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ABSTERACT

Seasonal evapotranspiration of BR-3 variety of rice has,ﬁeen
calculated by five predictions methods, namely the modified Penman,
the Hargreaves, the fhornthwaite, th; ran evaporation and the
Blaney—Cfiddle methods by Jsing three vyears climatologic#l data
from the .Amla farm, Kushtia and C%mpared with the observed
evapotranspiration. .The accuracy of prédicticn has-been'tested by
determining the- correlation coefficiéntt_ the ‘ccefficient of

efficiency-and the root mean sguare of each method. Also the t-

test for mean difference has been performed.

Considering the seascnal evapotrgnépiration values obtaine& by
different methods, the numeridél values of the correlation
coefficient,_coéfficient of efficiency, root mean square and "t-
statistic, and the climatic data re&giwement, the modified Peﬁman
'méthod and tﬁe Hargreaves method seem to provide the best estimate
of the evapotranspiration icf BR-3 Boro rice for the c¢limatic
écnditions considered. The daily evapqtranspiration of BR-3 Boro
rice during the entire growing season (Deéember‘to May): varies
frem 5.413 mm/day to 5.80 mm/day and the mean déily
evapotranspiration is 5.63 mm/day. The consumptive use reguirement
for BR-3 Boro variety of rice is maximum in the month of April when

the crop is in the reproductive phase.
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CHAPTER 1

INTRODUCTION

Bangladesh is predominantly an agricultural country having 8.18 million ha
of net cropped land for a population of about 111 million with decreasing
land-man ratio (BB3, 1993}, The food grain production has been increasing day
by day but fails to meet up the national demand caused by the rapid ﬂxcrease
in population makes the country as one of the food-deficit regions of the world.
During the fiscal year 1992-—93 the food deficit stocd at 1.21 million metric tons
(Food Situation Report, 1993). This acute problem can be overcome by increasing
food production per unit area per unit time which is directly associated with
agricultur:ﬂ wa't_:er management, because the scope of increasing the amount of

land per capita is limited,

Rice, the main agricu'ltural crop of Bangladesh, cccupies about 80 percent
of the total cropped area of the country. The total areé il*l‘igatéd by various
.methcds is 3,02 million ha and the area covered by Boro rice is near about 2,60
million ha of which 2.12 million ha are irrigasted (BBS, 1993). Of all the rice
growing seasons in Bangladesh, the Boro season is characterized by dry weather
with a little é)r no effective rainfall to meet the consumptive use requirements.

As a result, crops during the Boro season depend almost entirely upon irrigation

In the past three decades, a number of high-yielding rice varieties were
released by Bangladesh Rice Research Institute (BRRI) for the Aus, Aman and
Boro seasons. A series of HYV varieties such as BR~1 (Chandina), BR-2 (Mayna),

BR-3 (Biplob), BR-11 {Gazi), BR-15 (Mochini}), BR~16 {Shahi Balam), BR-17 (Hasi),




BR-18 (Shahjalal) and BR-19 (Mcngol) have been recommended by BRRI for
cultivation in Bangladesh. The BR-3 variety of rice created a tremendous impact
cn the rice-farming of Bangladesh because of its high yield per ha, broad
spectrum of disease resistance and wide adaptability for all rice seast;ns. This is
why BR-3 has Hbeen recommended for a large scale commercial pro-;iuction in

Bangladesh with immediate effect as Boro, Aus and Aman crops,

Knowledge of water requirements of different crops is essential for efficient
planning, design and operation of an irrigation project. In Bangladesh, sufficient
systematic studies have not been undertaken to determine the water reguirements
of various important crops and, as such, specific researéh data on this wvital

aspect of irrigation are limited.

The three constituents of water requirement to grow rice are
evapotranspiration (ET), seepage and percolation and surface drainage. Of them
only evapotranspiration is the true water requirement for crop growth, but in
supplying it, some seepage and percolation and surface drainage are inevitable,
Evapotranspiration can be measured directly or can be predicted indirectly. The
lysimeter is the only direct method in which the experimenter can obtain accurate
and continucus measurements of evapotranspiration. The other direct methods are
soil moisture depletion studies and the water balance method. Direct methods are
laboricus, time-consuming and‘ expensive.  Prediction methods for
evapotranspiration are often qsed in irrigation planning owing to the difficulty
. of obtaining accurate field data. The prediction methods use meteorological
parameters for estimating evapotranspiration. Several methods are available for

computation of evapotranspiration. Primarily, the choice of & method depends




upon the metecrological data available and the needed accuracy of estimation.
such formulae have often been used under agro-climatic condifions, different
from those for which they are originally developed. However, it is necessary to
test the adaptaAbility of these formulae by correlating with acﬁua] measurement of

[

evapotranspiration under & new sets of conditions.

Of the several prediction methods available for estimating Ireference crop
evapotranspiration, three approaches hgve been used by different inveétigators
in Bangladesh (Saleh and Fatema, 1988), These are (1) the Blaney - Criddle
method, {2} the radiation. method, and (3) the modified Penman method. Saleh and
Fatema (1988) made & comparative study of these methods for estimating
evapotranspiration of rice using climatological data from 10 stations in Bangladesh
by using the coefficient of efficiency of each_mefhod. The results of the study
showed that of the three methods, the modified Penman method gives the best
prediction followed by the radiation and the Blaney-Criddle metheds. Helim (1992)
made a comparativé study of eighteeri empirical and semi-empirical equations from
18 stations by using cor1~e1ati§n coefficient, coefficient of efficiency and root
nlean square, Tﬁe results; showed that the Papadakis method, the Makkink method, _
the Stephens-Stewarqd method, the Penman method and the Blaney-Criddle method
mcdified by FAO are suitable for estimating ETG' for the climatic conditions of
Bangladesh. The above authors compared between the ET-values obtained by
different prediction methods but did not compare their results with the ET

obtained by direct methods.

The aim of the present study is to estimate the ET of BR-3 variety of rice

Lising climatological data and compare the estimated ET with measured ET. Thus,




the present study will give an insight intoc the relationship between i‘neasured
and estimated ET of rice and it will provide a guideline for using empirical
equations to estimate ET of rice. The specific objectives of the present study are

to

(1) estimate the ET of BR-3 variety of rice in the Boro season by five
prediction methods, namely, the modified Penman, the Hargreaves, the

Thornthwaite, the pan evaporation and the Blaney-Criddle methods,

(2} gtudy the relationship between measured and estimated ET of rice,
and
(3) find out the equation which gives the best estimate of ET of rice,




CHAPTER 1I

REVIEW OF LITHERATURE
2.1 Water Balance in an Irrigated Field

Irrigation is the controlled application of water to arable lands to supply
crop requirements not satisfied by natural precipitation (Houk, 1960}, After the
occurrence of a heavy rainfall or heavy a}laplication of irrigation water to a field
having the water table at a considerable depth below the scil gurface, only a
gmall amount of water is evaporated from the soil or water surface and from the
wet surface of the vegetation. The remaining portion infiltrates into the upper
ccil layers and occupies the larger pore spaces., This water, commonly known as
the soil moisture, is used up in three v)‘ays. A portion, commonly known as the
gravity water, percolates downward to the groundwater. Another portion moves
laterally across the boundaries of the irrigated plot and is commonly referred to
as the side or lateral seepage loss. The third portion of scil moisture is

4
dispersed into the smaller pore spaces ,E:vf soil and is known e:s the capillary
molsture which_r is gradually drawn up and evaporated from the soil surface.
Plants supplement this process by drawing capillary water from the soil and
passing it to the air in the process of ti:ranspiration (Hobba, 1961).

f

2.2 The Evaporation Phenomenon

Evaporation (EV) from natural surfaces, such as open water, bare soil or
vegetative cover, is a diffusive process by which water in the form of vapor is
transferred from the underlying surface to the atmosphere. The essential

reguirements in evaporation process are:




(1) the source of heat to vaporise the liquid water, and

(2) the presence of a gradient of concentration of water vapor between

the evaporating surface and the surrounding air.

The source of energy for evaporation may be solar energy, the air blowing
over the surface or the underlying surface itself, Evaporation can, however,
occul only when the vapor concentration at the eva_porating surface exceeds that
in the overlying air. The fundamental principle of evaporation from a free gurface
was enunciated by Dalton (1802) who gtated that evaporation is a function of the
difference in the vapor pressure of the water and the vapor pressure of the

overlying air.

Factore affecting evaporation include the difference in vapor pressure at
the water surface and in the air above, air and water temperatures, wind,

atmospheric pressure, and quality of water. Also nature of the evaporsting

n

urface such as soil surfaces, vegetation, snow and ice influences the rate of
evaporation.
|
Evapocration is proportional to the difference betweén the vapor pressure
of the water { ) and the vapor pressure in the air (e } above the water surface,
and continues until €, T € The higher the temperature of water, the greater the

energy of the water molecules. Evaporation does increase with the temperature

of the water surface,

Evaporation increases with the increase of wind speed but decreases as
some high value of wind speed is approached. The rate of evaporation is less for

salt water than for fresh water and decreases aB the specific gravity of water




increases. The evaporation rate decreases about 1 percent for each 1 percent
incresse is specific gravity until crushing takes place, usually at a specific

gravity of about 1.30 (Linsley et al., 1985)
2.3 The Transpiration Phenomenon

Transpiration is the process by which water vapor leaves the living plant
body and enters the atmosphere. It involves continuous movement of water'from
the soil into the roots, through the stem and out through the leaves to the
atmosphere. However, unlike evaporation from a water surface, transpiration is
modified by plant structure and stomatal behavior operating 1n conjunction with

the physical principles governing evaporation,

Transpiraﬁion is the dominant factor iﬁ plant-water relations. This is
because evaporation of water produces the energy gradient which causes the
movement of water between the leaf and the 'bulk air outside and constitutes the
driving force which is responsible for the movement of water vapor in
transpiration from the leaf inte the air (Kramer, 1972), As water vapor escapes
frem the leaf inte the air, a diffusion preésure deficit or tension is set up in the
spongy cells of the leaf which is passed on down through the xylem to the root
tips. When a greater tension exists in the root cells than in the soﬂ the roots
absorb water. This; water moves upward from root to stem to petiole and thence
to the leaf (Lull,1961), Most water vapor escapes through the stomata when they
are open because the resistance to flow is relatively low in the pathway. When
the stomata cloge, transpiration continues slowly through the epidermal cells and

cuticle but at & much lower rate than the evaporative power of the air.
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The climate, the soil and the plant factors influence the transpiration. The
important climatic factors affecting transpiration are light inténsity, atmospheric
vapor pressure, temperature and wind, The scil factors are those governing the
water supply to the roots. The plant factors include the extent and efficiency of
root systems in moisture absorption, the leaf area, 1eat; arrangement and
structure and stomatal behavior. Transpiration cobvicusly has some. important

effects on the physiology and behavior of plante (Meyer, 1852). o
2.1 BR-3J Variety of Rice

The BR-3 (Biplob) wvariety of rice was recommended by BRRI as a
high-yielding variety of rice in 1973. This variety was developed from the croes
between IR—506-1~133 (IRRI, Philipines) and Latisail (Bangladesh), It is a
drought-resistance variety and has the highest yield-po’téntial amongst all of the
high-yielding varieties of rice in Bangladesh. It is resistant to all the prevalent
diseases except the sheath blight to which it is moderately susceptible {BRRI,

1971},
2.5 The Consumptive Use of Water

The consumptive use of water or the evapotranspiration (ET) denotes the
gquantity of water transpired by plants during their growth or retained in the
piant tissues plus the moisture evaporated from the surface of the soil and the
vegetati@m. According to Doqrenbos “and Pruitt (1977), the reference crop
evapotranspiration (ETG) is defined as the rate of evapotranspiration for extensive

surface of 8 to 15 cm tall green grass cover of uniform height actively growing



completeh‘r shading the ground and not short of water. The term consumptive
use is used to designate the losses due to evapotranspiration ar;d the water that
iz used by the plant _for_ its metabolic activities, Since the water used iﬂ the
actual metabolic processes is insignificant (less than 1% of ET), the term

consumptive use is gelnerally taken equivalent to ET.

The -consumptive use of water is affected by many factors which operate
either singly or in combination. Some factors are mé,n—made while others are
related to natural influences and the environment (Blaney, 1952). The important
natural factors are the climatic factors which include precipitation, solar
1*é.diation, temperature, humidity and wind moverhent. In general, low values of
consumptive use are registered on days- which are rainy, humid, cloudy and calm,
whereas high values are registered on dry, sunny and windy days {Doorenbos
and Pruitt, 1977). The amount of water that the ground will abscrb and make
available for consumptive use of the plants varies widely with the scil type

(Criddle,1952).

The effects of all the factors mentioned earlier on the consumptive gse\'of
water are not necessarily constant but are likely to fluctuate from farm to farm,'
rseason to season and day to day. The gmount of water used increases with plant
growth, reaches a peak during some stage of the growth period and then .tapers
off during harvest time. Nevertheless, for optimum production at a specific
location, a specific crop does require a fairly definite amount of water during the

growing season (Erie et al., 1965).




2.6 Direct Determination of ET for Rice

of _the several methods for direct determination of ET, the lysimetric
technigue is the most reliable. A field studs'f was carried out in Kottamparomba,
Kerala, India for estimsting water requirements for the Culture 20 and
Pattanbi-20 wvarieties of rice by' using microlysimeter and the tot.;tl water
reguirements were found to be 1250 mm and 1300 mm, respectively (Rao et al.,
1988), The ET of direct-sown rice CVDR 92 was measured by -a floating type
lysimeter during the wet season of 1981 in western Orissa, India and the water
requirement and water use efficiency was G68 mm 'and 35 kg/cm, respectively.
(Tahs et al.,, 1988).The actual ET of rice CVRD-25 was determined By uéing
lysimetgr method, at Bangkok, Thailand in 1983 and daily seascnal a.veraée ‘of
actusl ET was found 8.68 mm (Shaha et al., 1986). The ET of Samridhi rice was
studied in central India ;‘vith two volumetric lysimeters in the centre of each field

and ET was found 615 mm (Sastri et al., 1985).

The first ever study in the area of water requirements for. rice in
Bangladesh was initiated by FAO in 1958 at the Amla experimental station of the
G.K. Project (Huang, 1963). "I‘his study was continued up. fo 1962 and it invclved
9 trials -—- 1 for Aus, 5 for Aman and 3 for Boro. The seasonal consumptive use
of water for Aus was 500 mm, the daily water consumption rate being 8.38 mm.
For Aman, the seasonal consumptive use values varied from 800 mm to 1122 mm
whereas the daily consumptive use values varied from 7.62 mm to 10,67 mm. For
Bore, the seasonal and daily consumptive use values ranged from 861 mm to 1513

mm and 8.12 mm to 11.68 mm, respectively.
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Another tank study was made at the Amla experimentsl station during the
pericd 1966-67 to determine the consumptive use of Aus (Dharial}, Aman
(Nizersail) and Boro (Khoyab_oro) varieties of rice (Hugq et al.,, 1970). The average’
seasonal consumptive use of water for Aus, Aman and Boro varieties of 'rice were
found to be 881 mm, 903 mm and 965 mm, respectively, and the average daily ET
for these varieties were found to be about 11.17 mm, 8.38 mm and 8.12 mm,

respectively.

