.08 75

(mmdayt)  (mm day®) (mm day") Dec.07 ‘ OHargreaves
Daily ET mean value  4.89 4.42 3.91 1 BFAOP and M
Daily ET min value 1.90 1.90 2.30 Nov. 077:'4 EP andM
Daily ET max value 5.70 6.80 6.30 0ct.07 )
Estimating Daily ET: P&J, FAO P&M and Se Pt O —
Hargreaves methods were used to estimate dailyoET f Aug. 0775
the study period (Nov.1, 2006 until Oct. 31, 200&)e Jul.07 ‘

calculation and comparison of daily ET was

implemented. Figure 5 illustrates the results dffydaT

calculation for the three methods in the study .area May 07—
The statistical analysis shows there are Bagmt Apr. 07 :

differences between the three methods. The R-Sdsiare Mar. 0{—_4

0.194; Root-MSE is 0.81 Coefficient Var. 18.49. The e 07*

Average has shown that the results of P&M and FAO . ‘

P&M are near to each other. The mean value of daily Jan.07 |——

that was obtained by statistical analysis has prdte Dec.0¢ [EEE—

The mean values of P&M and FOA P&M are 4.89 and Nov. 06 | \

4.42 respectively while mean value of Hargreaves ———— w w

method for daily calculation was 3.91. Table 1sifates © oy 2%

the mean, Maximum and minimum daily values of three

methods during study period at study area. Theltsesu Fig. 6: Estimate monthly ET by three methods

illustrate in Table 1 approved prediction of Haeyes

and Alled® about differences between Hargreaves and 80000 mET

FAO P&M equations. 700007 B Raintall

600.00 4

Jun.07

500.00 4

Estimating Monthly ET: P&M, FAO P&M and
Hargreaves methods were used to estimate monthly ET 20000

The calculation and comparison of monthly ET for 20000 ] M M m M

400.00 4

(mm m™)

Nov. 2006 until Oct. 2008 was implemented. Figure 6
illustrates results of 3 methods.

Statistical analysis on the results has shown that
there is a significant difference between all three
methods and the R-Square is 0.64, Root-MSE is 9.57,
Coefficient Var. 7.17. The results obtained for FAO Fig. 7: The two-year annual rainfall and ET
P&M as modified method of P&M in comparison _ )
with benchmark method (P&M method) has aTable 2: Max., min., mean daily value of three noeh
significant difference. However the mean values of P&M FAOPEM  Hargreaves

; -~ ET method m it it
FAO P&M and P&M methods are close in comparlsonMor?::Iy ETSmean value (mm) (mmor) (mm )

100,00+

0.00

Tul. 08—y
Sept 08
—

Nov. 06

, 118.3 132.9 149.0
with Hargreaves method. Table 2 show meanyonthly ET minvalue  102.4 112.4 136.0
minimum, maximum monthly values in study area. Monthly ET max value ~ 137.7 156.8 167.9
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160 4 —e— Wind speed similar and decreasing and increasing of wind speed
1404 —=—ET n direct proportion on decreasing and increasingTof E
| Pain W AN | m Fluctuation in sunshine hours coincide with ET
120 I - . Lo | - .,.. i . . .
" n_/ " changes during the study period. It is obvious that
100 ® "

sunshine hours have a significant effect on vabfidsT.

801 Figure 9 shows variations in both of them are same.

601 It should be noted that ET has a great influente o

40 the water budget both globally and locally. In &sent

20 of ET, water can be added from surface water to

, groundwater and stream flow and it would has
important effect in water management. In groundwate
flow modeling and groundwater contamination
modeling, parameter like ET should be assigned

Fig. 8: Comparison ET and wind Speed during Studfxccurately to have reliable results. The precideevaf

Mar. 07
Ilay 07

Jul. 07 4
Sept. 07
Mow. 07 4
Jan. 08
Idar. 08
Tulay 08

Jul. 08 A
Sept. 08

Mow. 06
Jan. 07 |

period ET is important in hydrologic, water-management

modeling for reliable resufts Scientifics mentioned

400.00 that ET is used typically in groundwater modeling t

350.00 - A ) assess the change in ET flux due to the change in

200.00 4 — groundwater table.

250.00 {— ‘

200.00 m CONCLUSION

150.00 ] _ ) ]

100.00 4 Sunshine hours This study is estimated ET at field study based on
three methods which are in agreement by most

2000 — & scientists. The results of statistical comparis@veh

0.00

' shown that significant difference existed betweka t
three evaluation methods in study area (Coefficient
Variant for daily and monthly analysis was 18.4% an
7.17 respectively), however, according to the

Fig. 9: Comparison ET and wind speed during Stud)jntroduction, some re_searchers insist that theltesd
period these methods in their study area were the sameasr

to. It is obvious that mean of P&M and FAO-P&M are
Generally speaking, the ET is influenced both bycl0Sed. but not the same yet in present study #reze
meteorological and surface conditions. This mainlyargreaves method is used for the study regiorén t
includes sunshine hours, air temperature and wingPSence of sunshine hours, humidity and wind-speed
speeffl. In the present study the parameters mentionef@@: the result need some correction to obtaiaiel
above will be assessed and compared with ET (P&\pata as accurate as P&M. However, there are sognifi
method) to find the efficiency of main parameters o differences between r%]sults; nevertheless predeta
calculating ET in tropical zone like Malaysia. Hargre_aves and Alléit? are right for present research
Two year annual rainfall and ET results shapat ~ that difference between Hargreaves and FAO-P&M
amount of ET in different months with high diffeten Methods are similar or maximum 1 mm/d in tropical
amount of rainfall has changed small. Therefore, ifocations. The results also have shown sunshineshou

tropical and semi-tropical region, even with high@nd wind speed have important effect on valuesTof E

amount of rainfall the reason of fluctuation of ET  Application of present methods identified that

should be assessed in other parameters such as wiRtRximum value of evapotranspiration is belong to

speed and sunshine hours.  Figure 7 illustrateslargreaves method and the minimum is belong to P&M

proportion of rainfall and ET in study area duriigv. and amount of evapotranspiration can be bracketing

2006 till Oct. 2008. In all of comparisons that arebetween them in present area or other sites.

shown here, ET values are according to P&M equation  Precise evaluation of ET can be important due to

which was calculated monthly. using ET as a raw data in other study such as

However, the results of wind speed and ET are nagroundwater modeling. Therefore it is strongly
exactly the same but Fig. 8 shows in most placedcr recommended that planning a detailed study to
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determine the precise cause of these differencekl.
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between these three methods.
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