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ABSfR PLT

Drainage coefficient has been determined to avoid crop

damage from flooding caused by on-site rainfall for the North-

eastern region of Bangladesh which has heaviest rainfall.

Climatically the North-eastern region has been divided into

three zones. Crops selected for the present analysis are

Broadcast Aman, HYV Transplanted Aman, HYV Aus, HYV Boro and

summer vegetables.

Daily rainfall data from '6B rain gauge stations of the

region have been used in the study. Probable maximum 3-day

rainfall on the basis of running days has been calculated

by G umbel's I~ethod using 10-years daily rainfall data for

a return period of 10 years. Kolmogorov-Smirnov method has

been used to test the goodness of fit of the data.

Potential evapotranspiration has been determined by

the modified Penman equation as described by Ooorenbos and

Pruitt. Crops have been categorized under 5 different drainage

classes considering the tolerance limit to submergence,

duration of submergence" growth stage, plant height and

physiological behavior. F or each drainage class, water

balance equation has been developed.

I~aximum drainage coefficient was found for T. Aman

(r ransplanted Amad ) in all the three climatic zones. These

values are found to be 63.55 mm/day, 75.19 mm/day and
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103.05 mm/day for the climatic zones I, II and III respec-

tively. Orainage coefficient for Aus rice is 49.35 mm/day

and 51.13 mm/day in the zone II and III respectively. Aus

rice needs no drainage in zone I, because drainage is not

acute due to small rainfall during that period. Boro rice

can grow without any provision of drainagi. On the other

hand the requirement of drainage magnitude for upland crops

(summer vegetables) is 1.5 times more than that of rice.
\
\

These drainage coefficient6~are applicable to the flood

protection areas and to the areas where flood protection is

under execution in the North-eastern region of Bangladesh.

The cropping pattern to those areas can be improved.if
provision is made for drainage.
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Bangladesh is one of the world's largest deltaic countries.

1

C HAPT ER-1
INTROOUCT IOI~

1.1 General

It consists of the flood plains of three major rivers - the

~anges, the Brahmaputra, the Meghna and their tributaries and

distributaries (Fig. 1). T he Iand to the west of Brahmaputra

is generally higher than that on the east. During the process

of delta buil ding, several depressions were formed as a result

of geographical faults. The pronounced depressions are in the

Northwest (Rajshahi, Pabna and Bogr? districts), Northeast. . ..
(Sylhet, Mymensingh Haor areas) and in the South (beel areas

of Khulna, F aridpur and Barisal). These areas are inundated

with the advent of monsoon and remain waterlogged to different

depths until November.

The climate of Bangladesh is of the tropical monsoon

variety, characterized by high temperature, heavy rainfall,

excessive humidity and fairly marked seasonal variations.

There are three distinct seasons, viz. the warm season from

I~arch through May, Monsoon season from June through October

and the winter season from November through February. The

average January temperature (winter season) varies from 1gOe

in the southern parts of the country to 170C in the north. The

average July temperature varies between 27oC. and 32°C in the

different parts of the country. The sky remains cloudy for long

period and high humidity persists with high temperature.



2

There are three distinct rainfall periods in Bangladesh.

The premonsoon, a norwesterperiod (March-May), monsoon period

(June to October), and dry winter months (november to March)

with very small amount of rainfall.

The distribution of rainfall throughout the year is not

uniform. During monsoon period rainfall is heavy, while in

winter months it is scanty. The mean annual rainfall in

Bangladesh varies from 1400 mm in the west to over 5000 mm

in the northeast2~/. It is characterized by wide seasonal

fluctuations, with about 9~ ,of rainfall occuring in the six-

month monsoon period (May-October). Hence plants get affected

because of drought in one period and abundance of water in

another period. Since the rain falls during the most active

part of the growing season of major crops (e.g. rice) when

the plants are susceptible to the effects of flooding, excess

water must be removed within a specified time to prevent damage
to crops.

1.2 Background and Statement of the Problem

Bangladesh, streching over 14.3 million hectares and

having a population of B9.9 million peoples suffers from

food grain deficiency every year. Of the land available for

cultivation, 95 percent is under agricultural production.

But crop yield is among the lowest in the world. Producti6n

is frequently reduced due to climatic extremes which ranges
from flooding to drought.

•
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Flooding may cause because of excess rainfall or spills

from rivers (flood water). Excess soil water obstructs agri-

cuItural productivity in different ways.

If there is standing water over the land, the land becomes

waterlogged. Because of lack of oxygen in the waterlogged

condition most upland crops are injured and even die due to

continued submergence. Though rice can survive under submerged

condition but the extent to which it can survive depends on

the variety and growth stage, duration of submergence, quality

of water and other physiological factors.

The productivity of the land may become affected when

the rootzones of the plant get flooded. The normal cultivation

operation such as tilling, ploughing, transplanting etc.

cannot be easily carried out in swampy land. There may be

salinity problem if the land is waterlogged.

To avoid all these problem which hamper agricultural

productivity, it is necessary to drain out excess water in
proper time.

Drainage is the removal and disposal of excess water

either from the sur1ace or from beneath the surface. The

main purpose of drainage is to provide a root environment

that is suitable for optimum plant growth. It is related to

the source of excess water, rate of flow of excess water

through the soil, crop evapotranspiration and tolerence of
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crops to submergence. The amount of water to be removed from

the watershed per day to ppovide a certain degree of crop

protection is very important for the design of drainage system.

The rate at which excess water must be removed is termed

'drainage coefficient', which is expressed either in mm/day
or m3/sec/ha.

Drains must be designed on the basis of drainage coeffi-

cient. Some empirical criteria are often used for design of

drains in humid areas. Since empirical criteria are based on

experience and assessment of numerious interrelating factors,

care must be taken in their application from one locality to
another.

In humid regions the major source of excess water that

makes drainage necessary on parts of the irrigated land is due

to on-site rainfall and its spatial distribution. Protection

to prevent damages of crops from flooding caused by on-site

rainfall has been considered here.

Lack of recognition of anticipated drainage caused

failures of many irrigation projects. Provision for drainage

not only boost up the agricultural production through avoiding

water-logging or submergence but also add versatality in
cropping pattern.

The cropping system in Bangladesh include so~e crops

which are tolerant to poor drainage (like deep water rice)~

but some with very low tolerance (like vegetable crops,

rabi crops). The adjustment in the cropping system or a new
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crop calendar can be made by choice of crops adapted to the

conditions of drainage.

Until recently, drainage has not been given the impor-

tance as it deserves in the design and implementation of water

resources development projects in Bangladesh. Only a few works

have been taken in this direction. Very recently Bangladesh

Master plan organization (abbreviated as MPO) experts have

completed a brief reportZ~/ to determine crop drainage require-

ment due to on-site rainfall. But studies involving detailed

quantitative evaluation are lacking. The present study involving

analysis of long term daily rainfall data will provide a

reliable basis for design of drainage system.

1.3 Scope of Study

The Northeastern part of Bangladesh is one of the

highest rainfall regions in the-country. The mean annual rain-

fall and the rainfall distribution during the monsoon period

in the country is indicated by isohytes in Figs. 2 and 32~/.

Isohytes becoming progressively closer in the Norteast corner

of the country. The Cherapungi (India) which is the rainiest

place in the world is located near the northeast part of the

country. Hence meteorologically it is seen that the North-

eastern region of Bangladesh is comparatively wet over which

the rainfall lasts for about seven months of the year in average.

The present study has been confined to this region only.
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The specific objectives of the present study are:

1) Identification and classification of drainage
problem.

2) Rainfall frequency analysis on the basis of

running days (using daily rainfall data) for

the growing season of the selected crops.

3) Determination of dr~inage cOefficient necessary

to avoid damage from" submergence caused by on-site
rainfall for various crops.
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CHAPTER-2

F ACT OR S C LJIHRoLLING DR AIN AG E C LJEFF IC lENT

2.1 Introduction

The amount of water to be removed from the watershed per

day to provide a certain degree of crop protection is related

to the sourc~ of excess water, depth of water and its duration,

tolerance of crops to submergenc~, growing $eason of the crop,

crop evapotranspiration and the rate of flow of excess water

throuyh the soil. A detailed discussion about the factors

that affect drainage coefficient is given here.

2.2 Source of Excess Water and Its Depth

2.2.1 Rainfall

The source of excess water is rainfall. The amount of

rain that falls on the ground in a certain period is expressed

as the depth (mm, inches etc.) to which it would cover a

horizontal plane on the ground. As rainfall is extremely

variable in time and space, the rainfall data covering long

periods and recorded at various stations have to be studied.

The rainfall depth may be considered a statistical variate,

its value depends on the season of the year, the duration

selected and the area under study. For the design of drainage

works the amount of water that have to be discharged must

be known from rainfall data analysis.
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In a design the frequency, season and duration chosen
depend on the type .of problem under consideration.

2.2.2 Choice of a Design Frequency

The higher a rainfall, the less often it occurs.

Consequently the higher the design rainfall, implying a more

costly project but lesser risk of failure. There is however,

a certain point at which the cost of ensuring more safety

outweighs the benifits of a further reduction in the number

of failures. Therefore the choice of a design frequency is an

optimization problem. If failure is to be understood in an

agricultural sense only i.e a loss or reduction in agricul-

tural production as may occur in irrigation and drainage

projects, an average failure of once in 5 or 10 years is

generally accepted12/. For this study a design frequency of
1 in 1U years has been selected.

2.2.3 The Critical Season

The rainfall analysis for drainage design can be res-

tricted to that part of the hydrological year during which

excess rainfall may cause damage. When the drainage problem

concerns surface drainage for crop protection, it is the

growing season that may be critical. F or Bangladesh, examina-

tion of the data showed that the extreme events of rainfall

could occur any time within the period April to October, though

there is a belief that highest frequency of occurence will occur
I
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in the main monsoon months of June, July and August~/. For

this study the period, April to Uctober was selected as the
critical season.

2.2.4 The Critical Duration

The rainfall intensity is expressed as a depth per unit

of time. This unit can be an hour, a day, a month Or a year.

The type of problem will decide the duration to be selected

for analysis. In drainage studies, if it is related to prevent

damage to crops, the duration which the crops can survive under

a certain depth of submergence is also important.

In drainage design the critical duration is of the order

of some days (successive day) or moving tota11~/. T he advantage

of the moving totals is that they take into consideration of

all possible totals (say all consecutive.5-day totals) and do

not result in an underestimation of high 5-day rainfalls. For

this analysis critical duration has been selected as 3-day

moving totals, since the crops selected for this study cannot

survive under submergence of more than 3 days.

2.2. 5 I~et Work Density of R aingauges

The required network density of rain gauges depends on the

area variability of rainfall and the type of problem for which

it is required. A network should be planned to yield a repre-

sentive picture of the areal distribution of precipitation.



10

was assumed for climatic zone 1 and 2. T he stations available

t. 1 51respec ~ve y- •2 23117 km and 2727 km

zone 1 and 2 is more than the specified density. Zone 3 is

Tor zone 1 and 2 respectively. Hence the network density for

in zone 1 and 2 are 56 and 6 respective1y (Fig. 14). This

provides a network density of 667 km2 and 520 km2 per station

lower than the required density.

region are 37363 km2,

stations available in this zone is 6 (Fig. 14). T his provides

a network density of One station per 303 km2, which is slightly

1. F or flat regions of temperate; _,mediterranean, and

tropical zones, 600 to 900 km2 per station.

2. For mountainous regions of temperate, mediterranean

and tropical zones, 100 to 250 km2 per station.

Total area~1 of the North-eastern region is 43211 km2

located near the hilly region of Sylhet. Hence a network of

300 km2 per station was assumed for this zone. The number of

rainfall patterns of thunderstorms. The following minimum

densities of precipitation networks2!1 have been recommended

for general hydrometeorological purposes:

According to the specifications recommended by World Metrological

urganization, a network of 700 km2 per station on an average

annual). A very dense network is required to determine the

would suffice for studies of long-duratioD rainfalls (e.g.

areas, or vice-versa. A relatively sparse network of stations

The area of the climatic zone 1, 2 and 3 in the North-eastern

There should be no concentration of gages in heavy-rainfall
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2.2.6 Area Averages of Rainfall

The analysis of raipfall is understood here to be the

analysis of area averages of point rainfalls. There are

several methods of computing area averages of rainfall. The

methods are arithmetic mean, the Thiessen method and the

Isohyetal method. An advantage of the arithmetic mean is its

simplicity. The method can only be used in a relatively flat

area, where no irregular changes occur in isopluvial spacing

and where the stations are ~yenly distributed, thus being,,
equally representative.

The Thiessen method can be used when the stations are

not evenly distributed over the area. Moreover the method is

rather rigid, excluding additional information on local

meteorological conditions, its use is restricted to relatively

flat areas.