A field lysimeter study conducted in 1971 on the loamy soil of Bangladesh
Agricultural University farm reported thdt the ET of IR-8 variety of rice during
the Aug season was 1110 mm and the average daﬂy 1-s.te of ET was 9.90 mm. The
percolatlon loss was found to range from 38 mm to 110 m per week on the loam
soil {(Biswas and Ali, 1976). A lysimeter study was conducted at BRRI farm and the
ET for the BR-3 variety of rice was found to be 1110 mm for the period

April-July and the ratio ET/EV was 2.1 (Halim, 1977).
2.7 Pi‘ediction of Evapotranspiration Using Climatic Data
There ig a series of equations for predicting ET of different crops based

on readily available climatic data. These methods are grouped according to the

nvolved climatic data and shown in Table 2.1,

11



Table 2.1 Classification of estimating methods based on climatic
data (After Jensen, 1973)

Classification : Method

Combination Kohler, Nordenson and Fox {1951)
Penman (1918, 19€3) .
van Bavel-Businger {1956, 1966)

Humidity * Ivanov {1951)
Ostromecki (1965)
Papadakis (1966)

Miscellaneous Behnke-Maxey {1969)
Christiansen (186€8)
Olivier (1961)

. Makkink (1957)
Stephens-Stewart (1963, 1965)
Turc (1961)

Temperature Blaney-Criddle (1967)
Thornthwaite (1948, 1955)

The Blaney-Criddle and the Thornthwaite methods are discussed in detail
in Arti_cles 2.10.1 and 2.10.6, respectively. The other methods quoted in Table 2.1

are discussed briefly in the following sections.
2.7.1 Kohler, Nordenson é.nd Fox Method

The equation for this method ie given by (Kohler, Nordenson, and Fox (1951)})

R +
E&:o_v.i_ﬁé_xﬁﬁél
A+y,
RA Y \
20,7 [—2—+—L_F,] - (2.1)
Avy, A+y, ®
where,
E, = (ef-e,)"(0.37+0.0041W)
E = evaboraﬂon from lake in inches




vapor pressure deficit in inches Hg

e;-6,

wind speed in mile/day
net radiation SXpT essed as the equivalent depth of evaporation

in inches

i

W
Rﬁ

2.7.2 Penman Method

The original Penman equation (Penman, 1918) is given by

- ST A 2.2
ET, Aﬂ)‘Jﬁﬁﬁwﬁ'ﬂ (2.2)
where,
ETa = reference crbp evapotranspiration in mm/day
H = R,(1-r)(0.18+0. 56n/N) -0T3(0.56-0.92,/8;) (0. 10+0.902 )
{0, 10 + 0,90 n/N)

A = slope of the saturation vapor pressure-temperature curve, mm Hg/o

¥ = constant of wet and d1y bulb hygrometer equation ‘

E. = wind~related function
= 0.35 (ea - ed) {1 + 0.0098 UZ) mm/day

= angcot value of short wave radiation from sun and sky, mm/day

Ry

r = albedo or reflection coefficient of the surface
n/N = ratio between actual and possiblé hours of sunshine
¥ = Stephens-Boltzman constant

=.2.01 x 107 mm/day/ !
T = temperature of air, ﬂK

saturation vapor pressure at dew-point temperature, mm Hg

e, = saturation vapor pressure at Ta; mm Hg

Uz = mean wind velocity at 2 metre height, miles/day.
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2.7.3 Van Bavel-Businger Method

The Van Bavel-Businger eguation (Van Bavel~-Businger, 1966) is given by

Y 0.622Apk* - Ug (e?

A
E=—— (R [ -
v (Ra*6) * By p (lnz/z,)? o=

Ay

where,
A | = weighti ) ter
W = ghting parameters .

R, = net radiation in cal em !
G = heat conducted to the soil surface in cal cm'z il

ef-e, = vapor saturation deficit

2.7.4 Ivanov Method

The equation is given by (Ivanov, 19%1)

0.0018 (25 + T)* (100 - r.h.)

E =

where,
E = evapotranspiration in mm/month
T = temperaturer in?c

and r.h.= %xloo

€z

2.7.5 Qstromecki Egquation

The Ostromecki equation is given by (Ostromecki, 1965)

Etl = BH da
where,
Et = evapotranspiration in mm/day
di = average daily vapor pfessure deficit in mb
I?rH = hygrometric coefficient

1

(2.3)

(2.1}

(2.5)




2.7.6 Papadakis Method

Papadakis (1966) proposed the equation
E.,=0.5625 (emx=€;)

(2.6)
where,
Etp = monthly potential Et in cm,
O = saturation vapor pressure corresponding to average daily maximum
tempersture in mb
e =

the average vapor pressure for the month in mbr.

2.7.7 Behnke - Maxey Method

Behnke - maxey method (1969) is given by
£ ' '

Bemgs™e @
where,
EIE = the simulated wet bulb depression in UC,
T =

mean air temp in ‘e
wd = Water requirement constant for months and latitude,

2.7.8 Christiansen Method

Christiansen (1968) developed an equation for estimating USWB Class A pan

evaporation from which potential Et can be estimated. The equation is given by
Etp = 0,755 E‘i‘ Cn C,'?' CHZ CHZ (2-8)
where, '

E
¥

measured class A pan evaporation
T

il

mean air temperature in G F
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W mean wind velocity 2m above the grcund in mile/day

o)
i

mean relative humidity in percent

possible sunshine in percent.

w2

2.7.9 Olivier Method

O]iv.ier (1961) proposed an equation for m‘.anthly potential evapot'ranspiration
based on the average depression of the wet bulb temperature and & radiation
latitude factor based on clear sky values of solar radiation by latitudes and
months. The equéﬁon is given by
Ey = DWy - ' : (2.9)
where,

EW = Basgic water 1.*equirernent in mm/day at latitude ¢,

D = mean monthly depression of the wet bulb in -UC

W¢ water requirement constant for months and latitude.

2.7.10 Makkink Method

Makkink (1957) presented an equation for estimating Ez for grass over 10-

day periods under cool climatic condition of the Netherlands _which iz given by
A Rs ' ,

E=0.61——,—>=-0.12 2.10

g A+y 58.5 : ( )

where, E, = evapotranspiration rate in mm/day (R]1 = 0.0 Rs) and other symbols
are ss previously defined.

2.7.11 Stephens - Stewart Method

Stephens (1965) developed the equation

R N
E, =(0.014T-0.37 L .
ep= ¢ ) 1500 (2.11)
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- where,
evapotranspiration in inch/day

Etp =
T = mean air temperature in ¢ F
Rs - golar radiation at land surface in mm/day.
2.7.12 Turc Method
Turc (1961) gave the following two equations for  potential
evapotranépiration for 10-day periods under climatic conditions of western
Europe. — .
For r.h. > 50
- T
Eq,p.0137F;f§(R5+50) {2.12a)

For r.h. <50
- T 50-x.h.) (o
E,, 0.013 715 (R5+50) (1+—-——-———70 r(u.lzb)

where,
il

T = average temperature in 'C
Rs = solar radiation in langleys/day.
2.8 Use of Prediction Methods for Estimating Evapotranspiration in Bangladesh

Of the several prediction methods available for estimating reference crop

evapotranspiration,three approaches have been used by different investigators

in Bangladesh{Saleh and Fatema, 1988), These are:
(1) the Blﬁney-Criddle method
(2) the radiation method, and
(3) the modified Penman method.
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The Blaney—Criddle method was used for the calculation of ET ifx the Wa.ter
Master Plan of East Pakistan (IECO, 1961). The method was also used for the
calculation of ET of rice in G.K. Project (EPWAPDA, 1968). Jenkins (1981)
calculated the ET for different regions of Bangladesh by using the radiation
méthod. He also recommended its use for rice and other crops. The modified
Penman mgthod has been widely used for the calculation of ET in different
regions of Bangladesh (Acres International Overseas Ltd., 1970; IBRD, 1972).. Karim
and Akand {1982) alsc used the modified Penman method for computing water
requiremente of different crops. Master Plan Organization (MPO, 1984) has used
the estimate of Karim and Akand {1982) for crop water reguirements. The modified
Penman method was used for estimating the crop water requirement of rice in the
Teesta Barrage Project (BUET and BWDB, 1987). FPCO (1993) used the Penman-
Monteith approach for predicting the reference Crop evapotl'#nspiration for

Jamalpur priority project study.
2.9 Studies on Estimated vs. Observed Evapotranspiration of Rice

Sufficient studies have not yet been undertaken to compare between
estimated and observed ET of rice. A relationship study was undertaken between -
observed and estimated ET of rice by using five empirical equations, namely the
modified Penman, the pan evaporation, the modified radiation, the modified
Blaney-Cridle and the Jensen-Haise methods in ’i‘hailand {Qurban et al., 1990). The
best performance was obtained by the modified Penman method as it possessed
a real correlation between estimated and observed ET. Sastri et al. (1985) showed

that the ET/EV ratic varied from 1.78 to 1.24.
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5aleh and Fatema (1988) made a comparative study of three methods namely,
the Blaney—Criddle, the radiation and the modified Penman method for estimating
evapotranspiration of rice for 10 etations in Bangladesh by comparing the
coefficient of efficiency of each method. The actual ET - values were estimated
frém pan evaporation data. The results of this study showed that the modified
Penman method gave the best prediction followed by the radiation and the

Blaney-Criddle methods.

Halim (1992) computed mean monthly reference crop evapotranspiration by
using eighteen empirical and semi-empirical equations and compared the ;:omputed
ETO-values with actual ETO- values obtained from the pan evaporation. The
" accuracy of prediction has been tested by considering the correlation coefficient,
the coefficient of efficiency and the root mean sguare of each method. The
" Papadakis method, the Makkink method, the Stephens-Stewart method, the
Blaney-Criddle method modified by FAO and the Penman method have been' féund

suitable for estimating ET0 for the climatic conditions of Bangladesh.

2.10 The Prediction Methods Considered

2.10.1 General

As stated earlier, there are _many methods of estimating reference crop
evapotranspiration (ETO) of different crops. The choice of a method depends upon
the meteorologicgﬁl data available and the needed accuracy of estimation. In the
present study, five different prediction methods have been usgd to compute ETO

of the BR-3 Boro rice based on readily available climatic data. These methods are
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i, the modified Penman method

ii. the Hargreaves method

iii. the Thornthwaite method

iv, the pan evaporation method, and

v. the Blaney-Criddle method.

The methods considered in this study are grouped according to their‘
climatic data reduiremen‘cs in Table 2.2 and preeentsd in the following sections.
The minimum time periocd used for the calculation of ET0 by the prediction

v

metheds considered is given in Table 2.3,

Teble 2.2 Climatic data required by different methods

Method Temperafure Humidity|Wind{SunshinejRadiation Evaporation
Modified Penuan + + |+ + - {+}

Hargreaves ' + +

Paq evaporation ¥ ¥ a -+
Blaney-Criddle v | x

Thornthwaite +

+ data used directly to compute ET0
% data used to compute coefficients, correction factors etc.

(+) data to be used if available but not necessary
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Table 2.3 Minimum time periods for the gelected methods

Method . Reconmended . Remarks
minimum
time period

Modified Daily Penman used daily values to obtain
Penman coefficients, but evaluated the
equation over 10-day periocds

Hargreaves -1 Daily

Pan evaporation | Daily or
hourly

Blaney-Criddle Seasonal
(monthly if
locally
calibrated)

Thornthwaite Monthly

2.10.2 Modified -Penman Method

Based on intensive studies of the climatic and measured grass
evapotranspiration data from various research stations in the world and the
available literature on- prediction of ET or ETG, Doorenbos and Pruitt (1977)

proposed a modified Penman method, which is given by

ET, = C [W.R + (1-W) f(u) (e,-e))] _ (2.13)

where,

e
]
£l

reference crop evapotranspiration in mm/day
W = temperature-related weighing factor
R = net radiation in equivalent evapotranspiration in mm/dajr

f{u)

wind related function
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(ea-ed) = difference between the saturation wvapor pressure at mean air
temperature and the mean actual vapor pressure of air in mbar
¢ = - adjustment factor to compensate for the effect of day and night

weather conditions.

The modified Penman method is a combination approach in which both
energy-balance and gerodynamic terms appear explicitly in a single relationship.
This method has been used extensively in England by governmentl agencies and
private companies who are providing computerized irrigation scheduling services
for farmers. Due to the interdependence of the variables composing the equation,
the cor}*ect use of units in which variables need to be expressed is important.
However, it is far more readily applied than either the energy-budget or the
acrodynamic equations from which it was derived; so evapotranepiration equation

of the modified Penman or combination type is amongst the most widely used in

hydrology today {Thom and Oliver, 1977).

2.10.3 Hargreaves Method .

The Hargreaves equation is given by (Hargreaves, 1985}

ET = 0.0023 R, (T, + 17.8) ) | (2.14)
where, |

ETO = peference crop evapotranspiration in ﬁlm/day

R, = extraterrestrial solar radistion in mm

T” = gverage of minimum and maximum temperatures in °c

T, = difference between maximum and minimum temperatures in ic

22




This method has been used extensively in Latin America to estimate crop
water requirements. This method does not have any adjustments for site specific

conditions of elevation or humidity as does other combination methods.

