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i

the cr~p is in the reproductive phase.

mean dailythe5.80 mm/day and

entire growing season (December to May~ varies

from 5.1J mm/day to

rice during the

for BR-J Boro variety of rice is maximum in the month of April when

Seasonal evapotranspiration of BR-J variety of rice has been

conditions considered. The daily evapotranspiration of BR-J Boro

evapotranspiration is 5.6J mm/day. The consumptive use requirement

method and the Hargreaves method seem to provide the best estimate

of the evapotranspiration of BR-J Boro rice for the climatic

Considering the seasonal evapotr!i'nspirationvalues obtained by

ABSTRACT

coefficient, coefficient of efficiel1cy, root mean square and .t-

statistic, and the climatic data req~iwement, the modified Penman

different methods, the numerical values of the correlation

test for mean difference has been performed.

efficiency and the root mean square of each method. Also thet-

determining the correlation coefficient, the coefficient of

evapotranspiration. The accuracy of prediction has been tested by

\.
from the Amla farm, Kushtia and cumpared with the observed

Blaney-Criddle methods by using three years climatological data

the Hargreaves, the Thornttmai te, the pan evaporation and the

calculated by five predictions methods, namely the modified Penman,
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CHAPTER I

INTROD'UCTION

Bangladesh is predominantly an agricultural count17 having 8.18 million ha

of net cropped land. for a population of about III million with decreasing

land-man ratio (BBS, 1993). The food grain production has been increasing day

by day but fails to meet up the national demand caused by the rapid increase

in population makes the country as one of the food-deficit regions of the world.

During the fiscal year 1992-93 the food deficit stood 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

agricultural water management; because the scope of increasing the amount of

land per capita is limited.

Rice, the main agricultural crop of Bangladesh, occupies about 80 percent

of the total cropped area of the country. The total area irrigated by various

methods is 3.02 million ha and the area covered by Bol'Orice is near about 2.60

million ha of which 2.12 million ha are irrigated (BBS, 1993). Of all the rice

growing seasons in Bangladesh, the Bol'Oseason is characterized by dry weather

,dth a little or no effective rainfall to meet the consumptive use requirements.

As a result, crops during the Bol'Oseason depend almost entirel,' upon irrigation

1,vater.

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

Bol'Oseasons. A series of HYVvarieties such as BR-1 (Chandina), BR-2 (Mayna),

BR-3 (Biplob), BR-j.1 (Gazi), BR-15 (Mohini), BR-16 (Shahi Balam), BR-17 (Hasi),
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evapotranspiration are often used 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 a method depends

formethodsPredictionexpensive.andtime-consuminglabori9us,

BR-18 (Shahjalal) and BR-19 (~longol) have been recommended b,' BRRI for

cultivation in Bangladesh. The BR-3 variety of rice created a tremendous impact

on the rice-farming of Bangladesh because of its high yield per ha, broad

spectrum of disease resistance and wide adaptability for all rice seasons. This is

why BR-3 has been recommended for a large scale commercial production in

Bangladesh \dth immediate effect as Boro, Aus and ,\man 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 requirements

of various important crops and, as such, specific research data on this vital

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 directl,' or can be predicted indirectly. The

Iysimeter is the only direct method in which the experimenter can obtain accurate

and continuous measurements of evapotranspiration. The other direct methods are

soil moisture depletion studies and the water balance method. Direct methods are



upon the meteorological data availabl", and the needed accuracy of estimation.

Such formulae have often been used under agro-c1imatic conditions, different

from those for which they are originally developed. However, it is necessary to

test the adaptability of these formulae by correlating with actual measurement of

evapotranspiration under a new sets of conditions.

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 Blaney - Criddle

method, (2) the radiation. method, and (3) the modified Penman method. Saleh and

Fatema (1988) made a 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 method. The results of the study

showed that of the three methods, the modified Penman method gives the best

prediction followed by the i'adiation and the Blaney-Criddle methods. Halim (1992)

made a comparative study of eighteen empirical and semi-empirical equations from

18 stations by using correlation coefficient, coefficient of efficiency and root

mean square. The results showed that the Papadakis method, the Hakkink method,

the Stephens-Stewart method, the Penman method and the Blaney-Criddle method

modified b;l' FAOare suitable for estimating ET.. for the climatic conditions of
u

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

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



the present stud;}' ,,,ill give an insight into the relationship between measured

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) study the relationship between measured and estimated ET of rice,

and

(3) find out the equation which gives the best estimate of ET of rice,

1



CHAPTERII

REVIEW OF LITERATURE

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 application of irrigation water to a field

having the water table at a considerable depth below the soil surface, only a

small amount of water is evaporated frol)l the soil or water surface and from the

wet surrace of the vegetation. The remaining portion infiltrates into the upper

soil layers and occupies the larger pore 'spaces. This water, commonly known as

the soil moisture, is used up in three ways. 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 commonlyreferred to

as the side or lateral seepage loss. Tj'le third portion of soil moisture is,
dispersed into the smaller pore spaces ,bf soil and is known as the 'capillary

"
moisture "hich 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 transpiration (Hobba, 1961).

,

2.2 The Evaporation Phenomenon

Evaporation (EV) from natural surfaces,. such as open water, bare soil or

vegetative cover, is a diffusive process b;}'which water in the form of vapor is

transferred from the underl)'ing surface to the atmosphere. The essential

requirements .in evaporation process are:



(1) the source of heat to vapol'ise 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,

occur only when the vapor concentration at the evaporating surface exceeds that

in the overlying air. The fundamental principle of evaporation from a free surface

,,,as enunciated b;r Dalton (1802)who stated that evaporation is a function of the

difference in the vapor pressure of the water and the vapor pressure of the

overlying air.

Factors 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 evaporating

surface such as soil surfaces, vegetation, snow and ice influences the rate of

evaporation.

Evaporation is proportional to the difference between the vapor pressure

of the water (e..) and the vapor pressure in the air (eJ above the water surface,. . .
and continues until ea =: e,' 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 as the specific gravity of water

6



increases. The evaporation rate decreases about 1 percent for each 1 percent

increase 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 in conjunction with

the physical principles governing evaporation.

Transpiration is the dominant factor in plant-water relations. This is

because evaporation of water produces the energy gradient which causes the

movementof 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 into the air (Kramer, 1972). As water vapor escapes

from the leaf into the air, a diffusion pressure 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 soil the roots

absorb water. This water moves upward from root to stem to petiole and thence

to the leaf (Lull,196'1).Host water vapor escapes through the stomata when they

are open because the resistance to flow is relatively low in the pathway. When

the stomata close, transpiration continues slowly through the epidermal cells and

cuticle but at a much lower rate than the evaporative power of the air.

7'



8

197.1).

I,

reference crop

was recommended by BRRI as a

IR-506-1-133 (IRRI, Philipines) and Latisail (Bangladesh). It is a

The BR-3 (Biplob) variety of rice

vegetation. According to Doorenbos _and Pruitt (1977), the

quantity of water transpired by plants during their growth or retained in the

The consumptive use of water or the evapotranspiration (ET) denotes the

2.5 The Consumptive Use of Water

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

high-yielding varieties of rice in Bangladesh. It is resistant to all the prevalent

plant tissues plus the moisture evaporated from the surface of the soil and the

The climate, the soil and the plant factors influence the transpiration. The

evapotranspiration (ET.) is defined as the rate of evapotranspiration for extensive
u

diseases except the sheath blight to -which it is moderately susceptible (BRRI,

between

drought-resistance variety and has the highest yield-potential amongst all of the

high-yielding variety of rice in 1973. This variety "as developed from the cross

2.1 BR-3 Variety of Rice

structure and stomatal behavior. Transpiration obviously has some. important

effects on the ph~'siolog~'and behavior of plants (Heyer, 1952).

water suppl;)' to the roots. The plant factors include the extent and efficiency of

root systems in moisture absorption, the leaf area, leaf arrangement and

vapor pressure, temperature and wind. The soil factors are those governing the

important climatic factors affecting transpiration are light intensity, atmospheric



completely shading the ground and not short of water. The term consumptive

use is used to designate the losses due to evapotranspiration and the water that

is used by the plant for its metabolic activities. Since the water used in the

actual metabolic processes is insignificant (less than 1% of ET), the term

consumptive use is generally taken equivalent to ET.

The .consumptive use of water is affected by many factors which opel'ate

either singly or in combination. Some factors are man-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

radiation, temperature, humidity and wind movement. 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 \"indy days (Doorenbos

and Pruitt, 1977). The amount of water that the ground will absorb and make

available for consumptive use of the plants varies widely with the soil type

(Criddle,1952).

The effects of all the factors mentioned earlier on the consumptive use .of

water are not necessarily constant but are likely to fluctuate from farm to farm,

season to season and day to day. The amount 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).

9



2.6 Direct Determination of ET for Rice

Of the several methods for direct determination of ET, the lysimetric

technique is the most reliable. A field study was carried out in Kottamparomba,

Kerala, India for estimating water requirements for the Culture 20 and

Pattanbi-20 varieties of rice by using microlysimeter and the total water

requirements were 'found to be 1250 mmand 1300 mm, respectively (Rae et al.,

1988). The ET of direct-sown rice CVDR92 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 668 mm and 35 kg/em, respectively.

(Taha et al., 1988).The actual ET of rice CVRD-25 ,vas determined by using

lysimeter method, at Bangkok, Thailand in 1983 and daily seasonal average 'of

actual ET was found 8.68 mm (Shaha et al., 1986). The ET of Samridhi rice was

studied in central India with 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 fOl" rice in

Bangladesh was initiated by FAa in 1958 at the Amlaexperimental station of the

G.K.Project (Huang, 1963). This study was continued up to 1962 and it involved

9 trials -- 1 for Aus, 5 for Amanand 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

Boro, the seasonal and daily consumptive use values ranged from 861 mmto 1513

mm and 8.12 mm to 11.68 mm, respectively.

10



Another tank study was made at the Amla experimental station during the

period 1965-67 to determine the consumptive use of Aus (Dharial), Aman

(Nizersail) and Bol'O(Khoyaboro) varieties of i'ice (Ruq et al., 1970). The average'

seasonal consumptive use of water for Aus, Amanand Bol'Ovarieties of rice were

found to be 88,1mm,903 mmand 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,

respectivel:!'.

