
STUDY OF LONG DURATION RAINFALL DAfA ~OR THE

NORTH-WEST REGION OF BANGLADESH

A Thesis
by

TARIQ AHMED

Submitted to the Department of Water Resources Engg .•
Bangladesh University of Engirieering and TeChnology, Dhaka,
in partial fulfilment of the r~quirement for the degree. '.\

of, '
.,<'

MASTER OF SCIENCE IN ENGINEERING (WATER RESOURCES)

July, 1986

1111111111111111111111111111111111
#65994#



July 14, 1986

SCIENCE IN ENGINEERING (WATER RESOURCES).

/
(.Dr.~A. Nishat)

(Dr. A. Nishat)

~~
(Dr. S.A. Wasimil

....•. ~_ ..__' "'_1._

~"

I

,
;

~/~~~~
I (Dr. S.M.U. Ahmed)

V~.

STUDY OF LONG DURATION RAINFALL DATA FOR THE

Member

WE HEREBY RECOMMEND THAT THE THESIS PREPARED BY

,,
\
\

Head of theUepartment

Member

Member

Chairman of the Co~mitt~e

NOkTH-WEST REGION OF BANGLADESH BE ACCEPTED AS FULFILLING
ENTITLED

THIS PART OF THE REQUIREMENTS FOR THE DEGREE OF MASTER OF

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY

TARIQ AHMED



.•"' .

PMP of any duration using Gumbel dlstribution results .

the

return

thesis.

as for

fr"om the

long duration

rainfal"1

to different

isohyetal maps of dif-

point

Genera"1 ized

ABSTRACT

depth""duration-f~equency nomograph for

duration corresponding

This thesis deals with the analysis of

Rainfall

extreme value ralnfall data for the north-western reglon of

Probable maximum precipitation (PMPl of different dura-

Bangladesh. Maximum 1,2,3,5,7,10 and 15 day rainfall
~ /for the district (old) of Dinajpur, Rangpur, Rajshahi,

the Gumbel distr"ibution is the better choice. Rainfall data

periods have been calculated by the Gumbel distribution.

and Pabna have been analYsed and discussed in this
-------

Gamma and Gumbel distributions were tested to select a suit-

of different

generalized nomograph.

been prepared and presented for the study area. Empirical

charts have been prepared to get

able distribution for the analysis. The tests indicated that

equat ions for the who Ie north-w.est region as we1

ferent duration and having 2-year return period have also

whole region have been prepared. Correction factor taole and

proach for each of the 5~ selected statlons within the studY

different hYdrological units proposed by t.he Master Plan Or-

tion have been calculated by using Hershfie"ld's revised ap-

ganization (MPOl have been developed to calcu1at~ the rain-

fall of different duration from the 2-year value.

region. A simplified method has been proposed to obtaln the
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of

the

is

adequate

to determine

various streamflow

",

IntensitY-duration"frequency

lntormatfon on ralnfa II data is

•
'.

( 3 )

inadequately gaged streams. In gen-

,
the estimation of

tOt

,
In situations where the risk of

structure.

several engineering purposes, one of the most
being

data to estimate vario~s streamflow characteris-

the

studies

Storm analYsis over a catchment; (2) Oepth-area-

tor

Rainfall intensities are also required

I I )

important

characteristics

quired

fall associated with the floods of smaner streams

The frequency of high-intensity rainfalls are re-

the second-best [1,8] to the direct ..'analysis of

1.1 General

large streams is of relative long duration while the raln-

eral, the rainfall associated with the extreme floods of

I N T ROD U C T I 0

CHAPTER I

lmum precipitation IPMP) is ~on~idered for determining the

widely available than streamflow data the concept of using

streamflow Uata. Because rainfall:data are generally more

shorter duration. Rainfall based techniques are considered

tics is well established.

rainfall

the watersheds.
the size of hYdraulic. structures regulating the flows in

)' ..-
structure's failure mus1 be minimized, the probable max-

durat ion

as

-also important in ,various types of hydrologic studies such

size of



system has the opportunity to clear itself before the next

c.

1n

f'low

through

only factor

Concentration

the deS1gn oftor

the ground,

OCCUTance

The higher degree of satura-

storm periods are generally in-

the'retor e,

is essential to the intelligent

concentration periods encountered

duration

loca'iity

A knowledge ot the trequen~y with Wh1Ch a

Probability analys1s to determine tne sup-

longer

(4 )

In the case of sewers, each storm phase may be

in a

Longer

With

greater etfect ot retention and retardation.

- lower velocities through the drains.