2.10.4 Thornthwaite Method

Thornthwaite (1948) assumed that an exponential relationship existed between
mean monthly temperature and mean monthly consumptive use. The formula was
originally developed for the purpose of a rational classification of the broad
climstic patterns of the world.'Thornthwaite proposed the following formula for

potential evapotranspiration for a month of 30 days:

ET,=1.6 [l%—t] * (2.15)
where,
ET = 30-day value of estimated ET in cm
i = mean monthly air temperature in 'c
I = annual or seasonal heat index being equal to the
summation of 12 values of mohthly heat indices i
i = (t/5) 1,54
a = -an empirical exponent computed by the egquation
a = 0.0000000[’3'}’513-0.000()1”1"}'12 + 0.017921 + 0.19239

Equation (2.15), however, gives only unadjusted rates of reference crop
evapotranspiration. Since the number of days in a month varies from 28 to 31
and since the number of hours in the day between the onset of

evapotranspiration in the morning and its termination in the evening varies with
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the season and with latitude, it becomes necessary to reduce or increase ‘the
' unadjusted rates by a factor which varies with the month and the latitude. These

factors are given in Table 2.1,

Table 2.4 The adjusting factor for reference crop evapotrangpiration
computed by the Thornthwaite equation

Latitude,
deg J F M A M J J A 5| 0 N D
0 | 1.0410.9411.04}1,01}1.04}1,01}1.01;1.0431.01 1.041.011.04
10 " 11.0010.91{1.03|1.03{1.08]1.06]1,08|1.07 1.0211.0210.9810.99
20 0.9510.9011.0311.05{1.13|1.11}1.14{1.11}1.02 1,00(0.93]0.91
30 0.90/0.87]1.03}1.08{1,18|1.17{1.20]1.14 1.03 0;98 0.89|0.88
35 0.8710.85!1.0311.09]1,211.21{1.23}1.16|1.03 0.97(0.86(0.85
10 0.8410.83(1.03{1.11§1.24;1,25{1.27]1.18]1.01 0.96]0.83{0.81
45 o.80l0.81}1.02|1.13|1.28]1.29]1.31|1.21)1.04 0.91]0.7940.75
50 0.7110.78/1.02{1.15{1.33}1.36|1.37{1.25 1;06 0.92]0.76}0.70

% Source: Criddle {1958)

The Thornthwaite formula gives a 1‘easonablé estimate of ETO in the

temperate, continental climate of North America where the formula was originally
derived. The drawbacks of the formula as enumerated by Chang (1968) are as

follows:

i} Temperature alone is not a good indication of the energy av'ailable for

evapotranspiration.
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ii) Air temperature of a place lags behiﬁd radiation.

iii) Accofding_ to this formula, ET will cease when the mean temperature falls
below 0 °C which by no means is true, although the amount of evaporation
will be very small, |

iv) The formula does not take into account the wind effect which might be an
important factor in some areas. ‘
v} It also does not consider the effect of warm and cool air- on the

‘temperature of a place.

The Thornthwaite method, despite its obvious limitations, has enjoyed
considerable success in humid climates throughout the world (Bruce and Vipond,

1988},
2.10.5 Pan Evaporation Method

Evaporation pans proﬁde a measurement ofl the 'int;egrate.d effect of
radiation, wind, temperature and humidity on evaporation from a specific opeh
water surface, Sharma and Dastarice {1968) suggested that the standard United
States Weather Bur eau Class A open pan evaparimeter or the sunken screen open
pan evaporimeter be used for the measurement of evaporation. The relationship
between reference crop evapotranspiration and the pan evaporation suggested by
Doorenbos and Pruitt (1977) is

(2.16)

ETG = KP‘ Epan
- where,
ET = relerence crop evapotranspiration in mm/day'

y
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E__ = pan evaporation in mm/day and represents the mean daily value of
the period considered |

KP = pan coefficiént which depends on wind speed, mean relative

humidity, type of the pan used and windward distance of green

crops or dry fallow from the pan.

Values _for K, are given in Table 2.5. The K?—values relate to pans
located in an open field with no crops taller than 1 m within some 50 m of the
pan. The pan station -is placed in an agricultural area. The pan is unscreened.
In selecting the appropriate value of Kp to relate Class A pan data to ETﬂ , it ié

necessary to consider the ground cover of the pan station itself, that of the

surroundings and general wind and humidity conditions.

The pan coefficients given in Table 2.5 apply to galvanized pans annually
painted with sluminium. Little difference in EP&R will show when inside and outside
surfaces of the pan are painted white. An increase in Epan of up to 10 percent

may occur when they are painted black. The material from which the pan is made

may account for variations of only a few percent.
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Table 2.5 Pan coefficient {K ) for Class A pan for different groundcover
and levels of mean relative humidity and 24 hour wind

Class 4 pan Case A: Tan placed in short green |Case 8" :ran placed in dry fallow area
cropped area
RH aaqn® low medium high low medium high
4@ 4G-70 » 70 <40 40-70 »70
Wind ¥indward side Windward side
kmjday |[distance of . distance of
green crop dry fallow
(m) (m)
Light i .55 .85 .15 1 4 T .8 .85
<175 10 .63 .75 .85 10 B T .8
. 100 o1 .8 .85 i0¢ .55 .65 .15
1060 .75 85 .85 1000 .5 . N .7
Hoderate 1 5 N .65 1 .65 .75 .8
175-425 10 W6 W7 .75 10 .25 .65 o
100 .65 .75 .8 100 W5 .6 .65
1006 T .8 .8 1000 45 .55 .6
Strong 1 .45 .5 .6 ) 1 .6 .85 T
425-700 10 .85 N .65 ) 10 .5 .55 .65
100 .6 .65 o7 100 45 .5 .6
1000 .65 .7 .75 1600 .4 .45 .55
very 1 4 .45 5 1 .5 .6 .65
strong 10 +45 55 .6 10 45 +5 .55
» T8 100 .5 6 165 100 N ) .45 .5
100¢ .55 .6 .65 1000 34 .4 A5

For extensive areas of bare-fallow scils and no agricultural development, reduce

by 20% wunder hot, windy conditions and by 5-10% for moderate wind,
témperature and humidity conditions '

Source: Doorenbos and Pruitt (1977)
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2.10.6 Blaney-Criddle Method

Blaney and Criddle {1950) observed that the amount of water consumptively
used by the crops during their growing seasons was.closely correlated with mean
monthly temperatures and daylight hours. The relaticnship developed by Blaney

and Criddle in FPS unite may be stated as

Er=¥" k£=Yy" XtP 2,17
2 2 Too (2.17)
where,

ET = seasonal consumptive use of water by the crop for the given period

in inches - i

k = empirical consumptive use crop coefficient for the month

f = monthly consumptive use factor for the growing seascn

t = mean monthly temperature in °F

Doorenbos and Pruitt (1977) recommended the following relationships for
f in mm/day in the Blaney-Criddle formula:

f

25.4 {p x t}/100 (2.18a)

when t is in °F, and

f p{0.46 t + 8.13) , ' {(2.18b)

)

when t is in °C,
' Using Eq. (2.18b) in Eq. (2.17), the Blaney-Criddle formula can also be

expressed as

BT, = p(OJEt + 813) I A T
where,
ETG = reference crop evapotranspiration in mm/day for the month
considered
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P = monthly daylight hours exprgssed as percent of daylight hours of
the year divided by 100

t = mean monthly temperature in °ic

Doorenbos and Pruitt (1877} point.gad oﬁt that the Blaney~ Criddle method to
calculate the mean daily reference evapotranspiration (ETO) should normally be
applied for periods not shorter than one month and for each calénder menth for
esch year of record, instead of using mean temperature from several years of

record.

Blaney and Criddle (1950) developed a simplified formula using temperature
and daytime hours for the arid western portion of the United States. Their
formula has been used extensively by the Seil Conservation Service of the United
States Department of Agriculture wherein considerable data have been collected
to determine the values of the co'efﬁcienté to be used for various crops. The
Blaney-Criddle formula has a serious limitation in representing consumptive use
for shorter time periods than‘ one month due to the use of temperature as the
conly climatological variable. However, this formula ‘ha-s been used very
extensively.. In some instances, fhe monthly crop coefficients have been
recalculated to better fit observed crop water use in a particular regio;l; It is
an empirical formula developed to fit arid conditions and will give good estimates

of seasonal watef needs under these conditions.
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2.11 Testing of Accuracy of Different Prediction Methods

Several types of statistice such as standard deviation, mean deviation,
coefficient of variance, Kolﬁogorov - Smirnocy test, D-test, xz—t_:est, correlation
coefficient, coefficient of efficiency, yoot mean square and the t-test provide
useful numerical measures of the degree of agreement between recorded
(observed) and predicted gquantities. Out of them, 1 statistical approaches, viz.
the correlation coefficient (r), the coefficient of efficié_ncy (Ce), the root mean
square {(rms) and the t-test for the mean difference have been used for
comparing between the observed and the estimated evapotranspiration of rice anci

they are presented in the following sections.

2.11.1 Correlation coefficient

The correlatién coefficient, v, is defined as (Haan, 1977 )

Cov (S,R)
U . {2.20)
Sgp ‘
where,
Cov (S,_R) - covariance between predicted and recorded series
SS’SR - standard deviations of the predicted and recorded series,
respectively. '

A high correlation coefficient closer to 1 indicates closer agreement between

the two series and a zero correlation coefficient indicates no agreement.
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2.11.2 Coefficient of efficiency

1 The coefficient of efficiency, C,, is defined as (James and Burges, 1982)

N
Z [(Si'Ri) /Rilz .
0 =41 (2.21)

= -
?_j (R;/My-1)2
=

where,

Si and ‘R.l items in the predicted and recorded series, respectively.
MF. = mean of the series Ri
N = no. o'f"o_bservations.

The value of Ce should approach zero as the two geries reach complete agreement.

2.11.3 Root mean square

The root mean sguare {(rms) is given by (Jensen, 1973)
Tms = \’ (Ri-Si) 2/N - (2-22)
Like C;, it should be equal to zero when the measured and the predicted va.lués

are in complete agresment.

2.11.4 t-test for mean difference

rI.‘he t-test statistic has been determined to show whether the difference
between the mean observed and estimated ET are significant or not. The t-test
statistic is given by (Zaman et al, 1982).
e 22X (2.23)

s/17n,+1/1,

with, n1+nz-—2 degrees of freedom,
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where,

X, = mean of the first sample (ie. observed ET)

352 = meaﬂ of the second sample (i.e. estimated ET)

n, = sample size of the first sample {i.e. observed ET)
ny = sample size of second sample (i.e. estimated ET)

5 = combined standard deviation of the two samples

=\l (n,-1) 2+ (n,-1) 8}

N, t1,-2
When ny =m =n § = \/0.5(51!-'--9_;’) ' : (2.21)
If the calculated value of .t is less than its tabulated value at 1% or 5%
level of significance, then the hypothesis is accepted and the difference is -
insignificant. If the calculated value is greater than the tabulated value, the

hypothesis is rejected and the difference is significant.
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CHAPTER III

METHODOLOGY

3.1 Data Collection

1.1.1 Site selection

A set of 16 lysimeters, each having a volume of 1 cubic meter, has been
constructed by Bangladesh Water Development Board {BWDB) at the Amla
experimental farm, Kustis. The layout plan of the Amla experimental farm is shown
in Fig. A.1 of Appendiz-A. This fai*m is located in the G.K., project area, about
15 km west of Kustia citry" and lies approximately at 23053’N latitude :,Q.nd 8908’E
longitude. The total area of the farm is 56 ha. A éood number .;Jf experiments
were conducted at the Amla experimental farm- to determine the water
requirements 61’ crops with simultaneous collebt;ion of climatic data from the

adjacent climatological station.
3.1.2 Collection of observed ET and climatological data

Various types of experiments such as water requilfements of different locsal
and HYV varieties of rice, effect of fertilizer dozes on the production of rice,
intggrated pest management, etc. were conducted by BWDB at Amla farm in Kustia,
An exﬁerimen’c was conducted at Amla farm to ascertain water requirement of BR-3
variety of rice in the Boro season on lysimetric condition in G.K. area for the
yvears 1987-88, 1988-89. and 1989-90, respectively {Fakir, 1990)., The procedure for

determining the water requirement of BR-3 rice is as follows:




The soil of éach lysimeter was brought to the field capacity goil-moisture
status and then a measured amount of water was added in the lysimeter to

puddle the surface soil The BR-3 rice seedlings were transplanted to the

lysimeter pan at the-rate of two seedings per hi:ll with 20 cm X 20- cm spacing.
About 2.5 cm standing water was maintained for 25 days for seedling
establishment. After 25 days of transplantation, water was drained out from the
lysimeter until it reached the field capacity le;vhel.- The amount of water added
{including rain water) minug the percolating wate%r ig considered to bf’ the ET or
consumptive use of water for the establishment period. In a similai!f; way, the
observed ET for other periods (mostly for 15-day period) during the'growing
season of the crop was calculated. The obsel;ved' ET-values for ﬁifferent
irrigation treatments are shown in Table 3.1 t}ifough Table 3..9.
‘,“ .-

Lysimetric data on ET of BR~-3 rice for the period from 1887~ 88 to 1989-90
have been collected from the Amla farm. The climatological data such as
tempéré.ture, solar radiatioﬂ, wind velocity, relative humidity, pan gvaporation and
rainfall for the same period have also been coléected from the same station a.nd-

(]
<

are given in Appendix-A.
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Table 3.1 Irrigation requirement of BR-3 Boro rice under different levels
for the year 1987-88

Date Treatments Irrigation| Rainfall ‘Percolation Water consumed
{cm) (cm) (cm) {cm)
T, 101,27 18.55 13.258 76.57
26.12.87 .
to T2 67.19 18.55 33.97 o B1.77
5.5.88 : -
Ta 26.82 18.55 15.82 29.55
Ta 58.71 18.55 31.5¢ 16.72
Tl - (Continuous standing water {2.50 to 5.0 cm)
Tz = Always saturated condition
T3 = Rainfed condition

T} - Saturation for a period of 10 days and then allowed to dry upto hair-
cracking and then added water to saturation and‘maintained saturation

again for 10 days and then dried again .and sc on.

Table 3.2 Effect of irrigation treatments on the growth and yield of BR-3 Boro
for the year 1987-88

Treatment{Date of |Date of |[Total Plant No. of Length of |No.of Yield Grain [Reduction
Transg- maturity}growing|height |effective panicle fertile]|{ton/ha}|straw |in yield
planting perioda| (cm) tillers {(cm)} grain/ ratioc Yover max.

