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Abstract
The estimation of potential evapotranspiration constitutes an important part in the evaluation of climate. Many
methods exist and all of these are indirect methods using equations that relate climatic data with
evapotranspiration. A comparison of the three methods to estimate crop evapotranspiration being the method of
Jabatan Parit dan Saliran (1977), Doorenbos and Pruitt (1977) and Penman- Monteith (Smith, 1991). Results
showed that the method of Doorenbos and Pruitt (1977) provides afairer estimation of evapotranspiration for oil
pam cultivation in Peninsular Malaysia
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Introduction

Prediction methods for crop-water requirements are used due to the difficulty of obtaining accurate field
measurements. The methods need to be applied under climatic and agronomic conditions different from those
under which they were originally developed. Testing the accuracy of the methods under a new set of conditions
is laborious, time consuming and costly and yet crop water requirement data are frequently needed for project
planning. Calculation of crop evapotranspiration (ET.qp) includes the effect of climate on crop water
requirement and is given by the reference crop evapotranspiration or known as potential evapotranspiration. The
objective of this paper is to compare the methods of estimating potential evapotranspiration to be used for land
evaluation for oil palm cultivation.

Materials and M ethods

The methods of Jabatan Parit dan Saliran (1997), Doorenbos and Pruitt (1977) and Penman and Monteith (1991)
were used to calculate potential evaporation. The climatic data from 2003 to 2012 of Meteorological Stations of
Alor Star (Kedah), Ipoh (Perak), Subang (Selangor), Malacca (Malacca), Kluang and Senai (Johore), Kuantan
(Pahang) and Kuala Kerai (Kelantan) of Peninsular Malaysia were used in this study to calculate the potential
evapotranspiration data (Figure 1).

Results and Discussion

The results of potential evapotranspiration estimated by the method of Jabatan Parit dan Saliran (1977),
Doorenbos and Pruitt (1977) and Penman-Monteith (Smith, 1991) are shownin Table 1.

Potential evapotranspiration for mature oil palm estimated by the method of Doorenbos and Pruitt (1977) is
higher than that estimated by the method Jabatan Parit dan Saliran (1977). Considering a day/night wind ratio of
3 for coastal area the method of Doorenbos and Pruitt (1977) estimates potential evapotranspiration for mature
oil palm 29% to 36% higher than the method of Jabatan Parit dan Saliran (1977). When a day/night wind ratio
of 1 is considered for areas away from the coast, the method of Doorenbos and Pruitt (1977) estimates 17% to
24% higher than the method of Jabatan Parit dan Saliran (1977) except that of Alor Star where estimates of
potential evapotranspiration by the method of Doorenbos and Pruitt (1977) is 31% higher than the method of
Jabatan Parit dan Saliran (1977).

Considering a day/night wind ratio of 3 for coastal areas the method of Doorenbos and Pruitt (1977) estimated
potential evapotranspiration 33% for Kuantan and 48% for Malacca higher than the method of Penman-Monteith
(Smith, 1991). When a day/night wind ratio of 1 is considered for areas away from coast, the method of
Doorenbos and Pruitt (1977) estimated potential evapotranspiration compared to the method of Penman-
Monteith (Smith, 1991) in the following order: Kuala Krai (31%) > Subang (29.3%) > Ipoh (27.6%) > Ipoh
(27.6%) > Kluang (24.5%) > Alor Star (21.6%).

The results showed that potential evapotranspiration for mature oil palm estimated by the method of Jabatan
Parit dan Saliran (1977) is higher than that estimated by the method of Penman-Monteith (Smith, 1991) in the
following order: Senai (16.5%) > Kuala Krai (10%) > Subang (9.5%) > Malacca (8.3%) > Ipoh (5%) > Kluang
(3.7%) > Kuantan (3.2%). However the estimated potential evapotranspiration by the method of Penman-
Monteith (Smith, 1991) is found to be 6% higher than the method of Jabatan Parit dan Saliran (1977) for Alor
Star region.