Due to these reasons it requires longer timeot

plimentary irrigation potentialities etc.

analysis;

arises.

drainage problems, the need of more complete knowledge of

periods are usually less than two hours, and the drainage

rainfall intensities for duration longer than 120 minutes

rainfan.
te'nse downpours, separated by -intervals of light or of no,

per10d of intense rainfall.

considered as an

to be considered. This condition does not prevail in th~

tion throughout the next storm period is the

- slow movement of runoff over

'larger, more pervious watersheds.' The characteristics of
such watersheds are

furrows~nd ilinimproved drains,

through the drains and

be considered.
drainag'e'sYstems, storm periods from 1, to 10 days shOUld

exceeded
raintall intensity of a given duration will be equalled or



deS1gn of the dra1nage system.

tion requirment of crops;

1n

water

economlC

agricul-

of

follow1ng

tor

sound

the

tarm operations

lis tedU6JDastane

on the importance of rainfall data in the

and

of fortnightly basis is greatly felt in connec-

points

extent tor planning of irrigat,on schedules and also

The need tor representative estimates ot ra1nfal I on

Pharande

- interpretingtield experiments accurately;

- classifying regions climatologically

There are two principal approacnes of estimating the

weekly

- des ign ing d ra ina ge and 1and re Cl ama-t,jpn pro jects ;

- planning soil and water conservation programmes;

- planning croppi~s pattern in un,rr,gated or rainfed

- operating irrigation projects efficiently from ~ear

-fixing cropping patterns and won"ng out the irriga-

designing lrr;gation projects. on a

a

to draw detai led deve"lopment plans in the field

- preparing schedules for other

resources and agriculture.

t,on with the agricultural operat10n, crop planning and to

some

basis;

to year;

irrigated agriculture;

field of agricu Iture.

sa"lient

areas;

ture.



ed 1n many ways. For qui.ck';y,efei"ence most countries have

der1ved trom the analYs1s ot ind1vidual and cumulat1ve ag-

a

not

1n-

sta-

c r i.-

when

dura-

as

are

This

or

data,

design

fai I!!re.

analysed

different

designs

for

historical

risks

structural

watersheds,

local

The object of the former 1S to pro-

The

tor a PMP storm, because there would be

particular value in reaching a decision

- "

data.

determine the fre"quency with which a given

given iDeations predictioD formulae OJ" graphS

the stat1sticai approach whereby estimates are

to

is" of

frequency approach is used, whereby the extreme

in which extreme loss of life and property would

provide

storm

is

a

For

to

In small agricultural

also available.

second

little hazard downstream from a

TTiagnitude of the ra1ntall that are desirab"'e from t I' e

deslgner'S V1eWPOlnt. The first i s the pr obatole maX1IT!Um

precipitat10n procedure (PMP) , Wh1Ch bu i Ids up a des1gn
storm trom deta lled studies of "'ar ge storms, and the

gregate

tuations

result from failure or overtopping at a structure.

rainfall at a particular point or area are

vide the hydrologist with complete-safety criteria"in si-

made

tistically

intensity of rainfall can be expected to occur.

concerning acceptable calculated

teria.

Generally the information on raintall may be present-

t ions.

stead,

formation

equa I ra 1n tal I rnap s (i 5ah yet a"1 rnapo!;) for

tor various ourations, elther in graphical form

are

analysed and plotted gives Y1eld versus ret~rn-period data



durations.

predlctlon formula.

the

his

stu .,

a 1 I

rainfall

However,

Virtual'lY no

duration

. -.

tne followings were

intensitY-duration-frequency

far been ~ade to generalize the long-

Iimited to oriIy SllOrt

of Rajshahi, Oinajpur, Rangpur, Bogra, and

A generalized

sohas

was

(old)

the rainfall data of north-east region of Bangladesh

A review of partinent literature shows that

reglon.

1.2 Objective ~f the Study

the agricultural potentialitles. Recently Matin [20J
died

the

intensity,e.g., 5 min., 10 min., I:) min etc.

curve of the region was also developed.
study

duration cumulative rainfall in Bangladesh. Though in the

attempt

rainfall analYsis ln our country have been directed toward

and calculated one day PMP of al I the rainfall stations of

case of hYdraulic structures cent per cent safety is not,
I ,required and the design is usually based upon maximum cu-

"

mulative rainfan (lasting several day's) corresponding to

1) Selection of a sUltable Olstrlbutlon for analYslng

a certain return period. Therefore,

chosen as the principal objectives of this study over the

north-western reglOn of '8anglad'e'sn comprising the dis-
tricts

Pabna.

annual extreme cumulative rainfall SerleS havlng different

---.-



their ability to fit the maximum rainfall values ( of dit-

frequency relationshlP for the whole reglon under stUdY.

ot

tor

dura-

Various

tol'ow-

the :best

compared

estimates

depth-durat ion-

them,

been

d ist r ibut ion:

Among

have

distr1but10n,

genera I i zed

been selected for further study

aof

has

probability

selected

in the region.

of

the

Preparation2 )

3) Preparat10n of isohyetal maps for different

Se.lect ion

2) Using

tions.,

1.3 Statement of the problem

4) Development of an empirical relationship to deter-

m1ne the probable maximum precipitat10n Trom the statist1-
ca.' .ana.lysis.

1ng phases:

I) These two distributions

terent durations

fitted .distribution

tor the. region.

theoretical and empir1cal distributions have been proposed

as being generally applicable to the analysis ot ra1nfall

data but none has been found to be ~niversallY acceptable.