A field lysimeter study conducted in 1971 on the loamy soil of Bangladesh

Agricultural University farm reported that the ET of IR-8 variety of rice during

the Aus season was 1110 mm and the average daily rate of ET was 9.90 mm. The

percolation loss \~as found to range from 38 mmto 110 m per week on the loam

soil (Biswas and Ali, 1976). A lysimeter study was conducted at BRRIfarm and the

ET for the BR-3 variety of rice was found to be 1110 mm for the period

April-Jul:!' and the ratio ET/EV was 2.11 (Ralim, 1977).

2.7 Prediction of Evapotranspiration Using Climatic Data

There is a series of equations for. predicting ET of different crops based

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

involved climatic data and shown in Table 2.1.

11



The Blaney-Criddle and the Thornthwaite methods are discussed in detail

(2.1)

12

(e:-ez) 0.88 (0.37 +0. 0041w)

evaporation from lake in inches=

=

Classification Method

Combination Kohler, Nordenson and Fox (195-1)
Penman (19-18,1963)
van Bavel-Businger (1956, 1966)

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

Miscellaneous Behnke-Maxey(1969)
Christiansen (1968)
Olivier (1961)
Makkink (1957)
Stephens-Ste1,art (1963, 1965)
Turc (1961)

Temperature Blaney-Criddle (1967)
Thornthwaite (1918, 1955)

RAy=0.7 [_n_+__L_E 1
A+YL A+YL a

where,

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

E =0.7 [RnA +YLEal
L A+YL

2.7.1 Kohler, Nordenson and Fox Method

are discussed briefly in the following sections.

in Articles 2.10.1 and 2.10.6,respectively. The other methods quoted in Table 2.1

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



H • RA(l-r) (O.18+0.56n/Nl-o~(O.56-0.92ye;;) (O.lO+O.90~)

(0.10 + 0.90 n/N)

4 = slope of the saturation vapor pressure-temperature curve, mill.Hg/OF
'( = constant of wet and dry bulb hygrometer equation

-

(2.2)

vapor pressure deficit in inches Hg

\vind speed in mile/day
net radiation expressed as the equivalent depth of evaporation
in inches

=

=
=

T, = temperature of air, OK

RA= angot value of short \vave radiation from sun and sky, mm/day

l' = albedo or reflection coefficient of the surface

y = Stephens-Boltzman constant

= 2.01 x 10-9mm/day/OK!

ed = saturation vapor pressure at dew-point temperature, mm Hg

E, = wind-related function

13

e, = saturation vapor pressure at Ta, mm Hg

= 0.35 (ea - ed) (1 + 0.0098 Ul) mm/day

Uz = mean wind velocity at 2 metre height, miles/day.

n/N = ratio between actual and possible hours of sunshine

ET. = reference crop evapotranspiration in mm/day
u

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

ET=~H+.-::L-E
"4+« 4+'('

2.7.2 Penman Method

",here,



n,
\..:

(2.5)

(2.1)

(2.3)

E
t

= evapotranspiration in mm/day

d, = average .daily vapor pressure deficit in mb

J3H= hygrometric coefficient

The Ostromecki equation is given by (Ostromecki, 1965)
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The equation is given by (Ivanov, 1951)

E = 0.0018 (25 + T)! (100 - r.h.)

E = evapotranspiration in mm/month

T = temperature in 0 C

R
n
= net radiation in cal cm-!t-l

G = heat conducted to the soil surface in cal cm-! t-l

= weighting parameters.

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

e:-e. = vapor saturation deficit

where,

2.7.5 Ostromecki Equation

d h e. x:l.OOan r .. =
e"•

where,

2.7.1 Ivanov Hethod

where,

2.7.3 Van Bavel-Businger Method



(2.8)

(2.7)

(2.6)

saturation vapor pressure corresponding to average daily maximum

E, = measured class A pan evaporation

T = mean air temperature in ° F

Christiansen (1968) developed an equation for estimating USWBClass A pan

w<l> = Water requirement constant for months and latitude.

T = mean air temp in °c

T = the simulated wet bulb depression in °C,
1.9

Behnke - maxey method (1969) is given by

tEe"--w.1.9

temperature in mb

15

e = the average vapor pressure for the month in robr.
!

,,,,,here,

2.7.8 Christiansen Method

evaporation from which potential Et can be estimated. The equation is given b;l'

where,

2.7.7 Behnke - l-faxeyMethod

monthly potential Et in em,

Papadakis (1966) proposed the equation

Etp=O. 5625 (e:ax-e.)
where,

2.7.6 Papadakis Method



\Vhere,

(2.9)

(2.11)
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Stephens (1965) developed the equation

R
Eep=(0.014T-0.37) 1500

2.7.11 Stephens - Stewart Method

H = mean relative humidity in percent

Olivier (1961)proposed an equation for monthly potential evapotranspiration

\V = mean \Vind velocity 2m above the ground in mile/day

S = possible sunshine in percent.

Hakkink (1957) presented an equation for estimating Et for grass over 10-

day periods under cool climatic condition of the Netherlands which is given by

A Rg
Eg=0.61 A+y' 58.5 -0.12 (2.10)

where, E, = evapotranspiration rate in mm/day (Ru = 0.6 Rs) and other sJ'mbols
are as pf'eviously defined.

2.7.10 Makkink Method

w. = water requirement constant for months and latitude.

E~ = Basic \Vater requirement in mm/day at latitude 4>,

D = mean monthlJ; depression of the \Vet bulb in °c

months. The equation is given by

based on the average depression of the \Vet bulb temperature and a radiation

latitude f.ilctor based on clear sky values of solar radiation by latitudes and

2.7.9 Olivier Method



(2.12a)

(2.12b)

potentialequations 'forthe following twogave(1961)Turc

Of the several prediction methods available for estimating reference crop

Rs = solar radiation at land surface in mm/day.

Rs = solar radiation in langleys/day.

(1) the Blaney-Criddle method

(2) the radiation method, and
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(3) the modified Penman method.

Etp = evapotranspiration in inch/day

T = mean air temperature in 0 F

T = average temperature in °c

E =0.013-T-(R +50) (J.+50-z.h.)
tp T+15 5 70

in Bangladesh(Saleh and Fatema, 1988). These are:

evapotranspiration, three approaches have been used by different investigators

2.8 Use of Prediction Methods for Estimating Evapotranspiration in Bangladesh

For r.h. <50

For r.h. > 50

E.p=O.013-
T- (R.+50)

c , T+15'

evapotranspiration for 10-day periods under climatic conditions of western

2.7.12 Turc Method

. where,



The Blaney-Criddle method was used for the calculation of ET in the Water

Haster Plan of East Pakistan (IECO, 1961). The method was also used for the

calculation of ET of rice in G.K. Project (EPWAPDJ\,1968). Jenkins (1981)

calculated the ET for different regions of Bangladesh by using the radiation

method. He also recommended its use for rice and other crops. The modified

Penman method 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) also used the modified Penman method for computing water

requirements of different crops. Haster Plan Organization (MPO,1981) has used

the estimate of Karim and J\kand (1982)for crop water requirements. The modified

Penman method was used for estimating the Cl"OPwater requirement of rice in the

Teesta Barrage Project (BUETand BWDB,1987). FPCO (1993) used the Penman-

Honteithapproach for predicting the reference crop evapotranspiration fOl"

Jamalpur priority project study.

2.9 Studies on Estimated vs. Observed Evapotranspiration of Rice

Sufficient Btudies have not yet been undertaken to compare between

estimated and observed ET of rice. A relationship Btudy 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 Thailand (Qurban et al., 1990). The

best performance was obtained by the modified Penman method as it pOBsessed

a real correlation between estimated and obBerved ET. Sastri et al. (1985) showed

that the ETlEV ratio varied from 1.78 to 1.21.

18



Saleh 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 stations in Bangladesh by comparing the

coefficient of efficiency of each method. The actual ETa - values were estimated

from 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 computed

ETa-values with actual ETa- 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 square of each method. The

Papadakis method, the Makkink method, the Stephens-Stewart method, the

Blaney-Criddle method modified by FAOand the Penman method have been found

suitable for estimating ETafor 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 (ET) of different crops. The choice of a method depends upon

the meteorological data available and the needed accuracy of estimation. In the

present study, five different prediction methods have been used to compute ETa

of the BR-3 Boro rice based on readily available climatic data. These methods are

19



The methods considered in this study are grouped according to their

climatic data requirements in Table 2.2 and presented in the following sections.

prediction
,,

i. the modified Penman method

ii. the Hargreaves method

iii. the Thornthwane method

iv. the pan evaporation method, and

v. the Blaney-Criddle method.

20

+ data used directly to compute ETo

* data used to compute coefficients, correction factors etc.

(+) data to be used if available but not necessary

-c-

Method Temperature Humidity Wind Sunshine Radiation Evaporation

Modified Penman + + + + (+)

Hargreaves + +

Pan evaporation * * +
.

Blaney-Criddle + .*
Thornthwaite +

Table 2.2 Climatic data required by different methods

The minimum time period used. for the calculation of ETo by the

methods considered is given in Table 2.3.



Table 2.3 Minimumtime periods for the selected methods

Method Recommended Remarks
minimum
time period

Modified Daily Penmanused daily values to obtain
Penman coefficients, but evaluated the

equation over 10-day periods

Hargreaves .' Daily

Pan evaporation Daily or
hourly

Blaney-Criddle Seasonal
(monthly if
10call)'
calibrated)

Thcrnthwaite 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 ETo' Doorenbos and Pruitt (1977)

proposed a modified Penman method, which is given by

(2.13)

where,

ET.:: reference crop evapotranspiration in mm/day
u

W :: temperature-related weighing factor

R
n

:: net radiation in equivalent evapotranspiration in mm/day

f(u):: wind related function

21



weather conditions.

(2.11 )

The Hargreaves equation is given by (Hargreaves, 1985)

ETo= 0.0023 Ra (Tal + 17.8) Ttl

where,

ETo = reference crop evapotranspiration in mm/day

Ra = extraterrestrial solar radiation in mm

Tav= average of minimumand maximumtemperatures in °c

TD = difference between maximumand minimumtemperatures in °c

22

2.10.3 Hargreaves Method

difference between the saturation vapor pressure at mean air

temperature and the mean actual vapor pressure of air in mbar

C = adjustment factor to compensate for the effect of day and night

The modified Penman method is a combination approach in which both

energy-balance and aerodynamic terms appear explicitl~' in a single relationship.