{days) ] panicle . {%)

T, 26.12.87f 9.5.85 111 75.5 23.50 23.37 124.0 6.46 1:2.3 -

T, 26,12.87| 9.5.88 177 72.0 16.75 22.25 111.25 3,0 1:2.7 25.79

T3 26.12.87] 2.6.88 201 40.75 7.25 13.25 23.75 0.41 1:21.7 93.65

Ty 26.12.587{ 9.5.88 177 72.0 15,50 22,25 }110.75 4,18 1:2.8 38.29




Table 3.3 Irrigation requirement of BR~3 Boroe rice under different
irrigation levels for the year 1988-89

Date Treatments {Irrigation{Rainfall |Percolation|Water Consumed
(cm) (cm) {cm) (cm)
T, 132.98 1.03 51.88 82.13
18.12.88
to Tz 109.78 1.03 15,01 £€5.8
11.5.89 >
Ty 103.05 1.03 11,38 €2.7

Table 3.4 Effect of irrigation treatments on growth and yield contributing
characters of Boro rice for the year 1988-89

Date of |Date of |Treatments|Plant [No.of Length [No. of Yield Grain jReduction
Trans- maturity height|effective of fertilej{ton/ha)jstraw }lin yield
planting ) tillers panicle|grain/ ratio jover max.
(cm) : {cm) panicle (%)
15.12.55{14.5.589 Ty 77.09 |15.25 22,37 93.75 4.51 1:2.8 -
15,12.83114.5.59 T, 72.25 |11.50 21.75 84.25 3.17 1:3.2 25.71
15.12.385}14.5.85% Ty 71.25 §11.50 21.75 81.75 2.7 1:3.353 40,13

Table 3.5 Irrigation requirement of BR-3 Boro rice under different
irrigation levels for the year 1989-90

Date Treatments|Irrigation Rainfall |Percoclation(Water Consumed
{cm) (cm) (cm) {(cm)
19.12.89 T, 114,65 29.2 66.10 77.75
to
10.5.90 T, 69,89 29.2 50.89 18.20

Table 3.6 Effect of irrigation treatments on the growth and yield contributing
characters of BR-3 Boro rice for the year 1989-%0

Date of Date of | Treatment|Plant {No. of {Length No, of |Yield Grain | Reduction
trans- maturity height{tillers]of panicle[filled |(ton/ha){straw | in yield
planting (cm) {cm) grain/ ratio | over max.
. . panicle (%)
19.12,89 § 12.3.90 Ty 73.34| 15.08 | 20.54 §2.08 9.0 1:1.33 -
18,12.59 | 12.5.90 Ta 70.37] 15.55 | 20.54 79.32 7.3 1:1.67 35.21
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Table 3.7 Seasonal irrigation requirement, percolation, rainfall and
water consumed for the year 1987-88

Date Irrigation | Rainfall Percolation Water Consumed
(cm) (cm) (cm) {cm)
26.12.87 . i
1o . 11.02 - 6.57 1,45
19,1.88
20,.1.88
to : 10,88 - 6.16 1.42
3.2.88 :
'1-2088 ) )
to 10.24 - 5.10 1,841
18.2.88
1.2.88 :
- to : .09 J3.48 5.61 8.07
1.3.88 ' :
5.3.88
to . 9.01 1.95 1.69 9.27
19.3.88 .
20.3.88
tO . 14-'12 0053 5055 9040
3-'1-88 ,.
404-88 i .
to 22,18 - 1.30 . 17.88
18.4.88 :
14.41,88 |
to . 13.32 9.59 1.67 18.21
5.5.88
Grand Total 101.27 18.55 13.25 76.57
(cm)
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Table 3.8 Seasonal irrigation requirement, pércolation, rainfall
and water consumed for the year 1988-89
Date  Irrigation{ Rainfall } Percolation Water Consumed
(cm)} (pm) {cm) {cm)
18.12.88
to 12.82 - 5.72 7.10
11.1.89
12.1.89
to 11.23 - 6,25 1.98
26.1.89
27.1.89 . '
to 11.89 - 1.66 7.23
10.2.89
11.2.89
to 13.39 0.75 5.77 8.37
25.2.89 ’
26.2.89 _
to 11.66 - 5.92 8.71
12.3.88 .
13.3.89
tO 16042 - 7-05 9!37
27.3.89
28.3.89
to 11.15 0.15 3.64 10.66
11.1.89 '
12.4.89 :
to 20,7 - 7.35 . 13.35
26.1.89
27.1.89 _
to 17,72 0.13 5.52 12,33
11.5.89
Grand Total| 132.98 1.03 51.88 82,13
{(cm)
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Table 3.9 Seasonal irrigation requirement, percolation, rainfall and
water consumed for the year 1989-90
Date Irrigation | Rainfall | Percolation Water Consumed
(cm) (cm) (cm) {cm)
19.12.89 ‘
to 11.74 2.1 8.74 5.10
12.1.90
13.1.80 :
tO 8!57 - 5|42 ) 3115
27.1.80 :
28.1.80
to 13.31 - 7.16 5.85
11,.2.90 '
12.2.90
to 6.25 6.6 7.92 1,93
26.2.590
27.2.80 _
to 7.81 6.80 6.77 7.84
13.3.90
14 L] 3 . 90
to 16.33 - . 6.63 9.70
28.3.90 '
29.3.90
to 15.08 6.30 7.79 13.59
12 . "1 v 90 ’
13 . '1» . 90
to 20.26 3.10 7.10 15.96
27 ) '1 . 90
28 * '1 . 90
tO 15-30 '1-30 7!97 11063
10.5.980
Grand Total 114.65 29.20 66.10 77.75
{cm)
39
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3.2 Data Analysis

3.2.1 Estimation of evapotranspiration

The modified Penman, the Hargreaves, the Thornthwaite, the pan evaporation

b '
and the Blaney-Criddle methods have been used to estimate the ET0 of BR-3 Boro
rice for the same period for which the observed ET and the climatological data

are available. The detail procedure for estimating ETG is given in Appendix-B.

The reference crop evapotranspiratio&i ETO, obtained by different methods
has been multiplied by the crop coefficient (Kc) of rice to obtain the actual
evapotranspiration ET. The crop qoefficient of rice for different months is taken
from Doorenbos and Pruitt (1977) and is given in Table 3.10. Karim and Akand
(1981}, Saleh and Fatema (1988) and Halim (1992) also used the same crop

coefficient of rice,

Table 3.10 Crop coefficient (Kc) of rice for different months (Doorenbos and
Pruitt, 1977) _

.
1

Month (Jan Feb | Mar | Apr May Jun Jul Aug Sep (0ct Nov Dec

{Ke 1.151 1.25| 1.0 | 1.10] 1.15| 1.30 {1.0 |1.10 {1.15 {1.30| 1.0 1.10
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CHAPTER IV

RESULLTS AND DISCUSSIONS
4,1 General

AS | stated earlier, five methods,l namely the modified Penman, the
Hargreaves,the Thornthwaite, the pan evaporation and the Blaney-Criddle
methods, have been used to detérmine the evapotranspiration of BR-J rice in the
G.K. project area using climatological data for the crop season December to May
of the years 1987-88 to 1989-30. In order to.st_:udy'the effectiveness of these
methods, the predicted ET has been compared with the actual ET. The accuracy
of prediction has been tested by the statistic&llapproache.s such as correlation
coefficient (v}, coefficient of efficiency (Ce)’ root mean square (rms) and
t-statistics for the test of mean differencef The results of the present study are

presented and discussed in the following. sections.
4.2 Comparison between Observed and Estimated ET

The actual {(observed) ET for BR-3 Boro variety of rice for the crop season
December to May of the years 1987-88 to 1989-90 is given in Table 1.1, From this
ta;ble it is seen that the actual ET of BR-3 Boro crop for the entire growing
season varies from 76.57 cm to 82,13 cm. The lengths of growing season in

1987—88, 1988-89 and 1989-90 are 132, 145 and 143 days, reépectively.




Table 4.1

Observed evapotranspiration of BR-

1 Boro variety of rice

GGrowing Length of | Observed ET Mean daily Mean daily
s€ason growing during the | ET during ET for 3
season growing the growing growing
season Seas0N 5€a50NS
(days) (cm) (nm/day) {mm/day)
26.12.87
to 132 76.57 5.80
5.5.88
18.12.88 .
to 115 82.13 5.66 5.63
11.5.89
19.12.89
to 143 77.75 5.13
¥10.5.90

¢
I

From these values
is found to range from 5.43 mm/
three growing seasone being 5.63 mm/day.
the mean daily ET of BR-3 Bor

practicsally insignificant and well within 1% of-its

The mean daily values of
methods for the crop season December to May of the year
given in Table 1.2 an

computed by the five methods for different dates are pY

1.4, 1.5, 4.6 and 1.7, respectively,

12

, the average daily ET during the entire growing season
day to 5.80 mm/day; the mean daily ET for the
It is seen tﬁat the difference between
o variety of rice in the three growing seasons is

average value of 5.63 mm/day.
ET in different months obtained by different

d the comparisons between the observed ET and that

s 1987~88 to 1989-90 are

esented in Tables 4.3,




Table 1.2 . Monthly mean daily ET (mm/day) by different method
1987-88 to 1989-90

s for the years

Mean daily T (mm/day) in the month of (Mean Mean
Method jYear daily ET daily ET}
Dec | Jan | Feb Mar Apr May for the for 3
growing growing
geason S€8S0NS
(mm/day)| (mm/day
1987-8812.61 |1.41 {4.27 4.33 16,38 { 6.15 1,79
Modified
Penman ]1988-8%{3.22 |3.21 }5.42 5.63 18.07 { 8.56 5.58 1,92
1989-90(2.95 [3.27 {41.68 1.15 6,40 | 7.23 1.40
1987-88(3.06 |3.70 {41.97 5.09 |6.88 | 6.14 5.12
Har-
greaves |1988-89(4.20 3.55 |6.12 5.66 |7.39 | 7.92 5,18 5.05
1989-901(2.78 }3.31 |4.85 4.14 5.85 | 6.72 4.57
1987-88(1.53 |1.21 |2.34 3.37 7.71 7.62 3.69
| Thornth- -
waite 1988-89}2.78 10.81 |1.90 3.18 |8.19 |12.21 4.23 3.67
1989-90(1.08 |1.14 2.29 2.83 5.62 | 7.28 3.08
1987-88(1.18 {1.514 |1.93 2,92 1.01 1.18 2.67
Pan
evapora-|1988-89]1,60 {1.70 2,32 2,76 {4.53 | 1.15 2.80 2.81
tion -
1989-9011.35 |1.43 1.61 2.32 |3.23 1 3.00 2,13
1987-88{4.11 {1.34 |5.60 5.21 6.87 { 7.30 5.49
Blaney-
Criddle |1988-89[1.60 }1.31 5,60 5.24 7.00 | 7.93 5.61 5.53
1989-90(3.92 }4.43 |56.71 5.07 [6.58 | 7.31 5.50
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Table 1.3 Datewise comparison between observed ET (am/day) and ET
(nm/day) estimated by the modified Penman method

1987-88 1988-88 1983-90
Date 4 S 5 Date 3 SR ETgnt Date BTops {ETest
26,12,87 18.12.68 19,12.59
to 1.78 3.98 to 2.84 3.32 to 2.04 3,10
19,1.58 11.1.89 12.1.90
20.1.88 ‘ 12.1,89 13.1.90
to 2.95 4,38 " to 3.90 3.24 to Z.10 3.27
3.2.88 26.1.89 27.1.90
4,2.88 27.1.89 28.1.90
to 3.23 4.27 to 4,82 4.69 to 3.90 4.30
18,2.88 : 10.2.89 11.2.50
19.2.88 11.2.89 12.2.90
to 5.38 4.29 to 5.58 5,42 to 3.29 4.68
4.3,88 25.2.5% 26.2.90
5,3.88 26.2.89 . 27.2.90
to 6.19 | 4.33 to 5.83 5,58 to 5.23 §.48
19,3.88 g 12.3.89 13,3.90
20,3.88 : 13.3.89 14.2.90
to 6.27 4,74 to 6.25 5.63 to 6.47 4.45
3.4.58 27.3.89 28.3.90
4.4.58 258,3.89 29.3.90
: to 11,92 6.38 to 7.11 7.41 to 9.06 6.01
18.4.88 11.4.89 12.4.00
19.4.88 12.4.58% ‘ 13.4.9¢
to 10,73 §.30 to 8.90 8.07 to 10.64 6.40
5.5.585 26.4.89 27.4.90
27.4.89 28.4.00
to §.22 8.40 to 8,95 |5.10
11.5.89 10.5.90
Mean 5,80 4.79 5.66 5.58 5.43 | 4.40
% diff. -17.41 -1.41 -18.96
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Table 1.1 Datewise comparison between observed ET {mm/day) and ET
(mm/day) estimated by the Hargreaves method

1987-88 - 1985-89 1989-90
Dlate ETobs ETest Date ETobs ETest Date ET hg ETeat
26.12.87 18,12.88 19.12.89

to 1.78 3.54 to | 2.84 3.01 to 2.04 | 3,03
19.1.58 11.1.89 12.1.90
20.1.88 12.1.89 13.1.90

to 2.95 3,97 to 3.32 3.55 to 2.10 | 3.31
3.2.88 26.1.89 27.1.90
4.2.88 27.1.89 28.1.90

to 3.23 5.15 to 4.82 1.59 to 3,90 | 4.43
18.2.88 10.2.89 11.2.90
195.2,88 11,2.89 | 12.2.90

to 5,38 5,13 to 5.58 5.12 to 3.29 | 4.83
4.3.58 25.2.89 26.2,90
5.3.85 26.2.89 27.2.90 :

to 6.18 5.00 to 5.83 5,55 to 5.23 | 4.49
19.3.88 i 12.3.89 13.3.90
20.3.88 13.3.89 14.3.90

to 6.27 5.45 to 6.25 5.66 to 6.47 | 4.45
3.4.88 27.3.89 25.3.90
1.4.88 28.3.83 29.3.90

to 11.92 6.88 to 7.11 6.92 to 9.06 | 5.57
18.4.88 11.4.89 12.4.90
15.4.88 . 12.4.89 -1 13.4.90

to 10.73 6.64 to 8.g0 . | 7.39 to 10.64 | 5.85
5.5.88 26.4.,89 : 27.4.90

27.4.89 28.4.90
to 8.22 7.71 to 8.95 | 6.52
11.5.89 10.5.90
Hean 5.50 5.12 5.66 5,48 5.43 | 4.57
% diff. -11.72 -3.18 -15.83

15




- Table 4.5 Datewise comparison between observed ET. (mm/day)
and ET (mm/day) estimated by the Thornthwaite method

1987-88 1068-89 1983-90
Date ETobs EThqt Date ETobs ETest Date ETobs ETest
26,12.87 18.12.88 19.12.89
to 1.78 | 1.28 to 2.84 | 1.91 . to 2.04 1.10
19.1.88 - 11.1.89 12.1.90
20.1.88 ' 12.1.89 13.1.90
to 2,95 | 1,43 to 3.32 | 0.81 to 2.10 1.14
3,2.88 26.1,89 , 27.1.90
4.2.88 27.1.89 28.1,90
to 3.23 | 2.34 to 4.82 | 1.53 to 3.90 1,98
18,2.88 10.2.89 11.2.90 .
19.2.88 11.2.89 12.2.90
to 5.35 | 2.61 to 5.58 | 1.90 to 3.29 2.29
4.3.88 25.2.89 26.2.90
5.3.58 20.2.89 27.2.90
to 6.18 | 3.37 to 5.83 | 3.16 to 5.23 2.75
19.3.88 12.3.89 13.3.90
20.3.88 13.3.89 ' 14.3.90
to 6.27 | 4.24 to 6.25 | 3.48 to 6.47 2.83
3.4.88 27.3.89 25.3,90
4.4.85 ' 28.3.89 28.3.90
to 11.92 | .7.71 to 7.11 | 7.15 to 9.06 5.06
15.4.88 11.4.89 _ 12.4.90
19.4.88 12.4.89 13.4.90
to 10.73 | 7.68 - to 8.90 | 8.49 to  |10.64 5,62
5.5.88 26.4.589 27.4.90
27.4.89 28.4.90 :
to 8.22 |11.24 to 8.95 6.89
11.5.89 10.5.90
Mean 5.80 | 3.89 5.66 | 4.23 5.43 3.09
¥ diff. -36.38 -25.26 -43.09
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Table 4.6 Datewise comparison between observed ET (mm/day) and ET
(mm/day) estimated by the pan evaporation method