The following frequency distribution have been found to be

the most consistant ones. [15,17.,20]

Gamma distribution and

- Gumbel distribution.

fherefore the work has been divided into the



'(

gineers working with different water resources projects.
en-

oura-

nomo-

the

generalized

different

prepare

seven

to

isohYetal maps or

made

to 15 days.

2) Attempts have been

2 to IOU years have been maOe tor

tions trom

rainfal i depth tor SlX dif1erent ~ecurrence lnterva./s Trom

depth-ouratlon'-trequency relationships of the region which

may be represented by equations

graphs.

4) Attempts have also been mad~ to develop enveloping

curves and e~pirical methods for quick estimation of prob-

able maximum rainf.'1 (PMP).

pected that this study will be of great help tor

All the data analYsed in this study were obtained

from Bangladesh Water Development Board IBWUB). It is ex-



CHM'TEr< I I

distribution

Gumbel

literature

Comparisons

inc "uded

relaled

there 's not a complete

Lognormal, frechet, Log

"I Tl

yetas

detai Is

'fhe distribution

but

in

anYone of the distribul.ions.

their ability to estimate the largest ;-ainfall

includes both probability distribution and curve

treated

in Illinois.

Ihe selection of proper extreme-value procedure,

[16,9,14,15,2G,23J,

been

2.1 A review on comparison of some methods of probability

"

In 1959, Huff and Neill [16J compared five distribu

the analYsis of extreme value rainfalls. This subject has

tions for

fitting methods is one of the major problem encountered in

which

REVIEW O~ LIfERA1URE

value

consensus among the analysts as to the relative merits of

the clifferent p;-ocedu;-e.

skew and Jekinson method. AnalYsis were performed~on both

for the study. Statist,cal tests indicated no marked su'

seasonal and annual maxima for storm periods of Dne to ten

daYs. Calendar-day rainfall amounts from 39 stations for

the 40 year period, (1916~1955),provided the basic data

periority of

ments and least squa;-es. It was concluded that di.fterences

were made between results obta,ned from the method of 'mo-

obtained between the two methods are ,nslgn,ficanl.

(extreme-value distribution"1 I,



mal di~tribution fitted bY the method 01 moments and the

extre.al probability distribution lbl Lognormal distr,bu-

tion and Ic) Peafson's Type Ill, logarithmic distribution.

to

the

eSll ..

found

return

lognor-

than

fltted

in magnltude

data

longer return period

range of 2-10 years

The average difference

data has been attempted by applying la) Type

Tippet type 1 distribution fitted by both the Gum-

procedure.

the largest rainfall value. Several thousand station

seriously underesti.at~sthe

Hershfield [9J compared three distribut,ons to

Years of rainfall data 1rom manY stations were

the three commonly used extreme-value procedures

mate

bel and Liebleln methods. The Gumbel procedure was

provide a closer fit to the deve lopmenta-I

fisher

Gumbel

to be the best of the three for estimating the probablli-

ties of extreme rainfalls. The Lognormal and Lieblein pro-

cedures give nearly identical return period estimates and

between the lUO--Year value from the lognormal and Lieble,n

procedure on the one hand and the Gumbel procedure on the

other was approximately 10 perce~t and the Gumbel was al-

ways larger. It was found that the Gamma distribution pro-

vides an-acceptable fit to rainfall extremes, but, ,n gen-
eral

rainfall

value.

Gupta,fiwari and_NaraYan [Z5J studied the rainfall

data of Karnal for the determination of runoff potential

of the storms. Frequency analYsis of 25 years of daily

They concluded that in the



lS not the most efficient.

m~thoos could be adopted depenoing upon the convenlence.

these

of . ex ..

in some>;

They em-

different

rainial"'s

If Gamma

studied the

However,

uata wei', any 0, the four

have an influence on the extrapolat-

important tor agrlcultural purposes the
'r

f-the distributi6n is more complex and the'~

the observed

is

not normally distributed but in most 'cases

is chosen, the methOd of moments may be used

data of various durations (I, 2 and 3 days) of

In 1978, Dhar, Rakhecha and Mandal (28)

perlod which

variation among the metnods was on,-y 4 per cent. As
val ue S' fit ted

rainfall

Hounam [l~) stated that the actual extreme

three rlver basins in the North Indian plalns.

(19b4) to determlne the design raln depths for
return periods.