This method has been used extensively in England by government agencies and

private companies who are providing computerized irrigation scheduling services

for farmers. Due to the interdependence of the variables composing the equation,

the correct 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

aerodynamic equations from which it was derived; so evapotranspiration equation

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

hydrology today (Thorn and Oliver, 1977).



where,

(2.15)

0.000000067513-0.000077712+ 0.017921+ 0.19239

an empirical exponent computed by the equation

a =

a =

ETo = 30-day value of estimated ETo in cm

t = mean monthly air temperature in °c

23

Thornthwaite (1918)assumed that an exponential relationship existed between

summation of 12 values of monthly heat indices i

i = (t/5) l.5B

1 = annual or seasonal heat index being equal to the

Equation (2.15), however, gives only unadjusted rates of reference crop

This method has been used extensively in Latin America to estimate crop

evapotranspiration in the morning and its termination in the evening varies with

and since the number of hours in the day between the onset of

evapotranspiration. Since the number of days in a month varies from 28 to 31

potential evapotranspiration for a month of 30 days;

climatic patterns of the world. Thornthwaite proposed the following formula for

originally developed for the purpose of a rational classification of the broad

mean monthly temperature and mean monthly consumptive use. The formula was

2.10.1 Thornthwaite Method

conditions of elevation or humidity as does other combination methods.

water requirements. This method does not have any adjustments for site specific



derived. The drawbacks of the formula as enumerated by Chang (1968) are as

i) Temperature alone' is not a good indication of the energy available for

in the

The adjusting factor for reference cro~ evapotranspiration
computed by the Thornthwaite equation

The Thornthwaite formula gives a reasonable estimate of ETo

evapotranspiration.

2.1

follows:

temperate, continental climate of North America ,vhere the formula was originally

* Source: Criddle (1958)

Latitude,
deg J F M A M J J A S 0 N D

~'

0 1.01 0.91 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01

10 1.00 0.91 1.03 1.03 1.08 1.06 1.08 1.07 1.02 1.02 0.98 0.99

20 0.95 0.90 1.03 1.05 1.13 1.11 1.11 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 1.11 1.03 0;98 0.89 0.88

35 0.87 0.85 1.03 1.09 1.21 1.21 1.23 1.16 1.03 0.97 0.86 0.85

.10 0.81 0.83 1.03 1.11 1.21 1.25 1.27 1.18 1.01 0.96 0.83 0.81

.15 0.80 0.81 1.02 1.13 1.28 1.29 1.31 1.21 1.01 0.91 0.79 0.75

50 0.71 0.78 1.02 1.15 1.33 1.36 1.37 1.25 1.06 0.92 0.76 0.70

Table 2.1

factors are given in Table 2.1.

unadjusted rates by a factor which varies with the month and the latitude. These

the season and with latitude, it becomes necessary to reduce or increase the



(2.16)

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 provide a measurement of the integrated effect of

radiation, wind, temperature and humidity on evaporation from a specific open

water surface. Sharma and Dastance (1968) suggested that the standard United

States '"eather Bureau Class A open pan evaporimeter 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

ETu = Kp' Epan

where,

ET
u

= reference crop evapotranspiration in mm/day.

25
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may account for variations of only a few percent.

depends on wind speed, mean relative

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

crops or dry fallow from the pan.

pan evaporation in mm/day and represents the mean daily value of

the period considered

= pan coefficient which

The pan coefficients given in Table 2.5 apply to galvanized pans annually

E =pan

painted with aluminium. Little difference in Epan will show when inside and outside

surfaces of the pan are painted white. An increase in Epan of up to 10 percent

ma;\,occur "hen they are painted black. The material from which the pan is made

surroun"dings and general wind and humidity conditions.

In selecting the appropriate value of ~ to relate Class A pan data to ETo ' it is

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

pan. The pan station is placed in an agricultural area. The pan is unscreened.

Values for Kpare given in Table 2.5. The Kp-values relate to pans

located in an open field with no crops taller than 1 m within some 50 m of the
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Source; Doorenbos and Pruitt (1977)

Pan coefficient (~) for Class A pan for different groundcover
and levels of mean relative humidity and 21 hour wind .

For extensive areas of bare-fallow soils and no agricultural development, reduce
~ by 20% under hot, windy conditions and by 5-10% for moderate wind,
temperature and humidity conditions

Class A pan Case A: ran placed in short green Case B*:Pan placed in dry fallow area
cropped area

RHmeanX 10"" medium high low medium high
<40 40-70 )70 <40 40-70 )70

Wind Windward side Windward side
kmJday distance of distance of

green crop dry fallow
(m) (m)

Light 1 .55 .65 .75 1 .7 .8 .85

n75 10 .65 .75 .85 10 .6 .7 .8
100 .7 .8 .85 100 .55 .65 .75

1000 .75 .85 .85 1000 .5 .6 .7

Moderate 1 .5 .6 .65 1 .65 .75 .8
175-425 10 .6 .7 .75 10 .55 .65 .7

100 .65 .75 .8 100 .5 .6 .65
1000 .7 .8 .8 1000 .45 .55 .6

Strong 1 .45 .5 .6 1 .6 .65 .7
425-700 10 .55 .6 .65 10 .5 .55 .65

100 .6 .65 .7 100 .45 .5 .6
1000 .65 .7 .75 1000 .4 .45 .55

very 1 .4 .45 .5 1 .5 .6 .65
strong 10 .45 .55 .6 10 .45 .5 .55
)700 100 .5 .6 .65 100 .4 .45 .5

1000 .55 .6 .65 1000 .34 .4 .,45

Table 2.5



considered

(2.19)

(2.17)

(2.18a)

(2.18b)

reference crop evapotranspiration in mm/day for the month

p(0.16t + 8.13)

p(0.16 t + 8.13)

25.1 (p x t)/lOO

monthly consumptive use factor for the growing season

mean monthly temperature in of

empirical consumptive use crop coefficient for the month

seasonal consumptive use of water by the crop for the given period
in inches

f =

f =

ET =

k =
f =
t =

28

Doorenbos and Pruitt (1977) recommended the follo\ving relationships for

. Using Eq. (2.18b) in Eq. (2.17), the Blaney-Criddle formula can also be

Blaney and Criddle (1950) observed that the amount of water consumptively

when t is in °c.

when t is in of, and

ET. =u

where,

ET. =u

expressed as

f in mm/day in the Blaney-Criddle formula:

where,

and Criddle in FPS units may be stated as

monthly temperatures and daylight hours. The relationship developed by Blaney

used by the crops during their growing seasons was closely correlated with mean

2.10.6 Blaney-Criddle Method



p::: monthly daylight hours eXP1'essedas percent of daylight hours of

the year divided by 100

t::: mean monthly temperature in °c

Doorenbos and Pruitt (1977) pointed out 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 calender month for

each year of record, instead of using mean tempel'ature 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 Soil Conservation Service of the United

States Department of Agriculture wherein considerable data have been collected

, to determine the values of the coefficients to be used for various crops. The

Blane}'-Criddle formula has a sel'ious limitation in representing consumptive use

for shorter time periods than one month due to the use of temperature as the

only climatological variable. However, this formula has been used very

extensively., In some instances, the monthly crop coefficients have been

recalculated to better fit observed crop water use in a particular region. It is

an empirical formula developed to fit arid conditions and will give good estimates

of seasonal \;,atei; needs under these conditions.

29
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2.11.1 Correlatioll coefficient

(2.20)
Cov (S,R)

l' = --------

The correlation coefficient, 1', is defined as (Haan, 1977)

Cov (S,R) = covariance between predicted and recorded series

where,

S3,sa = stsndard deviations of the predicted and recorded series,
respectively.

!I. high correlation coefficient closer to 1 indicates closer agreement between

the two series and a zero correlation coefficient indicates no agreement.

they are presented in the following sections.

comparing between the observed and the estimated evapotranspiration of rice and

(observed) and predicted quantities. Out of them, 1 ststistical approaches, viz.

the correlation coefficient (1'), the coefficient of efficiency (Ce), the root mean

square (rms) and the t-test for the mean difference have been used for

useful numerical measures of the degree of agreement between recorded

coefficient, coefficient of efficiency, root mean square and the t-test provide

Several types of ststistics such as stsndard deviation, mean deviation,

coefficient of variance, Kolmogorov- Smirno\ll. test, D-test, i-test, correlation

2.11 Testing of Accuracy of Different Prediction Methods



,.{here,

are in complete agreement.

(2.23)

(2.22)

(2.21)

The root mean squal'e (rms) is given by (Jensen, 1973)

rms = J (R.-S1) 2 IN
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t., x,. -x,.
. SJl/n1+1/n2

with, nj+nZ-2 degrees of freedom,

statistic is given by (Zaman et al., 1982).

The t-test statistic has been determined to show whether the difference

Si andR
i

= items. in the predicted and recorded series, respectively.

H&= mean of the series Ri

N = no. of' observations.

'The coefficient of efficiency, Ce, is defined as (James and Burges, 1982)

Nr [(S.-R.) IR.j2
c = -""'--:.1 _
e N 0"fu (R.IMR-l)2

between the mean observed and estimated ET are significant or not. The t-test

2.11.1 t-test for mean difference

Like C
e
, it should be equal to zero when the measured and the predicted values

2.11.3 Root mean square

The value of C. should approach zero as the two series reach complete agreement.,

2.11.2 Coefficient of efficiency
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hypothesis is rejected and the difference is significant.

