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- movement, 1nten51ty and duration of sunshine, j

INTRODUCTION

From irrigation point of view, OVF‘.pO'LI‘(';nSpiI‘L{tibn or consumptive
use is the sum of two terms, evaporation and tr: _n._»pl*rutlon. Evapora-

tion, which is water evapora tlnb from adjacent 501],1 water surfeces

_or from the surfaces of leaves of plants, Trs mspiration, which is

water entering plant roots and used to build plant tﬁsoue or being
passed through leaves of the plants into utmoc;phere.‘ dater deposited
by dew, rainfall and sprinkler irrigation and subsequently evaporating
without entering the plant system is also part of evﬁf)otramspiration.

1
Evapotranspiration is mainly influenced by climétic factors such
:
as net rediation, temperature, wind velocity and relative humidity,
The volume of water trenspired by plants depends in ﬂmrt on the water

et their disposal, and also on temperature and humldi{,y ol alr, w:Lnd

There are two requirements for ev(xpor‘.tlon thLCA can be stated
as being clearly necessary: (1) There must be source of energy or
heat and (2) Diffusion or flow of water vapor awey [rom the surfrcce
must be maintained by some mechenism, In order to predict evapotran-
spiration, we can use the theory of balancing of eneﬁ:'g;y at the earth
surface alone by measuring all other significent tem]}s, or we can
predict evapotrenspiration from the use of strictly qjiffusion or
aerodynanic equations, We must reclize, however, thdt (1) and (2)

above must be met and that they are dependent upon edeh other,
!

The purpose of this research is to relate mu{,‘niﬁ:ude and veriation
of evapotranspiration to one or more climatic fretors, For this,
measured evopotranspiration data from a grass cover Jma was used,
assuming that evapotranspiration of ;srass occurs larﬁely in response

|

to climatic conditions, A reference volue » ETo, was Aintroduce end

de fined as "the rate of evepotranspiration from an extended surfece

|
|
|
|
1
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of 8 to 15 cm, tall green grass cover of uniform h ight, actively
growing, completely shading the ground and not short of water,
"Four prediction formulae are presented to calcula ETo, adaptation

of Blaney-Criddle, the Radiation, the Penman and the Pan Eveporation

method. ETo was computed on monthly basis using the mean climatic
data for the period considered and expressed in mm per day repre-

sents the mean value over that period,

The Bleney-Criddle equation (1950) is one of the most widely
use methods to extimate crop water requirements, An adaptation of
this method is suggested to calculate the reference crop evapotran-
spiration, ETo, when only meisured air temperature |date are availa-
ble, The adaptation of Bleney Criddle equation have included other
climatic factors, for example relative hunidity and wind speed,

The Radiation method is used where aveilable climetic data
include measured air temperature and sunshine or cloudiness or radia-
tion, but not wind and humidity. For this location, wind and humidity
are also availeble, Relationships were developed between the radia-
tion term and veference erop evapotranspiration, ETo, taking into
account humidity and wind conditions,

The Penman equation consists of two terms, namely the ener.y
(radiation) term and aerodynamic (wind and hunidity) term., The

relative importonce of these two terms varies wilh climatic conditions,

- Under calm weather condition the cerodynamic term is usually much

smaller than the energy term and vice verss,

The Pan Evaporation is the measurement of the intergrated effect
of rediation, wind speed, tempercture and relative hunidity on evapora=-
tion from an open water surface., In a similar feshion the plant
respond to the same climatic variables but seversl major factors may

produce significant differences in loss of water,




LOCATION

\
. . . . ] 1 .
All climatic parameters used in this research were obtained from

Mae=Jo Agricultural Meteorology Station, The stoti qm is located ebout
20 Kms north of Chiangmai, on latitude 18° 14' N and‘l longgitude 09 03'%
the elevation is 316,644 meters above mesn sea leve}. The data are
measurement of these parameters on monthly besis during the year 19763

1. Maximum, minimum and meon air temperatx};re C

1 o
2., Dry-bulb and wet-bulb temperature 1 C

3. Maximum, minimum and meon relative hum+dity o

4o Wind speed at 11 meter height | m/sec
5. Actual possible bright sunshine hours |
e O mn/day

6. Evaporation from class A pan

OBJECTIVE

The objectives of this research is to determine evapotranspiration
of reference crop by following methods
1. idaptation of Blaney-Criddle equation
2, Radiation method
3. Modified Penman ecuvation and