In 1965, Hershfi~ld (14) suggested that a combination

ployed the Gumbel freguency analYsis as modified by Chow

the logarithms fit ln a better _way.

are genera" Iy

data may be fitted better by the Gumbel treatment

c I imat ic zones

tremes. or the incomplete gamma function. l'he distribution

ed rainfall values.

finally accepted wi

of the Gumbel proceduie and Fisher-Tippet rype I distribu-

tion is satisfactory for extreme rainfall data.
distribution

with reasonable results even though this method of fitting



greater than 72 hours.

re-

pub-

each

12. I )

Smooth

hours at

has been

intensity-

which

ralniall-intensity
~e

seven different

each rainian

f
,I

recurrence intervals 12,5,10,20,50 and 100

p1uviographic stations of Australia.

intervals from 1 to 100 years have been made for

0;" ~using Australian data by the Bureau of Meteorol~-

In 19//, Institution of EnglneerS, Australia,

"In I=a+bl In t Hcl In t1+dl In t Hel In tI

+f IIn tI +g IIn tI

As presented by them,

I = rainfall intensity in mm/h,

t = duratlon of rainfal I in hours,

a,b ..'•.• g= co-efflclents.

the seven

2.~ Australian Study

currence

estimates of rainfall intensity for

lished Austra"',an t<ainfa II and Ru;;off Cl8]. In this study

But Eq. I2.1) is not va lid for 'Iesst han 6 TTl inut e s 0 r

12 different durations between 6 minutes and 72

different

data in the publication.

Years) and these form the basis of the

derived

of

al equation of the form of Eq.IZ.1I,

frequencY-d4ration curve can be represented by a polynomi-

gy.

where,

'curves have been fitted to the sets of estimates for



mu -I as.

2.3 Bernard's Study

"

pre-

test

intensity

to 6 da y s~~

The work of

of

estlmating the

[23] and Morgan [24] has been connected in this

i

Mccu-Ioch and Booth \(22] studied the fortnight Iy

The traditional procedure used for

frequency relationships of the eastern U.S.
MaYer

study. MaYer's purpose was the development

was interested in the longer storm perlods of

formulas for heavy storms of short duration, while Morgan

12

the United S'tates. rig. 5 represents the depth-dui"ation--

Bernard [4] proposed rainfall intenslty formulas for

return periods of ~,lO,15,25,5U and 100 Years, applicable

to rainfall duration periods of 120 to bUUD minutes for

D

2.4 Mcculloch's and Booth's study

Table b represents their rainfal I depth and intensity for-

cipitat,on over Great Lakes in Canada. The study was basetl

cipitation data for the estimation of avarage monthly pre-

individual monthly errors as high as 17%.

on the general regression model of 3U Years' precipitation

data of five stations. Verification on three years'

data showed a maximum cumulative annual error of 4% with

2.:5.1 Traditional Approach
2.5 Determlnation of Probable Maximum Pre~i~ltation IPMPI



ing the traditional approach are lacking.

gree ot acceptance ot the estimates derived from the trad-

of

tor:,-':'>.
",'

de -.

Ihe

95000

severa -,

the

of

sYstematic

qua 1ity

that

meteorological

estimates

for

estimates.

total

PMP

a

PMP

reported

method

estimated

a

the

1-'-

areas and durations east of 105

severa'/

of

stat,ons l~ith

proposed

-"

and

basis of trad-itional approach, presents

surrounoing

2600

the

precipitation data with the goal of reduc,ng

Unlike most investigat,ons ,n which est,mates

model

on

of

combinations

uncertainty

Hershtie-Id LlzJ

parameters.

a physical

can be compared with actual observat,ons, the

prepared

itional approach. Hershtield [14J

oegree west. In a paper [IJ Ackermann questioned

severa I

the est,mates obta,ned from the tradit,onal approach can-

ed Hershfield technique which is applicable to point rain-

probable max,mum precipitation IPMPI uses a comb,nat'on 01

not be evaluated. HYdro meteorological report no. 33 [3UJ,

studies using th,s approach have terminated with divergent

results tor the same area. World Meteorolocal Organization
j

Guide to HYdro-meteorological practice [33J has recommend-

tions are available but where the adequate data for apply-

fa I I val ues for a rr iv ing 'at ten tat ivee st ima tes 0 f PMf' for
I

which long term daily rairifall d~ta tor ,ndividual sta1

the

ana1ys,s

fa 11 from about
analysis presented in the paper are based on 24-hour rain-

'generalized charts and diagram giving

2.5.2 Hershfield's Study



the

the

than

fac-

( 2 • 2 )

i n

equation

obtained

rather

i s

omitting

viewed

ad .1ustment

rainfall

equation

such data oefficlencies as

above

forderived

order to arnve at an enve loping stat ist lC.

of data. A c.omblnat 10n aT severa I stal13t 1C:::.

been

XMAX. - XN_!
, SN_I

in

have

Ihe value of KM ln the

stat lon-yea,

from each station's data was computed and

X.= adjusted mean of the annual series and

,
XM= magnitude of PMP of a given station for a partic-

~.=adjusted standard deviation of the annual serles.

aggregate

deter~ined tor each statistlc. Emplrical
tors

measures of several components of sampling error have been

Because reliablfity is a maJor design parameter, empirical

Hershfield proposed the followlnq empirical

the 144U-mlnute maximum rainfall.

small sample size and calendar-day

for comput ing the PMP of any area of the war Id.

where,

ular duration,

from the fa flowing equat i-on

where the mean XN_, and S",_, are obtained by

maximum observed rainfall from the computation.