(n1-l) st+ (~-l) s;
nl+~-2

combined standard deviation of the two samples

=.

s =

nl = sample size of the first sample (i.e. observed ET)

nZ = sample size of second sample (i.e, estimated ET)

X. = mean of the second sample (i.e. estimated ET)

where,
Xl = mean of the first sample (i.e. observed ET)

When nl = nZ = n S" Jo.s(si+B:.) (2.21)

If the calculated value of t is less than its tabulated value at 1%or 5%

insignificant. If the calculated value is greater than the tabulated value, the

level of significance, then the hypothesis is accepted and the difference is



CHAPTER III '

METHODOLOGY

3.1 Data Collection

3.1.1 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 ,\mla

experimental farm, Kustia. The layout plan of the A,mlaexperimental farm is shown

in Fig. A.l of Appendix-A. This farm is located in the G.K. project area, about

15 km west of Kustia city and lies approximately at 23°53
1
N latitude ;and 89°8'"E

longitude. The total area of 'the farm is 56 ha. A good number ,of experiments

were conducted at the Amla experimental farm' to determine the water

requirements of crops with simultaneous collection 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 requirements of different local

and HYVvarieties of rice, effect of fertilizer dozes on the production of rice,

integrated pest management, etc. were conducted by BWDBat Amlafarm in Kustia.

Anexperiment was conducted at Amlafarm to ascertain water requirement of BR-3

variety of rice in the Bol'O season on lysimetric condition in G.K. area for the

years 1987-88, 1988-89, and 1989-90, respectively (Fakir, 1990).The procedure for

determining the water requirement of BR-3 rice is as follows:
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have been collected from the Amla.farm. The climatological data such as

wel'e transplanted to the

added in the lysimeter to

field capacity soil-moisture

temperature, solar radiation, wind velocity, relative humidity, pan evaporation and

1ysimetric data on ET of BR-3rice for. the period from 1987- 88 to 1989-90

rainfall for the same period have also been col4ected from the same station and

are given in Appendix-A.

consumptive use of water for the establishment pel'iod. In a similar way, the

observed ET for other periods (mostly for 15-day period) during the' growing

(including rain water) minus the percolating water is considered to be the ET or

lysimeter until it reached the field capacity level. The amount of water added
I:,

season of the crop was calculated. The observed ET-values for different

irrigation treatments are shown in Table 3.1 through Table 3.9.

establishment. After 25 days of transplantation, water was drained out from the

lysimeter pan at the. rate of two seedings per hill \"ith 20 cm x 20 cm spacing.

About 2.5 cm standing water was maintained for 25 days for seedling

I

!

The soil of each lysimeter was brought to i
the

status and then a measured amount of water .Jas

3 dlill
puddle the surface soil. The BR- rice see ngs'I



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

T, = Continuous standing water (2.50 to 5.0 em)
I

TZ = Always saturated condition

TJ = Rainfed condition
Tj = Saturation for a period of 10 days and then allowed to dry upto hair-

cracking and then added water to saturation and maintained saturation
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Effect of irrigation treatments on the growth and yield of BR-3 Boro
for the year 1987-88

Irrigation requirement of BR-3 Bora rice under different levels
for the year 1987-88

Treatment Date of Date of Total Plant No. of Length of No.of Yield Grain Reduction
Trans- maturity growing height effective panicle fertile (ton/ha) straw in yield
planting periods (em) tillers (em) grainl ratio over max.

(days) panicle (%)

T1 26.12.87 n.5.55 177 75.5 23.50 23.37 124.0 6.46 1:2.3 -

T2 26.12.57 n.5.55 177 72.0 16.75 22 .25 111.25 4.0 1:2.7 25.7n

T3 26.12.87 2.6.85 201 40.75 7.25 13.25 23.75 0.41 1:21.7 n.65

T4 26.12.57 n.5.58 177 72.0 15.50 22.25 110.75 4.15 1:2.8 35.2n

Date Treatments Irrigation Rainfall Percolation Water consumed
(em) (em) (em) (em)

T, 101.27 18.55 13.25 76.57
26.12.87

to Tot 67.19 18.55 33.97 51.77
5.5.88

T,) 26.82 18.55 15.82 29.55

T" 59.71 18.55 31.51 16.72

'fable 3.2

Table 3.1



Date Treatments Irrigation Rainfall Percolation Water Consumed
(cm) (cm) (cm) (cm)

19.12.89 T, 111.65 29.2 66.10 77.75
to

10.5.90 T~ 69.89 29.2 50.89 18.20

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 (em) (em) grain! ratio over max.

panicle (X)

19.12.39 12.5.90 T1 73.34 19.08 20.84 82.08 9.0 1:1.33 -
19.12.39 12.5.90 T2 70.37 15.58 20.84 79.32 7.3 1:I.67 35.21

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

Effect of irrigation treatments on the growth and yield contributing
characters of BR-3 Boro rice for the year 1989-90
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Effect of irrigation treatments on growth and yield contributing
characters of Bora rice for the year 1988-89

Irrigation requirement of BR-3Boro rice under different
irrigation levels for the year 1988-89

Date of Date of Treatments Plant No.of Length No. of ):"ield Crain Reduction
Trans- maturity height effective of fertile (ton/ha) straw in yield
planting tillers panicle grain I ratio over max.

(em) " (em) panicle (%)

18.12.33 14.5.S!) T1 77.09 15.25 22.37 93.75 4.51 1:2.6" -
13.12.33 14.5.39 T2 72.25 11.50 21.75 84.25 3.li 1:3.2 29.71

18.12.88 14.5.S~ T3 71.25 II.50 21.75 51. 75 2.7 1:3.53 40.13

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 65.8

11.5.89
""

T'l 103.05 1.03 -11.38 62.7

Table 3.6

Table 3.5

'fable 3.1

Table 3.3



Table 3.7 Seasonal irrigation requirement, percolation. rainfall and
water consumed for the year 1987-88

Date Irrigation Rainfall Percolation Water Consumed
(em) (em) (em) (em)

26.12.87
to 11.02 - 6.57 1.15

19.1.88
20.1.88

to 10.88 - 6.16 1.12
3.2.88
-1.2.88
to 10.21 - 5.10 1.81

18.2.88
19.2.88
to 9.09 3.18 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 11.-12 0.53 5.55 9.10

3.-1.88
1.1.88
to 22.18 - 1.30 17.88

18.1.88
19.1.88
to 13.32 9.59 1.67 18.21

5.5.88
Grand Total 101.27 18.55 13.25 76.57
(em)
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Table 3.8 Seasonal irrigation requirement, percolation, rainfall
and water consumed for the year 1988-89

Date . Irrigation Rainfall Percolation Water Consumed
(em) (em) (em) (em)

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
12.3.89
13.3.89

to 16.12 - 7.05 9.37
27.3.89
28.3.89

to 1L15 0.15 3.61 10.66
11.,1.89
12.1.89
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
(em)
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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
(em) (em) (em) (em)

19.12.B9
to 11.71 2.1 B.71 5.10

12.1.90
13.1.90 -

to B.57 - 5.12 3.15
27.1. 90
2B.1. 90

to 13.31 - 7.16 5.B5
11.2.90
12.2.90
to '6.25 6.6 7.92 1.93

26.2.90
27.2.90
to 7.Bl 6.BO 6.77 7.B1

13.3.90
11.3.90
to 16.33 - ,6.63 9.70

2B.3.90
29.3.90 ,

to 15.0B 6.30 7.79 13.59
12.,1.90
13.1.90
to 20.26 3.10 7.10 15.96

27.,1.90
2B.'1.90
to 15.30 ,1.30 7.97 11.63

10.5.90
Grand Total 111.65 29.20 66.10 77.75
(em)
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3.2 Data Analysis
3.2.1 Estimation of evapotranspiration

The modified Penman, the Hargreaves, the Thornthwaite, the pan evaporation
!and the Blaney-Criddle methods have been used to estimate the ETc 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 ET. is given in Appendix-B.u .

IThe reference crop evapotranspiratio~; ETc' obtained by different methods
has been multiplied by the crop coefficient (Kc) of rice to obtain the actual
evapotranspiration ET. The crop coefficient 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 tor different months (Doorenhos and
Pruitt, 1977)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

l\e 1.15 1.25 1.0 1.10 1.15 1.30 1.0 1.10 1.15 1.30 1.0 1.10

10



CHAPTERIV

1.2 Comparison between Observed and Estimated ET

.---..,

,.,)

earlier, five methods, namely the modified Penman, the

Thornthwaite, the pan evaporation and the Blaney-Criddle

1987-88, 1988-89 and 1989-90 are 132, 115 and 113 days, respectively.

RESULTS AND DISCUSSIONS

December to Hay of the years 1987-88to 1989-90 is given in Table 1.1. From this

table 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

The actual (observed) ET for BR-3Bol'Ovariety of rice for the crop season

coefficient (1'), coefficient of efficiency (Ce), root mean square (rms) and

t-statistics for the test of mean difference. The results of the present study are

presented and discussed in the following. sections.

methods, the predicted ET has been compared with the actual ET. The accuracy

of prediction has been tested by the statistical approaches such as correlation

of the years 1987-88 to 1989-90. In order to. study the. effectiveness of these

methods, have been used to determine the evapotranspiration of BR-3 rice in the

G.K.project area using climatological data for the crop season December to Hay

As stated

Hargreaves,the

1.1 General
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:1.-1,1.5, 1.6 and -1.7,respectively.

Observed evapotranspiration of BR-3 Boro variety of rice

From these values, the average daily ET during the entire growing season

The mean daily values of ET in different months obtained by different

computed by the five methods for different dates are presented in Tables 1.3,

given in Table 1.2 and the comparisons between the observed ET and that

methods for the crop season December to May of the years 1987-88 to 1989-90 are

practically insignificant and well within 1%of-its average value of 5.63 mm/day.

the mean daily ET of BR-3 Bol'Ovariety of rice in the three growing seasons is

three growing seasons being 5.63 mm/day. It is seen that the difference between

is found to range from 5.13 mm/day to 5.80 mm/day, the mean daily ET for the

Growing Length of Observed ET Meandaily Meandaily

season growing during the ET during ET for 3
season growing the growing growing

season season seasons
(days) (cm) (mm/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 113 77.75 5.13

10.5.90

Table 1.1



Table 1.2. Monthlymean daily ET (mm/day) by different methods for the years
1987-88 to 1989-90

Mean daily T (mm/day) in the month of Mean Mean
Method Year daily ET daily ET

Dec Jan Feb Mar Apr May for the for 3
growing growing
season seasons
(mm/day) (mm/day

1987-88 2.61 1.11 1.27 1.33 6.38 6.15 1.79
Modified
Penman 1988-89 3.22 3.21 5.12 5.63 8.07 8.56 5.58 1.92