45



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) ﬂl—fl
Vol.4, No.6, 2014 Ils E
100* h‘.‘:’_—_ aTid h‘:“»' u:“)“ !ola"
' = S~ i TN 1 SR 1Cy
< — S PENINSULAR MALAYSIA
g J
\\)'I'R:I IS N\
ARAL Q‘-.""‘*"‘ THAILAND N : M‘M" 30 40 Mil
(‘ - -\ L \ /..,’ ,. 7’ ’ e 4 ’ L.!uu‘ o 0 ;IO :0“7,‘” . “r"'l ':“
V(al‘- \ A 3 ~ 4] '-c.ruluu,-.‘? -, \ilometr
lAN(;K.f«W.l\‘. e Ayor Sc.a( : : ‘ 4
| |sLAND KEDAH | e e
) Pe <t T )
N - NN
) ! n ’ J
| -. '.l
\eo /
M
- - 1 A / ‘,
f CNAP\G,{, {\ ' A (8
SEBERANG -
PERAI /= %u¢ » Kuala Kerai & "7'5_ L
9 - - 3
KELANTAN TERENGGANU N\ O;
2
( PERAK £ —r ~
‘ ‘. ®
» e Ipoh / o
'33.
'(2' .-
: < \ 2 PAHANG 1 .
e ":-O P . . ) >
.S ey o Kuantan
[ |
‘sn-x..«.‘;uok","‘-
) .\ * Subang; |  TIOMAN |
- "\ \ ISLAND
3 : /\
NEGERI ’ : )
SEMBILAN o S
\ N Ao T ‘/' \“\., \
YMALACCA 7 NS
Malaccdy' !
< o Kluang '
:‘# JOHORC \ =
NS e Senal \
~. A\ \
4 \
\ \\,s;"k.'"Jl\'\ ’J
L}-"\ /‘) .‘4.0
- * SINGAPORE
o - = ~ - = oTe T
ceamich 104 0 0 0

Figure 1: The location of Meteorological stations chosen for the study

The potential evapotranspiration estimated by the method of Doorenbos and Pruitt (1977) is higher than that
obtained by the method of Jabatan Parit dan Saliran (1977) and the method of Penman-Monteith (Smith, 1991).
The latter method is currently used to estimate potential evapotranspiration values in Peninsular Malaysia while
the former method is recommended by FAO. The third method and the most recent method was reported to
yield more accurate estimations of the potential evapotranspiration but require a large climatic data set (Sys et

al., 1991).

The potential evapotranspiration estimated by the method of Jabatan Parit dan Saliran (1977) follows the
Penman (1948) equation which predicts evaporation loses from an open water space.
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Table 11 PET Values (tn month-1) Estimated by the Method of Jabatan Parit dan Saliran, Doorenbos and Pruitt and Penman-Monteith for Various Fegions in

Peninsular Malaysia

Stations/PET Alor Star Ipoh Subang Malacca

Ilonths JPS D PM JPS D PM JPS D PM JPS D Dl PM
1 141.7 212.8 156.0 121.8 150.3 114.6 199.0 150.0 1113 1252 165.0 1937 115.1
F 139.4 197.4 151.2 1170 123.5 1221 1201 164.0 114.0 121.5 170.5 196.3 123.2
Il 1178 2008 143.1 138.6 181.0 132.1 139.0 171.4 126.5 138.0 1776 200.3 130.5
A 149.0 184.0 152.4 104.4 167.7 126.3 133.5 160.0 118.5 136.2 163.5 176.4 123.3
M 119.6 169.6 141.0 125.5 155.0 117.8 126.6 151.0 117.0 124.1 151.4 161.3 116.0
1 135.6 150.0 131.0 1270 145.0 113.4 123.6 144.5 110.0 120.0 143.5 1470 1077