1987-88 1988-89 ~ 1089-90

Date Bl ps | Elesc | Date ET,ps | E¥est Date ' |ETops | Eest
26.12.87 18.12.88 19.12.89

to 1.78 1.52 " to 2.84 1.64 to 2.04 1.38
19.1.58 11.1.89 12.1.90

20.1.98 12.1,89 _ 13.1.90 -

to 2.95 1.62 to 3.32 1.70 to 2.10 1.43
3.2.85 26.1.89 27.1.90
4.2.88 27.1.89 28.1,90

ta 3.23 1.93 to | 4.82 2.11 to 3.90 1.56
18,2.88 10.2.89 11.2.90
10,2.88 11.2.89 12.2.90

to 5.38 2,10 to 5.58 2,32 to 3.29 1.61
4.3.88 25.2.89 26.2.90
5.3.58 : 26.2.89 27.2.90

to 6.18 2.92. to 5.83 2.67 to  {5.23 2.22
19.3.88 12.3.89 ©13.3,90
20.3.58 13.3.89 14.3.90

to 8.27 3.20 to .25 2.76 to 6.47 2,32
3.4.88 27.3.89 28.3.90
4.4.88 28.3.89 ' 29.3.90

to 11.92 1.31 to 7,11 4.06 to 3.08 3.03
18.4.88 11.4.89 12.4.90
19.4.88 12.4,89 13.4.90

to | 10.73 4,27 to 8.90 4.53 to 10.6% 3.21
5.5.88 26.4.89 27.4.90
27.4.89 28.4.90

to 5.22 4.25 ta 8.95 3.04
11.5.89 10.5,50

Hean 5,80 2.67 5,66 2,80 5.43 2.13

% diff. -53.36 -50.53 -60.77
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Table 1.7 Datewise comparison between observed ET (mm/day) and ET
(mm/day) estimated by the Blaney-Criddle method

1987-88 . 1986-89 1959-90
Date ETops | ETest Date ET,ps | ETest | Date ETops | ETest
26.12.87 : , 15.12.88 | - 19.12.89 '
to 1.78 4,29 to 2.84 4,47 . to 2,04 4.16
19.1.88 il.1.88 12.1.90
20.1.88 12.1.89 ' 13.1.90
to 2.95 4,59 to 3.32 4,31 to 2.10 4,43
3.2.85 26.1.89 27.1.90
4.2.88 27.1.89 28.1.90
to - 3.23 5,60 to | 4.82 5,17 to 3,90 5,36
18.2.88 10.2.89 11.2.90
19.2.88 11.2.89 12,2.90
to 5.38 | 5.49 to 5,58 5.60 to 3.29 5.71
4,3.88 25.2.89. 26.2.90
5.3,88 26.2.89 27.2.90
to .18 . | 5.21 to 5.63 '{ 5.31 to 5.23 5.15
19.3.88 ©12.3.89 13.3.90
20.3.88 13.3.89 _ 14.3.90
to 6.27 5,54 to 6.25 5.24 to .47 5.87
3.4.88 27.3.89 28.3.90
4.4.88 28.3.89 29.3.90
to 11:92 |.6.87 to 7.11 6.53 to 3.06 6.27
18.4,88 11.4.89 12.4.90
19.4.88 . 12,4.59 13.4.00
to 10.73 6.99 to g.90 | 7.00 to 10.64 6.58
5.5.88 26.4.89 27.4.90
- 27.4.89 28,4.90
to 8.22 7.68 to 8,95 7.18
11.5.89 10.5.90
Hean 5.80 | 5.49 5,66 | 5.61 , 5.43 5.50
X aiff. -5.34 -0.88 11,29
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From Table 42, it is seen that the seasonal ET-value computed by different
methods vary considerably. The ET-values predicted by the paﬁ evaporation
method are the lowest and those pledlcted by the Blancy-Cnddle method are the
higheﬂst. The ET- alues given by the modlfled Penman, the Har greaves and the
Blaney-Criddle methods seem to be near to one another. The Thornthwaite and
the pan evaporation methods give ET-values which are considerably lower than

those predicted by the other three methods.‘

From Table -1.3,.it is readily seen that the cbserved ET varies from 1,78
mm/day to 11.92 mm/day and the estimated ET celchl&fed by the modified Penman
method varies from 3.10 mm/day to 8.07 mm)day. For the‘entir'e- growing season,
the daih mean obs served ET varies. from 5.43 mm/day to 5.80 mm/day and the
daily mean ET estimated by the mod1f1ed Penman method varies from 4 ’10 mm/day
to 5.58 mm/day. Th1s method overestlmates the actual ET during first t.wo months
of its growing season and underestimates the actual ET durmg the rest of the
" growing season. The modified Penman method tends to underestlmate the observed
BT in all the years, the pe1 centage of undelestlmatlon being 17.41, 1 40 and 18.96
in the years 1987-88, 1988-89 and 1989-90, respectively. This method 85 a whole

underestimates the observed ET by 12.59%.

Fiem Table 1.4, it is seen that the ET computed by the Hargreaves inethod
varies from 3,03 mm/day te 7.77 mm/day. The mean- ET estlma.ted by the
Hargreaves method varies from A1. 57 mm/day to 5.18 mm/day. This method |
averestimates the actual ET for more than two months afte1_~ transplanting of the
rice plants and underestimates the actual ET for the rest of the g'r‘dwing ‘season

upto the maturity stage. The Hargreaves method tends to underestimate t'hel
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observed ET in all the years, the percentage of underestimation being 11.72, 3.18,
15.83 in the years 1987-88, 1988-89 and 1989-90, respectively. This method as a

whole underestimates the observed ET by 10.21%.

Frmﬁ Table 1.5, it iz seen that the ET computed by .the Thornthwaite
method varies from 0.81 mm/day to 11.24 mm/day. The mean ET estimated by the
Thornthwaite method wvaries from 3.09 _mm/day to 1.23 mm/day. This method
underestimates the actual‘ ET more than three ﬁxonths after transplanting of rice
rlants en;nd overestimates the actual ET during rest of the growing period. The
Thornthwaite method tends to underestimate the observed ET considerably in all
the years, the percentage of underestimation being 36.38, 25.26, 13.09 in the
years .1987-88, .1988-88, 1989-90, respectively., This method as a whole

underestimates the observed ET by 34.91%.

From Table 4.6, it is seen that the ET computed by the pan evaporation
method varies from 1.38 mm/day to 4.53 mm/day and the mean daily ET for the
entire growing season varies from 2.13 mm/day to 2.80 mm/day. This method
underestimates the abtual ET during entire growing season. The pan evapor:iation
method tends to underestimate the observed ET in all the years considerably, the
percentage of underestimation being 53.96, 50.53, 60.77 in the years 1987-88,
1988-89, 1989-90, respectively. This method as a whole underestimates the

cbserved ET by 55.02%.

From Table 4.7, it iz seen that the ET computed by the Blaney-Criddle
method varies from 4,16 mm/day to 7.68 mm/day and the mean daily ET for the

whole growing secason varies from 5.50 mm/day to 5.61 mm/day. The
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Blaney-Criddle method tends to underestimate the observed ET slightly in the
years, 1987-88 and 1988-89, the percentage of'underestimation being 5.34 and
0.88, respectively and overestimate the actual evapotranspiration by 1.29% in the

year 1989-90. This method as & whole underestimates the observed ET by 1.64%.

From the results presented in Tables 4.3 through 4.7, it is apparent that all
the five methods, viz. the modified Penman, the Hargreaves, the Thornthwaite, the
pan evaporation snd the Blaney- Criddle methods, underestimate the actual or
observed ET, the percentage of underestimation as & whole for the growing
seasons being 12.58, 10.21, 34.91, 55.02 and 1.64, respectivély. Thus, comparing
between the actual ET and the ET computed by the five prediction methods, the
Blaney-Criddle method seems to be -best, followed by the Hargreaves and the
modified Penman methods. The ET—iralues obtained lby the Hargreaves and the
modified Penman methods are very near to one another. The ET-values cbtained
by the Thornthwaite and the pan evaporation methods are considerably lower

than the actual ET-values.

The variation of actual and estimated ET by different methods with time of
the growing . season have been ghown in Figs. 1.1 to 1.3 for the years 1987-88
to 1989-90, respectively. From these figures, it is apparent that the rate of water
consumption of BR~3 rice plants depends upon ite stage of growth. Initially,' right
after transplanting, the water needs of the rice plants are relatively low because
of limited leaf area and lower physiological activities of the rice plants ét that
time. As the growth continued,the consumptive use needs of the plants increased
gradually and reaéhed a maximum value in the booting stage when the vegetative

growth of the rice plants was also maximum. In the entire reproductive phase,
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the rate of water consumption was very high compared to the vegetative phase
(tillering phase}. After the heading stage, the water needs of the crop reduced

gradually in the ripening phase.

From Table A.1 through Table A.J of Appendix-A and Figs. 1.1 to 4.3, it is
found that the water requirement for BR-3 Boro rice is maximum in the monthl
of April. It is stated earliei‘I that in our country the Boro season is
characterized by dry weather having s little or no éffective rainfall. Due to dry
climate anc_l high wind velocity in the month of April, water loss due to
transpiration ie extremely high. For BR-3, the month of April becomes more
critical because it coincides with the booting and heading stages (reproductive
phase) of the rice plants. Hence ‘any moisture stress_ in this month will cause
considerable damage -t,o the BR-J Boro crop resulting in substantial decrease in

grain yield.
1.3 Accuracy of prediction

\The' correlation coefficient (r), the coefficient of efficiency (Ce), the root
mean square (rms) and the t-static for the different methods are presented in
Table 4.8, From this table, it is seen that the average value of the correlation
coefficient {r) of all the methode is high, eque;.l to or greater than 0.90. However,
in terms of this coefficient, the ranking of the different ﬁ]ethods are (1) the pan-
evaporation method (r = 0.97 ), {2) the modified Penman method {r = 0.95), (3) the
‘ Hargreaves method (r = 0.93), (1) the Thornthwaite method (r = 0.92) and (5) the

Blaney-Criddle method (r = 0.90).
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Table 4.8 Correlation coefficient (r), coefficient of efficiency (Ce)' root mean
ggquare (rms) and t-statistic of different methods
Method Year Cbrrel&tion Coefficient |Root mean t-statistic
coefficient| of efficiency|square
{r) - (Ce) (rms) ted | tews |Remarks
1987-88 0.94 (.88 2.85 1.34 2,11 %
Modified - - N
Penman 1988-89| 0.98 0.08 0.10. 0.07 2.12 ¥
1989-90 0.94 0.88 2,22 0.89 2.12 *%
1987-88| 0.94 0.65 2.54 - | 0.50 | 2.14 %
Hargreaves
1988-89 0.97 0.20 0.69 0.21 2,12 *%
1989-90 0.88 0.48 2.37 0.75 2,12 *k
1987-88 0.96 0.43 2.50 0.95 2.11 %
Thornthwaite -
1988-8% 8.87 2.17 2.48 0.96 2.12 ¥%
1989-90 0.93 1.03 2,81 1.72 | 2.12 %
1487-88 0.97 0.72 1.08 1.16 ?'2.14 *%
Pan . : -
evaporation {1988-89 0.95 2.39 3.13 3,69 2.12 *
1989-30 0.98 .62 1.24 3.00 2.12 *
1987-88 0.92 1.11 2,63 0.23 2,14 *%
Blaney-
Criddle 1988-89 0.93 0.52 1.01 0.05 2.12 %
1989-90 0.85 1.18 2.29 0.05 2.12 *%
* = Significant
¥% = Not significant
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The coefficieﬁt of efficiency of different methods, as -fdund in Téble' 4.8;
varies from as low as 0.08 (the modified Penman method) to 2.39 (the pan
evaporation method). Considering the average value of this coefficient for the
three growing seasons, the Hargreaves method. (Ce = 0.44) and the modified
penman method (Ce = 0,61) seem to be better than the Blaney-Criddle (Cﬁ = 1.15),

the Thornthwaite {C, = 1.21) and the pan evaporation (Ce = 1.24) methods.

As it is seen in Table 4.8, the root mean square (rms) value of different
methods varies over a wide range from 0.10 to 4.24, In terms of the mean rms
value, the modified penman method {rms = 1.82) and the Hargreaves method (rms
= 1.87) and thé Blaney- Criddle method (rms = 1,98) seem to be better than the

Thornthwaite {rme = 2.60) and the pan evaporation {rms = 3.82) methods.

The t-values for the mean test has been presented in the same table to
sho{v the existence of statistical difference between the actual ET and the
ectimated ET by different methods for the three years. It is seen that no
statistical difference exists between the observed and the estimated ET except the

result obtained by the pan evaporation method.
4.4 Best Prediction Method for B&ngladeah'

Considering the seasonal ET obtained by different methdds, the numerical
values of 1, Ce, rms,and the t-statistic and the climatic data reguirements, the
following two prediction methods seem to be satisfactory for the climatic

conditions of Bangladesh:
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1. The modified Penman method

2. The Hargreaves method

The modified Penman Ametho-d requires air temperature, relative humidity,
wind velocity and solar radiation (or sunshine hours) Tfor predicting
evap;atranspiration. In fact, most of the climatic parameters which have influence
on the rate of evaporation are included in the modified Penman method and this
is the reason why the modified Penman method provides the best prediction of
ET, This method has been widely used all over Ithe world and the applicability
of this method for predicting evaporation and evapotranspiration from a surface
regardless of its size, shape and climatic location is beyond any doubt. As stated

earlier, this method has alsc been widely used in Bangladesh.

The main attraction of the Hargreaves method may be that it requires sir
temperature and eolar radiation {(or sunshine hours) only for predicting
evapotranspiration and thus it is comparatively simple in its application. As
st#ted earlier, the Blaney-Criddle, the radiation and the modified Penman method
have been used by the different organizations in Bangladesh for computing ET
of different crops. The radiation method has not been considered in the present
stud:}. The works of Saleh and Fatema (1988) and Halim (1992) established that
this method is far less satisfactory than the modified Penman method for
estimating ET of rice., The results of the pfesent study seem to indicate that the
Blaney-Criddle method is satisfactory so far as the prediction of ET is concerned.
However, in terme of correlation coefficient, coefficient 6f efficiency and root
mean square, this method is not as satisfactory aé the modified Penman and the

Hargreaves methods.
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4,5 Poesible Sources of Error

One possible source of error in this study might be the water loss by .

leakage through the concrete té.nk. 'The lysimeter"of Amla farm 1is old and due to

lack of proper maintenance .the loss might occur, Howeve:r, the seasonal

consumptive use values do not suggest any appreciable -source; of error of this

kind. - ' _ ' . i

The error of pbservation, if any, was supposed to be vei:y small, because

1]
"

such an ervor would be random and in both directions (positix:'re and negative).