/s Pan Evaporation method

Determine the correlation of the velues calculdted by these
four methods, and suggest the best method for this area,

—

|
\
|
METHOD 1 BLANEY - CRIDDLE !‘
|
Originelly, Blaney-Criddle approech involves temperature, t and
percentage of day time hours, p as climatic variablq!s to predict the
effect of climate on evapotranspiration., This is cilled the consumnp-
tive use factor f, where f = p(0,46t + 8,13) when tampemture is
measured in degree Celcius (°C) and p is the perceni‘f%e of annual
i
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daylicht hours which occur during the period conside
empirically crop coefficient (K) is then spplied to
consumptive water requirement,

Consumptive water re

defined as "the amount of water potentially required

evapotranspiration needs of wvegeta'ive areas so that

duction is no limited from lack of water"

However, crop water requirements will vary wide
climetes having similar air temperature; for example
dry and very humid climates, or between generally c
windy conditions. In order to define better the ef

9]
1

on crop water requirements, Pruitt W.,0, and Doorenbt
had developed relationship between the Blaney-Cridd
reference crop (grass) evapotranspiration ETo takin
general values of relative humidity, sunshine hour

The results are:

"BTo - = a+ b[b(O.Lé + 8.13)]
where ETo = reference crop (grass) evapotransp
t = mean air temperature
p = mean deily percentage of annual ds
a, b = wvariable parameters depend on the

relative humidity, wind speed at 2

déily sunshine hours,

METHOD 2 RADIATION METHOD

This method is suggested ﬁo predict the effect
crop water requirements in areas where available cli
measured air'temperature and sunshine or cloudiness
but not wind speed and relative humidity., Direct ne
duration of bright sunshine hours can be used to obti
of solar radiation. For areas where wind speed and

are also available, relationship between the radiat]
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Exomple

Month _June 1976 Place Chiangmei  Thailend
Data |
i
Ynean = 27,6 ¢ '
lat, 19°N p = 0.30 |
RHpin T8 48 e
n/y . 0. 42
Uy = 1.50 m/sec

From Fig, 1 page 14 Irrigation and Drainage Paper Lro 24, (FAO 1975)

!
the values of a and b can be determine and j
a ® <200 ;b = 1,05 j

Then ETo = -2,00 + 1,05 [ 0.30(0. 46x276+8 13)]
-2,00 + 6,60
= 4,60 mm/day

Calculated ETo by this method for each month c.re shown in table 3
and design as EToq ‘

METHOD 2 RADIATION IMETHOD ' j

The relationship suggested to calculate I'Pferppce crop evapotran=-
|

spiration by this method is

|
ETo = a +Db IRy |
|

a2 and b are coefficient depend on méan relativé hunidity and

wind speed but usually a has a constent value of «0,3, W is weighting
fector which depends on air temperature and altitudéa, in this czase
the value of W is taken from the altitude of 500 mefter above mean sea
level. Rg is solar radiation expressed in equleeht evaporation in
mm,day. At this station the solar radiation is not recorded, but can
be calculated by lmowmg the value of extra-terre,s’drlal radiation as
follow : }
\
J

Rg = (0,25 + 0,50 "/N) Ry

e e s e
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!
In this equation 0,95 is number use to correci‘i the value of
ETo which celculated by Penman for day and night time wind and
relative Humidity in this area., As mentioned befor;e, there are
two terms, radiation and cerodynamic term in this e{quation, Cal=-
culation can be done by the following steps:=-
1. Calculate the value of radiation term

\

Ry is net radiation express in equivalent evaporation

in mm/day

i

S

Rns "Rnl

Rng 2o (15e ) Bl
Rg = (0.25 + 0,50 ®/N) R,
By = £(t).8(eq). £ (P/W)
R,s is net shortwave radiation, Ry is net lorjgwave radiation,

is reflectivity of crop surface which is ecual to 0,25, f(t), t(eq)
and £(%/N) is function of temperature, vapor pressure and bright

{

sunshine hours respectively,

0(t) = or |
f(eq) 0,56 - 0,079 eq - for humi,‘}d area

- £(Y/N) |

0,10 + 0,9%/n |
< is Boltzman constent which is equal to 2,01 X }‘10"9 in equivalent