-.

.J. .

tne

mag-

some

(2.4)

1S a

.•. ~.,.
''-' ,

revlewed

for

L2~]

ca Icu lated

he obtained a family of

12. fn~.lg78 Changrancy and Hem HaJ

duration,

+ 5 " I:>N

therefore, pointed out that the one single

1'c8.],.•found tha t the highest va Iue of KM for

andproposeo the following equat10n

storm duration and mean of annual series and

in which a large number of 24 hour rainfall

different

duration was

They,

of

L14]

Using the above p,ocedure Hershfield

In 196:>, Hershfield made an extens10n and revision of

Wilson L34J, Mazumdar and Rangarazan

value

hOllj" raintall.

parer

mean for

maximum ra1nfall. tor different durations ranging from 5-

min. to 24-hoUr. Plotting of the value of KM against the

curves as shown in Fig. 6. These curve show that KM

has a tendency to decrease with 1ncrease of .ainfal
1

funct ion of

nitude of ~ifferen~ duration~

the idea of Hershfield and found that, PMP values uS1ng

value of KM is not transposable universally thrDugh~ut the

region.
Eq. (2.4) overestimated the precipitation data

w.O-Y..Ld. 1n a stu dy 0 f ,a in fa II 0 ve, U ttar 1-);' ad esh in 1nd 1a ,

L5J used Hershfield's technique for estimating PMP for

Madhya Pradesh region in Ind1a and reported that the value

data had been studied. He considered the se,ies of annual

Dhar and Kamte

24-hour



the

the

the

120

(2.::il

lying

envelope

from

re"iatlveiy

studied the

of

modified

regional

in the west,

~or each of

the east, '(2)

areasfor

therefore,fhey,

three river basins ln the North Indian

- '

rainfalL

data of

It is therefore advisable to use

In 19J8, Dhar, kakhecha and MandaI [28J

maximum

plains, viz, (Ilthe SubarnareKha, in

L.6 Indian Study

rllinfal

higher monsoon rainfall or of higher magn,tude or one day

Hershfield's equat,on using the enveloPlng value of KM ap-

plicable to Madhya Pradesh in the form of

value of KM instead of us,ng world enveloping value.

Betwa ln the central part (3) the Mahi

in the latitude belt of 21° N to 25° N.

selected area PMP design storm values of 1,2 and 3 day

duration were worked out and presented as percentage or

mean annual ralnfall as shown in lable 7.

L.7 Rainfall studies in ~angladesh

contain 11 tables deal,ng with monthly data

Manalo (21) ca,--r-,edout ,a detailed rainfall studY of

B2ngladesh describing the characteristic features of the

c Iimat ic regimes of the country for eva luat ing the poten-

tialities of cropping sYstem. The appendix of his repor~



In 1972, IBHD [llJ studied the rainfall data of n1ne

drainage requirements. Probabi lity analYsis have been car-

of

.., ,.;

4 )

tooof

(Fig.

number

Chittagong,

tota'is using

,ainfall

80gra,

occurrences

sequences during the year,

19 hYdrological districts ot bsn

100 mm. and 2UO mm. months of start

100 mm. and 200 mm. etc. 1'0 portray

These graphs have little prognostic

in

or too much rainfall and right amount of

stations

stations.

to determine expected amounts of raintall for

stations of Bangladesh for the agr1cultural and

Dhaka, Khulna, Mymensingh, Hangpur and Ra)shahi.

rainfal'l

the

succession of weather

ralngauge

mean monthly ralnfal1, mean seasonal ralntal1,

the

months with rainfal

and end with ra1nfal

over

Manalo prepared histograms'of monthly

value for short period of one or two days but they tell us

about the rainfall we should normally expect.

gladesh. The results of the analYsis was presented in the

torm of isohYetal maps representing mean annual rainfall;

Khan [19J est1mated rainfa'il probabi lities for 2-week

running per10d using dally raintall da-ta tor 3& Years of

record (1934-691 from 13 different locations. His analYs1s

1S helptul tor designing cropping pattern and supplementa-
ry irrigation system.

rainfall

ried out

weelkly, bi~weeklY, tri-weekly and monthly

daily rainfaLl data tor 36 years record 11934-691 tor nine

different locatio,n.s name'ly : Barisal,

little

Comilla.

From these analYsis, the probability



,the f"ig. l:iand 9.

~3-weel:

upper

maXlrnum

theas

194/-80

J':l54-l:IU

194/-/0

2-week and

Length of record

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

requirements,the dra1nage

is consistent with a cr)tical pe,iod of

data from the Bangladesh Meteorological

The sixd~Y duration was chosen, "

and September for each of the nine stations. TYP1-

as' this

Statlon

Comilla

Dhaka

MYmenslngh

Srimangal

rainfall

To determine

rainfal I for crop growth ih any wee~,

values of precipitation on 1,,2,3,5,7,10 and 15 consecutive

days have been computed for the months of May, June, July,

running period as well as 1n any month can be determ11led.