Such errors are also expected to be somewhat self-compensatory. in nature.

On thé whale, it may be concluded that .no ‘substantial

s

error has been

involved in the experiment and the results obtained seem satisfactory. -
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CHAPTER V |
CONCLUSIONS AND SUGGESTIONS FOR

FURTHER STUDY
5.1 Conclusions

The following = conclusions could be drawn from this study on the
relaticnship between cbserved and estimated evapotransepiration of BR-3 Boro

variety of rice.

1. The modified Penman method and Hargreaves method seem to be the
best methods for predicting the evapotranspiration of BR-3 Boro

variety of rice.

2. The daily evapotranspiration of BR-3 Boro variety of rice during the
entire growing season (December to May) varies from 5.43 mm/day

to 5.80 mm/day and the mean daily ET is 65.63 mm/day.

J. The rate of water consumption of BR-3 rice plants depends upon its
stage of grthh_. After transplanting, the water needs of the rice

. . i
plants increase as the vegetative growth of the plant continues and

reaches the maximum at the booting and heading stages

{(reproductive phase).

4. The consumptive use requirement for BR-3 Boro ricé is maximum in
- the month of April which coincides with the booting and heading

stages (reproductive phase) of the crop.




5.2 Suggestions for further study

The present study is limited to the prediction of evapotranspiration for one

crop, one location and one season only. Consequently, the following suggestions

are made as to the determination of consumptive water needs of different crops:

1.

3.

Similar study may be undert.akén for a number of seascns to obtain

results representative of average climatic conditions.

Similar study may be repeated for different locations of Bangladesh
to obtain results representative of the climatic conditions of the

country.
The study mafr be extended for Aus and Aman seasons.

The study may be undertak‘en for other crope like jute, wheat,

pulses, potato, etc,

There are a variety of methods for predicting evdpotranspil*ation of
crops. The study may be extended to determine the
evapotranspiration by other methods not considered in the present

study.

The present study has been undertaken to determine the
evapotranspiration only. The study may be extended to determine the

irrigation water requirements of different crops in different months,
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Table A.1  Meterological parameters during the period Dec’87 to
May ’88 at Amla experimental farm

Month Dec/87 Jan/88 Feb/88 Mar/88 Apr/88 May/88

Av.Max, Temp. (°C) 27.00 25.59 28.81 31.66 36.59 33.35
Av.Min.Temp. {‘C 14,11 1t.14 14,08 17,54 22.51 21.08
Rainfall (cm) 1.67 - 3.47 6.55 9,60 27.30
Evaporation, {cm) 5,72 5.92 6.38 11.29 14.66 14,10
Av.wind speed

{miles/hr.) 0.65 5.46 0.53 1.16 1,95  2.90
Av. Sunshine hrs 8.45 9.01 8.56 8.29 9,16 7.63
Av. Humidity (%) .12 68 66 72 70 81

Table A2 Meteroloéica.l parameters during the period Dec’88 to
May '89 at Amla experimental farm

Month bec/88 Jan/89 Feb/BS Msr/89 Apr/89 May/89

Av.Max.Tenp. (°C) .21 23.92  27.85 33.47 38.09 39,19
Av.Min.Temp. (°C) 14.01 9.21 12.28 16.18 22,05 26.06
Rainfsgll {cm) - - 0.75 0.15 - 28,06
Evaporation {cm) 6.22 b.71 7.14 12.25 18.22 16.641
Av.wind speed

{miles/hr,) 2.36 2.11 3.22 2.98 6.06 7.51
Av. Sunshine hrs. 8.25 8.77 - 9.37 8.18 8.18 7.91
Av. Humidity(%) 77 70 59 50 68 73

Table A.3 Meterclogical parameters during the period Nov ’89 to May
'90 at Amla experimental farm

Mcnth Nov/89 Dec/89 Jan/90 Feb/90 HMar/90 Apr/90 May/90

Av.Max. Temp. (°C) 28,70 24.19 23.65 27.57 29.14 33,05 33.79
Av.Min. Temp. (°C) 17.12 12.15 11.66 14.08 17.75 22.05 24.15b
Rainfall (cm) - 2.10 - 7.90 7.25 10.10  10.60
Evaporation (cm) 7.50 5.98 5.52 6.13 9.01 13.74 13.32
Av.,wind speed -

(miles/hr.) - 1.82 2.29 2.27 1.95 2.71 .83 1.96

TAv. Sunshine hrs 8.83 B.16 8.25 8.01 7.15 8.84 8.25
Av., Humidity (%) 72 64 72 &6 74 77 77
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Td 2 61.2 £4.1 29 3.8 34.8 30.3 26.8 24.3 1e .}8.1 18 24.4
Td 3 54.7 42.4 35.1 33.2 40.3 22.5 30.8 21.4 17.3 19.3 17.14 40.2
Mtot 132.1 160.2 98.5 88.4 102.6 86.1 33.6 74.7 7.1 35.5 3.3 T
Total evaporation : 1133.6
Legend : % >> Missing data; estimated : # >> Negative data; estimated ‘
* >> Eva. exceeded max. eva. of non-rainy day; estimated;’ HA >> Mot available
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SatGLADETH WATER DEVELOFMENT 304D

su-face Water Hydroloay

Daily Evaporation (mm) & Stakistics

Dhaka

Stabion 1 1 anla sub div : PB Year : 1990 - 31
Day' Apr May Jun Jul Alg Sep Cec Jan Feb Mar
i & 4.6 " 1.6 2.7 2.8 5.3 2.9k 3.6 2.5 1.2 Z.5 1.8
2 4 5 3.9 1.5 5.3 I.5% 2.6 2.1 2.8 1.8 1.8 3.2
3 3.9 4.2 4.9 2.7% 4. 4% 3.5 oF 1.3 3.9 1.3 i.s 3.2
4 1.7 & 4.3 2.7* 4.3 3.5% 2.9% 2.1 2.8 1.8 2.7 3.4
3 3 2.6 5.7 2.6 4.7 3.5% 1.4 2.6% 3.6 2.8 1.4 2.8
6 3.9 3.6 5.4 2.2 5.6 5.3 1.e 1.4 2.8 1.4 1.8 2.8
7 2.9 4.3 3.2 1.8 z.% 3.2 3.8 1.3 3.2 z.1 1.8 3.2
8 4.3 5.7 3.9 4.6 3.2 3.6 1.3 1.8 2.5 1.8 2.1 3.2
9 3.6 5.3 4,9 A 3.6 3.6 7 3.2 214 1.13 2.3 3.4
10 4.6 5.7 4.1 oF 4.6 3.5% 2.2 3.5 3.2 1.8 2.5 3.6
it 5 4.4 3.6 1.5 5 3.5% 2.7 2.5 2.1 1.1 2.1 3.6
12 5 3.9 3.4 3.6 o 3.1 1.8 2.6% 3.2 .7 2.5 3.2
i3 5 3.3 3.6 2.1 3.3 3.6 3.7 1.8 2.8 1.5 2.1 3.2
14 3.9 3.1 3.6 3.2 4.dx 4.1 4.6 3.6 2.8 1.4 2.5 3.5
15 -3 2.7 ‘3.2 3.6 5.9 4.9 4.3 3.6 2.1 2.1 3.6 4.3
16 6 3.2 2.7 4.6 s 3.2 1.8 4.3 2.5 1.5 3.2 3.6
17 5.3 3.6 3.2 2.8 4.2 2.8 3.2 1.4 2.1 3.6 3.9
ia 5.7 4.3 5 3.1 6.7 2.5 3.2 3.2 1.4 2.1 3.2 5,3
19 8 4.6 4.3 3.4 3.9 3.5% 3.5 3.2 1.2 2. 2.1 5,7
20 7.4 4.6 3.2 2.7% 4.3 ‘3.5% 3.6 1.8 2.5 1.8 2.5 3
21 5.7 5 4.3 2.8 4.3 3.6 4.6 2.5 2.8 2.1 3.2 5
22 5.3 4.6 2.1 4.6 4.8 3.6 4.3 2.8 2.5 1.8 2.9 3.6
23 5.7 4.8 ‘3.2 3.2 6.8 3.2 3.9 1.8 2.5 1.8 3.2 4.3
24 6.4 4.6 i.7. 4.3 7.1 2.8 3.6 2.1 1.8 1.4 3.6 2.4
28 3.9 4.3 3.2 2.8 5.3 3.8 3.6 2.5 1.4 2.1 2.5 2.6
26 3.6 5.3 x.2 3.4 3 3.7 2.5 3.9 1.4 2.1 2.8 3.9
27 3.9 2.3 2.4 3.6 4.% 2.2 3.6 2.5 1.8 2.1 3.2 4.3
28 f:i.s 4.3 2.8 1 3.6 3.5% 2.5 3.6 1.4 2.1 3.6 4.3
2a 3.3 3 2.8 1.6 4.6 T.5% 3.6 2.1 1.2 1.3 -— 5
30 3.6 3.9 3.6 1.8 |3 3.5% 3.6 2.5 1.8 z.1 - 5
31 e 3.6 - 3.8 3.6 —— 3.6 —— 1.4 1.8 - 3.9
Td 1 7.8 47 42.6 20.9 it .2 38.6 20.1 23.5 29.4 15.6 21.2 30.6
Td 2 54 37.7 35.8 30,6 4z2.7 32.% 31.8 29.8 22.6 17 27.4 41.4
Td 3 45.7 45,7 29.3 32.6 52.8 33.4 39.4 26.3 20 21.2 24.9 44.5
Mtot 137.5 130.4 107.7 8d.1 136.7 104.5 21.3 79.6 72 56.5 73.5 116.5
Total evaporation 1190.6 I

Ltegend : $ >> Missing data; estimated :
# >> Eva. exceedsd max. eva. of non-rainy day; estimatad;

¥ »> Megative data: estimated
HA

Mot available
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. GFAHGLADESH WATER DEVELOMMEHT 050
{ . Sur face Water Hyedirolapy ) Date of rebrisval (2E-05-12%

Baily Rainfall in i

Station: 214 sala Sub.Qiv. @ FR ’ vear:  lma7-sw
Date ARt Mgy Jun ) AL Sep Oct. Hes b Mar
1 0.0 36.1 0.0 1.5 LT 0.0 0.0 0.0 0.6 0.0 Q.0
2 0.0 S 0.0 44.2 0.0 0.0 0.0 0.0 0.0 o0 a.0
3 o.0 =S 0.0 0.0 ©.0 0.0 "o.0 0.0 0. 0.0 0.0
Bl 0.0 0.0 0.0 X.5 2.0 0.9 0.0 0.0 0.0 3,0 0.0
5 0.0 0.0 0.0 0.0 4.1 0.0 0.0 0.0 0.0 0.0 0.0
[ 0.0 0.0 0.0 0.0 c.0 0.0 .0 c.0 0.0 8.0 9.0
7 c.¢ . 0.0 1.8 E.d 9.7 0.0 0.0 0.0 0.0 o 0.0 0.0
3 0.0, 2.0 2.0 0.0 0.9 0.0 2.0 7.0 0.0 Q.0 0.0 2.0
el 0.0 0.0 0.0 53,6 0.0 9.1 Q.0 G0 ¢.0 0.0 0.0 2.0
10 a.1 0.0 5.4 114 0.0 0.0 0.0 0.0 0.0 G0 0.0 0.0
S 0.0 3.@ - oo G0 0.0 £9.% 0.0 0.0 0.0 c.0 0.0 0.0
12 0.0 0.0 0.0 0.0 2.5 5.4 5.6 0.0 2.0 0.0 0.0 .7
13 0.0 0.0 0.0 16.0 T1.8 15.5% ©.0 0.0 16.8 0.0 0.0 o,
14 0.0 c.0 . 0.0 0.0 " 0.0 0.0 0.0 0.0 0.0 ‘0.0 Q.0 L 0.0
15 0.0 c.o 0.0 - 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
16 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.3 0.0 0.0 0.0 0.9
17 0.0 0.0 0.0 0.8 0.0 0.0 .0 0.0 0.0 0.0 0.0 Q.0
13 0.0 0.0 30.7  11.4 0.0, 0.0 0.0 0.0 0.0 Q.0 0.0 0.0
19 0.0 0.0 0.0 6.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.5
20 2.0 0.0 16.0 1.3 33.4 15.7 0.0 ©.0 0.0 2.0 0.0 5.3
21 0.0 0.0. 63.0 0.0 | 90.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 0.0 0.0 16.8 6.4 21.6 0.0 0.0 0.0 0.0 0.0 ©.0 0.0
23 1.0 i7.0 2.5 0.0 6.4 0.0 0.0 0.0 0.0 0.0 17.28 0.0
24 55.9 c.0 20.9 0.0 0.0 1.3 0.0 0.0 0.0 0.0 17.0 0.0
25 7.4 15.2 0.0 25.4 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 11.4 0.0 0.0 15.7 109.5 1.8 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 137.2 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0
oz} 10.72 0.0 25.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
] 0.0 0.0 0.0 0.0 0.0. 0.0 0.0 0.0 - 0.0 -
30 0.0 0.0 1.5 0.0 6.0 0.0 0.0 0.0 -— 0.0
31 - 0.0 0.0 - 0.0 - 0.0 0.0 - 0.0
. Ten Daily Total
et 4.1 4.3 11.9 131.3 2.2 74.6 0.0 0.0 0.0 n.0 0.0 2.0
Tdz2 2.0 3.8 a6.7 56.9 44.7 ar.s 5.6 0.5 16.8 0.0 0.0 £3.5
ras 5916 32.2 103.1 154.4 395.3 3.1 0.0 0.0 2.0 0.0 34.3 2.0
Monthly Total
Mot 95,7 34,3 161._7 32,6 512,2 175.2 5.4 0.5 16.3 5.0 34.3 65.5
Rday 7 g 3 16 16 10 1 r 0 = 4
Cepth Duration Data .
Oday 1 2 3 s 7 1o s 20 30 £0 70 2o
na s 137.2 96,7 2771 2751 365.4 a3z.z 423 .1 499 .7 535.13 B43.% 1141.0 1185.1
Anrwal raintal) : r147s5.4 Annual rainy days @ 77
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EAMGLACESH WATER OEVELOFMENT 20D