YAl 3 ; P z
evaporation in mm/day and T is mean air temperature in degree Kelvin,

|
|
=0 |

2. Calculate the value of serodynamic term |
Wind function f(u) cen be determined by |

|

o) el 071402 ) |
’ 100 ‘
where U, is wind speed in Kms/day measured ot ‘2 meter height,

(ea‘- ed) is difference between the saturation vapor pressure at

mean air temperature and the mean actual vapor pmisum of air both

in mbars, 1
|
I
|
l

|

————
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The calculated wvalues of WR, on monthly basis|are shown in

table 5. #erodynamic term can be calculated as f‘oivl.low:-
s 3 Ay e e = 36{9 mburs

mean

x4

36,9 - 28,8 3.;1 mbars
i
U |

0462

129.6 Kms/day f(u)
end (1 -W) =(1-0.78) = 0.22 ?
1

The calculated values of (e, - eg), f(u) and (1 - W) on monthly
basis are shown in table 6, x

Table 7 shows the values of radiation terms » derodynamic terms
and evapotranspiration of reference crop (ETo) whic%h calculated by
Hodified Penman equation, The value of ETo in table 7 are designated

g l
as El‘o3 .

|
i

METHOD 4 PAN EVAPORATUON

The value of evapotranspiration of refercnce crop can be deter=-

mined from pan evaporation by this relationship:
|

B iw K
!

Epzm 5ts depth of water evaporated from class A% pan in mm/day,

Kp is pan coefficient depend upon the relative humi*iity and wind

speed, pan environment and type of pan,
Example
Month June 1976 Place Chiangmai |{Thailand
Data
Ep 0% = el mm/d:.-;y
= ¢!
RHmean =3 ’ o
Wind speed = 175 Kms/day (1ight)
Upwind distance of green crop 10 m, ,
K s 10,85
ETo = 0.85 X 5,1 ;’

= 4e8 mn/day

























Table /4 ETo, Calculated by Radiation

v .

method

23

onth vh e L G N B o B paihy D,
Jan 7 19.5 8.8 66 Q7S 11,00 41,4 000,80 7,41 0.76 w350
Feb . 22,1 9.5 . 63 0,75 11,5  .12.9 0.7 0,83 8.58 0.7 ' 4.39
Mar 25.6 < 8.0 64, 0475: 12,0 145 0.7p 0.67 - 8,48 0,76 L.60
App i 0283 8,101 687 1,50 12,67 015.6 0.7 0,64 BB 0.7 L.
May i 27.6-.6,0: 73 14507 134 16,2 0.7B 0.46 7.78 0.69 . 3,89
dmn 27,6 5,6 50073 S 150°13.3 5 16,3 0,78 0,42 .50 0,68 3.9
Jul 27,90 3.6 9073 (1507 13.25 316,27 0,78 0,27 1 6.4 06943, 06
Aug 1 26,6 3.0 1785 11,50 12,8 20159 0.7800.23 | 5,80 0,69 c 2.7
Sep L2057 760075 12,37 4.9 078 0,06 7,150 0.69° 13,55
Oct 26,3 6.7 75 075 1.7 13.5 0.7 0.57 7.22 0.69 [3.49
How 242 Aok 530075 1,25 1.8 0,700 0,39 5,95 0 b 0 5
De¢ . =214 7,1 7 6B - -°0,75 10,9 10,9 0.72. 0,65 6,27 10,76 3,13
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Table 10 Comporison between EToq and ETo,,

Efo;  ETo, Di di di?
en?3 2.4 0.53 0.38 0. 1444
4e 12 3¢5 0.62 0.47 0,2209
b5 3.8 0.45 0.30 0.0900
4-91 4-9 0.01 -Oo 14— 000196
beo 34 47 -0.36 -0, 51 0.2601
ke 56 4e3 0.26 0.11 0.0121
4. 60 4.0 0.60 0.45 0.2025
3027 3.6 -0033 —Polkg 0.2304
3.15 4ol -0.95 -1.10 1.2100
3.52 3‘4 0.12 -0.03 5 0.0009
3.06 3.1 -0.04 -0.19 0.0361
3.19 242 0.89 0.74 045476
Di = 1.8 &% . 2,978
D=0.15 5Nt 0270

2 .

SB = 0,0225

S- h

5 = 0.1501

t =" 10,9992

From table 10,90 = 1.36
t 0.80 = 0.876
ETo, and ETo, are difference at a level of significance of 0,20

1 b
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