When the rainfall is rather unevenly distributed over

the area, for instance due to difference in orographic exposure,

the isohyetal method may be applied to compute the area rainfall.

In this study the arithmatic mean method has been

selected to calculate the area average of rainfall.

2.2.7 Estimation of Missing Data

If there are gaps in the observations of certain station,

it will sometimes be possible to fill them by correlation with

,~
I \, '~~
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other nearby stations. In the procedure used by the U.S.
Environmental Data Service2!/, precipitation amounts are esti-

mated from observations at three stations as close to and as

evenly spaced around the station with the missing record as

possible. If the normal annual precipitation at each of the

index station is within 10 percent of that for the station

with the missing record, a single arithmetic average of the

precitation at the index station provides the estimated amount.

This method was adopted in this analysis.

2.2.8 Frequency Analysis of Rainfall

Since design and planning are concerned with future

events whose time or magnitude cannot be forecast, we must

base on probability or frequency with which a specified rate

or volume will be equalled or exceeded. The frequency analysis

can be conducted by several statistical methods. Since the

pattern of rainfall in our country is variable, frequency

analysis for moving totals of daily sainfall will be more

appropriate for drainage design.

Works of several investigators on rainfall frequency

analysis is cited here in order to select a method for the
present analysis.
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A R eviewon Comparison of Some r~ethods of Distribution

In 1959 Huff and Nei11~/ compared five distributions

for their ability to estimate the largest rainfall value in

Ill~nois. The distribution included Gumbel (extreme-value

.distribution-I) ,Lognormal, F rechet, Log-skew and J ekinson

method. Analysis were performed on both seasonal and annual

maximum for storm period of one to ten days. Results of this

study indicated that no marked superiority was obtained from

any of these methods. In a p~ker, Hershfield and Kholar1?/
appraising the predictive value of the G umbel procedure from

5U-minute rainfall data observed that this procedure was . I

acceptable for practical purposes. Again Hershfield1~/ made

an extension to two other methods and additional duration to

compare the three extreme value procedures of rainfall distri-

bution. The extreme value procedures were Fisher-Tippet type-I

distFi~ution fitted by Gumbel and Lieblin method and lognormal

method fitted by method of moments. He then concluded that type-I

distribution fitted by Gumbel procedure was the best of three

procedures for estimating the probability of extreme value

data (Fig. 4). C how~/ also applied this procedure to study

the rainfall intensity frequency in Chicago, Illinois.

In a paper Narayana, Gupta and Tiwari 2~! conducted

frequency analysis of 25 years of daily rainfall data for the

determination of runoff potential by four distribution methods.

The methods were (a) Type-I extremal probability distribution,
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(b) Pearson's Type-II logarithmic distribution (c) Log-normal

distribution and (d) G umbel distribution. T he study region

was Kernal, India. The results:o'fthe analysis of daily rain-

fall data (annual maximum series) by different methods indi-

cated that in the range of 2-10 year return period which was

important for agricultural purposes, the variation among the

methods was only! 4 percent (T able 1). As these values fitted

the observed data well, any of these methods could be adopted

depending upon the convenienc'e. F or their' analysis, the 5-day

rainfall values during June to September period were fitted
by Gumbel distribution.

Recently Matin2?/ estimated the daily maximum rainfall
magnitude for different return periods for 68 stations of

the I~orth-eastern region of Bangladesh by using the Gumbel

distribution. The prediction equations for maximum daily

rainfall for return periods of 2,5,10,20,50 and 100 year were

developed. Typical plotting of the data in the probability

paper for a station is shown in F ig._ 5. F or all the stations,

the data fitted by Gumbel procedure presents good correlation.

Hence the G umbel method has been selected for the present

analysis of rainfall data in the Northeastern region Of Bangladesh.

Oouble Exponential Distribution Function

The double exponential distribution function of the
largest value in its cumulative form is defined as



variate, the quantity U is the mode or location parameter of

Prediction equation for the d6uble exponential distri-

1 5

2.2.2

2.2.1

2.2.3

P =F(x) = exp(-e-y)

X - U
Y = i3

Combining the above tw~ equations, the distribution
\

F (x) = exp [-exp( i (x-un]

U XN YN
SN 2.2.4

.;. -
al~

B
5:\J

2.2.5
=

al~

ana

It was introduced for extreme values by R .A. Fisher

the distribution, B is a scale parameter which is analogous

where y is the dimensionless reduced variate, x is the initial

parameters U and S completely define the distribution.

to the standard deviation a, of normal distribution. The

may be written as

and I.H. Tippet. This function is sometimes known in hydro-

logy as G umbel distribution because of Gumbel's various

studies using this distribution in the flood frequency

bution function:

analysis.

This involves the comp~tation of the sample mean XN and

the standard derivation SN of annual series of sample of size
N. The estimates of two parameters U & S are given by
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where YN and oN al'e the theoretical quanti ties which are

function of sample size only. G umbel provides a table of

values (T able 2) for YN and oN as function of sample size

N. Therefore, the prediction equation for rainfall magnitude
(XT) may be expressed by the following function.

2.2.6

where T = return period in year.

2.3 Tolerance of Crops to Submergence

2.3. F actors EFfecting Tolerance

The depth of standing water under which a plant can

survive without any economic damage or loss is the tolerance

limit of the plant to submergence. Tolerance of crops due to

standing water depends on the type of crop and its variety,

the growth stage, the physiological behaviour of the plant,

water depth1ratecof rise of water, duration of submergence,

rate of flow of drainage water, drought effect and turbidity

of water. Tolerance limit of a crop effects drainage coeffi-
cient in many ways.

2.3.1 Type of Crop and Its Physiological Behaviour

In waterlogged soils, the availability of Oxygen is
reduGed considerably. This has a direct bearing On the



rice.

tions.

,

rice culture can be classifiedBased on varietal type,
S/4 types- • These are:

with roots. Thus in rice, oxygen transport throughout the

1 7

Hence analysis will focus on different types of rice

Tolerance to submergence changes with type of crop

The physiological changes which occur to cope with

this special behaviour, cannot survice under submerged

and also with its variety under similar agroclimatic condi-

mical behaviour rice can grow under flooded condition (upto

a certain extent). But other crops which does not posses

plant is possible. Because of this physiological and anato-

conditions upto a certain extent, because of large interce-

condition. Any water above field capacity will damage the

and upland crops separately.

the flooded condition is different for different types of.

crop. Hence excess water which will cause surface flooding

lluar spaces in leave and stem which maintain continuity

against thissa rice crop grows profusely under submerged

respiratory activity of roots for most of the crops. As

should be removed in case of upland crops.

into

R Ie E
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1) Lowland rice, with plants of semidwarf to medium

to tall (100 cm to 2m) height.

2) Upland rice, with plants of medium to tall (130-150 cm)
height.

3) Deep water rice, with. plants of medium to tall

(120-150 cm tall without standing water, 2-3m with
rising water level) height.

4) Floating rice, with tall (150 cm tall without

standing water; 5-6 meter tall with rising flood
water) plants.

K ecently, l:Jarkerand Herdt (1979) classified rice lands
8/of South and Southeast Asia, according to water depth- • For

lowland rainfed~tIc~,they used shallow rain fed (5-15 cm) and

medium deep rainfed (16-100 cm), with medium deep rainfed

further classified into intermediate deep (15-50 cm) and

semi-deep rain fed (51-100 cm). Where water depth exceeds

1UO cm they classified rice lands.,as deep water. Further

refinements has been made of the system suggested by l:Jarker

and Herdt (1979), with both deep-water and floating rice

areas totally excluded from the rainfed lowland rice areas.

The refinements of the classification are as follows:

o



of the present study.

considered for the present study.

51 -100

0-50

1 9

5-1 5

1 6- 50

No standing
water

Maximum water
depth
in cm

"

"

IYJainmethod
Of planting

Broadcast on to
dry soil,
Drlllied into
dry soil

Transplanting

Shallow rain fed
lowland rice

Ueep water rice

Types of culture

i~any upland crops (suCh as wheat, cotton, sugercane,

Rice is mainly a low land crop. In our country the

Upland rice

broadcast type. Boro rice. is usually transplanted. Also

different types of rice which usually grow are Aus, Aman

I~edium-deep rainf~d
lowland rice

and 8oro. Aus and Aman rice can be either transplant or

R ainfed lowland
rice

there are many varities of local and HYV (high yielding

variety) rice. Transplanted Aus (T. Aus), Transplanted

Aman (T. Aman) and Boro of high yielding varieties (HYV)

and broadcast Aman (B. Aman) were selected for the analysis

vegetables etc.) grows in our country. Since the analysis

tables (cucerbit) which grows in the monsoon season has been

mainly focusses on rice, other than rice only summer vege-



varietal character. I~ost deep water rice attain the capacity

a constant effort to keep itsleaves above water by elongation

8/cm- •

produces

in inter-
ordinary non-flooded condition but when flooded, it

16-22 nodes and internodes~/. Increase and decrease

node length is mostly associated with water level which varies

ranges from a few to 50 centimeter. Flood resistance of a

typical deep water rice variety is determined by the number

of internodes the plant produces in response to the water

from time to time during the monsoon. Each internode length

as well as by increasing the number of internodes. A deep

before the complete emergence of panicles. The plant makes

rise. As time passes, the lower internodes get thin and

The most important feature of deep water rice is its

water rice variety produces 7-10 nodes and internodes under

A typical variety of floating rice have been reported to

elongate as .much as 6 m~/. Elongation of the plant occurs

20

the daily increase in plant height may be as much as 60-90

to elongate, at the age of 6 weeks (Vergara, 1974). T he rate

of elongation may vary from 20~28 cm a day. In 8angladesh

rise, duration of water rise and other factors. It is a

the age of the plant at the time of flooding, rate of water

is suddenly submerged. Its ability to elongate depends on

ability to elongate with the rise of flood water or when it

2.3.2 Physiology of Different Types of R ice and Other Crops

Deepwater or Floating Rice
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weaken. Finally they become inactive while the upper inter-

nodes remain healthy and physiologically active. They usually

tiller when water levels tend to remain constant and at the

time of recedence. When water rises rapidly, the plants only

elongate their internodes to survive without producing any

nodal tillers and nodal roots.

Another feature of deep-water rice is the capacity to

withstand uprooting. Deep-water rice is commonly known as, ..,
floating rice because the p~ants upper culm or stem and

\
leaves remain prostrate on the water surface and appear to

float. If deep water rice is uprooted by water currents and

winds, the nodal roots supplement the plant nutFient to

survive and produce some grains.

The true floating varieties (which survive more than

3 m) can elongate internodes even just after germination

if stress of flooding is present, but the culm will be thin

like thread.

Because of the morphological behaviour of the deep water

or floating rice, they can survive under flooded conditionsT

A flood resistant variety also needs a certain period of

seedling growth to ensure flood resistance.

I~on-floating Varieties of Rice

The gross morphology of deep water rice is nat much

different from that of other varieties of rice, except that
i



22

some parts are modified to adapt to flooded condition. The

degree of elonga.tion (to keep pace with the rapid rise in

water level) seems to be a critical difference between the

floating and non-floating varieties rather than the ability

to elongate. The non-floating varieties also elongate but

to a lesser degree (this cannot keep pace with rise of water).

Physiology of Other Crops

Rice plants differ fr~m others in that they can grow
\.

under waterlogged conditions because of their special

anatomical and physiological characteristics (oxygen trans-

port throughout the plant is possible).

Ll ther crops (such as upland crops) can take oxygen

only through the roots. If the rootzone of the soil get

submerged there will be deficiency of oxygen. This deficiency

causes reductions in root respiration. If the soil is allowed

to remain water-logged, continued poor aeration results in

death of a plant.

2.3.3 R ate of F low of Drainage Water
IIf the rate of flow of water (rain water) is very high,

the plants may be sweept away by the high speed of the flowing

water. F or this action, plant leaves may be. submerged. If

the leaves goes under water, very small area of the leaves

will be exposed to sunlight. Hence the photosynthetic action



23

of the plant will be reduced remarkably. This will reduce

the tolerance limit of plants. If this type of flow lasts

for 2-4 days, plants may wilt permanently.

2.3.4 Drought Effect

It will affect the tolerance of plants under submerged

condition in different ways,--(a) growth retarded and growth
stages may be changed, (b) p~ants become weak.

If there is scarcity of available moisture, plant growth

may be retarded, and plant becomes wea~. Hence the expected

height may not be achieved at expected time. Thus tolerance

to submergence may be changed at different stages of growth.

Hence the stage at which the crop is susceptible to a certain

depth of water may be changed. The plant may be damaged even

under a smaller depth of water than that specified at that

stage of growth, because of the reduction in plant height.