v Sur Face Watar Hydioloay Nate of retrieval [ 73-06-1'%3d

Daily Rainfall i mm
TShation: Zi4 smla TSub.Oiv, @ S YeAr T USSR
Date AR May Jun Jul g San [t o How Dec Jan Feb iz
1 o0 .0 0.9 0.0 0.0 O_.'.) 0.0 0.9 o0 0.0 [V g0
z 0.0 0.0 0.0 1.8 0.0 0.0 £.0 0.0 0.0 0.0 0.0 0.0
3 0.0 9.0 0.0 2.0 5.5 Q.0 15.“3. 0.0 o0 Q.0 0.0 2.0 ]
d 0.0 0.0 0.0 5.0 0.0 o.0 0.0 o0 O._(.‘ G.0 0.0 0.0
5 0.2 0.0 3.0 33.0 0.0 1.0 vz 0.0 3.0 0.9 0.0 a0
& o.0 0.% c.o £0.0 c.0 a5 Q.0 43.5 0.0 Q.0 Q.0 0.0
7 (8305 0.0 0.0 10.0 19.0 2.0 2.0 n.a 0.0 L .9 )
B 0.0 Z2.5 0.0 45,0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 oun a0 2.8 =0 0n.¢ s1.% 3.0 2.0 0.6 0.0 0. 0.4
1 .0 hE.% Tl 1£.5 4.0 12.8 0.0 0.0 0.Q 0.0 ':5.0 9.0
11' 2.0 3.0 7.6 6. & 5.0 Z71.3 C.0 .0 3.0 Q.0 o0 0.9
12 Q.0 0.0 73.7 0.8 2.0 ¢.0 C.0 2.0 2.0 c.0 0.0 0.0
1% .0 2.0 4.9 0.0 18.0C 0.0 0.0l 0.0 0.0 0.2 2.0 0.0
L o0 a.0 1.3 0.0 a.0 Q.0 0.0 0.0 0.0 o.0 Q.Q 0.0
15 0.0 10.2 12,4~ 0.0 26.5 Q.¢ Q.0 Q.0 0.0 .0 0.0 0.0
1& o.e 21.6 2.0 Q.0 7.0 a8.0 0.0 0.0 0.0 .0 .0 2.0
17 0.0 104.9 24.6 0.0 0.0 0.0 0.0 .0 ©.0 .0 Q.0 0.0
18 .0 0.0 0.% 3.0 Q.0 e.0 0.0 Q.0 2.0 0.0 0.0 0.0
ig ¢.0 c.0 .0 4.0 6.5 0.0 2.5 0.0 a.0 Q0.0 7.8 0.2
20 0.0 Q0.0 0.0 0.0 6.5 z1.3 0.0 0.0 .0 0.0 0.0 o0 l
23 2.5 2.3 0.0 2.0 Q.0 0.0 Q.0 Q.0 o.0 .0 9.0 .0
22 26.9 21.1 0.0 10.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 0.0 0.0 6.8 1.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0
24 0.0 6.0 16.5 0.0 5.0 Q.0 0.0 0.C 0.0 0.0 0.C .0
25 C.0 0.0 o.0 0.0 0.0 Q.C 0.0 0.0 0.O ‘0.0 c.0 0.0
26 53.8 15.2 .0 0.0 . 0.0 Q.0 0.¢ 0.0 0.0 0.0 Q.0 Q.0
27 0.0 0.0 0.0 0.0 9:6 0.0 0.0 0.0 Q.0 Q.0 9.9 9.0
5 0.c 0.0 3.8 43.0 5.5 0.0 0.0 0.0 0.0. 0.0 0.0 0.0
29 12.7 t7.8 17.8 0.0 21.6 Q.0 Q.0 43.0 G.0 0.0 - .90
30 c.0 0.0 6.9 0.0 .0 0.0 G.0 5.0 .0 0.0 - 1.5
31 e 19.1 - 2.5 32.0 -— 0.C -— Q.0 2.0 - o0 .
i Ten Oaily Total
Tdl £.0 he.9 19.6 Td5.1 &£1.0 73.8 43,2 L= Q.0 O.IO 0.0 C.0
Td2 0.C 138.7 252.1 34,1 69.5 1.6 2.5 0.0 .0 0.0 7.5 c.0
Td3 5.9 ?5.5 81.8 54.0 3.7 .0 c.0 3.0 .0 0.0 0.0 1.3
Monthly Total
Mteat 25.%9 7301 353.5 343 .2 ’ 204 .2 125.4 45.7 148.5 0.0 Q.0 7.5 1.5
fday 4 12 13 17 16 - 3 3 ] 4] 1 )]
Dzpth Duration Data
Oclay - 3 = 7 1o 15 30 50 i) \Z0
Mmax 0.9 153 175.5 nEBH. & 2630t ETL.7 303, L 5IELC 25% 10223 1211,
Anmal cain fat) 1595, 5 APzl Fatny
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SAHSLADESH WATER ORYELDEMEMT 200D
Sur face Water Hvdroloay Date of vetrieval 2E-05- 7%

Daily Rainfall in mm

¥ Station: 214 Amla Sub.biv. @ P Vear: 1989-90 o

Date Apr Mz Jun Jul Aug Sep oot Howv Dzc Jan Feb Mar
1 Q.0 0.0 .o 5.4 6.2 a.0 0.0 0.0 £.0 o.u o0 [N
Py 0.¢ 12.0 5.0 9.C ~ 1.8 .4 2.0 Q.0 .0 0.0 2.0 5,0
3 2.0 1.4 . b.O 200 9.0 o.C D.C Q.0 0.0 0.0 Q.0 o.Q
“ 0.0 0.0 .0 £.7 2.0 o.0 o.0 .0 Q.0 3.0 a.C [0 4]
5 Q.0 .0 Q.0 1.5 6.3 13.5 .0 Q.0 0.0 .0 o0 .0
=) 0.0 0.0 .0 7.3 0.0 1.4 2.0 Q.0 0.0 0.0 .00 1.5
s .0 0.0 5.0 1.3 @0 a0 1.0 c.o 0.3 0.0 0.0 Q.0
3 0.0 0.0 390 0o Q.0 0.0 5.0 0.0 0.0 7.9 0.0 .0
= Do 9.0 0.0 1.0 z.0 0.0 BLE 0.0 o.¢ Q.0 0.9 . 0.0
10 0.4 0.0 0.0 o, 28.% 0.2 12.& 0.0 2.0 3.0 o0 1500
11 0.0 0.0 o.c 0.0 1.5 15.5 4.0 0.0 ‘0.0 ;0.0 ;D0 0.0
12 c.0 0.0 O.0 41.0 c.0 Q.0 0.0 .0 0.0[‘ I o ! o0 2.0
13 0.0 a.0 12.0 12.0 1.0 5.0 1.0 ‘0.0 Q.0 Q.0 Q.0 42.0
14 0.0 26.0 29.0 52.0 2.5 5.0 0.0 0.0 0.0 0.0 32.0 0.0
18 0.0 0.0 3.0 1.0 1.0 0.0 c.0 .0.0 0.0 0.0 2.0 0.0
i6 0.0 39.0 3.5 3.0 1.0 0.0 0,0 0.0 0.0 0.0 Q.0 8.0
17 0.0 53.0 1.0 7.0 Q.0 0.0 46.0 0.0 c.0 0.0 Q.0 c.0
lG. 0.0 12.5 0.0 0.0 4.0 Q.0 4.0 Q.0 Q.0 C.0 0.0 2.0
19 Q.0 - 2.8 2.0 16.7 0.0 4.0 0.0 0.0 Q.0 Q.0 32.0 0.0
0 0.0 0.0 3.0 14.0 .0 23.0 56.0 .0 0.0 Q.0 0.0 Q.0 ;
21 0.0 0.0 4.5 31.3 26.39 3.5 0.0 0.0 .0 0.0 0.0 0.0 .
22 C.0 Q.0 29.0 0.0 0.0 13.0 0.0 0.0 C.0 Q.0 Q.0 0.0 . ;
LAl 0.0 0.0 3.0 Q.0 0.0 0.0 0.0 0.0 d.0 0.0 Q.0 .0 '
24 a.9 o.0 3.0 0.0 0.0 0.0 0.0 .0 0..0 .0 .0 .0
25 .0 57.6 c.0 5.5 0.0 0.0 0.0 3.0 0.9 Q.0 0.C 0.0
- 26 0.0 2.5 0.0 0.0 '1.5 3.0 0.0 0.0 18.0 0.¢ 13.0 Q.0
27 0.0 T2 0.0 . 0.0 0.0 £.58 O.Q 0.0 -3.0 0.0 0.0 0.0
28 2.0 40.5 0.0 5.0 0.0 15.0 - 0.0 Q.0 0.0 Q.0 0.0 0.0
29 o0 C.0 4.4 83.0 0.0 0.0 0.0 0.0 0.0 HO.O - 4.0
30 0.0 1.0 5.8 5'.0 .0 c.0 2.0 .0 0.¢ L 0.0 -- 8.0
31 - 6.0 - 3.5 .0 — 0.0 - 0.0 0.0 -~ 0.0
Ten Daily Total
Td1i 0.0 13.0 50.0 53.3 63.9 19.5 25.0 c.0 Q.0 Q2.0 0.0 20.5
Td2 Q.9 133.0 58.5 156.7 11.0 55.5 111.0 0.0 0.0 0.0 66.0 a4z.0
TJ3 c.0 123.8 49.5 134.3 29,4 4.0 0.0 0.0 21.0 .0 13.0 10.0
Monthly Total
Mbtot 0.9 279.38 158.0 3443 104.3 115.0 1345.0 3.0 21,0 0.0 70 _ 2.5
Rday o 1z 16 21 16 12 .5 o 2 "o 4 £
Depth Ouration Data )
Dilay 1 2 3 k3 7 10 15 20 30 a0 20 120
PRmax B83.0 97.0 115.0 135.5 138.0 183.0 265.03 231.0 4.2 S57.1 334.5 ?392.’:;'
Annual rainfall @ 13029 Annual rainy davs : 98
2
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- BANGLADESH WATER DEVELORMENT SOARD -
s Farg Water Hwroloay ake of rebrisval (I8 O5-1954

Daily Rainfall in

Sration: 214 fmla sub iv. 1 PB . Vear:  UID -2
Date ARl Moy C B Jul A Tep ikt Hoyer Dec Jarn Feb i
1 3.5 0.0 10.3 A7 Q.4 2.0 Lo 9.9 0.0 0.0 L0 1.1
2 3.5 (-).O 2.0 z25.0 5.0 5.0 0.0 0.0 ¢.0 O Q.C .0
5 2.0 4% 5.0 [SE=) 25.0 C.0 37.2 0.¢ 0.0 Q.0 3.0 0.0
-4 3.5 0.0 Q.0 101.5% 1%.0 13.3 50.0 4.0 - D0 G.0 1306 Gl
3 3.3 3.0 0.0 24.0 7.2 52.3 0.0 15.6 0.0 0.C 3.0 0.0
& Q.0 0.0 5.8 a0 45.0 5.5 O 3,0 .0 0.0 D.0 0,0
7 13.7 .0 0.0 0.0 2,0 0.9 .0 4.9 0.0 o0 0.0 n.q
3 0.0 .0 0.0 1.3 .0 c.C 0.0 .G 0.0 4.0 .0 0.0
2 o] 0.0 4.5 = 0.0 0.0 3.8 o0 Q.0 a.0 (4 DA 0.9
10 0.C (43 ] 14.5 0. 0.¢ 30.0 2.1 0.0 c.0 0. [$R4] [ R |
11 0.0 21.0 2.0 5.2 0.0 a0.5% 1.3 0.0 0.0 0.0 0. 2.0
12 0.0 Q.5 14.Q 0.0 44 .5 12.1 0.0 1.0 0.0 GO o0 0.0
13 0.0 23.0 0.0 0.0 52.4 Q.0 13.5 2.9 0.0 5.2 .0 0.0
14 0.0 10.0 0.0 2.5 9.1 14.0 4.1 .0 0.0 Q.0 &0 G0
15 Q.0 16.5 0.0 0.0 18.5 9.5 3.2 2.0 G.0 0.0 0.0 Ot
.16 0.0 Q.0 14.0 0.0 7.7 0.0 Q.0 0.0 0.0 Q.0 .G .0
17 Q.0 0.9 2.0 Z:0 5.0 0.9 0.0 0.9 0.0 Q.0 0.0 a.0 )
18 0.0 0.0 0.0 7.0 15,1 0.0 0.0 Q.0 2.0 0.0 0.0 2.0 i
19 0.0 0.0 0.0 15.0 5.5 35.0 0.0 0.0 0.0 0.0 0.0 c.0
20 .0 0.0 4.5 3.0 .0 65.0 0.0 Q.0 Q0.0 0.0 0.0 0.0
21 0.0 Q.0 . 0.0 1.5 0.0 14,3 0.0 c.0 0.¢ | Q.0 Q.0 .o
22 C.0 0.0 4.0 4.6 0.0 0.0 - 0.0 0.0 0.¢ 0:0 c.o (o ¢
23 C.0 0.0 c.0 0.0 0.0 0.0. 0.0 Q.0 G.0 Q0.0 0.0 0.0
24 9.0 .0 4.5 2.0 Q.0 0.0 o - Q.0 0.0 .0 6.0 4.5
25 31.0 0.0 ¢.0 5.0 5.0 12.0 0.¢ .0 0.0 .0 0.0 2.2
o oo 1.5 6.0 15.0 ° 7.3 16.0 0.0 0.0 0.0 c.0 c.0 8.0
27 2.0 s 5.0 0.0 10.0 1:6 0.0 0.0 0.0 .0 0.0 a0
28 c.0 0.0 3.0 40.0 0.0 76.0 0.0 0.0 0.0 0.0 0.0 0.0
3 18.5 13.5 0.0 4.3 0.0 122.0 0.0 B+ ) 0.0 0.0 - 2.0
30 0.0 0.0 0.0 0.0 0.0 35.0 Q.0 .0 0.0 .0 -- c.0
31 - 0.0 -— 3.5 0,0 e 0.0 - 0.0 0.0 - 0.0
Ten Daily Total
Td1 53.5 23.5 43.7 401.2 93.2 226.1 186.1 25.0 0.0 0.0 13.0 1.1
TdZz Q. 55.0 34.5 &£3.7 174.9 257.0 32.1 31.0 2.0 3.7 0.0 a.0
Td3 0.5 L7.5 19.5 73.2 22.3 276.9 Q.0 0.0 Q.0 0.C 2.0 a4.%
Monthly Total
i1tot 104.0 106.0 7.7 54:4.3 rar s | 760.0 218.2 A0 , 2.0 3.9 13.9 .6
Fday 7 10 13 22 18 19 ) 4 , 1 3 1 2
Depth Duration Data
Cday 1 2 3 5 7 10 15 20 30 S0 el 120
Rinax 122.0 133.0 233.0 28%.7 363.2 401 .2 B07.1 5a7. 5 311.7 1143.3 15005 1341 1
Annual rainfall @ 22066 Annual rainy davs @ 106

o

.
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BWDB KUSHTIA

N _
AMLA EXPERIMENTAL FARM
.. Scale : 1 Inch = 400 Ft.

e L S\ IS
25 gﬁ'g 76/ ;%L 0/” ’;11//7/12//
NN =522 i E P
NN //f%;%gé@ g/égf/
N e
/// ///7; g]// ﬂs/ﬁ//g//