1989-90 2.95 3.27 1.68 1.15 6.10 7.23 1.10

1987-88 3.06 3.70 1.97 5.09 6.88 6.11 5.12
Har-
greaves 1988-89 1.20 3.55 5.12 5.66 7.39 7.92 5.18 5.05

1989-90 2.78 3.31 1.85 1.11 5.85 6.72 1.57

1987-88 1.53 1.21 2.31 3.37 7.71 7.62 3.69
Thornth-
waite 1988-89 2.78 0.81 1.90 3.18 8.19 12.21 1.23 3.67

1989-90 1.08 1.11 2.29 2.83 5.62 7.28 3.09

1987-88 1.18 1.51 1.93 2.92 1.31 1.18 2.67
Pan
evapora- 1988-89 1.60 1.70 2.32 2.76 1.53 1.15 2.80 2.81
tion 1989-90 1.35 1..13 1.61 2.32 3.23 . 3.00 2.13

1987-88 1.11 1.31 5.60 5.21 6.87 7.30 5.19
Blaney-
Criddle 1988-89 1.60 1.31 5.60 5.21 7.00 7.93 5.61 5.53

1989-90 3.92 1..13 5.71 5.07 6.58 7.31 5.50

13



1987-88 1988-89 1989-90

Date ETobs ETest Date BTobs BTest Date Blobs ETest

26.12.8; 18.12.88 19.12.89
to 1.78 3.98 to 2.84 3.32 to 2.04 3.10

19.1.88 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 2.10 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 11.2.90

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 25.2.89 26.2.90

5.3.88 26.2.89 27.2.90
to 6.18 I 4.33 to 5.83 5.58 to 5.23 4.48

10.3.88 12.3.89 13.3.90

20,3.88 13.3.89 14.2.90
to 6.2; 4.74 to 6.25 5.63 to 6.47 4.45

3.4.88 27.3.89 28.3.90

4.4.88 28.3.89 29.3.90
to 11.92 6.38 to 7.11 7.41 to 9.06 6.01

18.4,88 11.4.89 12.4.90

10.4.85 12.4.89 13.4.00
to 10.73 6.30 to 8.90 8.07 to 10.64 6.40

5.5.85 26.4.89 27.4.90
. 27.4.80 28.4.90

to 8.22 8.40 to 8.95 6.10
11.5.89 10.5.00

Mean 5.80 4.70 5.66 5.58 5.43 4.40

% diff. -17.41 -1.41 -18.06

Table 1.3 Datewise comparison between observed ET (llIl/day) and ET
(llIl/day) estimated by the modified Penmanmethod
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1987-88 . 1988-89 1989-90

Date ETobs BTest Date JTobs BTest Date ETobs BTest
26.12.37 18.1Z.88 19.1Z.89

to L7S 3.84 to Z.84 3.91 to Z.04 3.03
19.1.88 11.1.89 lZ.1.90

20,1.55 1Z.1.89 13.1.90
to 2.95 3.91 to 3.3Z 3.55 to 2.10 3.31

3.2.35 26.1.89 Z7.1.90

4.Z.88 Z7.1.89 Z8.1.90
to 3.Z3 5.15 to 4.8Z 4.59 to 3.90 4.43

13.2..85 10.Z.89 11.Z.90

1!i.2.SS 11.Z.89 1Z.Z.90
to 5.35 5.13 to 5.58 5.1Z to 3.Z9 4.55

4.3.5S 25.2.89 26.2.90

5.3.53 26.2.89 Z7.Z.90
to 6.18 5.00 to 5.83 5.55 to 5.Z8 4.49

19.3,88 lZ.3.89 13.3.90

ZO.3.88 13.3.89 14.3.90
to 6.27 5.45 to 6.Z5 5.66 to 6.47 4.45

3.4.33 Z7.3.89 Z8.3.90

4.4.?8 Z8.3.89 Z9.3.90
to ll.n 6.88 to 7.11 6.n to 9.06 5.57

18.4.88 11.4.89 lZ.4.90

19.4.88 1Z.4.89 13.4.90
to 10.73 6.64 to 8.90 . 7.39 to 10.64 5.85

5.5.85 Z6.4.89 Z7.4.90

Z7.4.89 Z8.4.90
to 8.ZZ 7.77 to 8.95 6.5Z

11.5.89 10.5.90

Mean 5.80 5.1Z 5.66 5.48 5.43 4.57

%diff. -11. 72 -3.18 -15.83

Table 1.1 Datewise comparison between observed ET (mm/day) and ET
(mm/day) estimated by the Hargreaves method

15
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1987-88 lU88-8U lU8U-UO

Date ETobs ETest Date KTebs ETest Date ETobs ETest
26.12.87 18.12.88 lU.12.8U

to 1.78 1.28 to 2.84 Ln. to 2.04 1.10
lU.1.88 11.1.8U 12.1.UO

20.1. 88 12.1.8U 13.1.UO
to 2.95 1.43 to 3.32 0.81 to 2.10 1.14

3,2.53 26.1.8U 27.1.UO

4.2.88 27.1.8U 28.1. UO
to 3.23 2.34 to 4.82 1.53 to 3.UO 1.98

18.2.88 10.2.8U 11.2.UO

Hl.Z,SS 11.2.8U 12.2.UO
to 5.38 2.61 to 5.58 1.UO to 3.2U 2.2U

4.3.88 25.2.8U 26.2.UO

5.3.88 20.2.8U 27.2.UO
to 6.18 3.37 to 5.83 3.16 to 5.23 2.75

lU.3.88 12.3.8U 13.3.UO

20.3.88 13.3.8U 14.3.UO
to 6.27 4.24 to 6.25 3.48 to 6.47 2.83

3.4.88 27.3.8U 26.3.UO

4.4.88
. 28.3.8U 2U.3.UO

to 11.02 .7.71 to 7.11 7.15 to U.06 5.06
18.4.88 11.4.8U . 12.4.UO

lU.4.88 12.4.8U 13.4.UO
to 10.73 7.68 to 8.UO 8.4U to 10.64 5.62

5.5.88 26.4.8U 27.4.UO
27.4.8U 28.4.UO

to 8.22 11.24 to 8.U5 6.80
11.5.8U 10.5.UO

Mean 5.80 3.60 5.66 4.23 5.43 3.0U

% diff. -36.38 -25.26 -43.00

. Table .1.5 Datewise comparison between observed ET (mm/day)
and ET (mm/day) estimated by the Thornthwaite method

16



ID87-88 ID88-8D ID8D-DO

Date ETobs BTest Date BTobs BTest Date BTobs BTest

26.12.57 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.DO

20.1.88 12.1.8D 13.1.90
to 2.95 1.62 to 3.32 1.70 to 2.10 1.43

3.2.88 26.1.89 27.1.DO

4.2.88 27.1.89 28.1.90
to 3.23 1.93 to 4.82 2.11 to 3.DO 1.56

18.2.88 10.2.89 11.2.90

19.2.88
..11.2.89 12.2.90

to 5.38 2.19 to 5.58 2.32 to 3.2D 1.61
4.3.63 25.2.89 26.2.90

5.3.88 26.2.89 27.2.90
to 6.18 2.02. to 5.83 2.67 to 5.23 2.22

ID.3.88 12.3.89 13.3.90

20.3.58 13.3.89 14.3.90
to 6.27 3.20 to 6.25 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 11.02 4.31 to 7.11 4.06 to 9.06 3.03

18.4.58 11.4.59 12.4.DO

19.4.58 12.4.59 13.4.90
to 10.73 4.27 to 8.90 4.53 to 10.6. 3.21

5.5.85 26.4.89 27.4.90

27.4.89 28.4.90
to 8.22 4.25 to 8.95 3.04

11.5.89 10.5.90

l1ean 5.80 2.67 5.66 2.80 5.43 2.13

X diff. -53.96 -50.53 -60.77

Table 1.6 Datewise comparison between observed ET (mm/day) and ET
(mm/day) estimated by the pan evaporation method
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1987-88 1988-89 1989-90

Date ETobs BTest Date ETobs ETest Date ETobs BTest
28.12.87 18.12.88 19.12.89

to 1.78 4.29 to 2.84 4.47 ' to 2.04 4.18
19.1.88 11.1.89 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

3.2.88 28.1.89 27.1.90

4.2.88 27.1.89 28.1.90
to 3.23 5.80 to 4.82 5.17 to 3.90 5.38

18.2.88 10.2.89' 11.2.90
-c-
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 6.18 5.21 to 5.83 6.31 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 15•54 to 6.25 5.'24 to 6.47 5.87

3.4.88 27.3.89 28.3.90

4.4.88 28.3.89 29.3.90
to 11.n ,6.67 to 7.11 6.53 to 9.06 6.27

18.4.88 11.4.89 12.4.90

19.4.88 12.4.89 13.4.90
to 10.73 6.99 to 8.90 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 5.40 5.66 5.61 5.43 5.50

% diff. -5.34 -0.88 11.20

Table 1.7 Datewise comparison between observed ET (mm/day) and ET
(mm/day) estimated, by the Blaney-Criddle method
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the

the

upto ,the maturity stage. The Hargreaves method tends to underestimate the

rice plants and underestimates the actual ET for the rest of the gi'owing ,season

overestimates the actual ET for more than two months after transplanting of the

varies from 3.03 mm/day to 7.77 mm/day. The mean ET estimated, by the

Hargreaves method varies from 1.57 mm/da)' to 5.18 mm/day. This method

From Table 1.1, it is seen that the ET computed by the Hargreaves method

underestimates the observed ET by 12.59%.

of its growing season and underestimates the actual ET during the re'st of the

to 5.58 mm/day. This method overestimates the actual ET during first two months

ET in all the years, the percentage of underestimation being 17.11, 1.10 and 18.96

in the years 1987-88, 1988-89 and 1989~90,respectively. This method as a whole

growing season. The modified Penmanmethod ,tends to underestimate the observed

the daily mean observed ET varies from 5.13 mm/day to 5.80 mm/day and the

From Table 1.2, it is seen that the seasonal ET-value computed by different

From Table ,1.3, it is readily seen that the observed ET varies from 1.78

dailJ' mean ET estimated by the modified Penman method varies from 1.10 mm/day

mm/day to 11.92mm/day and the estimated ET calculated by the modified Penman

method varies from 3.10 mm/day to 8.07 mm/day. For the entire growing season,

those predicted by the other three methods.

the pan evaporation methods give ET-values which are considerably lower than

Blane)'-Criddle methods seem to be near to one another. The Thornthwaite and

method are the lowest and those predicted by the Blancy-Criddle method are

highe~t. The ET- values given by the modified Penman, the Hargreaves and

methods vary considerably. The ET-values predicted by the pan evaporation



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%.

