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Information on evapotranspiration (ET), or con- tween daily readings was not as good as expected; how-
sumptive water use, is significant for water resourcesever, excellent correlations were found for all ET mod-
planning and irrigation scheduling. els, except the Kohler model, when a 7-day or longer

Potential evapotranspiratio(PET, or ET), which is moving average of daily readings was used. The regres-
the consumptive water use of a field situation where thesion coefficient (R was only about 0.64 for daily read-
soil is not under moisture stress, can be estimated usingngs but increased to nearly 0.90 when the 7-day mov-
pan evaporation from a free water surface. Where paring average was used. A 15-day moving average analy-
evaporation data is not available, ET can be calculated bysis increased the?Ro 0.94. The correlation results in-

ET models using climatological parameters. Among them,dicated that for fields in Hawaii the simple Hargreaves
the Penman model is most frequently used for ET estima-model can be used to estimate ET as accurately as the
tion. The Penman model requires five climatic param- complicated Penman model.

eters: temperature, relative humidity, wind, saturation va-

por pressure, and net radiation. It also uses complicated he Hargreaves model

unit conversions and lengthy calculations. The Hargreaves =~ Among the ET models evaluated, the Hargreaves
model is a simpler model that requires only two climatic model is the simplest one for practical use, since it re-
parameters, temperature and incident radiation. quires only two easily accessible parameters, tempera-

Most ET models were developed based on data ofture and solar energy. The Hargreaves model is expressed
durations such as 7, 10, or 30 days. When these modelss follows:
are used for estimating daily ET for irrigation schedul- _
ing, there will be a discrepancy between the actual daily ET,=0.0135(T+17.78) R (1)
consumptive use and the calculated ET value. This diswhere ET = potential daily evapotranspiration, mm/day;
crepancy will not be significant as long as the total T = mean temperaturéC; and R = incident solar ra-
amount for a longer duration can be matched. The soildiation converted to depth of water, mm/day.
in the root zone can adjust itself to store and release soil  There are two common units for solar radiation:
water as required in the field. Any soil that has a water-megajoule per square meter (M3yrand the Langley.
holding capacity of more than one inch in the range of One Langley is equivalent to one calorie per square cen-
soil moisture required for good plant growth can handletimeter. When the solar energy is expressed as Lang-
a 7- or 10-day fluctuation when an amount of water leys, Equation 1 will be expressed as
equivalent to the daily ET is applied for irrigation. O 10 [

Six ET models were applied to determine daily ET ~ ET,=0.0135 (T + 17.78) RW—B (2)
based on climatic data collected for three years by an
automatic weather station at the CTAHR Waimanalo Re-where Rbecomes the incident solar radiation expressed
search Station. The effectiveness of the models wass Langleys/day.
evaluated by comparing daily evaporation readings with  When the solar energy is expressed as megajoules
the daily ET determined with the climatic data collected. per square meter, Equation 1 will be expressed as

A moving average of daily readings of evaporation 0 o388 U
and calculated ET from six ET models (Penman, Re-  ET,=0.0135 (T + 17.78) BWE (3)
vised Penman, Jensen-Haise, Hargreaves, Kohler, and
Taylor) were used to evaluate the effectiveness of thewhere R becomes the incident solar radiation expressed
ET model. The results showed that the correlation be-as MJ/ni/day.
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ET determination and irrigation scheduling temperature and incident radiation. Figure 1 is used for
The Hargreaves model shown in Equations 2 and 3ncident radiation expressed in Langleys/day, and Fig-

can be used to calculate consumptive use for agriculure 2 is used for incident radiation expressed in ¥IJ/m

tural fields in Hawaii, which is the potential evapotrans- day. Two design examples are presented, as follows:

piration (ET) for a field under no soil moisture stress Example 1When the mean daily temperature is

(‘field capacity”). Th'e daily E_Ican be determined by 20°C and the total solar energy is 500 Langleys/day.
only two common climatological parameters, tempera_determine the daily ET '

tgre aqd solar energy, whlch_are easily obtalneq by1A calculating with Equation 2,
simple instruments and are available for many locations. 0
Equations 2 and 3 are used for the incident radiation ET = 0.0135 (20 + 17.78) 50

: : 0 95.5
units expressed as Langleys and MJh@spectively. _

o - : : = 4.37 mm/day
Irrigation applications can be made daily with an

amount determined by the calculated daily.EWh ini- 1B: using Figure 1, when T = 20 and R = 500 Lang-
tial soil moisture situation can be set as close as posleys/day, the EJcan be read directly as 4.4 mm/day.
sible to field capacity in the root zone by applying a
pre-wetting irrigation of 25-50 mm (1-2 inches) to the
field. Irrigation schedules, according to ET, will be
started 3-5 days after the pre-wetting; this will make
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Example 2When the mean daily temperature iS@5
and the total solar radiation is 20 M3/day, determine
the daily ET.

room for soil moisture adjustments to compensate theZA calculating with Equation 3,

0
discrepancies between the actual daily ET and the ET ET =0.0135 (25 + 17.78) 2%“5
95.
calculated by the Hargreaves model. — 474 mm
Two design charts were developed based on the o
Hargreaves model given in Equations 2 and 3. The daily2B: using Figure 2, when T = 26 and R = 20 MJ/n#/
ET, can be read from the charts by using the daily mearday, the ET can be read directly as 4.7 mm/day.
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