2.3.5 Turbidity of Water

If the water (rain water or flood water) is turbid,

it will affect the plant and hence tolerance limit in many

ways. If the water is muddy it will form a layer around the

plant, which may produce toxic substances harmful for the

plant. Among the toxic substances which are known to accu-

mulate in the rhizosphere are the metabolites (ethanol,

aldehydes etc. and even some ethylener_1~ ice have been shown
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plant may be dividedlife cycle of the rice
8/ 'phases- • These are:

The entire

to panicle initiation.
1. The vegetative phase, which runs from germination

initiation to flowering.

full maturity.

Since tolerance is related to the plant physiology,

to have a strong alcohol dehydrogenase system which could

2. The reproductive phase, which runs from panicle

3. The ripening phase, which runs from flowering to

effectively eliminate the accumulation of alcahol. Epinasty

2.3.6 Growth Stage

in leaves of the plants standing in water, could be due to

the adverse effect of ethylene?l/. Since muddy water is

denser than clear water, it can sweep the plant easily.

Hence the tolerance limit is affected by the turbidity of

it also varies with growth stages. Different physiological

changes occur at different stages of growth. The growth
stages are described here.

into three main
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the duration of lag vegetative phase.

stem elon-

It is

till ering,

sucession.

during which maximum
'.
\initiatio~ occur in

vegetative period

gation and panicle

The reproductive phase begins with panicle initiation

the basic vegetative (active) phase and from maximum tillering

upon the varieties. Seedling and maximum tillering constitue

the vegetatlvephase which varies most in its duration depending

physiologically distinct stages or periods. Fig. 6, shows

varieties(150-270 days variety) there is a so-called lag

number, panicle initiation and internode elongation occur

with different durations. In short duration photo period-

insensitive varieties (185-120)days variety) maximum tiller

These main phases, however may be subdivided into

almost simultaneously. In 19n9 duration photoperiod sensitive

the detailed divisions of the main phases of the rice crop

to panicle initiation it is called lag vegetative phase

difference in the growth duration of rice varieties(long

duration varieties) is mainly the_ result of v.ariations in'

(grand growth). The duration of the basic vegetative phase

varies among varikties generally between 25-65 :days3~/. The

and lasts upto complete flowering. The flowering phase consists

of panicle initiation, booting, heading, anthesis, pollination

and fertilization stages. Panicle initiation begins from 70

to 7S days earlier to the approximate date of maturity regard-
1 f . t 3JJ /ess 0 var1e y _ •
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In the tropics, the ripening phase (from flowering to

maturity) occupies a period of 25 to 35 days before maturity

regardless of variety~/. In the temperature countries, such

as Japan, Southern Australia and the United States, ripening

takes 45-60 days~/. During this phase grain undergoes milk

and dough stages.

The growth and development stages of the rice plant

differ under different climatic and cultural conditions.
8/Based on experience in T exas- , simplified time ranges for

each development stage of the rice plant has been developed

(F ig. 7). T he time ranges presented are for the very early

and early maturing photoperiod_insensitive varieties~Although

the time ranges represent a warm or cool weather combination

for the texas rice belt, the basic time ranges should be

applicable in areas with a similar environmental regime.

1 ~/Recently the consultants of I~PD - adopted the growth

stages and number of days within each growth stage for rice

growth in our country. Duration of the growth stages are

as given in Table (i) (Next page):



the different growth stage of HYV Aus, T. Aman & Boro has

On the basis of above specification, the duration of

d

5

45

50

35

2U

20

30

10

10

I~o. of days
within growth
stage

- 50 days

- 30 days

- 30 days

Growth stages

Duration of growth stages (short duration rice)

Maximum tillering-panicle
initiation
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Heading - i'llilk

Panicle initiation-heading

Transplanting-Maximum tillering

r~ilk - Maturity

Germination - maximum tillering

2. Reproductive phase

3. Ripening phase

1. Vegetative phase

been selected as:

i'llilk- maturity

Total duration of Broad cast Aman in Bangladesh ranges

between 1BO to 270 days~/. T he duration of growth stages of

a variety of 220 days are shown in Table (ii) (Next page):

Local Maximum tillering - h~ading
improved
varieties Heading - milk
of rice

Crop

HYV
Rice

Table (i)



growing period.

stage.

,..,

35

30

30

125

I~O. of days
within the
growth stage

35 days

30 days

155 days
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Growth stage

Duration of growth stages (Long duration rice)

\

Seeding to maximum tillering
(active vegetative stage)

Panicle initiation to flowering

Maximum tillering to internode
elongation and panicle initiation
(lag veg. phase)

Flowering to maturity

Vegetative stage

Reproductive stage

Ripening stage

Even in case of deep-water or floating rice which is

Upland crops (vegetable crops) selected for the present

•

8. Aman

Crop

Table (ii)

The duration of different growth stages for B. Aman
of 220 days his been selected as:

growth. Hence to~erance to submergence varies with growth

very much resistant to flood, the-physiological changes such

as elongation of leaves and internodes which is responsible
for resistance against flood starts at certain stage of

analysis is susceptible to surface flooding during the entire
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Several works have been conducted to determine the

tolerance of rice. T he works and their results are cited here.

2.3.7 A Review On the Tolerance Limit of Crops

Rice

Survival of a rice crop depends upon the rate at which

water rise and the depth and duration of flooding as well as

the morpholo~ical features as variety posses to cope with
these conditions.

Deep Water or Floating Rice
•

Maurya conducted a study on flood resistance in rice

at Rice Research station, Kanpur, India~/. During the monsoon,

low-lying and shallow depressions of the area receive rain

waters from surrounding areas. In that study water levels

upto 1 m was designated as shallow stagnant conditions and

levels above 1 m was considered as deep water. The experiment

was conducted under field conditions with 200 flood resistant

varities when plants were 20 days old, the field was inundated

to about 60 cm. All the varities were completely submerged

and flood levels in the field were maintained for more than

2 months. None of the plants survived under continuous
submergence.

In another experiment different varities with different

maturity and plant stature were exposed, et the age of 20 days,
I
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to water depths of 30 cm for 10 days. Most of the dwarf

varieties survived (Table 3). In yet another experiment,

when the same varieties were exposed to 15 cm of water

most of the varieties including the dwarfs, survied.

5eventeen selected varieties were also put in different

fields at the AgriculturalFlood Research at Ghoraghat, UP,

India~/. Results (Table 4) showed that varieties from 10 to

17 survived continuous stagnant flooding (3.7 ffi water depth).

Under complete submerged condition their survival rate was

poor to ~egligible. URder:the. third type of flooded conditions,

their behaviour differed. Varieties 1 to 9 showed a distinctly

better response under submerged conditions, but completely

damaged under second set of conditions. They also performed
poo~ly under the third set of conditions.

With these results he concluded that no rice variety

could survive complete submergence for more than a month

and some varieties die within a week. Their survival depends

upon how rapidly they can elongat~and their ability to

withstand complete submergence temporarily at different
stages of growth.

In another study Vergara and others stated that rice

plants must be at least 4 to 6 weeks old by the time fields

become flooded. If they are not, internodes will not elongate

or will elongate insufficiently to allow plant survival to

submergence. Internode elongation can occur in floating rice
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aged 2 and 4 weeks;

5 & 6). T heresistance capacity (Table
\are observed from.T able 5.
\

quick growing while the other late ones were slow.

seedlings aged 6 weeks and above survived well under

all periods of submergence; (3) early purlines were

survival percentage than younger ones.

water rise was harmful to seedling specially those

with every increase in depth of submergence. Abrupt

2) Survival percentage becoming progressively lower

submergence proving the former grew faster;

percentage than the late one for all depths of

In a different itudy Haque~/ investigated the survival

~ Seedling aged 6 weeks an~ above recorded a higher

1) The early pureline recorded a higher survival

1) Early prelines survived better under longer periods

of submergence; (2) for both early and late-purlines,

T he following conclusions were drawn from Table 6.

as early as 4 weeks after sowing but not at 2 weeks. Rice

plants have to be at least 6 weeks old before they can resist
3/rising water- •

under depths of 15, 25 and 35 cm and of durations between

percentage of deep water rice of 2 to 10 week old seedling

tion about their
4 to 12 days. The results 6f which furnished useful informa-

fo1lowing points
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Gomosta~/ mentioned that problem for both deep water

rice and low land rice were common in India, Bangladesh,

~urma, 8rilanka and Indonesia. Considering the frequency,

depth and duration and time of occurence of flooding, it was

broadly classified into three categories - namely prolonged,

intermittent and stagnant intermittent flood types. The

intermittent flood type was the flash flood where a trans-

planted crop might be suddenly submerged by 50 cm to 100 cm

of water. T he flood water \comPlet'elY drained off the field

usually after about one to two weeks. The stagnant-intermi-

ttent flood behaved like intermittent flooding but flood

water only partially remained inundated by about 30-70 cm deep

water for a long time. Of all the factors, plant age was

perhaps the most associated with submergence tolerance.

Survival increased with seedling age. zaman~/ reported that

until the seedling of deep water rice attained an age of

about 4 weeks, survival of seedlings could not reach 80

percent (Table 7 & B).

In case of prolonged flooding, when flood water

increases rapidly, the basal tillers of deep water rice having

slow elongation ability are partially or completely damaged

due to sudden submergence. The extent of damage might vary

from slight to extreme depending on variety. So far, most

modern deep water rice breeding lines are slow elongation

and hence, their tillers do not survive in rapidly rising

water.
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Aman Rice

elonga~ion of internodes starts butat this stage
3/slow rate- •with a

AusRiee

1'1
\ .'

Aus rice in its mature sta~~ (in late July or early

From the above results it can be concluded that deep

In its later growing stage (in late June) Aus rice can

water rice varieties can survive flooding upto 15 em for

of 6 weeks with rapid internode elongation, survival of 8o~

periods upto 4 days, from 2 to 6 weeks age of seedling.

Transplanted Aman in its early growing stage can

Although 1OO~ resistance to submergence starts at the age

(Table 7 & 8) can be attained at the age of about 4 weeks
(since

Aus rice in its early growing stage (in April) can

survive flooding upto 300 mm (1 ft) in depth for periods

upto 3 days with muddy water Or 6 days with clear water~/.

survive flooding upto 750 mm (2.5 ft). Damage to plants will
begin at depths greater than 750 mm~/.

under 9UU mm (3 ft) for only 2 or 3 days, yield loss of 2U or

August) can survive flooding upto 6 days. If it is submerged

30-' will occur. Submergence in still water for five days
causes a crop loss of 40 to 50" 2~/.

survive upto 300 mm (1 ft) in depth for periods upto 3 days

with muddy water or 6 days with clear water~/.
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Aug-Sept

Period

Sept-Oct

.July-August30U mm (1 ft) (even less for seedlings)

Submergence height

4S0 mm (1.S ft)

750-900 mm (2.5-3.0 ft)

The survival percentage of rice (Aus, Aman & Boro)also

l:3ororice may be subjected to flooding in its mature

Que to physiological cause upland crops have very

during any of these periods.

to the height of the crop during the growing season may be
22/given as - ;

After 5 days of submergence~ damages are almost complete

The depth of flooding that causes submergence relative

varies with respect to grain yield~'For a certain variety

stage during April or early May. Depths greater than 750 mm
(2.5 ft) will cause damage~/.

of rice, survival of 1OO~ .may be achieved at later stages

of growth but grain yield may be reduced by more than 50~.

In an experiment of IRRI2~/, the variation of yield under

different levels of submergence was shown (T able 9) for a
specific variety.

Upland Crops

low resistance to tolerance for submergence. Most of the
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upland crops, specially the vegetative crops cannot survive
waterlogged

under/conditions (any depth which causes surface flooding)

any time during its growing season. All surface water for
24/these crops must be removed within 2 to 3 days _ •

2.4 Crop G rowing Season

Selection of the crop growing season or the crop

calendar is very important in relation to drainage require-

ment, Crop calendar is different for different country and
\,

sometimes it varies region tdJegion within a country.

Moreoveri particular crop may be very much susceptible to

flooded condition upto certain stage of growth. But if the

growing season of the crop is such that the timing of heavy

rain does not coincide with the critical stage of growth,

then there may not be a drainage problem to prevent crop

damage. The resistance to submergence or the susceptibility

to flooded condition at different stages of growth is same

for T .4\us and T. Aman varieties •.8u...tthe growing season of

these two varieties in our country is such that critical

condition to submergence for Aus may arise at the later

stages of growth. While for T. Aman the critical stage or

worst condition may arise both on vegetative and reproductive

stages of growth because of heavy rainfall during these stages

of growth •.For Boro rice the critical condition arises only
atcthe ripening stage of growth.
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4/The growing season for T. Aman, T. Aus, Bora, B. Aman-

and their median planting dates1~/ are shown in the following
Tables (iii) and (iv):

Table (iii). G rowing season of rice

Crop Planting - ,
Harvesting

HYV T • Aus I~arch/April July/August
HYV T • Aman July/August November/December

,HYV Boro December/J anuary April/May
8. Aman March/April November/December

Table (iv) ~ledian Planting dates of rice

Crop Median Planting Dates

HYV T • Aus 1st April
HYV T • Aman 15th July
HYV Boro 15th January
B. Aman 15th r~arch

2.5 Evapotranspiration

Ihplanning and designing irrigation and drainage

projects and developing water management program the know-

ledge of evapotranspiration is essential. Since it is a

direct source of water loss it is very important for the

determination of drainage coefficient. Recently, Master Plan
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Organization of Bangladesh2~/ has reviewed the works done

in Bangladesh for the determination of evapotranspiration.