From Table 1.5, it is seen that the ET computed by the Thornthwaite

method varies from 0.81 mm/day to 11.21 mm/day. The mean ET estimated by the

Thornthwaite method varies from 3.09 mm/day to 1.23 mm/day. This method

underestimates the actual ET more than three months after transplanting of rice

plants and 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 1987-88,1988-89, 1989-90, respectively. This method as a whole

underestimates the observed ET b~' 31.91%.

From Table ,1.6, it is seen that the ET computed by the pan evaporation

method varies from 1.38 mm/day to 1.53 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 actual ET during entire growing season. The pan evaporation

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 ~'ears 1987-88,

1988:-89, 1989-90, respectively. This method as a whole underestimates the

observed ET by 55.02%.

From Table 1.7, it is seen that the ET computed by the Blaney-Criddle

method varies from 1.16 mm/day to 7.68 mm/day and the mean daily ET for the

\"hole growing season 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 5.31 and

0.88, respectively and overestimate the actual evapotranspiration by 1.29%in the

year 1989-90.This. method as a whole underestimates the observed ET by 1.61%.

From the results presented in Tables 1.3 through 1.7, it is apparent that all

the five methods, viz. the modified Penman, the Hargreaves, the Thornthwaite, the

pan evapol~ation and the Blaney- Criddle methods, underestimate the actual or

observed ET, the percentage of underestimation as a whole for the growing

seasons being 12.59, 10.21, 31.91, 55.02 and 1.61, respectively. Thu.s, 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-values obtained by the Hargreaves and the

modified Penman methods are very near to one another. The ET-values obtained

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 shown 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 its 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 at that

time. As the growth continued,the consumptive use needs of the plants increased

gradually and reached a maximumvalue 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.l through Table A.3 of Appendix-A and Figs. 1.1 to 1.3, it is

found that the water requirement for BR-3 Bol'o rice is maximumin the month

of April. It.is stated earlier that in our country the Bol'O season is

characterized by dn' weather having a little 01' no effective rainfall. Due to dry

climate and high wind velocity in the month of April, water loss due to

transpiration is 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 to the BR-3 Bol'o crop resulting in substantial decrease in

grain yield.

1.3 Accuracy of prediction

The correlation coefficient (1'), the coefficie.nt of efficiency (Ce), the root

mean square (rms) and the t-static for the different methods are presented in

Table 1.8. From this table, it is seen that the average value of the correlation

coefficient (1') of all the methods is high, equal to or greater than 0.90. However,

in terms of this coefficient, the ranking of the different methods are (1) the pan

evaporation method (1' = 0.97), (2) the modified Penman method (1' = 0.95), (3) the

Hargreaves method (1' = 0.93), (1) the Thornthwaite method (1' = 0.92) and (5) the

Blaney-Criddle method (1' = 0.90).
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Table 1.8 Correlation coefficient (r), coefficient of efficiency (Ce), root mean
square (rms) and t-statiatic of different methods

Method Year Correlation Coefficient Root mean t-statistic
coefficient of efficiency square

(r) (Ce) (rms) t(.o.1 'tWo Remarks

1987-88 0.91 0.88 2.85 1.31 2.11 **
Modified
Penman 1988-89 0.98 0.08 0.10. 0.07 2.12 **

1989-90 0.9.1 0.88 2.22 0.89 2.12 **.
1987-88 0.91 0.65 2.51 0.50 2.11 **

Hargreaves
1988-89 0.97 0.20 0.69 0.21 2.12 **
1989-90 0.88 0.18 2.37 0.75 2.12 **
1987-88 0.96 0.13 2.50 0.95 2.11 **

Thornthwaite
1988-89 8.87 2.17 2.18 0.96 2.12 **
1989-90 0.93 1.03 2.81 1.72 2.12 **

,
1987-88 0.97 0.72 1.08 1.16 '2.11 **

Pan .

evaporation 1988-89 0.95 2.39 3.13 3.69 2.12 *
1989-90 0.98 .62 1.21 3.00 2.12 *
1987-88 0.92 1.11 2.63 0.23 2.11 **

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 coefficient of efficiency of different methods, as found in Table 1.8,

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 = 0.11) and the modified

penman method (Ce= 0.61) seem to be better than the Blaney-Criddle (Ce= 1.15),

the Thornth\vaite (Ce= 1.21) and the pan evaporation (Ce= 1.21) methods.

As it is seen in Table 1.8, the root mean square (rms) value of diffel'ent

methods varies over a wide range from 0.10 to 1.21. In terms of the mean rms

value, the modified penman method (rms = 1.82) and the Hargreaves method (rms

= 1.87) and the Blaney- Criddle method (rms = 1.98) seem to be better than the

Thornthwaite (rms = 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

show the ell:istence of statistical difference between the actual ET and the

estimated 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.

1.1 Best Prediction Method for Bangladesh

Considering the seasonal ET obtained by diffel'ent methods, the numerical

values of r, Ceo rms,and the t-statistic and the climatic data requirements, 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 method requires air temperature, relative humidity,

wind velocity and solar radiation (or sunshine hours) for predicting

evapotranspiration. 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 allover the 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 also been widely used in Bangladesh.

The main attraction of the Hargreaves method may be that it requires air

temperature and solar radiation (or sunshine hours) only for predicting

evapotranspiration and thus it is comparatively simple in its application. As

stated 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

study. 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 present study seem to indicate that the

Blaney-Criddle method is satisfactory so far as the prediction of ET is concerned.

However, in terms of correlation coefficient, coefficient of efficiency and root

mean square, this method is not as satisfactory as the modified Penman and the

Hargreaves methods.

58



59

'r

I
.1

The error of observation, if any, was supposed to be very small, because
'I
'I

such an error would be random and in both directions (POsitiie and negative).

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

II

kind.

involved.in the experiment and the results obtained seem satisfactory.

I
I,,

One possible source of error in this study might be the water loss by. ~I
leakage through the concrete tank. The lysimeter of Amlafarm is old and due to

. '1
lack of proper maintenance. the loss might occur. However, the seasonal

'I
I

consumptive use values do not suggest any appreciable source,' of error of this

On the whole,. it may be concluded that ,ne;>substantial error has been

1.5 Possible Sources of Error



CHAPTER V

CONCLUSIONS AND SUGGESTIONS FOR
FURTHER STUDY

5.1 Conclusions

The following. conclusions could be drawn from this study on the

relationship between observed and estimated evapotranspiration of BR-3 Bol'o

variety of rice.

1. The modified Penman method and Hargreaves method seem to be the

best methods for predicting the evapotranspiration of BR-3 Bol'o

variety of rice.

2. The dail~' evapotranspiration of BR-3 Bol'ovariety of rice during the

entire growing season (December to May) varies from 5.13 mm/day

to 5.80 mm/day and the mean daily ET is 5.63 mm/day.

3. The rate of water consumption of BR-3 rice plants depends upon its

stage of growth. After transplanting, the water needs of the rice
. I

plants increase as the vegetative gl'owth of the plant contirtues and

reaches the maJI.imumat the .booting and heading stages

(reproductive phase).

-1. The consumptive use requirement for BR-3 Bol'Orice is maximumin

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. Similar study may be undertaken for a number of seasons to obtain

results representative. of average climatic conditions.

2. Similar study may be repeated for different locations of Bangladesh

to obtain results representative of the climatic conditions of the

country.

3. The study may be extended for Aus and Aman seasons.

1. The study may be undertaken for other crops like jute, wheat,

pulses, potato, etc.

5. There are a variety of methods for predicting evapotranspiration of

crops. The study may be extended to determine the

evapotranspiration by other methods not considered in the present

study.

6. 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.l Meterological parameters during the period Dec'87 to
May '88 at Amla experimental farm

Honth Dee/87 Jan/88 Feb/88 Har/88 Apr/88 Hayj88
Av.Hax.Temp. (oe) 27.00 25.59 28.81 31.66 36.59 33.351Av.Hin.Temp. (oe 11.11 11.11 11.08 . 17.51 22.51 21.08
Rainfall (em) 1.67 - 3.17 6.55 9.60 27.30
Evaporation, (em) 5.72 5.92 6.38 11.29 11.66 11.10
Av.wind speed
(miles/hr. ) 0.65 5.16 0.53 1.16 1.95 2.90
Av. Sunshine hrs 8.15 9.01 8.56 8.29 9.16 7.63
Av. Humidity (:t) 72 68 66 72 70 81

Table A~2 Meterologiea1 parameters during the period Dec'88 to
May '89 at Amla experimental farm

Honth Dee/88 Jan/89 Feb/89 Mar/89 Apr/89 ~lay/89
Av.Max.Temp. (Ve) 3-1.21 23.92 27.95 33;17 38.09 39.19

IAv.Min.Temp. (oe) 11.01 9.21 12.28 16.18 22.05 26.06
Rainfall (em) - - 0.75 0.15 - 28.06
Evaporation (em) 6.22 5.71 7.11 12.25 18.22 16.61
Av.,dnd speed
(miles/hr.) 2.36 2.11 3.22 2.98 6.06 7.51
l\V. Sunshine hrs. 8.25 8.77 9.37 8•.18 9.18 7.91
J\V. Humidity(X) 77 70 59 50 68 73

Table A.3 l>1eterologiea1parameters during the period Nov '89 to May
'90 at Amla experimental farm

Month Nov/89 Dee/89 Jan/90 Feb/90 Har/90 Apr/90 Ma~'/90
Av.Max.Temp. (Ve) 28.70 21.19 23.65 27.57 29.11 33.05 33.791Av.Hin.Temp. (oe) 17.12 12.15 11.66 101.08 17.75 22.05 21.15
Rainfall (em) 2.10 7.90 7.25 10.10 10.60
Evaporation (em) 7.50 5.98 5.52 6.13 9.01 13;71 13.32
Av.wind speed
(miles/hr. ) 1.82 2.29 2.27 1.95 2.71 6.83 .1.96