'rhe probabilities of heavY,rainfall in Bangladesh was

August

limit,

studied by BWUB and the UNUP [2J. Yhe pr1mary objectlve in

the1r analYS1s of heavy rainfalls was to produce criter1a

inundation ,tor the rice crop. The data source used was the

for drainage design. It included ralnfall duration from I

to b days.

cal results of the analYsis described above are shown in

da i I Y

Uepartment climatic stations, as ;listed below.



quencies. However, no regional g~neralization has been at-"

plott,ng position according to Siom formula. lhe data were

then

rain-

depth

years.

for

Using Gumbel

These were

curves

and ass,gned a probability

A typ,cal probability plot is

fami "IY of

revised approach.

studY.in their

in descending order

f 0 j' ret urn per i 0d 5 0 f £:, 5 , I 0 , 2 U t,5 0 and IOU yea r we r e

data for the north eastern region of Bangladesh. PMP

Necently Mat~n [20] studied the extreme value

imum consecutive 2 to" 6 day periods.

ranked

,
These data for all durations were then combined to produce

. '.':~;','l. .'

plots 0+ depth versus duratio~ using "Iogarithm,c graph pa-

for day was extracted and als6 the totals for .the max-

For each year of record the annual maximum rainfal I

then plotted on logarithmic probab~lity paper, and esti-

mates abstracted tor return per~ods of 5,10 and 20

per with best fit line~ fitted to each of the above fre-

fa 1 I

tempted

presented in t=ig. IU and a

versus duration shown in Fig. 11.

fa I "I

of 24 hour has been estimated for each station of the re-

distribution, prediction equations for maximum daily rain-

gion using HershfieJd's

SYlhet 1~4l BO

c "" Bogra "I~47-8U

Dinajpur 1947-80

Rangpur 1947-80



developed. An emplrlcal equatlon has been proposed to C~:-

periods from the daily two year value. However, his

_.,

studY

return

data i.e.,

differenttordata

short duratlon .ralntal

rainfall

onlyto

da i I Ythe

1imited

culate

was

from 5 mln. to 1440 min.



Combining the ab-ove,.two equations the distribution

the

( 3 . 2 ).

of

the stan-

is the mode-or locatlon

CONSIDERATION

quantity Uthe

THEORET! CAL

x - u
f3

y =

p = F(X) = exp(-exp(-y)}

variate,

Double Exponential Distribution Function

The Double Exponential Distributl0n Function

(2) Gamma Distribution.

largest value ln its cumulative form is defined as

C HAP T E RIll

The followlng probablllty distribution functlons were

(1) Double Exponential Distribution Function,

it ial

consldered for thlS studY.

3. I. I

3.1 1-heories of Probabi lity distributlon functlon

and

parameter of the distributl0n and

where y is the dimensionless reduced variate, x is the in-

dard deviat ion, (), of norma I distr ibut ion. The parameter

U and p completely define the distrlbution.

function may be written as

ft is th~ scale parameter which is analogous to



and f3

are

peaf:

var;-

(3.4)

( 3 . 5 )

(3 .6 )

u

which

flood

Exponential

extremeof

the

.~,",

dist r ibut ion

lhe est,mates of two parameters

of

of sample size only." Gumbel provides a table of

H. lippet l35J. This function 's sometimes known

standard deviation bN I of the annual se,ies of a

Prediction equation for

U XN )iN
S= - "0-;:. N

(3 = SN
~

T = r~turn period in years.

studies

1.

l"his was introduced tor extTeme values by H.A. F,sher

the
lhis involves the computation of the sample mean ~. I

in Hydrology as Gumbel Function because of Gumbel's

discharge.

and

ous

Distribution function

and

sample of size N.

are given by
i

"3.1.1.1

where YN and <TN are the theoret ica 1 quant ities
functions

tude (X~) maY be expressed by the fo"lIowi ng funct ion

va"lues ( Table - 3) for YN and G;, as function of samp"le
J,

size N. Therefore. predictio~ equation for rainfall magni-

\.l,Ihere,



(3.7)

(3.8)

is the incomplete

is applicable to

;

I

The integral

distribution

the curves but it also provides a

. <>(-1 - xl/>>~ e I'

rainfa'il

smoothingfor

'F ( x) =

Incomplete gamma function

proximatl0n of

basis

A mathematical model to provlde a reasonably good ap-

The gamma function is hlghly skewed and exists only

3.1.2 Gamma Distributlon

positively skewed distribution which

Gamma function. This method not only provides a consistent

means of, investigating the space and time cllangeS in rain-

climatological variables which have a physical lower bound

of zero but no non-statisticsl upper bound SUCh as one en-

"',

counters with precipitation data.

in the positive ,region of the variable. The probability

;

""\
converges if 0< )0, and is ca lIed' the gamma funct ion of

denslty function of this distribution is defined by

'fall probabi Itty analytlca'lly. The Gamma dist;-ibution is a

and the scale parameter is P)~.Since gamma function has

with O~x4°o and F(X)=U for x(iJ. The shape parameter >0

" "------



method may be used to estimate the distribut10n funct10n.

gamma

t'lITIP3C'"d.

two-parameter

integrate

~ )1. The expected value

ror

are estimated from the sample

~ = 2 and fi = U.5,l.0 and 2.0.

and.