Direct Measurements

Very few works have been done so far, for the direct

measurement of evapotranspiration.

Tank and lysimeter studies have been conducted at

8angladesh Agricultural Un{versity1~/ and Amla experimental
\statiorr ~/. The results obtained at these stations are not

reliable because of inappropriate experimental setup and

other related ptoblems.

Soil moisture depletion studies were conducted at

various research stations of Bangladesh Agricultural Research

Institut81]/. It was suggested that the values must be

verified at other locations before using tAem in irrigation

project planning.

Indirect Approaches

Several investigators and organizations estimated

evapotranspiration by Pan evaporation method, Papadakis

method and Penman combination equation modified by Doorenbos

and Pruitt.

Manalo used Papadakis method to estimate evapotrans-

piration in different location of Bangladesh2~/. Those
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estimate were about 50~10wer than v~lues obtained by other

methods during the period of high wind speed (April to August).

During the periods of low wind speed and longer sunshine hoursy

this method slightly overestimated evapotranspiration.

8angladesh Meteorological Department and Bangladesh

Water Development Board collects evaporation data from about

42 locations in the country. The evaporation data are not very
1/accurate because the pan is non-standard- and the pans

are not located in cropped ~ands2~/.
I,,

Compared to other methods, Penman combination equation

is likely to provide the most satisfactory results~/. Since

the equation is based on physical laws and rational relation-
ship, it will provide the best possible results.

Karim et.al. and Akhand2~/ estimated evapotranspiration

by Doorenbos and Pruitt for 19 locations which represent the
various areas of the country.

Evapotranspiration estimates,using this equation closely

correlate with the values obtained by using lysimeter at

8angladesh Agricultural University and soil moisture studies
at Bangladesh Agricultural Research C ouncil~4/.,

Hence Penman combination equation modified by Doorenbos

and Pruitt has been selected to estimate the evapotranspira_
tion using long term weather dataw
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2.6 Seepage and Percolation

as

and for practical purposes, they are considered together

subsurface water. The two are very difficult to separate

the water table, while seepag\e is the lateral movement of

as a collective term. The rate of seepage and percolation

for the determination of drainage coefficient. Relevant infor-

mation is given here on seepage and percolation.

is highly variable and is influenced by soil texture, density

Seepage and percolation may form the major component

refers to downward movement of water beyond the rootzone to
\

Water flows through the soil as seepage and percolation.

of water loss for lowland rice. In principle, percolation

Since it is a direct source of water removal, it is important

Management factors affecting seepage and percolation rate

of drainage net work, topography and perimeter to area ratio.

are puddling, soil compaction and insufficient water supply

Wickham and Singh3Q1 found seepage and percolation

rate of seepage and percolation.

leading to dried and cracked conditions. Drying and cracking

of the soil increased seepage and percolation rate by as much

as ten times2Q/. Puddling ~f the soil effectively reduces the

the most elusive components in conducting water balance

studies due to the difficulty in making accurate measurements.

similar soil type. T hey also reported that seepage and

They found a wide variation of seepage and percolation among

•
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percolation in dry season is higher than that in wet season.

Field studies from 73 sites within central and southern Luzon,

Phillipines in the dry season have shown mean percolation

rates of 1.3 mm per day on alluvial and plastic soils with

the water table between 0.5 and 2.0 mm and 2.6 mm per day

whenwater table is deeper than 2 m. Sandy-clay loam and sandy

loam had mean percolation losses of 2.9 mm/day, compared

with 1.0,1.6, and 1.2 mm/day for clay and silty-clay, silty_
\

clay loam and loam respectively.

Ghani1l/ conducted field studies to measure seepage

and percolation loss from four sites in Joydevpur, Bangladesh.

He used water subsidence technique and found that weighted

average seepage and percolation rate for clay loam soil

1.6 mm/day. Recently a diagnostic analysis 1fj/ of five deep

tubewell irrigation systems in the same area by Karim et.al

indicated that the percolation rate for clay to silty clay

varied from 1.5 to 2.0 mm/day.

10/In a study of EPC - Bangladesh, percolation loss rates

of 5 mm/day, 3.8 mm/day and 2.5 mm/day were used for medium

high land, high land and lowland respectively.

In the drainage coefficient determination by MP02~/

percolation rates of 1 mm/day were used for all paddy lands

which can be puddled.

Percolation loss of 1.5 mm per day has been selected

for this study.

\' \,
\.".i
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of rainfall, mm

2.7.1
8

P(1D days) - 1D(ET + 5) _ B
cq =

P(10Iday) = 10-yr frequency, 10 day duration depth

Drainage coefficient for class 2 and 3 was calculated

Until recently, drainage has not been given the impor-

Drainage coefficient is defined as the rate at which water
must be removed per day.

Drains must be designed with proper drainage coefficientw

2.7 Determination of Drainage Coefficient

F or their study, they defined five drainage classes,

tance as it deserves in the design and implementation of water
resources projects in Bangladesh.

Very recently MPD of Bangladesh have completed a brief

report on crop drainage requirement due to on-site rainfal12~/.

Drainage coefficient was,"calculated for rice and some upland
crop s.

upland crops. T he tolerance limit of the crops to submergence

and Aus, Class 3 for HYV rice. Class 4 and 5 was defined for

Drainage class.1 was defined for B. Aman, Class 2 for T. Aman

using" the following formulas:

at different growth stages were also mentioned.

where q is the drainage rate, mm/day
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2.7.2

2.7.3

2.7.4

<200 mm

is not met for more than three
\
values upto t = 10, the~ Q should

3(ET c + 5)J /3

2(ET cO + 5)J /2

Pt + 50 - t(Q + ET + 5)c

If this inequality

p = 2 days 10 year frequency storm, mm.

The results of the study show~ng the value of Q for

For the above study rainfall analysis was done with

Drainage coefficient for class 4 and 5 was calculated

The above equation was used to obtain a first estimate

B = an arbitrary constant

ET c = the crop evapotranspiration, mm/day

5 = the deep seepage in mm/day

ofW. The condition described by the following inequality

should be met for each day of the storm period.

be increased until it statifies the condition.

consecutive days for all

using the following formulas:

and

where Q is the drainage coeff. m~/day

selected stations are presented in Fig. B, 9 and 10.

total rainfall of some successive days. A more critical

condition of drainage may arise if the analysis is done on

the basis of running days. Basis for the selection of design
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in equation 2.7.1.

0.10 m

0.20 m

6 days

0.30 m

Negligible

made to determinewasA joint study by BWOB and UNopl/

b) Allowable depth of water before;
drainage is required

a) Existing depth of wate~.in the field

c) Plant submergence maximum duration

d) Plants considered submerged when
depth of water exceeds

e) Evapotranspiration and infiltra-
tion was considred to be small
and ignored.

and 3 must be removed within 2-4 days for yield to be unaffected.

storm duration of 10 days were not mentioned. Although it

was mentioned that the drainageGwater for drainage class 2

But bere water balance was applied for the 10 days period. We

duration of rainfall. Also it was not justified why 8 is used

submergence is an important factor in the selection of critical

cannot allow submergence for 10 days. Crop tolerance with

\
No result was given \or drainage class 1 and it was not

mentioned that whether it requires drainage at any stage of
growth.

the drainage requirement for rice crop due to on-site rainfall.

drainage rates:
tation. The following assumptions were made to calculate the

The design was based on 1 in 5 years maximum 2-6 day precipi-
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- 100

- ZOO

b log (tZ + 6) + a
= 10

+ aJ
u(tz - t1 + 6) + 100

lOG> log(tz + 6)
u =

I~arayana, u upta and Tiwari conducted another study on

Ouring analysis, crop evapotranspiration and infiltra-

where t1 = time from commencement of rainfall until water

depth is O.ZO m \
\

tz = time from commencement of rainfall until water

depth is 0.30 m

Then 0, the drainage rate in mm/day was calculated

Using the results of the analysis a map was produced

from:

to enable approximate drainage rates to be obtained for any
particular area.

showing the isolines for different drainage rates (Fig. 11)

was not mentioned.
Also the actual season for which this analysis was conducted

tion were ignored which may cause ov.erdesign of drainage rate.

rainfall and runoff analysis for rain water management in

agricul turez7/. T he study region was Kernal in India. The

range of climatic and catchment characteristics for the

study region were presented in Table 10. Rainfall analysis
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was conducted for the period June to 5eptember. Using simple

water balance equation total amount of expected runoff that

was computed for paddy and maize are presented in Table 11.

In the above study evaporation and infiltration was

decucted twice, which may cause under estimation of runoff.

Also the rainfall analysis was not conducted on the basis of
running days.

Hence studies involving a detailed quantitative evalua-

tion will provide a reliable basis for drainage design. In a

country like Bangladesh where the rainfall follows a skewed

pattern, this type of study is of much importance. Not only

the rainfall but also the topography and climatic characteristics
influence the Deed for this study.
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CHAPTER-3

MET HODOLOG Y

3.1 Drainage Classification

Drainage classes are defined for different crops

(mainly focussing on paddy), since susceptibility to water-

logged condition varies with crop types. Each drainage

class defines a critical level of drainage for a change

in type of cropping. On the basis of crop variety, tolerence
,limit of the crops to subme~gence and crop growth status of

\,

five drainage classes are categorised. The classification
is given below in tabular form (Table 11 ) •

3.2 Field C ondi tions for Drainage Class 2, 3 & 4

F or the Drainage classes 2, 3 & 4, field conditions

considered in the calculation of drainage coefficient are:

1. Anteced~ntc moisture condition
2. Plant height

3. Allowable flooding on the- paddy land
4. Paddy dike height

Antecedent~ Moisture

The amount of water which remains in the field before

transplanting is the antecedent moisture. The antecedent

moisture within a rice field can vary from zero water depth
)

to the full depth of the paddy dikes. Initial depth of



T able V • Submergence tolerance of rice and summer vegetables

Drainage
class

Crap
Type

Tolerance of the crop
Vegetative stage

to submergence in different stages of growth
Reproductive stage Ripening stage Remarks

At this stage the
internodes are
matured and no
longer elongate.
T he lower portion
of the plant can
still be submerged.
Extended abrupt
flooding at this
stage could result
in crop loss.

1 c. liman
(Deep
water or
floating
rice)

F lOading causes damage
of seedling upto 2 weeks
of aEje.From 2 to 4 weeks
of age it can survive
flooding upto 15 em for
4 days(survivalof B~
can be attained3,t the ,
ag8 of 4 weeks)- • At tne
age of 6 weeks survival
of' 100,6 ,can be' attained
with increasing water
lHvelJj • Flood resistance
is very high frdm6 weeks
of age upto panicle
initation. It can grow
under flooded condition
with rapid internodes with'
rapid internode elongation
with rising wa~er. Average
growth rate is 0.8 em/day
but may be 20-25 em/day
for short periods and 5 to
6 em/day over extended 2'/
periods during inundation ~ •
Elongation of internodes
with rising flood levels
undergoes until panicles
emerge (onset of flowering).
The p~,nt height may be
5-6 m- • T he plant attains
this height before complete
emergence of the panicle

T he plant can
still survive
with water in
the lower por-
tion of the
plant. 5ome
times crop har-
vesting is done
with the help
of a boat.

T he most critical
condition of'
drainage is upto
4 weeks age of
seedling. But the
growing season of
the crop is such
that rainfall
during the criti-
cal period is
insignificant.
Hence no protectioA
is required for
this crop.

"...;)



T able V (Contd.)

1

2

3

2

T. Aman

T. Aus
(HYV)

3

In the early stage
of growth the plant
can tolerate 30 cm
of water in depth
for periods upto
3 days~/. T he depth
may be less for
seedling •.At later
period of vegetative
growth since the
plant height increases
it can tolerate floo-
ding upto 45 cm to 50 cm
'" 22/l.n depth.- •

"

4

It can tolerate
upto 70 cm of
water in depth
for periods upto
3 days2.?/.

"

5

Plant can sur-
vive flooding
upto 90 cm for
3 days2:?/

. -- If

6

T he most critical condi-
tion of drainage is
just after transplanting.
Design should be based
on vegetative stage.
Since HYV rice is
much shorter than the
local variaties, the
tolerance limit is also
lower than the local
varities (as mentioned
in different growth
stagel. .