Av. Sunshine hrs 8.83 8.16 8.25 8.01 7.15 8.81 8.25
Av. Humidity ( X) 72 61 72 66 71 77 77
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,. O",ily Evarx;)l"ation (rMl) & St~ati,:;t;i(::$

St.atio!"l , I !'1ml"" 9ub div , P8 Year 1990 - 91

---_.~----- ------- --- -------------~.._- -----------------_._-'---- -_.' ------ -- ._-- ---- --_._-- ----- --- ---- --------- -----------
Day Apr I"lay Jun Ju1 ~~tJg Sep o<::.t Hev Dec Jan Feb ""-------------------------- ------- -------~._-------------------------------------------------------------------------

" 4.6 1.6 2.7'" 2.5 5.3 2.'3:t: 3.6 2.5 1.8 2.5 1.8

2 • 5 3.' 1.5 5.3 3.5:t~ 2.8 2.1 2.8 1.8 1.8 3.2

3 3.9 '.2 <1.9 2.7-" 4••.•:!: .3.6 O' 1.8 3.9 1.3 1.8 3.2

<I 1.7 6 <1.3 2.7""' .:I .8 3.5:« 2.9*" 2.1 2.8 1.8 2.7 3 .•

5 3 2.6 5.7 2.6 4.7 3.5'* 1.4 2.6* 3.6 2.5 '.4 2.S

6 3.9 3.6 5.<1 2.2 5.6 5.3 1.8 1.4 2.8 1.4 1.8 2.:;:

7 2.8 •.3 3.9 1.3 2.S 3.2 "3.6 1.3 3.2 <:. 1 1.3 3.7-

8 4.3 5.7 3.' 4.6 3.2 3.6 l.l:l 1.8 2.5 1.:-J 2.1 3.2
.; 3.6 S..:::; 4.'~ .1 3.6 3.6 .7 3.2 2~1 1.13 2.~ 3.4

10 4.6 5.7 4. '1 O. 4.6 3.5* 2.2 3.6 3.2 1.8 2.5 3.6

i1 5 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 .' 2.5 3.2

13 5 3.3 3.6 2.1 3.3 3.6 3.7 1.8 2.a 1.8:r. 2.1 3.2

14 3.9 3.1 3.' 3.2 4.4* 4.1 4.6 3.6 2.5 1.4 2.5 3.1,;

15 5 2.7 .3.2 3.6 5.' 4.' 4.3 3.6 2.1 2.1 3.6 4.3
16 6 3.2 2.7 4.6 5 3.2. La 4.3 2.5 1.6 3.2 3.6
17 5;3 3.6 3.2 2.8 J.2 .6 2.5 3.2 1.4 2.1 3 .• 3.']

Ie 5.7 4.3 5 3.1 6.7 2.5 3.2 3.2 1.4 2.1 3.2 '5.3
I. 6 4.G <1.3 3.4 3.' 3.5* 3.G 3.2 1.8 2.1 2.1 5.7

20 7.1 4.6 3.2 2.7* <1.3 3.5* 3.6 1.8 2.8 1.8 2.5 5

21 5.7 5 4.3 2.a 4.3 3.6 4.G 2.5 2.8 2.1 3.2 5
22 5.3 <l.6 2.1 4.G <I.G 3.6 4.3 2.8 2.5 1.8 2.a 3.G
23 5.7 J.a 3.2 3.2 6.a 3.2 3.' La 2.5 La 3.2 4.3

2<1 G.<I 4.G 1.7. 4.3 7.1 2.a 3.G 2.1 La 1.4 3.G 2.4
2S 3.9 4.3 3.2 2.a 5.3 3.a 3.G 2.5 1.4 2.1 2.5 2.3
2G 3.6 5.3 3.2 3.4 3 3.7 2.5 3.9 1.4 2.1 2.8 3.9
27 3.' 2.3 2.4 3.6 4.9 2.2 3.G 2.5 1.3 2.1 3.2 4.3
2a 4.3 4.3 2.8 1 3.6 3.5* .2.5 3.6 1.4 2.1 3.6 4.3
29 3.3 3 2.a 1.G <1.6 3.5* 3.G 2.1 1.2 1.3 5
30 3.6 3.9 3.G 1.8 5 3.5* 3.G 2.5 La 2.1 5
31 3.6 3.5 3.G 3.G 1.4 1.3 3.9

------------------------------------------------------------------------------------------------------------------
Td 1 37.8 <17 42.6 20.9 41.2 38.G 20.1 23.5 29.4 18.6 21.2 30,.6
Td 2 ~4 37.7 35.8 30.6 42.7 32.5 31.8 29.8 22.6 17 27.4 41.4
rd 3 45.7 45.7 29.3 32.6 52.8 33.4 39.4 26.3 20 21.2 24.9 44.5
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Table S.l ET calculated by the" Modified Penaan of BR-3 Rice for the year. 1987-88

---------------------------------------------------------------------------------------
Month' !1p-1m RHfrean e~ 'i:d .t:a-ed Wind f(u) 0- ••) •• R,s. n : N lilt; .Rs F'1lS Rnl F'Ti w.~ ETQ Rc "tT

{eC; (:;) (Iioar} (.bar) (mbar} 'speed (m/day) "(ml!l/day)
(km/day) -

---------------------------------------------,------------------------------------------
, ' ,
Dec/S? ,20.50 72 2~.l~ 17. .39 t.7C 25 0."33 O.3~ 0.613 9.70 8.4510.680.79 £.25 ~.70 1.90:2.80'-1.90 Z.6} 1.0 2.61

Jan/8S 18.31 68 21.12 14.JG 6.76 ,211 0~B4 0.3; 0.66 10.20 9.0110.76 0.B3 6;78 5.07 2.17 2.90l.!l ~.8~ 1.15 -4.41.

Feb/SS .21.. 4~ BE;

Mar/B8 24.60 72

25.5G 1G.87 B.69

JO.9~ 22.28 8.6£

20
.45

0.32

0.39

0.30

0.27

0.7011.90- S.-56 11.34 o..n 7.40 5.54 LS~ 3.70 '2.59

C.i~ 1~.90 8.2912.0 0.69 B.20 £.15 1.4C ~.69 3.;2

., ."..I."".:.

• "'1
." • ..I •••

1.25

loC

A .,'""l.':'"

. ..~-
"'/. • .)oJ

O.7E 15.40 :9~)6 '1.2.70 0.72 9.40 .•G.OS 1:25 5 ..80 4..;'2Apr/B8 29.55 70

)lay/B8 28.72 B1

..U.36 2B~.9G .12.40

:39.46 ':11.967.50

7f,

11~

0.47

O.'5'l

.0:22
O -~..~" 0.77 1E.-40 -7__£313.260.578.7B G..59 0.92 '5.67 .4.37

_.5/80

< ".oJ •..••• , .

1.10 E.3B

1.156.15

.,,'--

'Tab1eB.2 ,::lIT~ca.lculated by :the Modified Penaan of BIl-'3 Rice for the year 19B8--89

Month T-Wl!il;l'R8,e(lll e" ed
{-l,;} o::} hiiDar) (Ebar)

e.e.-ed
(mbarl

!lind
speed
tn/day)

flu) (]-li' ;; Sa 1> "•• n/N Ss Ens 1:,,1 1',-, w.~ ETo Kc' ET
, ' 1.._1cay) - (01day)

Jan/B9 16.5670

Apr/B9 30.30 68

May/B9 :-:12.62_ 73

,Feb189 :Z0.10

., ..•"
o.l.<f..L

~....,.,)."

.5. (;3

.1.2:-

1.0

L3';

"S ••{;J3.27...
"'/.,'l.6.25 1.83

~ •.9J .2.2:3 3~70 :2~:.a

~

oS.-::7-~l. 3~ 0.-83 7. 91

0.7:1 .9:10 B.'25 .lO.•-£8~O'-71G.1t 4.C2 1.48 ':1.14 2.2£ ~~22 I.e

0.7; 13.'90 B.'48 "12.0 ,0_70 8.34

0.68 11 ,'90O~:J2

O..5~ 0,:27

0..52 0.-J5 .:.D.63 -10.-20 8.:'77-10'.700.816.68 5.-01'2.25_.2.7G l.iS .2.82 L15 J.2~

0.60

0.58 0.26

0.90 0:22 0.7815.40 9.48-12.-700 ..759.62 7.211;30 5.S1 '; ..£~ 7.3~ 1.1~.8.07

1.05 0'20 ~.80 16.40 ~-B1-13.26 0:59 B.94 6.71 0.B7 5.B3 4.66 7.45 i.15 B.56

93

91

2J~

1~."'
115

:290

13.90-9.EO

,:30.00 23.206.BO

18•.80 .1:1,1£ ,5.64

43.-}5 .29.34 1:1.81 .

:31.36 15.68 15.6B

"2:1:JC

49.27 .:J5,'S7,13:30

717

ii9

5024.82Mar/B9

.Dec/8S 24 .•'1'7
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Table B.3 ET. calculated by the Modified Pen-an of BR-3 Rice for the year 1989-90
------ --------

Month ~ee1D RH~-s.Ii €p. e~ t.s.-ed Wind f(u) (1-w) • E" n N n/N R. F-ns F"lll Rn W.Rr! ETo h.e ET
\ C (::~ , (mear) (m~ar) (mbar) speed (mm./day) (mm/day)

(km/day)
------------------------------------------------------------------------------------------------------------------------------------------
Dec/8S 18.17 64 20.83 13.33 7.50 88 0.50 0.34 0.66 9.70 8.83 10.68 0.82 6.40 4.80 2.27 2.53 1.G7 2.95 1.0 2.95

Jan/90 17. 65 72 20.18 14.53 5.65 87 0.50 0.35 0.65 10.20 8.16 10.70 0.76 6.42 ~.81 1.95 2.86 1.8e 2.85 1.15 3.27

Feb/90 2::.82 66 24.6:3 1C.25 8.37 n 0.47 0.31 0.G911.90 E.25 11.3~0.72 7.2G ~.4~1.75 3.G7 2.53 3.75 1.25.4.G8

Mar/90 23.44 74 28.85 21. 35 7.50 105 0.55 0.28 0.72 13.90 8.01 12.0 0.66 8.06 6.04 1.44 4.59 3.30 .;..45 1.0 4.45

Apr/90 27 .. 55 77 36.75 28.29 8.45 .2G2 0.97 0.24 0.7615.40 7.15 12.70 0.56 8.16 6.12 1.03 5.80 3.86 5.82 1.106.40.