Estimation of parameter of gamma distribution

Properties of two-parameter gamma tunction

For a highly skewed distribution, a maximum likeli-

The parameter

two parameters it is dift1cult to

r he mo del s m = (3"( 0< - I) for

and the variance 1S

whi le the skewness co-ettic1ent ~ = 2/./j3 and the kurtosis

Y,,- = 3+ 6/0< are independent of (:3 Fig. 13 g1ves three

Because hYdrologic information is primar11y derived

Ex = ~ = o<p (3.9)

var x = "'(3"- (3.IU)

3.1.2.2

curves ot Eq. 3.8 tor

data.

hood estimation 1S recommended.

distribution,)l =0( • so that (3=<J/fl. and "'=fl.;cr". 'rhis

may be satisfactory 'if the skewness co-efficient Y, = 2/';;;;
is sma1'l or 0( is re lat ive Iy large.

3.2 Testing of goodness of fit data to probability dis-
tribution



..~.

theoretical relative frequency curve. rhe second method is

015-

;s a

One method

goodness of

be postulated

test makes a

for

resu 1t ing plot

study the Chi-sq~are

the Kolmogorov-Smirnov

the

and

notor

the actual number Of observations and

the observed relative frequency with the

data on appropriate probabi lity paper and

Ava i lab Ie techniques in mathemat ica I stat is-

the

fhese two approaches require that the data are from

Chi-square Goodness of fit test

Two ways of judging whether or not a partlcular

-One-of-the most commonly 'used test

lation of hYdrologic random variables must
and tested.

to hYdrology.

is to compare
quires a visual judgement of goodness of fit.

to p-Iot

judge as to whether

tr ibut ion adequate Iy descr ibe a set of observat ion-s re-

•tics for testlng various types ot hypothesls are relevant

from sample data many practlcal hypothesis about tne popu-

test.
of fit are Chi-square' test
straight line. More powerful tools in testing the goo~ness

a specified distribution. In this

3.2.1

distributions is the chi-square test. This

fit of empirical data to specified theoretical frequency

comparison between

val. The expected numbers are calculated by multiplYlng

the expected number of observations (expected according to

the distribution under test) that fall in the class inter-

t~st and the K~lm090rov-Smirnbv _test were ad~pted.



ith

the

( ::l. II )

(3.IL)

is

in the

where p=number

is a Chi-square dis-

observations

is the expected (according to the distri-

to define the class intervals so that under

interval widths will be a function of the dis-

is

in each c"las5' interval is the same. -(his means

where k is the number of class intervals, 0

test

l
A better way of conducting the chi-square goodness of

observed and E

An alternative to. the chi-square goodness of fit test

lat ionship,

the expected relatlve frequencY by the total number 01 00-

servations. lhe test statist,c is calculated from the fe

tribution with (k-p-Il degiee of freedom,

the data are from a specified distribution is rejected if

class interval. lhe distribution of

of parameters estimated from the data. The hypothesis that

fit

that the class intervals will be ot unequal width and that

vat ions
the hypothesis being tested the expected number of obser-

the class

tribution being tested.

is provided by the Kolmogorov Smirnov test. This test is

3.2.2 Kolmogorov Smirnov lest of Goodness of fit

bution being tested) number of

conducted as follows



observed value of 0 is gieater than or equal to the cr1ti-

3.3 Determination of Probable Maximum Precipitation IPMP)

n

the

defined

Ieve I,

0,

based on

is completelyF ( x )

any observed x, S~(x) =k/n, where k=

lable 5 ) of the Kolmogorov Smirnov

S~(x) be the sample c.d.f.
~or

Let FIX) be the completely speclfied theore,-

Let

Determine the maximum deviation,

o = max : FIX) - Snlx)

If, for the chosen significance

the hypothesis 1S rejected. It is to be noted

cumulative distribut10n function under the null hY-

i .

iii.

i v •

1ca I

pothesis

i i .

number of observations less than or equal to x.

observations

by

cal tabulated value

statistic,

sp.c1fied cumulative distribution. That is, no parameter

for thedistribtition must be estimated from the observed

data. It is found that ~henparameters must be estimated

to specify FIx), the KolmogoTOV Smirnov test is conserva-

tive with respect to type I error. l"hat is if the critical

value is exceeded by the test statistic obtained from the

observed value, the hypothesis is rejected with consider-
able confidence.

In 1951, Chow [6:1 expressed the general equation for
a random hydrologic variable as

that for the Kolmogorov Sm-irnov test



turn period.