1 112.8 161.8 130.8 126.2 157.0 120.0 126.2 140.4 1170 1201 1443 153.0 108.0
A 166.2 157.2 123.6 124.3 149.0 117.0 1237 134.0 113.5 119.7 141.7 153.1 106.0
3 1275 1443 120.6 121.5 139.2 109.2 124.2 138.0 110.0 110.1 139.5 1476 105.3
o} 119.0 136.4 120.7 11a.9 138.3 104.5 122.4 136.7 112,38 12449 149.4 13581 114.9
N 100.0 138.3 117.3 110.7 125.0 100.0 114.3 128.1 101.0 111.0 132.0 142.5 94.5
D 124.0 1507 134.8 1116 134.0 105.4 108.2 130.0 99.2 113.5 1516 168.5 101.4
Tatal 15555 20031 16475 14452 17050 13834 14808 1781 13525 14629 18355 19950 13500

JP3 - Jabatan Parit dan Saliran{1977), D - Doorenbos et.al {1977}, day/mght wind ratio =1,D1 - Doorenbos et.al (1977);day/mght wind ratio = 3, PM=Penman-

Monteith (Sruth,1991)
Table | (cont'd)

Stations/PET Kuang Senal Kuantan Kuala Krai
Ionths JPS D LPM JPS D DPFM JPS D Dl P JPS D DPFM
I 1175 157.5 113.8 1187 156.0 110.6 1228 137.0 1572 104.5 9.5 124.0 93.0
F 110.9 151.5 121.0 113.2 143.0 112.2 1173 150.0 166.6 109.5 110.6 143.0 96.6
I 129.6 156.0 1255 134.0 145.0 105.1 1356 1637 1838 1231 143.5 161.5 120.6
A 127.8 150.3 1187 122.4 138.4 104.4 120.6 161.7 1770 124.5 124.0 166.2 123.3
I 113.8 139.0 119.8 114.1 125.0 92.4 125.3 143.4 167.1 121.0 1277 154.4 119.3
I 115.2 135.6 107.4 119.3 120.6 873 1250 1503 1587 1150 126.5 145.0 110.0
I 113.8 131.0 126.0 112.8 131.0 1.8 123.4 150.0 164.6 118.1 116.0 143.0 1111
A 113.7 1327 112.2 1131 1274 90.0 126.0 130.5 143.0 119.7 1187 145.2 114.0
5 115.8 125.4 1077 732 125.0 950 1253 140.7 155.0 169.0 116.4 136.5 1070
o] 116.6 137.0 112.2 113.1 121.0 973 115.6 135.2 1457 110.4 1107 116.2 101.7
M 106.2 114.6 9.1 103.0 121.5 90.0 97.0 106.5 113.0 34.0 91.0 92.4 31.0
D 104.8 151.7 105.0 107.0 1231 a0.0 97.1 103.0 115.4 353 33.0 100.1 66.0
Total 1385.8 1663.3 13363 1353.9 1583.2 1164.1 1430.0 1653.0 1348.1 13871 137007 1630.5 1244.5

JPS - Jabatan Pant dan Salran{1977), D - Doorenbos etal {1977, daynight wind ratio =1,01 - Doorenbos etal (1977 day/meht wind ratio =3, PM=Penman-

Monteith (Stth, 1991)

A dlightly modified Penman equation suggested by Doorenbos and Pruitt (1977) to determine potential
evapotranspiration involving a revised wind function term. This results from knowledge that under cam
weather conditions, the aerodynamic term is less important than the energy term. Under windy conditions and in
arid region, the aerodynamic term becomes more important.
adjustment for day and night time weather condition, since they affect considerably the level of

evapotranspiration.
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A digtinction is made between coastal and non-coastal areas since the former normally have pronounced sea
breezes in the day and calm nights. The ratio of day to night wind speeds is assumed to be 3 as suggested by
Doorenbos and Pruitt (1977) for coastal areas. The higher wind speed during the day in coastal arearesult in an
increased evapotranspiration rate for oil paim. Oil palm grown on the coastal areas is expected to have about
10% higher evapotranspiration values than that grown on non-coastal areas.