May/90 28.97 77 40.00 30.80 9.20 190 0.78 0..22 0.7816.40 8.84 13.26 0.67 9.60 7.20 1.15 6.04 4.71 6'.29 1.15 .7.23
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Table B.1 ET calculated by the Hargreaves method for the year 1987-88

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

R. 9.70 10.20 11. 90 13.90 15.10 . 16.10
T~. (GC) 20.50 18.37 21.11 2-1.10 29.55 28.72
T'~~~ (DC) 12.89 11.15 11.73 11.12 11.08 9.27
E¥. "(mm/day) 3.06 3.22 .1.12 5.09 6.29 5.31

v 1.00 1.15 1.25 1.00 1.10 1.15Kc
ET (mm/day) 3.06 3.70 5.15 5.09 6.88 6.H

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

Month Dec/88 Jan/89 Feb/89 Mar/89 Apr/89 May/89

R. 9.70 10.20 11.90 13.90 15•.10 16..10, .
TiT (VC) 21.17 16.56 20.10 21.82 30.30 32.62
T.l\~ (Uc) 20.H H.71 15.67 17.29 15.59 13.13
E¥; I '(mm/day) 1.20 3.09 .1.10 5.66 6.72 6.89
Ie 1.00 1.15 1. 25 1.00 1.10 1.15
Elf (mm/day) .1.20 3.55 5.12 5.66 7.39 7.92

Table B.6 ET calculated by the Hargreaves method for the yea,r 1989-90
at Amla farm

Honth Dec/89 Jan/90 Feb/90 Mar/90 Apr/90 Ma:"/90

R, G 9.70 10.20 11. 90 13.90 15..10 16•.10
Tim (f) 18.17 17.65 20.82 23.11 27.55 28.97
Tdiff. (C) 12.0.1 11.99 13.19 11.39 11.00 9.6.1
ETo (mm/day) 2.78 2.88 3.88 .1.11 5.32 5.85
K~ 1.00 1. 15 1. 25 1.00 1.10 1.15
Elf (mm/day) 2.78 3.31 -1.85 .1.-11 5.85 6.72

79



--------------------------------

1.03 1.06 1.15

10"'6 210,13 20Ul
1.00 1.10 1.15
10"'6 231.43 m.33
3.37 7.11 1.62

Ha,lS

0,89 1.03 1.06 1.15

lU lOUD 218.51 287.00

12,77 108.15 231,65 330.00
l.21 1.00 1.10 1.15
13.16 100,15 251.81 319.50
l.90 3.j8 8.l9 12.21

21. 87
1.15
Z5,15
o.sl

0.93D.91

8S I ~&
1. 00
86; !6
2.18

95 I 00

0,,/88 Jan/8B Feb/09 Kar/89 Apr/89 KaI/89 Jun/89 Ju1/89 Aug/89 Sep/89 Oct/89 Nov/89

ET calculated by Thornthwaite method for the
year 1988-89at Amlaexperimental farm

O.S! 0.93 0.89

17.61 32.67 61.29
1.00 1.15 1.25
11.61 31.51 61.86
L5D 1.21 2,34

12.31 35.13 61.00 101,11 198,2' 119.11

I
I iI
•
Eto uliadjustt
(ui/mth)
Conectiofl
factor
Ero adjust,
(n/iouth)
Ie
Ei {u!lonth)
Ef (u/dayl

-------------------------------------------------------------------------

Table B.8,

-----------------------------------------

( II
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Table B.7 ET calculated by the Thornthwaite method for the
year 1987-88at Amlaexperimental farm

•
Ei 0 unadjust,
(iii/ionth)
CorrectiDli
factor
ETo adjust,
(,,/mttl
Ie
Dl ("/iOnthl
Dl (il/dayl

-------------------------------------------------------
Konth o"m Jan/98 Fet/88 Kar/88 Apr/88 hl/88 Jun/88 lul/88 Aug/88 Sep/88 Oct/88 80,/88

!~~:;I-oci---2ojo-l~3i---21~l--2ijO!9:i5--2-8 ,-12---3-0,-30-2-8 ,-91-2-8, -85-29-, 22-21.W-2-UO
i 18.80 7.22 9.06 11.16 H,B 11.10 15,31 11.23 lLl9 11.!1 13.l111.6l

!lUO
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a US
ETc ufladjust
tuJi,unth\ 3&.97 J 3,1& 57. 73 SUI III ,SI 170,16

Correction
factcr 0,91 0,93 0, S9 1. OJ 1. 06 l.1\
Eio adjust
(llIi!ionth) J3.Gl :10,33 51.1! S1.79 m,IO 196.Jl
• 1. 00 1.15 1. 25 1. 00 LID 1.15'c
Ei tlili!2ionth) 33,64 :IS. ~6 6U7 Sl.19 168.85 m,S!
ET (tiIi/dilI) 1.80 1.11 U9 !.83 U! US

_ .._._._------------------------------

Table B.9 ET calculated by the Thornthwaite method for the
year 1989-90 at Amla experimental -farm

-----_.------------------------------------------------------------
Routh Dee/89 J,,/90 M/90 Kar/9D Apr/90 Hay/9D Jun/90 Jul/90 Aug/90 Sep/90 Oct/90 HOi/90

1:..;( °c I---1&~--17~5-2O:_82--iiTI--21~i5-!8.i1---z9.l928:5l-28:"21-zwo-28.i6Tz~12
I HO,1I
( Ii



Table B.10 ET Calculated by the Pan Evaporation method for the year
1987-88 at Amla experimental farm

Month Dec/S7 Jan/5S Feb/88 Mar/88 Apr/88 .May/88

RHmean High l1edium Hedium High High HIgh

Wind (kln/day) Light Moderate Lisht Light Light Light

li 0.80 0.70 0.70 0.80 0.80 0.80
p

Eran (nun/day) L85 La! 2.28 3.65 4.DO 4.55

ETo (mmjday) 1.48 L34 1.60 2.02 3.02 3.64

ETo (mm/month) 45.88 41.54 44.80 DO.52 117.60 ll2.84

li 1.0 1.15 1.25 1.0 1.10 1.15
c

ET (mm/month) 45.88 47. it 56.00 DO.52 12D.36 12D.76

ET (rom/day) 1.48 L54 LD3 2.02 4.31 4.18

Table B.ll ET calculated by the Pan Evaporation method for the year
1988-89 at Amla experimental farm

Month Dec/88 Jan/89 Feb/89 Mar/89 Apr/89 May/89

RHiitan High High ~loderate Moderate Moderate High

Wind (km/day) Light Light Light Light Moderate Moderate

K 0.80 0.80 0.70 0.70 0.68 0.70
p

EP•n (mm/day) 2.80 1. 85 2.66 3.95 6.07 5.16

ET. (mm/day) 1. 60 1.18 1.86 2.76 . 1.12 3.61
"

ETo (mm/month) 19.68 .16.00 52.08 85.56 123.60 111. 97

K 1.0 1.15 1.25 1.0 1.10 1.15
c

ET (mm/month) ,19.60 52.90 65.10 85.56 135.96 128.76

ET (mm/day) 1. 60 1. 70 . 2.32 2.76 .1.53 .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/90 Feb/90 Mar/90 Apr/90 May/90

RH"" Medium High ~ledium 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,n (mm/day) 1.93 1.79 2.30 2.90 1.58 1.30
ET. (mm/day) 1.35 1..13 1.61 2.32 3.21 3.00u I'

ET. (mm/month) -11.85 -1-1.33 15.10 72.00 96.30 93.00u

1<C 1.0 1.15 1.25 1.0 1.10 1. 15
ET (mm/month) 15.88 .17.71 56.00 90.52 129.36 129.76
ET (iiun/day) 1..18 1.5.1 1.93 2.92 1.31 .1.18

Table B.13 ET calculated by the Baney Criddle method for the year
1987-88 at Amla experimental farm

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

T,m('C) 20.50 18.37 21.11 21.60 29.55 28.72

P 0.21 0.21 0.26 0.27 0.29 0.30
ET. (mm/day) .1.18 3.95 1.65 5.21 6.26 6.36u

Kc 1.00 1.15 1.25 1.00 1.10 1.15
ET (mm/month) 128.3.1 131.5.1 162.68 161. 51 206.10 226.60
ET (mm/day) .1.18 1.31 5.81 5.21 6.87 7.31
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Table B.l1 ET c8.1culated by the Blaney-Criddle method for the
year 1988-89 at Amla experimental farm

t.1onth Dec/88 Jan/89 Feb/89 Mar/89 Apr/89 Hay/89

Tioean ('C) 21. 17 16.56 20.10 21.82 30.30 32.62

P 0.2.1 0.2.1 0.26 0.27 0.29 0.30

ET_ (mm/day) .1.59 3.75 1.18 5.2.1 6.36 6.90
u

K 1.00 1.15 1.25 1.00 1.10 1.15
c

ET (mm/day) .1.59 1.31 5.60 5.21 7.00 7.93

ET (mm/month) 1-12.29 133.61 156.80 162.-11 210.00 2.15.83

Table B.15 ET calculated by the Blaney-Criddle method for the
year 1989-90 at Amla experimental farm

Month Dec/89 Jan/90 Feb/90 Mar/90 Apr/90 May/90

T,ta.n ('C) 18.17 17.65 20.82 23.-11 27.55 28.97

p 0.2.1 0.21 0.26 0.27 0.29 0.30

ET_ (mm/day) 3.92 3.86 1.57 5.07 5.99 6.39
u

K 1.00 1.15 1.25 1.00 1.10 1.15
c

ET (mm/month) 121.52 137.33 160.00 157.17 197.10 227.51

ET (mm/day) 3.92 1.13 5.71 5.07 6.58 7.31
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