T he crop growing season
is such that, flood
hazard may arise at the
reproductive and the
ripening stage. Less
protection will be
required at these stage.
Design should be based
on the maximum require-
ment at the reproductive
or ripening stage.

'"CD



T able V' (Contd.)

2 3 4 5

4 Boro " " Plant can sur-(HYV) vive flooding
upto 75 cm for
3 days.

6

Flooding may occur
only at the mature
stage i.e at the
ripening stage of
gro wth.

5 Summer
vegetables
(cucerbi t)

Protection is required throughout the growing season.
Since the crop cannot grow under submerged condition,
all water which causes surface flooding should be
removed within 3 days.

Drains should
be designed for
maximum protec-
tion.

~
ill
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water may vary from a minimum of 50 mm and maximum 200 mm.

Hence 200 mm has been assumed as antecedent moisture.

Plant Height

The crop height at the time of transplanting will be

approximately 300 mm plus an increase of B mm per day from

the date of transplanting. This increase in height will

Dccur mostly during the vegetative growth stage.

Allowable Flooding

All rice under class 1, 2, 3 and 4 is assumed to grow

under flooded soil condition. The amount of water or the

depth of water which can be allowed to remain on the paddy

land beyond the critical period is the long term flooding.

Water in excess of this should be removed to maintain the

critical level of drainage (i.e. the maximum allowable depth
of flooding).

The depth to whicb.the plants can be submerged without

damage is related to the height of the plant at that stage

of growth. Submergence of the plant at different depths will

influence the yield. Plants may tolerate that depth of water

(as specified) but there may be a reduction in yield (Table 9).

Information from ERR I (Bangladesh Rice Research Institute)

indicated that submergence of 67~ of plant height can be

allowed without effecting yield2~/. Hence the depth of water
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which can remain on the land i.e allowable flooding or long

term flooding (FLT') can be found by the equation:

3.2.1

where HI = initial height of the plant during transplanting,mm
a = decimal fraction of the plant which can be

submerged on a long term
b = average rate of plant growth, mm/day
T = age of plant in d<;,ys,

\
F LT = long term flooding in mm

The height of the seedling at the time of transplanting

is 300 mm i.e. HI = 300 mm. The plant will increase at an

average rate, mostly in the vegetative growth stage. For the

plant, the worst condition to flooding will be immediately

after transplanting (since the plant can tolerate minimum

depth of flooding at this critical condition of drainage,

maximum protection is required at this stage of growth).

Hence the maximum allowable flooding should be the depth

that can be allowed at the critical condition of drainage.

Hence F L2 Le,. allowable flooding 2 days after transplanting
will be:

~~FL2 =D.67 (300 + Ox2)

= 201.0 mm

• Plant needs few days for stabilization and its height
does not increase within 2 days.
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From this calculation, maximum allowable depth on

the paddy land has been fixed as 200 mm. A greater depth

can be allowed at some later stages of growth. But for the

design purpose, worst condition should be considered.

Paddy Dike Height

In rice lands some water can be allowed to stand on

the land by bunded paddy fields. It appears to be as low as
100 mm in areas of low relief, but it may be as high as
300 in water short 24/ On irrigated lands dikemm areas - •
height is about 200 to 250 24/ The paddy dike heightmm - •
should be fixed in such a manner that allowable depth of

flooding at the critical stage of growth or the critical

level of drainage does not exceed. It was assumed that the

critical stage of growth should be just after transplanting.
Allowable flooding at that stage is 200 mm.

Hence 200 mm has been assumed to be the paddy dike

height. 200 mm of water can be stured on the paddy land by

either the functioning dike height or lack of slope.

The following conditions should be considered for

calculation of the drainage coefficient for flood drainage
protection classes 2,3 and 4:

1. Existing paddy water level or the initial depth. of

water at the time of transplanting may be 200 mm.
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2. Allowable flooding in the critical growth stage
(just after transplanting will be 200 mm (in

consideration with crop growth status) and this

depth can remain on land beyond the critical period.

This is the maximum depth which can be allowed for

the worst condition of drainage.

3. Paddy dike height will be 20U mm (since maximum

allowable flooding at the .critical growth stage

is 200 mm ) either from direct height or from

effect of level terrain for all rice except deep

water rice.

4. Paddy water level should be reduced to the long

term flood depth within 2-4 days after start of

drainage unless there is 100"; possibility of clear

water. With clear rainwater, drainage may be comp-

leted within 5-6 days.

Since rain water is not clear drainage period

is considered as 3 days w~thout loss in yield

(if some yield loss is allowed this time may be
increased) •

5. Oeep seepage should be considered as 1.5 mm/day

for all crops.

6. Crop evapotranspiration should be taken into

consideration in the estimation of Q.
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3.3.1peT) + oCr) -T(O + ET + S) = D(P)
c

T = time in days

frequency, mm

7. The 10-year frequency 3-day duration depth of

8. Design should be based on the critical or worst
condition of drainage.

3.3 Calculation of Drainage Coefficient for Drainage Class

The design discharge for an area may not be the peak

rainfall should be used in the drainage coefficient

The volume of water to be removed from the watershed

(W) calculation.

The following proced~re has been adopted for the calcu_
\

lation of drainage coefficient.

per day (W) is the drainage coefficient.

discharge but may be one that will maintain a certain level

of water in the agricultural lands not lasting longer than

X days nor occurring with a frequency of more than Y years.

5uch values can be obtained by f~equency analysis of rainfall

data. Hence the drainage coefficient can be computed by the
simple water balance equation:

where peT) = rainfall depth of a specified duration and



55

Ef : crop evapotranspiration mm/dayc
5 : deep percolation, mm/day

UCr) : initial or antecedent moisture on the paddy
1and, mm

U(p) : permissible or allowable depth of water on the
paddy land, mm

W : drainage coefficient, mm/day

F or the present study, the following values of different
parameters has been fixed: \

T : 3 days

P(3): 10-yr frequency 3-day duration depth of rainfall,mm
U(1): 2Uo mm

U(P): 200 mm (for drainage class 2)

The maximum permissible depth will be different for

drainage class 3 and 4. The crop growing season is such that

flooding occurs at the reproductive and ripening stage for

drainage class 3 and for drainage 'class 4 flooding may occur

only at the ripening stage. Hence protection required for

these classes will be different from that of drainage class 2.

For drainage class 3, critical condition will arrive at the
reproductive stage of growth.

F LT : 0.67 (300 + 8x50)
: 469 mm

Hence U(P) : 450 mm for drainage class 3. F or drainage
class 4, U(p) : 700 mm.

o
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The drainage coefficient can be computed from the

3.4.1-3(ET +5))/3c
Q = (p ( 3)

rainfall, mm
p (3) = 10-yr frequency 3-day duration depth of

For class 2: p( 3)+200-3(Q+ET c+5) = 200 mm 3.3.2
1~'Foor,-,class 3: P(3)+200-3(U+ET +5) = 450 mm 3.3.3c
For class 4: P(3)+200-3(Q+ET +5) = 700 .mm 3.3.4c

ETc = crop evapotranspiration, mm

5 = deep percolation, mm

The equation for the calculation of drainage coefficient

It was assumed for drainage class 5 (upland crops) that

for drainage class 2, 3 and 4 becomes:

3.4 Calculation of Drainage Coefficient for Upland Crops

within 3 days and drainage should be adequate to remove all

all water which causes surface flooding should be removed

necessity include any time during the design event in which

surface water within this period. This period would of

the maximum 3-day depth duration values for 10-yr frequency

rainfall intensity and duration had produced surface flooding.

It was further assumed that throughout the growing season

were considered to be most appropriate for design.

given equation:

where U is the drainage coefficient, mm/day
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CHAPTER_4

DATACOLLECTION

4.1 Source of Rainfall Data

Bangladesh Water Development Board is the main source

of daily rainfall data. Daily rainfall records of a consider-

able period for a large number of stations are available

in 8WOB. At present BWD8preserves the daily rainfall data

in the form of Data Index Card.

4.2 Study Region

On the basis of hydrological unit, Bangladesh may be

divided into four regions (8WD8, 1982) (a) North-east, (b)

North-west, (c) South-east and (d) South-west. North-east

region comprises of the hydrological districts of Sylhet,

Mymensingh, Jamalpur, T angail, Dhaka and Comilla.

According to climatic classification (F ig. 12) by,

Manalo2~/, the type 2.2 (2 to 4 month dry, 7 to 9 months wet)

covers the foot~ills of northern Sylhet, type 3.2 (5 to 6

months dry, 7 to 9 months wet) Covers the Sylhet in a mean-

dering pattern. Type 3.3 (5 to 6 month dry, 5 to 6 month wet)

cOvers the biggest part of the North-east region including

Dhaka, Mymensingh, Tan gail and Comilla. The three climatic

zones are shown in Fig. 13. Sylhet and Mymensingh have at

least one month with greater than 500 mmrainfall. The Cherapunji

(India) which is the rainest place in the world is located
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near the North-east of Sylhet. Rainfall lasts for about seven
months of the year in average.

4.3 Selection of R aingauge Stations

All the stations within the study area were first

verified for the entire gauge records. Stations to be used

in this study werecthen selected. It was decided that the

rain gauge stations having at least 10 years (common to all)

of records should be complet\1:lor nearly so. Thisdexercise. ,

provided a network of 68 raingauge stations in the N-E region
(Fig. 14).

4.4 Data Presentation

A list of selected stations shOwing their location and
length Of record for each station data are presented in
Table 12 and 13.

The daily rainfall data from all the 68 stations were

collected and compiled from 8WD8 Data Index Cards and then
~entered in the computer for analysis •

.To facilitate the use of the collected data in various

analysis all these data were stored in the data diskette.
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CHAPTER ,5,

DATA ANAL YSIS

5.1 Introduction

To select a method of distribution for frequency

analysis of a group of long term records for application

in the determination of drainage coefficient, it was already

discussed in Chapter two that among the methods of distri-

bution, G umbel method would be more suitable for the North-

eastern region of Bangladesh. Hydrologic design is usually\ . .

governed by few critical conditions. Analysis should be

conducted at those period where the design is governed by

the most critical condition. U sing the maximum,.probabl e

values of rainfall and other related factors, water balance

equation can be applied to determine the drainage coefficient
for paddy and upland crops.

The analysis has been conducted separately for the

three climatic zones comprising the North~eastern region of
Bangladesh.

5.2 Rainfall Data-Analysis

5.2.1 Selection of Base Period

For frequency analysis of rainfall, a common period

of time for all the records Js necessary to eliminate the

effect of variability with time. T his period, called the
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baseop~riod, will be the longest period of continuous,record
common to the largest, number of station available.

To optimize the use of existing data,'and to minimize

estimates of missing data a base period of 10 year (1972-1982)
was selected.

5.2.2 Estimation of Missing.Data

The missing data within the base period of each station
were estimated from the observations at three stations as

close to and as evenly spaced around the station with the

missing record by simple arithmetic average of the index
stations.

5.2.3 Area Averages of Rainfall

The analysis of rainfall is understood here to be the

area averages of rainfalls. Since analysis was conducted on

areas of similar climate conditions, the hydrological boundary

governs the area. The North-eastern region comprises of three

climatic zones. The boundary of each zone and the location

of the stations are shown in Fig. 14. The daily average

precipitation representing each zOne was computed for each

year by arithmatic mean of all the available records in each
zo ne.
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5.2.1

5.2.2

5.2.3

5.2.4

.. ,

5.2.4 Uetermination of Running Day Total of Rainfall

Three day maximum probable rainfall for a return per~od

3-day moving totals or running totals were determined

for each year using daily mean values of rainfall. This

operation was conducted separately for the three climatic
zones in the study region. _

5.2.5 Frequency Analysis

of 10 year, were found for each of the 362 period for the

three climatic zone separately by using the following equations:

XT = U - Sin Gn( r~1 ~

where U XI~
YI~

Si~=
ON

and SI~
13 =

°l~

X,\J ::;

of the station were computed by the conventional procedures
as given by

where N is the sample size.

If alues of YI~ and 0i~ were extracted from Table 2. T he mean

(XN) and standard deviation (SNJ of rainfall sample for each
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Typical plotting of the data in Gumbel's probability

paper for some of the periods are shown in Fig. 15, 16 and

17.

The results of the frequency analysis for ~ll the climatic

zone'S.' is presented in Table 14.

Il computer program based on Fortran IV coding was

developed for the rainfall data analysis. A listing of the

program is presented in ApP,endix-C.,
\ '

5.2.6 Testing the G.Joodness of 'F it of the Data to Gumbel's

Uistribution

Kolmogorov-Smirnov2~/ test was adopted in this study

for testing the goodness of fit of the data to Gumbel's

distribution. The test was conducted as follows:

i) P (x) was determined. It is the completely specifiedx

cumulative distribution function under the null

hypothesis.

ii)' Then 5 (x) was determined. It is the sample cumulative' n

histogram based on n observations.

iii) T he maximum deviation U, was determined by

5.2.6

ivY The hypothesis will be rejected, if for the chosen

significance level, the observed value of 0 is
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5.3.1

"equation

was deter-(ET )o
The reference crop evapotranspiration

ET0 is the potential evapotranspiration or reference
crop evapotranspiration, mm/day

of day and night weather conditions.

greater than or equal to the critical tabulated

In this study, the test was conducted at 0.05

significance level and all the tests were accepted.