000000000

| Season | Land dfea Legend ' /1 /Vll 3/
khort-l | 30.000a 00/ 4
N '

Rabi i5_«60 ha | 0 0 000000, , 4
kharit-1 | 972 ha oy |24 /5
Toldl 55.32 ha |

Fi3. LAvoUT PLAN OF AMLA EXPERIMENTAL FARM
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APPENDIX-B
(DETAIL PROCEDURE . OF ESTIMATING CROP
EVAPOTRANSPIRATION)




Table B.1 ET calculated by the Modified Penman of BE-3 Rice for the vear 1987-88

MDﬂAth. E?Sg? -ﬁfem (zgar} (ﬁgg.r} ‘?ﬁﬁ:‘ﬁ; :;Eid fu) G ) B mok Fo Fne Fal B “LL {miiﬁa}’} & '(mn;%gr)
+ {km/d&y)
‘Dec/87 20.50 72 24.13 37.3¢  £.76 25 0.33 0.32 .68 $.70 8.45 10.68 £.75 £.25 4.76 1.90:2.80-1.90 2.63 1.C 2.63
Jan/88 18.37 68  21.12 14.36  6.76 211 0.8% ©.3¢ 0.6 16.20 9.01 10.76 £.B3 6.78 5.067 2,17.2:.90 1.8! 3.8¢ 1.13 4.41
Feb/88 .21.44 &6  25.56 16.87  8.69 20 0.32 0.35  0.70 11.8C- B.56 11.34 0.75 7.40 5.5% 1.84 2.70 2.58 3.47 1.235 4.27
Mar/88 24.60 72 30.9% 22.28 8.68 45 0.3% €.2F 0.75 13.90 8.2% 12.C 0.6% B.20 §.15 1.4C 3.6% 3.32 4.32 1.0 4.53
Apr/88 28.53 70. 41.36 28:96 12.430 78 6.47 0.2¢  0.78 15.40 :9;15*15.70 .72 9.40 <6.05 1.25 5.80 4.32 5480 1.1C 6.38
May/88 28.72 81  38.46 IJ1.96¢ 7.50 11 0.5% 0.23 ©£.77 16.40 7.63 13.26 0.57 8.7 .59 0.92 5.6%-4.37 5.3% 1.15 6.15
‘Table B.2 BT caleulsted by the Modified Pensan of BE<3 Bice for the Sear 1988-89 -
Month T‘f'salf RH?%T“ (:ga.r) (Qigr) ?ﬁ;igl i;;!;gd fiw) (1%} ® B, o P PP — — —
.o (km/day) o e/ dey) - (mm/day;
- Dec/BE 2437 37 30.00 23.20 6.80 91 0-51 G627 0.77 .8.70 825 10.B8.0.77 €.16 4.02 1.46 3.14 £.25 3.22 1.0 3.2z
Jen/8¢ 16.56 70 18.80C .13.16 5.64 9z 0.52 0.35 0.6510.20 8.77 10170 0.81 €.68 5.01°2.25 2.9 1.7 2.82 1 1% 3.24
Feb/BS 20.10 5%  23.30 13.80 S5.60 124 0.60° £.32  0.66 13.96 $.37°11.32 C.82 7.91 5.83 2.23 3:76 2 %0 4.3 1.2% 5.42
Mar/BS 24.82 30  31.36 13.68 15.68 115 0.56 0.26 ©.7¢ 13.90 6.4812.0° 6.70 8.34 6.25 1.83 4.42 1.7° 5.65 1.0 5.6
Apr/8s ?0-30 68 43.15 2S.34 13.781 23 0.8¢ €22 0.7 15.40 5.18 12.70 0.75 9.62 7.21 1,30 5.91 4.8: 7.34 1.15.8.07
May/85 32.62 . 73 .49.27 2397 13,30 290 1.05 0.26  0.8¢ 16.40 "7.81°13.26 0159 8.94 €.71 0.87 5.83 4.66 7.45 1i.13 B.5¢




Tabie B.3 ET calculsted by

the Modified Penman of BE-J Bice for

the year 1989-80

Nosth Tgeas Beean %) ?ﬁ;iﬁ)r find W) (-w % B n K /R By Bpo By By KRy Flo R B e
{km/day ) -
Dec/88 18.17 64  20.83 13.33 7.50 88 .66 ©.34 0.66 S.70 £.83 10.68 0.82 6.40 4.80 2.27 Z.53 1.67 2.95 1.0 .85
Jen/90 37.G5 72 20.18 14.50 5.65 87 0.50 0.35 0.65 10.2C 8.16 10.7¢ 0.76 6.4 4.81 1.95 Z.BE 1.86 2.85 1.15 3.27
Feb/S0 23.82 66  24.60 16.25 8.37  TE 6.47 €.31 0.69 31.80 £.25 12.3¢ 0.72 T.26 .4 1.75 3.67 2,63 3.75 1.Z% 4.68
Mar/80 23.44 74  26.85 21.35 7.50 105 0.5¢ 0.28 0.7Z 12.80 B8.01 12.0 0.66 §.06 6.0¢ 1.44 4.59 3.30 4.45 1.0 4.43
apr/90 27.55 77 36.75 28.28 B.45 262 0.97 0.24 0.7¢ 16.40 7.15 12.70 0.56 £.16 ©.12 1.03 .80 3.86 5.82 1.10 6.40
Mey/90 28.97 77  40.00 30.80 9.20 180 0.78 0.22  0.76 16.40 8.84 13.26 0.67 5.60 7.20 1.15 6.0% .71 6.28 1.15 7.23

78




Table B4 ET calculatéed by the Hargreaves method for the year 1987-88

Month Dec/87 Jan/88 Feb/88 Mar/88 Apr/88 May/88

. ) 9.70 10.20 11,90 13,90 15.10. 16.10
Tuw (”C) 20.50 18.37 21.M 21.40  29.5% 28.72
,( C) 12.89 11,15 11.73 14.12 11,08 ° 9.27
E% (mm/day 3.06 3.22 1.12 5.09 6.29 5.31
1.00 1.15 1.25 1.00 1.10 1.15

ET (mm/day) 3.06 . 3.70 5.15 5.09 £.88 6.11

Table B.5 ET calculated by the Hargreaves méthod for the year 1988-89

Month Dec/88  Jan/89 Feb/89 Mar/89 Apr/89 May/89
R, 9.70  10.20 11.80  13.90 15.10 16.10
T (°C) 21.17  16.56 20.10  21.82 30.30  32.62
T (°C) 20.11  14.71 15.67  17.29 15,59 13.13
E% (mm/day)  1.20 3.09 4,10 5.66 6.72  6.89
1,00 1,16 1.25 1.00  1.10  1.15
ET (mm/day) 1,20 3,55  5.12 5.66  7.39  7.92

Table B.G ET calculated by the Hargreaves method for the year 1989-80
at Amla farm

Month Dec/B9  Jan/90 Feb/90 Mar/90 Apr/90 May/90
R, 9.70 10.20 11.90 13.90 15.10 16.40
T, (C) 18.17 17.65 20.82 23.41  27.55 28,97
Tyipe (°C) 12.041 11.99  13.49 11.3% 11,00 9,61
ET (mm/day) 2,78 2.88 3.88 1.44 5,32 5.85

1,00 1.15 1,25 1,00 1.10 1.15
E% (mm/day) 2,78 3.31 1.85 1.11 5.85 6.72
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Table B.7 ET calculated by the Thornthwaite method for the
year 1987-88 at Amla experimental farm

Honth Pea/8T Jaz/8 Pebf88 Hsr/88 4pe/88 Hay/88 Jun/88 Jel/88 Aug/38 Sep/d% Oct/88 Row/68
Tmean (90} 050 18,57 aL4 0 2L60 29,55 28,72 30,30 28,91 20.85 2.2 BT.30 28,20
i 19,00 .00 06 ILIE MU M IR0 12D 101 14T L ILW
} 118,60

[ i}

N 3.6

BT, umadjusi,

{a/sonth) 587 3605 600 100,71 13&.24 TR

Correction

festar 6,90 893 0.8 1.3 L6 11B

£f, sdjust,

(zs/g0nth] C4TEL LT B4 104076 210,13 205.E1

fe Lo 1 L2E LB LI LIS

ET (z8/scnth] {761 IL3TO6T.E6 104076 23043 361

BT (aa/day) L5 LM LM Lionn gl

Table B.? ET calculsted by Thornthwaite method for the
: year 1988-89 at Amla experimental farm

fanth - Dec/88 Jan/8Y Peb/0 Har/BY Apr/83 Msy/85 Jen/8% Jul/$9 Aug/89 Sep/BY Oci/B9 Bo# /83
?meﬂn,oﬁ ' a7 1656 20010 24,82 30,30 32,62 19.0C 28,61 2%.08 2872 ET.TD 2.8
L 10.96 613 821 103 1R3¢ 1IN0 1430 M0 MDD 0 1S 0.0
| LRS!

{ i}

F 3,58

BT, anadjist,

{gg/50nik) 880 23,80 48,06 105,00 218,54 287,00

Correcticn : . :

factor 691 - 0,93 0.8 LI LM LS

BT, adjust,

{#5/B0ELh) 2,45 21,87 4,77 108,15 231,65 330.09

ke 1.0 L1 n o L L1 L

B (o nontk) 86,45 25,15 B.4€ 108,18 254.81 379.50

29 {gs/day) 209 0481 LW J4f 49 1
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Table B.8 ET calculated by the Thornthwaite method for the
vear 1989-90 at Amla experimental farm
Koath Dec/3% Jan/30 Peb/SO Mar/30 Apr/30 Hay/3C /3t Ju/9b aug/d0 Sep/90 Oct/30 How/30
Taean 1°0) 7 108 0.8 a4t MLEE 88T 288 8L 18,0 2880 2846 20.72
| 140,18 ’
{ 1)
H i
BT, tnadjust
{ag/nonil) 6,07 3506 3T 85,04 LA4LBL 1T0LT6
Correstion
factor 0.8t &5 0.8 L0TOLOE LIk
BT, adjust '
{es/onth] 9,64 30,83 BL42 0 BT.T9 IS0 196,37
fe 1,3 L1E L e L LI
27 {ax/eonth) 3B SE46 8127 8179 168,80 235,40
BT aEfda) 080 L LA .8 REL LG
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Table B.10 ET ca.lculated by the Pan Evaporation method for thc year
1987-88 at Amla experimental farm

Honth Dec/37 Jan/838 Feb/88 Mar/88  Apr/§8 - Hay/88

RHyonn High Hedium Hedium High High HIgh

wind {km/day) Light Hoderate Light Light Light Light

Ky 0.50 0.70 g.70 0.80 0.30 0.50
Bpgn fmm/day) 1.55 1.91 2,28 3.65 4.90 4.55
ET, (mn/day) 1.48 i.34 1.60 Z2.92 3.92 3.64

ET, {(mm/month) 45.85 41.54 44.80 30,52 117.69 112.84

K 1.0 1.13

[

v 23 1.0 1.10 1.15

ET {mm/month) 45.858 47.71 .00 90.52 129.36 129.76

[+ 1)
o

ET {(mm/day} 1.48 i.54 1.53 2.92 4.31 4.13

Table B.11 ET calculated by the Pan Evaporation method for the year
1988-89 at Amla experimental farl:n

Month Dec/88 Jan/89% Feb/89 Mar/89 Apr/89  May/89
RH.... High High Moderate Moder;te Moderate High
Wind {km/day) Light Light Light Light Moderate Moderate
K, 0.80 0.80 0.70 0.70 0.68 0.70
By, (mm/day) 2,80 1.85 2.66 3.95 . 6.07 5.16
ET, (mm/day) 1.60 1.48 1.86 2.76- 1.12 .3‘61
ET, (mnm/month) 19.68 416.00 52.08 85.56 123.60 111,97
K, 1.0 1.15 | 1.25 1.0 . 1.10 1.15

ET (mn/month) 19.60 52.90 65.10 85,56 135.96 128.76

ET {mm/day} 1.60  1.70 -2.32 2.76 1.563 1.15
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Table B.12 - ET calculated by the Pan Evaporation method for the year
1989-90 at Amla experimental farm

Month Dec/89 Jan/80  Feb/90 Mar/90  Apr/S0 May/90
RHg. Medium High Medium High High High
Wind {mm/day) Light Light Light Light Moderate Moderate
Kp 0.70 0.80 0.70 0.80 0.70 0.70
Ep, (mm/day) 1.93 1.79 2.30 2,90 1.58 1. 30
ET, (nm/day)” 1,35 1.43  1.61 2.32 3,21 3,00

.
ET, {mm/month) 11.85 41.33 15.10 72.00 96.30 93,00

K, 1.0 1,15 1.25 1.0 1.10 1.15
ET (mm/month) 415.88 17,71 56,00 90.52 129,36 128.76
ET {mm/day) 1.48 1.54 1.93 2.92 1.31 1.18
Table B.13 ET calculated by the Baney Criddle method for the year

1387-88 at Amla experimental farm

Month Dec/87 Jan/88 Feb/88 Mar/88 Apr/88 May.88
T, (°C) 20.50  18.37 21.44 24,60 29.55 28,72
P 0.21 0.24  0.26  0.27  0.29 0,30
ET, {(mm/day) 1.18 3.95 4,65  5.21  6.26  6.36
K, | 1.00 1,16 1,25 1.00  1.10  1.15
ET (mm/month) 128.31 134,51 162.68 161.51 206.10 226.60
ET (mm/day)  1.18 1,31  5.81  5.21 6,87 7.3l
83
3




Tsblie B.14 ET calculated by the Blaney—-Criddle method fof the
year 1988-89 at Amla experimental farm

HMonth Dec/88- Jan/83 Feb/89 Mar/B89 Apr/89  May/89
T, (C) ST l6 ¢ 0,10 2187 30,30  02.62
P 0.24 0.24  0.26  0.27  0.29 0.30
ET (un/day) 1.59  3.75  1.18  5.24 6.36 6.90
K, 1.00 1.15  1.25  1.00  1.10 1,15
ET (mm/day) 1.59 1.31  5.60  5.24  7.00 7.93

ET {mm/month) 142.29 133.61 156,80 162.141 210.00 2156.83

Table B.15 ET calculated by the Blaney-Criddle method for the
year 1985-90 at Amla experimentsl farm

Month Dec/89  Jan/80 Feb/QO Mar/90 Apr/S0  May/90
T ('C) o7 17.65 20.82 23.41 27.55  28.87
P .21 0.2  0.26 0,27 ©0.29  0.30
BT, (mn/dsy) 3.92 3.8  4.57  5.07 5.9 6.39
K ' 100 1.15  1.25 100 1,10 1.5

[

ET (mm/month) 121.52  137.33 160.00 157.17 197.40  227.51
ET {mm/day) 3.92 4.43 5.71 5.07 6.58 7.34
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