Table 2: Relationship and Correlation Coefficient Values of PET between Jabatan Parit dan Saliran and
Doorenbos and Pruitt, Jabatan Parit dan Saliran and Penman-Monteith and Doorenbos and Pruitt and
Penman-Monteith for Various Regions in Peninsular Malaysia

Stations JPSand D JPS and PM D and PM
Alor Star PET jps= 92.46 + 0.22 PET = 83.20 + 0.34 PETp=54.34 + 1.61 PETpy,r
PETp,r =0.14 PETpu,r =0.16 =0.90***
Inoh PET jp<= 109.61 + 0.73 PET jps= 92.55 + 0.23 PETp= 35.30 + 1.07 PETpy.r
P PETp,r =0.13 PETpu,r =0.32 =0.89***
Suban PET jp= 63.59 + 0.41 PET jp= 9.82 + 1.00 PETp= 23.28 + 1.49 PETpy.I
9 PETp,r =0.50 PETpy,r =0.86*** =0.87***
Malacca PET jp<= 48.72 + 0.48 PET = 39.25 + 0.74 PETp=11.11+ 1.26 PETpy,r
PETp,r =0.61** PETpy,r =0.77%* =0.85***
Kluan PET jp<= 63.16 + 0.38 PET = 57.28 + 0.51 PETp=33.54 + 1.97 PETpy,r
9 PETp,r =0.44 PETpu,r =0.38 =0.88***
Senai PET jp<= 50.26 + 0.48 PET ps= 9.52 + 0.74 PETp=10.18 + 1.24 PETpy.I
PETp,r =0.15 PETpy,r =0.77** =0.82***
K uantan PET jp= 45.57 + 0.52 PET jps= 79.13 + 0.35 PETp=15.17 + 1.48 PETpy.I
PETp,r =0.72** PETpy,I =0.42 =0.89***
KualaKrai PET = 31.18 + 0.61 PET jp= 26.0 + 0.85 PETp=7.23+ 1.24 PETpy,r

PETp,r =0.80***

PETpy,r =0.84***

=0.84***

JPS- Jabatan Parit dan Saliran ( Formerly known as BPT,1977), D-Doorenbos and Pruitt (1977), PM-Penman-
Monteith (Smith,1991) JPS- Jabatan Parit dan Saliran ( Formerly known as BPT,1977), D-Doorenbos and Pruitt
(1977), PM-Penman- Monteith (Smith,1991)

The PET estimated by Doorenbos and Pruitt (1977) is highly correlated with that of the PET estimated by the
method of Penman-Monteith (Smith, 1991) for all the regionsin Peninsular Malaysia (Table 2).

Conclusion
The results show that the method of Doorenbos and Pruitt (1977) is recommended for determination of potential
evaporation for oil palm cultivation in Peninsular Malaysia and elsewhere.

Acknowledgements
The authors would like to thanks Universiti Malaysia Terengganu for giving permission to publish this paper.

References

Doorenbos, J. and Pruitt, W. O. (1977). Crop water requirements. FAO Irrigation and Drainage Paper 24.
(FAO, Rome, Italy).

Jabatan Parit dan Saliran (1977). Estimating potential evapotranspiration using the Penman procedures. Report
No.17. (Ministry of Agric. Malaysia, Kuala Lumpur, Malaysia).

Smith, M. (1991). Report on the expert consultation on procedures for revision of FAO guidelines for prediction
of crop water requirements. (FAO Land and Water Dev. Div., Rome, Italy).

Sys, C., Van Rangt, E. and Debaveye, J. (1991). Land evaluation part 1. Inter. Train. Centre for Post-Grad. Soil
Scientist. State Univ. Ghent, Ghent, Belgium. 274 pp.

48