W is the temperature related factor

value (Table-15) of the Kolmogorov-Smirnov test.

vapor pressure Of the air, both in mbar

R is net radiation, mm/dayn

f(u) is wind related function

c is an adjustment factor to compensate fo~ the effect

(ea-ed) is the difference between the saturation

vapor pressure at mean air temperature and mean actual

5.3 ET Estimation

mined for different locations of Bangladesh by Penman
modified by Doorenbos and\pruitt~/. The equation is:

where,

The values Of monthly potential evapqtranspiration for

different locations Of Bangladesh and average monthly potential
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coefficient Le.

7 days

11LJdays

28th August

:,1Dth May

18 was developed in a generalized

values Of crop coefficient obtained by
\,

paddYl" Crop coefficient for vegetable

LJate Of planting

Average ~ecurrence,
interval of signi-
ficant rain

Date of harvesting

Total duration
of crop

T he curve shown in Fig.

evapotranspiration values for Bangladesh was calculated and
presented in Table 16,

The evapotranspiration of a specific crop was obtained

from reference crop evapotranspiration using appropriate crop

Ef c = Kc x Ef 0

In this stUdy,
I~PU21/ were used for

crops Of Bangladesh are not available. A crop coefficient

curve was developed (Fig. 1B) for vegetable crops grown in

the monsoon season using the F AD gUidelines~/. T he following

assumptions were made to develop the crop coefficient curve:

form. Any vegetable crop that grows within this period (May-

August) will follow this curve. T he"values of crop coefficient
(Kc) for paddy and vegetables are shown in Table 17'.



65

amount of rainfall.

Period for which frequency analysis
has been conducted

15th July to end of August
20th May to 20th June

15th April to 15th May

10th May to 28th August

2

3

4

5

5.4 Determination of Drainage Coefficient

The analysis of rainfall was-conducted for the whale

Orainage coefficient (Q) was determined for different

Frequency analysis required to conduct for the different

the critical time of crop does not coincide with considerable

Analysis has not been conducted for drainage Class I.

The growing season of the crop under drainage class I is such

drainage classes are as shown below (T able vi)

Drainage class

Table 'vi Period of analysi,s for different drainage classes

year to facilitate future use.

T he maximum val ue of the 3-day rainfall within the

period sp~cified for each class was considered in the frequency
analysis •.T he sequence of 3-day periods are shown in Table 18.

drainage classes by the following formulas for the three
climatic zone separately:



For drainage class 2: P ( 3) + 20U-3(Q + ET +5) ; 2UOc

" " " 3: P ( 3) + 200-3(Q + ET +5) ; 450c

" " " 4: P ( 3) + 200-3(Q + ET +5) ; 700c

" " " 5: Q,; P ( 3) - 3( ET + 5) /3c

The results of the study are shown in Fig. 19, 20

.and 21.

66
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CHAPTER -6

RESULT 5 AND.DISC USSION

The investigation carried out in this study can be

categorized under two headings; (a) determination of .maximum

probable 3-day rainfall on the basis 6f running
o

days for

the three climatic zones of the North-eastern region of
'0

Bangladesh (b) determination drainage coefficient for diff-
erent crops to avoid crop damage from flooding caused by on-
site rainfall.

\

3-day maximum probable rainfall on the basis of running
days was determined by Gumbel's method for the critical

period of all the drainage classes (Table 14. using extreme

value of the period concerned) for a return period of 10 year.

Typical plottings of the data in the Gumbel's probability

paper are shown in Figs. 15. 16 and 17 for climatic zones 1,2

and 3 respectively. The Kolmogorov-Smirnov test was applied

for the goodness of fit of the Gumbel's distribution. Goodness

of fit of observed data from the tfieuretical curve as tested

by Kolmogorov-Smirnov statistics shows that deviation is

within allowable range. Maximum deviation of 0.lB7 and minimum

of 0.032 was found for drainage class 4 andd2 respectively

for the climatic zone 3. All the deviations are far below. the

critical value of 0.409 at 0.05 significance level (Table 15).
,;

Drainage coefficient was determined for 5 different

drainage classes by using water balance equation. Each class
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defines a critical level of drainage for a particular crop

(as defined earli~r). Water balance equation was applied
• •

to that part of growing season which is most critical under
submerged condition.

Tree',only type of paddy which can grow with rising

water in Broadcast, Aman (drainage class 1). But, before

attaining at the age of 6 weeks submergence tolerance of

100~cannot be achieved. Hence it was shown earlier that it

requires drainage during thi~ period. But the growing season
\

c.,., of the crop is such that the' time (15th March to 15th AI3,ril)

does not coincide with the rainy period i,ethe condition

of submergence does not ta~i"place due to defient rainfall
during tDis period.

F or drainage class 2 i.e. HYV Transplanted Aman, the

worst condition of drainage may arise in the vegetative stage

of growth. The most critical condition may even arise 2 days

after transplanting. The calculated drainage coefficient for

Transplanted Aman are 63.55 mm/day, 75.19 mm/day and 103.05

mm/day f6r climatic zone 1~ 2 and 3 respectively as shown in

Fig. 19. T he highest value of drainage coefficient is 103.05
mm/day in the climatic zone 3.

The water balance equation was applied for the period

20th I~a)'/to20th June and 15th April to 15th "May for HYV Aus-

"and HYV Boro respectively. Drainage coefficient for Aus rice
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are 49.35 mm/day and 51.13 mm/day for the climatic zone 2
and. 3 respectively (Fig. 20). Bora needs no drainage.

Drainage class 5 is for summer vegetable crops. Since
these crops cannot survive under any depth of surface flooding,

drainage is required throughout its growing season. The grow-

ingseason was selected as 10th I~ay to 28th August. Since

crop coefficients of summer vegetable crops of Bangladesh are

not available, a crop coefficient curve was developed in a

generalized form on the basis of past studies as described

earlier in Chapter 6. T he maximum of.the q values thll)oughout

the growing season was taken as the design drainage coeffi-

cient. The calculated drainage coefficients for drainage

class 5 is shown in Fig. 21. The cesul ts show highest drainage
coefficient of 170.12 mm/day for climatic zone 3,

T he above resul ts indicate that Transplanted Aman needs

drainage in the three climatic zones. Aus rice needs no

drainage in climatic zone 1. In all the three climatic zones

Boro'rice can grow without any pr~vision of drainage. On the

other hand the requirement of drainage magnitude for upland

- crops (summer vegetables) is 1.5 times more than that of rice.

This is because of the special physiological behavior of

taking oxygen throughout the bOdy of rice plant which is

lacking for,other crops. Hence rice can survive upto certain

level of submergence (this level increases with age of plant)
,"

and other crops cannot tolerate any water above field capacity.
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day totals of theis probably not considering the ~unning

rainfall of the area concern~d.
\

drainage structures. These drainage coefficient are applicable

In the present analysis, the drainage coefficients

8efore designing a drainage system for agricultural

upland vegetables (cucerbit).

Estimated drainage coefficient by Master Plan Drgani-

zation (Fig. 8) for HYV Transplanted Aman an9 HYV Aus crop

which creates drairJage congestion is rainfall (Fig. 22). These

drainage coefficient are required for rice compared to the

underestimation of drainage coefficient as estimated by MPO

These are the causes due to which lower values of

is lower than the values obtained in the present study. The

to the flood protection areas where the only source of water

drainage coefficient values will also be applicable to those

obtained for different crops may be used for the design of

is mode for drainage.

purposes, drainage coefficient or the rate at which water is

cropping pattern to those areas can be improved if provision

areas where flood protection is under execution (Fig. 22). The

which protection is necessary. Drains should be designed with

to be removed should be determined considering the crops for

may cause failure of the project.
specified drainage coefficients. Lack of anticipated drainage
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C HAPTER-7

CONCLUSIONS AND R ECOI~I~ENDATIONS

7.1 Conclusions

The following conclusions can be drawn from the results
of the investigations:

The statistical analys~s of 3-day running total of

rainfall for the whole year from daily rainfall data for

each climatic zone and the probable maximum 3-day rainfall

estimated on the basis Of running days for the critical

period of different drainage classes will help in any water

management development project in the North-eastern Region

of Bangladesh. Particularly in the areas of crop water require-
ment and drought effect on crops.

Broadcast Aman can grow with the rising water level
(due to on site rainfall) in the present study rainfall area.

Transplanted Aman (HYV) is the only type Of paddy which

needs drainage in all the areas20f the region.' Aus (HYV) rice

needs drainage in the climatic zone 2 and 3. Maximum drainage

is required in the hilly region of Sylhet (climatic zone 3)

where rainfall lasts for about 7 to 9 months Of the year.

Provision of drainage with specified drainage coefficient, Q

will allow cultivation of HYV T ransplanted Am~n and HYV Aus
,jthroughout t~e region without loss of crops. Hence area Of

HYV rice cultivation can be increased with provision of
proper drainage.
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.For future study the following topics can be taken up:

a) The study should be extended to other regions such.

as North-West, South-East and South-West.

b) Frequency analysis of rainfall data having longer

base period should be incorporated to refine the
present study.

\

The water balance study indicates that HYV Boro can
be cultivated without any drainage hazard.

Successful cultivation of summer vegetables is possible

with proper design and day out of drainage syste~. The value

of the drainage coefficient for vegetables is 1.5 time more

compared for the drainage coefficient of rice.

7.2 Ii ecommendations.
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FIGURE. 1. MAJOR WATER SYSTEMS OF BANGLADESH 231
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FIG. 16. TYPICAL PLOTING OF DATA ON GUMBLE PROBABILITY PAPER
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FIG. 17. TYPICAL PLOTING OF DATA ON GUMBLE PROBABILITY PAPER
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T-able 1 Comparative values of rainfall for different

return periods27/

Rainfall for different return
periods (mm)

1.01 2 5 10

223.7

25

226.6

212.0

221 • 3

221. 0

187.1

181. 8

1 84. 7

178.2

183.0

145.3

156.4

153.9

1 50. 5

151.5

105.8

104.2

105.1

108.7

106.0

32.6_

56. 1

36.9

41.1

38.8

Log normal

Procedure

Average

Type I Extremal

Log Pearson'
Type III

Gumbel



Table 2 Ii alues of YI~ and ON as a function of sample size I~~

IV I~ - aYIV Q
iV YN N

8 0.48430 0.90430 46 0.54680 1. 1538CJ
9 0.49020 0.92880 47 0.54730 1.15570

10 0.49520 0.94970 48 0.54770 1.15740
1 1 G.49960 0.96760 49 0.54810 1.15900
12 0.50350 0.98330 50 0.54854 1.16066
1 3 0.50700 0.99720 51 0.54890 1.16230
14 0.51000 1.00950 52 0.54930 1.1638G
15 G.51280 1.02050 53 0.54970 1.15530
16 0.51570 1.03150 54 0.55010 1.16670
1 7 0.51810 1.04110 55 0.55040 1.15810
1 8 0.52020 1.04930 56 0.55080 1.1596U
19 G.52200 1.05660 57 0.55110 1.17080
20 0.52355 1.06283 58 0.55150 1,1721U
21 0.52520 1.06060 59 0.513180 1.1734CJ
22 0.52680 1.07540 60 0.55208 1.17467
23 lJ.52830 1.08110 62 0.55270 1.1770U
24 0.52960 1.08540 64 0.55330 1.1793CJ
25 G. 53086. 1.09145 66 0.f5380 1.1814U
26 0.53200 1.09610 68 0.55430 1.1834CJ
27 G.53320 1.10040 70 0.55477 1.18536
28 0.53430 1.10470 72 0.55520 1.18730
29 0.53530 1.10860 74 0.55570 1.18900
3U 0.53622 1.11238 76 0.55610 1.19060
31 0.53710 1.11590 78 0.55650 1 .1 9230
32 0.53800 1.11930 80 0.55688 1.19382
33 0.53880 1.12260 82 0.55720 1 .1 9530
34 0.53960 1.12550 84 0.55760 1.19670
35 0.54034 1.12847 86 0.55800 1.19800
36 0.54100 1 .1 31 30 88 0.55830 1.19940
37 0.54180 1.13390 90 0.55860 1.20073
38 0.54240 1.13630 92 0.55890 1 .20200
39 0.54300 1.13880 94 0.55920 1 .20320
40 0.54362 1.14132 96 0.55952 1 .20440
41 0.54420 1.14360 98 0.55980 1.20550
42 0.54480 1.14580 1GO 0.56002 1.20.649
43 0.54530 1.14800 150 0.56461 1.22534
44 0.54580 1.14990 200 0.56715 1.23598
45 0.54630 1 • 151 85 250 0.56878 1.23292

a "
- rI dudkivi. A.J. 1976, Hydrology; Pergamon Press.



Table 3 fvature of survival of 20 day-old seedling subjected

to 10 days submergence in 3U cm of water?/

Reaction
to flood

Survived

P artiall y
survived

Bar el y
survived

Died

TALL

rqansra W449
Cross 116, Bhai
PTB 13, BR 3

rqru 16, T141
CR 70-79-9
C ro ss B 2,
Sundari

rqTU 22,
Monoharshali,
AC 3760, J hona 349
Gauria
Dhudlachi.

G ro ups

Floating

Jaisuria
Anjana
SW 2

J al magn

Dwarf

CR 1014

F XC 4, IR 5,
F XC 5, F XC 9
IR B



Table 4 Showing differential response of varieties to

different flooding 2/

j, s urv ial j, ,survival j, ,survival under
under inter- un der stagnant inter-

Variety mittent co ntinuo us mittent flooding
flooding flooding 7 days submergence
1 2 days 3. 7 m in 0.75 water
complete water depth depth
subme,rgence

1 2 3 4

C ro ss 82 60.6 0 2-
FR 61 64.4 0 5
FRG 2 69.0 0 5
FRG 10 52.0 0 7
Pladhukar 68.0 0 1 5
FR 43 8 45.0 0 4
FR 1 3 A 40.2 0 1 3
C h aki a 59 44.6 0 26
T 100 2lJ.3 0 1 4
lJW 6172 A 8. 9 99.5 40
Oudhl ach 7 1 9. 8 98.,8 32
OW 6258 1 9. 9 97.9 29
OW 5258 15.0 99.0 25
T arab aD 6. 7 98.2 2
SW 2 0.9 -99. 4 17
J a.isuria O. 8 96.7 2
J al magn 1 • 5 96.6 2



Table 5 5urvial percentage of plants (early and late types)

submerged under different depths ofwaterZ/

Depths of Seedl ing age in weeks
submergence Variety 2 4 5 8 10 Average(cm)

15 a 72.5 98.5 100.0 100.0 100.0 95.0

b 52.5 98.5 95.3 79.7 93.8 85.0

25 a 34.4 95.9 100.0 95.3 100.0 85.3

b 32.9, 55.9 90.5 '55.7 93.8 :Z4.U

35 a 34.4 59.7 100.0, 100.0 100.0 80.8

b 20.4 59.4 75.5 57.2 87.5 52.2

.~verage a 48.5 88.4 100.0 98.4 100.0 87.0

b 38.5 81•3 87.5 71.2 91.2 74. 1

a - early pure-line - A, 54-19.

b late pure-line - A, 192.



Table 6 Survia~ percentage of deep-water rice plant submerged

under water for different durations2/

Duration of
Age of seedlings in weekssubmergence

under 60 cm
Variety 2 4 6 8 10 Averageof water

( days)

5 a 64.7 93.3 95.3 100.0 100.0 90.9
b 61. 0 89. 1 90.6 100.0 96. 9 87.5

8 a 28.2 61. 0 100.0 100.0 100.0 77.8

b 23.5 86.0 86.6 92.2 75.0 72.5

12 a 0.0 25.0 98.5 100.0 100.0 64. 7

b 0.0 62.5 68.8 , B9. 1 ,57.9 55. 7

Average a 33.8 60.4 97.9 100.0 100.0 77. 8
b 28.2 79.2 .81.9 93.8 76.6 71 • 9

\

a - early pure-line - A, 54-19.

b - late pure-line - A, 1 92.



Table 7 Survival percentage of deep w.ater rice seedling

duration of submergence and age

96. 9

57. 9

76. 8

75.0
89.1.

92.2

93.8

100.090.6

86.6

68.6

,81 • 9

62.5

79.2

89. 1

86.0
0.0

23.5

61. 0

28.2

by

3/

8

4

1 4

[\lean

as affected

of seedling

A. 192

Late. type



T abl e 8 Survival percentage of deep water rice seedling
as affected by depth of submergence and age of

dl' 3/see J.ng.•

Depth of Survival (j, )
Variety submergence Seedling age (weeks(em) .2 4 6 8 10 1\1ean

A 54-19 15 76.5 98. 5 100.0 100.0 100.0 95.0
Early type 25 34.4 26. 9 100.0 95.3 100.0 95. 3
1\]0 35 34.4 9. 7 100.0 100.0 100.0 80. 3
WID 1'1ean 48.5 88.4 100.0 98.4 100.0

A. 92 15 62.5 98.5 95.3 79.7 93.8 86.u
25 32.6 6. 6 90.6 6. 7 93.8 52. 3 I

Late typ e 35 20.4 59. 4 76.6 67.2 87.5 62.2
Mean 38.6 81 •3 87.5 71. 2 91. 2



Table 9 Yield of variety Jaya under three levels of

submergence (25,50,75/& 0 f crop height) at each

of the three growth phases during Aman (July-Nov)
and Boro (J an _ Apr) 2~/

y iel dRelative \lrainCO
1973 1974

(Aman) (Boro)

100 100

25/, 82 75
50/, 75 62
75/& 68 58

25,; 81 74
5P)~ 71 64
7 Sib 72 56

25/& 79 71
50/, 76 66
75/& 70 50

Ht. of plant
submerged

j'laximum tillering to
fl 0 wer in g

Seedling establishment to
maximum tillering

Plant growth stage

Control (con.tinuous
submergence) 5! 2 cm

F lowering to
maturity



27/Range of climatic and catchment characteristics.Table 10

\,

0.2 cm

10 cm

2 days

0.5 cm

20 cm

Specific
values for
K ernal

Range

0-15 cm

0.2-0.4 cm

5-25 cm

1-2 days

0.5-5 cm

Characteristics

Depth of permissible
detention in the catchment

Daily evaporation during
the storm

Storm rainfall

Storm duration

Dail y infiltration
rate in the catchmen~

5.

3.

2.

4.

1.

S1-
No.



Table 11 Computed runoff for paddy during the growing season27/

Period Return Average Run-off expected
period storm (Normal land with paddy)magni tude

July

1-5 1x25 115.6 0

6-10 2x25 119.6 0

11-15 1x25 23\: 2, 71

16- 20 0 \-, ,

21-25 1x25 127.0 0

26- 31 O~*

August

1 - 5 1x25 99.1 0

6-1U 0"

11-15 3x25 132.3 0

16-20 0"

21-25 2x25 138.3 52

26-31 O>~"

" The event has not occurred in the 25 years of record.



Tia ble 12 Index of rainfall stations

S1. Location

No. Station names BWDB N E
I~r deg min deg min

1. Atia (T angail) R 2 24 22 89 55

2. 8ancharampur R 351 23 44.5 90 49

3. Bajitpur R 61 i 24 13.5 90 57.5

4. 8hairab 8azar R 101 24 02.7 90 59.3

5. 8hal uka R 5 24 25 90 24

_6. Bholaganj R 102 25 86 91 45. 1

7-. 8rahmanbaria R 103 23 58.7 91 07

8. C handbagh ( Sylhet) R 104 24 34;8 91 55.2

9. C hanpurbagan ( " ) R 105 24 09.3 91 29

1O. C hhatak R 107 2S 01. 4 91 38

11 • Comilla R 356 23 27.5 91 11

1 2. Dhaka R 9 23 45.2 90 22.5

1 3. Dakshinbagh R 108 24 38 92 22.5

1 4. Daulatpur R 10 23 56 89 50.4

1 5. Durgapur (Mymensingh) R 63 25 07.5 90 41

1 6. F atullah R 408 23 40 90 31 • 6

1 7. G affargaon R 64 24 24 90 35

1 8. G obindaganj R 109 24 55.7 91 41. 7

1 9. Gopalpur R 1 3 24 32 89 58

20. Gouripur R 65 24 45 90 35

21. Habiganj R 110 24 22 91 25.5

22. Islampur R 66 25 03.8 89 49

l



Table 12 (Contd •• )

Sl. Location
Station names BWoB I~ ENo.

Nr deg min deg min

23. I takhol a R 111 24 09 91 22
24. Intna R 11 2 24 30 91 07
25. J amalpur R 67 24 54 89 57
26. J aria-J hanjail .R 68 25 00 90. 39.3
27. Joydebpur R 17 24 00 90 25
28. Kaliajuri R 11 3 24 41. 5 91 09
29. Kamal ganj (Sylhet) R 114 24 21 91 51. 5
30. Kapasia R 70 24 07 90 36
31. Kasbah R 362 23 43 91 08.5
32. Kishoreganj R 71 24 26 90 47.5
33. L allakhal (Sylhet) R 116 25 05.7 92 11.7
34. Langla R 11 7 24 29.5 91 98
35. L atu R 118 24 49 92 15. 5
36. Manikganj R 20 23 51 90 03
37. Manumukh R.119 24 35 91 43
38. Markuli R 120 24 41 91 43
39. Mirzapur R 21 24 05 90 1D.
40. Moul vi Bazar R 122 24 28.5 91 46.8
41. Muktagacha R 72 24 45 90 16
42. Munshiganj R 365 23 33. 1 90 32.2
43. Muradnagar R 366 23 38.3 9g 57
44. Mymensingh R 73 24 46 90 24
45. Nabinagar R 36:< 23 53.5 90 58.p

,



T ab1 e 12 (Contd •• )

S1- Location
No. Station names BWoB N E

Nr deg miRe', de min

46. Na1itabari (T araganj) R 74 25 o4.B 90 10. 7
47. Nandail R 75- 24 33.8 99 40.3
48., Narsinghdi R 76 23 57.3 9QU 42
49. Nasirnagar R 132 24 11 • 8 91 12
50. Nawabganj ( Dhaka) R 412 23 38 90 09

51. Netrokona R123 24 53 90 43
52. Pag1 a \R 124 24 54.5 91 Z7.1
53. Phu1baria RZ7 24 37.5 90 16
54. Phu1pur R77 24 57.3 90 22
55. Pingna R 28 24 35 89 50
56. R aip ur R 371 23 31 90 53
l3 7• R amchandrap"'D R 373 23 43 90 53.3
58. Sarai1 R 131 24 02 91 07
59. ,Savar R 31 23 49 90 18
60. Sharishabari R 32 23 44 89 49
61. Sherpur (Mymensingh) R 78 25 00 90 00.8
62. Shi bp ur R 79 24 01. 5 90 46
63. Shreepur R 37 24 11 • 7 90 29
64. Srimanga1 R 126 24 18. 2 91 44
65. Sunamganj R 127 25 04.5 91 25
66. Sy1het R 128 24 53.4 91 52
67. T ajp ur R 129 24 42.5 91 44
68 Zakiganj R 130 24 56 92 ' 19



1961 2 3 , 5 6 7 8 9 70
STATION NO: iii I Iii iii

R-365 -

2 1983
i r

-

23&5678980
I I I • • I I I I

-

-

-

FOR DHAKA DISTRICT

. FOR SYLHET DIST RICT

-

TABLE:!3

R-l02
R-l0L.

R-l05
R- 107

R- 108

R-l09
R- 110

R-ll1

R-lll.

R-116

R-117

R-118

R- 1 19

R-l 20
R-122

R-I2L

R-126

R-127

R-128
R-129

R-OlO
R-076
R- 1.12
R- 031
R- 079
R- 037
R- 017
R- 070
R- 020

. R- 009
R-408



TABLE: 13 I Contd.) FOR MYMENSINGH DISTRICT

2 1993
i ,

-
-

8 9 eo 1
Iii

-
3.567
j ii' .

2
i

8 9 70
I ,

FOR JAMALPUR DISTRict

FOR CaMILLA DISTRICT

FOR TANGAIL DISTRICl

• S. 6 7
t , I •

1961 2 3
i iSTATION NO:

R-OOS
R - 101
R- 063
R-061
R-O 6£

R-06S
R-112

R-O 68

R-113

R-071

R-072
R -73

R-075

R-123
R-027

R-006
R- 067
R-O 7£
R- 077
R-032
R- 0 7 8

R-002

C-,' R"O 13
R- 0 21
R-02B

R- 351
R- 103
R- 356
R -:367
R - 3 62
R- 3 66

"'c. I.C:' _=--=8--, L3 2
......._~ ,R ~ 371

R- 131



Table 14 Probable maximum 3-day rainfall

Drainage Critical Probable maximum 3-day rainfall,mm
Class period Zone 1 Zone 2 Zone 3

15th Jury to 207.56 242.49 326.08
end of August

3 20th May to 262.38 417.62 422.95
20th June

4 15th Apr il to 142.61 252.37 258.64
15th I~ay

5 10th l'!Jay to 261.22 431.44 519.66.
28th August



Table 15 Critical values for the Kolmogorov-5mirnov

Test 5tatistic27/

Sample Significance level
5ize(n) .20 • 15 • 10 .05 .01

1 .9UO • 925 .950 . .975 .995
2 .684 ; 726- .776 .842 .929
3 .565 .597 .642 .708 .829
4 .494 .524 .564 .624 .734
5 .440 .474 .510 .563 .669

6 .410 .436 .470 .521 • 61 8
7 • 381 .405 .438 .486 .577
8 .358 • 381 • 411 .457 .543
9 .339 .360 .388 .432 .514

10 .322 .420 .388 .409 .486

11 .307 .326 .352 .391 .468
12 .295 • 31 3 .338 ; 375 .450
1 3 .284 .302 .325 • 361 .433
14 .274 .292 .314 .349 • 41 8
15 .266 .283 .304 .338 .404

16 .258 .274 .295 .328 • 391
1 7 .250 .266 .288 • 31 8 .3.30
18 .244 .259 .278 .309 • 31LJ
1 9 .237 .252 .272 • 301 • 361
20 • 231 .246 .264 .294 .352

25 .•210 .220 .240 .264 .320
3LJ .1 90 .200 .220 .242 .290
35 .1 80 .1 90 .190 .230 .270
40 .210 .250
50 .1 90 : .230

60 .170 • 21 0
70 .1 60 .1 90
80 .1 50 .1 80
90 .140

100 .1 40

1. 36

Jfl

1. 22

fi1
1. 14

J-n-
1. 07

fi1
Asymptotic
Formula:



TABLE. 16. AVERAGE MONTHLY POTENTIAL EVAPOTRANSPIRATION
FOR DIFFERENT LOCATIONS OF BANGLADESH (mm Iday )

.

STATION JAN FEB fIlAR APR MAY JUNE JULY AUG SEPT OCT NOY DEC

3ARISAL,. 2.59 3.54- 4.48 5.30 5.33 3.82 3.7' 3.50 3.74 3.72 3 •.13 2.46
BOGRA 2.51 3.02 4.91 6.22 5.78 4.35 4.18 3.96 3.97 3.37 2.97 2.37
COI1ILLA 2.46 3.48 4.51 5.00 4.61 4.08 3.62 3.56 3.5' 2.99 2.59 2.08
CHI1~AGONG 3.19 4.38 5.79 6.39 5.96 4.20 4.66 4.41 4.28 3.88 3.52 2.73
COll'S BAZAR 2.64 2.64 3.80 5.19 6 .•22 5.98 4.37 4.47 4.36 4.12 3.79 3.20
DHAKA 2.64 3.30 5.19 6.22 5.')8 It..57 4.47 4.36 4.12 3.74 3.18 2.48
DHiAJrUR 2.15 3.17 4.58 5.34 4.,/0 3.91 3.44 3.12 3.02 2.75 2.35 1.86 .

I
FaRID?UR 2.26 7.25 4.77 5.53 4.9'/ 3.95 3.5' 3.33 3.24 2.99 2.54- 2.13
I~)HURJ)I 2.:;0 3.53 5.11 6.37 4.40 :+.47 3 .•7L~ ).25 3.3'/ 2.91 2.52 2.11
;;.sS.8CE.E ?71 3.36 5.23 6 .48 6.83 '+ ..61 If. .• 'j.;) 4.51 4.10 3.99 3.16 2.4.9
t(tIULJ.""i A. 2 .Lt-O 3.5'/ 4.5'+ 5.08 4.87 :3.93 3.42 3.25 3.13 2.90 2.65 2.16
f-~lI':.DN3Il;Ga 2.15 3.07 4.21 I, .83 LL4.1 :i ..70 3.45 .5.3' 3.16 2.72 2.40 1.97
iTO.YKE~U_,I 2.35 3.14 4.04. h •.50 c.:.. '15 ~'.58 :3 .;L;.. 3 .• ::::1 3.02 2.84 2.43 2.05
?f ,\ ...•qAyl.U.~G,\HJ ') ,.....,. 3.61 ).50 !~~02 !.;. .• ,/'1 5.9, 3.67 ).52 3.37 3.26 2.73 2.36c.))

~-L~l~1GFU 9- 2.08 3. 'J 7 4-.52 5.4-'1 d .•'00 : ': ..2d 3.92 ~)..54 3.36 ? 0-. 2.44 '1 .911-•.•.••/t:.

!.1.,;W:~-,..TAI.'\~A'llJ:. 2.86 !~.•02 5.27 5.67 5.45 1+.36 iL27 :1.96 ...• -~~ 3.32 2.37 2.32).u:.;

:.iAtlCiluA 2 /J..'-' 3.26 4.72 3.29 5.27 4,22 3.4-7 ).40 3.27 2 •.58 2.86 2.20..(
~)Yl.;Tt:T 2.'7' 4-.16 5 .•$i8 5 ~,'].q Lt..84 .7~59 5.87 3. '72. 3.73 3 ..69 3.30 2.78
,- 2.56 3.81 4.89 5.56 5. "19 4.10 3.036 3.66 3.58 3.29 2.87 2.32..
6 0.4-"1 0.98 0.48 0.6'1 O_?2 0.32 0.4-2 0.4-2 0.43 0.48 0.4-5 0.3411-1

C.V. 0.16 0 ..26 0."10 0.11 0.14 0.08 0.1'1 0.11 0.12 O. '14- 0.16 0.15

.""



Ti able 17 Crop coefficients (Kc) for different varities of rice and vegetables of

8angladesh by 10-day period 24/

Crop 1 2 3 4 5 6 7 8 9 10 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9,~ 20

1:J.!\man

HYiI
Aman

HYiIAus

H Yil
l:Joro

L'lonsoon
vegeta-
bl es

..•.

0.450.57 0.740.94 1.07 1.10 1.10 1.10 1.101.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.05 0.96 0.85

1.10 1.10 1.10 1.10 1.Hl 1.10 1.10 1.10 1.05 0.95 0.85

1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.05 0.95 0.85

,
1.10 1.10 1.10 1.10 1.11 1.15 1.22 1.29 1.29 1.22 1.10 0.85

0.05 0.05 0.59 0.74 0.86 0.09 0.09 0.09 0.09 0.09 0.83 0.68



T abl e 18 Sequence of 3- day running periods

Date Per io d Date Per io d

April 1-3 1 May 1-3 31

" 2-4 2 " 2-4 32

" 3- 5 3 " 3-5 33

" 4-6 4 " 4-6 34

" 5-7 5 " 5-7 35

" 6- 8 6 " 6-8 36

" 7- 9 7 " 7- 9 32

" 8-1LJ .8 " 8-10 38

" 9-11 9 \ " 11-13 41
,
\" 1LJ-12 10 " 12-1 4 42

" 11-13 11 " 13-15 43

" 12-1 4 1 2 " 14-16 44

" 13-15 1 3 " 16-18 46

" 14-16 14 " 17-19 47

" 15-17 15 " 1 8- 20 48

" 16-18 16 " 19-21 49

" 17-19 17 " 20-22 50

" 18- 20 18 " 21-23 51

" 19-21 1 9 " 22-24 52

" 20-22 20 " 23- 25 53

" 21-23 21 " 25-27 55

" 22- 24 22 " 26-28 56

" 23-25 23 " 27-29 57

" 24-26 24 " 28- 3D 58

" 25-27 25 " 29-31 59

" 26-28 26 " 30 -1 st June 60

" 27-29 27 " 31-2nd June 61

" 28- 3D 28 June 1-3 62

" 29-1st May 29 " 2-4 63.,
" 3D-2nd I~ay 3D " 3-5 64

" 4-6 65



Date Period Date Per io d

June 5-7 66 June 16-1 8 77

" 6-8 67 " 17-18 78

" 7- 9 68 " 18- 20 79
11 8-10 69 11 1 9- 21 80
11 9-11 70 11 20-22 81

" 11-12 71 " 21-23 82

" 11-13 72 " 22-24 83

" 12-14 73 " 23-25 84

" 13-15 74 11 24-26 85
11 14-16 75 11 25-27 86

" 15-17 76 11 26-28 87

• •

Table 18 (Contd •• )

I~arch 29-31 362
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.-:0( 1) =.'-1:';[:( 1)
uJ 9~'~ :\~=2,12.

99~ ~~(~}=~~D(~J+~D(~-l)c----.------------------------ _
C )~T.;~~ADI~G: H~!~A:CH!C~L L;V~L ~~~ y~4~,ST~TIJN.MO~TY.CJY;
r.: ;.: ... ~::_: :: 3 C'.::Li',I::T'.:,:\ C1= Y:::~R l-=.V=L;c 5T:'7~='~~ 1!.':'Y= ~:.~_:):;c (.::,.).0:
C cCP. -':(:.1 .,tr':A.!-;-1 T~l~ ':.1':~:..,) '-i~\t~ l~;::'J :.JScJ;
c T-;~ -:'C~3; "T,~:; :.;" L;',C" . .:0.c ... - .- - .- - - - - - - ..- - -._ _ . . .. _.__.__ .__

....,- ~::.!. y = ~Iil.
~.J ll:: = l.,7

'~,'.i =..J -.i.C----------------------- _
C CU:1'JL~T!~~!FO~ CC~?UTI~J~ ~~~~c-------.---------------_. _

00 21 0 = 1.305K=:<~l .x = :".-
:: ::::r. l~;

Jd 2'3 S = 1 • .'.1'~
");'.J ': :.i~.T~(3tC)
rF(.~.L- ..C.l.J) l-=D.tO

2) ,( = X.G~G
.'.',X(,) = L

'\
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__ ~ll.~--:.l • .J
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21 ~~~A~J(D}= X/~:~ 'C----------------------------------------~------------------------------
C 3 DAY G10UPSC---------------------~-------------------------.------------------------

. X = ~~~i~(lJ+M~~N(Z}
L = 363-3

20 FJR:J\:"T(16F5.1}
DO 33 J=l,LVV = X+MEAN(0+Zl
G3{Y.DI = VVC------------- ..------------------------------~--------------------------

C' .. R:JUN2.i:.JG TO AVOI,) iHEJ=RFLIJ~~ PF.03Lc'"S.C-----------------------------------------------------------------------
,,-, IF(;...,SS{VV}.LT.{!.n~~.:..l} VV;::: ::;.

X = VV - ;.Ii"A::(D)
IF(X.LT.~:.'l} X = ,~.:.:

33., ,CC.'~Tli.]IJ::(------------------ -.---------- ..----------------------------------------
C !~;.I"iI;':::; V=:~c; ,>=-=:,:.=
C----- ...-- --. -.....--- ---.- ..--.- .--.-.--- ..-.-..-----.-------.------ ------------

. '.: F. I ::: { j, 7 i.: '~.) : \,,1 • : '".i ~
72.9 \ := C.;::."F. I ( 1:< ~2.~:+-)C--------.---------------------"~--------------- ..------------------------
C ?~~I::::(J!. ..; ~==' ti.=AOI;\iG J.,j\l:] CJ'-':P'UT-=:Q V<:'LU,=S.
C . =~~ ?~?~~ 6 ~Q~THSC .__ .. - - ---- - - - - - - - - - ---- --.---- -- - .. -- --- ~_ .. -- ------ ----.- - - -- ----- --- --- _._- -- -- ---

'.'L"\ll :l2 ,H'J1J
.F~ 1.T =: { :..: 1 F .'-',T } { ~ , "1 ~}-l..n ( I ) • 11,1 ~ X( I) ,
+ { 1'< E ::,~~{ I + \II 0 ( J ) ) , '.j,~ t. ( .i: + t'10 ( J ) ) • J= 1 , .; ) • I = 1 • .3:) )
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SCI

901

DO (.:..~~1 Y=l, :i..'~:
l = l+G:l(Y,J)
:<T(J) = lil,;,
or.] 'J::~l J=l.3t~
Z = c-
G!] '1e'l Y=l.l(
P = G3(Y,J)-XT(JJ
IF{ASS(P).LT.G.uOO'):)l) GO TO ;01
l = Z+P"'P
CO~JTI,'JUc
Sot J) = SQRT( ZIt. )
G(J) = SD(J)/SIGMA
U = XT(J)-CON * 3(J)
XTT(JJ =l1-i3(JPSIaq,l . CC~JTli~U~ rC-------------------- . _

C . P2I~r::~!G XITC---~---------------- c _

. :'1P.I T E ( J , .~'i ) F F ( ." ) , F = ( 3 ) , ( J , XT T ( J ) , J = 1,:;'"2 I
69' F-...JR,j';-;(l'-1Lj' XTT V~LU.~f,2~./"'/(l.~~Fl':';~1'~'7.rlC.l.lC:_,:=1'~'.1,I~;,;=llJ.1
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