, 3 • 1 ;:, )

13.HI

XN and SN are the ad~usted mean and

x

SNare the mean and standard deviat"ion respectively

XM = XN -of I(~ * SN

and

i
I

Hershfie1d [12J used equation 13.131 in the torm of

where XT is the variate having a return period T in years,

of the series of annual maximum. KMis the frequency factor

which depends on the type of di~tribution used and the re-

parti~u1arduration,
where XM 1S the magnitude of ~MP tor a given station of a

standard deviation of the annual ~~ries respectively.



4.1 Source of rainfall data

CHAPTER IV

, . -,

in

re-

inch

region

rainfall

into tour

North-east, (c)

are availab'ie

lhe majority of the

Nor th-wes't

( b )

year annual

by the standard 5

South":west.

COL LEe 1 ION

rim height.

(a) North-west,

rainy days in a year, monthly ralntall

( d )

I, foot

of

the districts '.(old) of Rangpur, Dinajpur,

LJ A T A

number

(BWDB,1982)
HYdrologicallY Bangladesh is divided

gauge having

zation measures daily raintall

The rainfall records used in the studY were collected

from the Bangladesh Water Development Board. This organi-

(

"

data, maximum depth-duration data etc.

the data card.

data,

gauges operated by the BWDB are being operated since 1962,

and in a number of cases ralnfall data for some consider-

able period before 1962 are also available. lhis organiza-

tion preserves the 24 hour amount in the form of data in-

gions

4.2 Study Region

dex card. For a partlcular water

compr ises .of

Sou,th-east, ,and

Rajshahi, Pabna ahd~Bogra. This region is flaked by Brah-

maput ra on the east and Gange,~ on the south. Cl imato'!ogi-

cally, the region taIls under two d~stinct season viz. dry

season from Novell)ber to March and wet season from Ap;'i I to



and a high percentage of humidity persists.

very unevenly distributed during the year. Over 80% of it

but

ident i""

26

12

12

21

23

This rainfall "'!=.

recording stations

No. of 'rainfal"' stat ion
('

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

that more stations sllould be

The districtwise (oldl number of

Rajshahi

Pabna

Bogra

Rangpur

Dt'na.jpul'

Dis tT ic t (old) •

it was decided

study region.

There are as many as 94 rainfall

Al I the stations within the stUd~ area were

the

the west to 95 inches in the north-east.

vember to May. June to October is known as the ra,nY sea-

uctober. Rainfall varles over the reglon trom 53. inches In

occurs from June to October and the remaining 20% from No-

days is generally the pattern during this season,

son or monsoon. Slow storms of steady rainfall for several

in

4.~ Selection of Rainfall Stations

sometimes localized h,g~ intensity ra,nfalls of short

~uration also occur. Sky remains cloudy for long periods

rainfall stations are given below.

fied and

se iected from higher rainfal i diffe;-ence a;"eas. The other

criteria being that the record for period 19b~-85 should



the collected data were presented in Tab.le 2.

appropriate programme in the lBMSYstem 34 computer. These

the

trom

rainfal.15:;

29 statlons

of grids ano

1n mlnd

stations wereMore

this point

into a number

the map.

isohyet difference grlds and vice

trom IBM System 34 database of the BARe

station location throughout the region, be-

index cards. These data were entered and veri-

from greater

region was divided

the use of collected data in various analYsis. All

The data of other 23 stations were collected

isohyetals were drawn on

be comp.lete or near Iy so. With

versa. ThlS exercise provlded a network of

Out of 55 selected stations the data of

study

selected

stations in the study region.

An important aspect of the data processing was the

were collected

basic data were then transferred to SUET mainframe comput-

4.4 Data Collection

er fOT further processing.

computer centre. The BARe collected these data trom BWDS.

BWDB data

The required cumulative.rainfalls were obtalned by running

fied carefullY and a databank was established to facili-

isohYetes of the analYsed rainfall data.The corrected sta-

tate

tion locations was taken from Water balance studies rep9rt

checking of

cause this information is essential for the preparation of



longitudes of the selected stations are given in lable I.

c

latitudes and

was checked a9ainst "1:500UO topo-

In the repoi-t [2J the 9auge loeat ion

J 965/66

data).

published in HYdrological yearbook ( vol. I, Rainfall and
Evaporation

graphic survey map. The name and corrected

(North-west

'"----



C HAP T E R V

would be applied to longterm records of annual rainfall

.'

data

( 5 . 1

north-

return

in

the

ma>:imum raln--

.requencY analYsis,

represents the

distribution

type of distributions. Aj . -.

stations over

the two probability paper

both

provided in Appendix C •
i

A N A L '(SIS

N + 1
M

data', in

ordinate of the plotting represents the

a probability

OAT A

T =

day and consecutive 2,3,5,7,10 and 15 oaY

The

it was decided that Gumbel and Gamma distribu-

The probability paper is so designed that the or-

for

plotting of

General

To select

For eacl, Year of the record the anual

5. I

tions, most commonly used 'in rainfll

extremes at selected rainfall

fa 1'1

analysis,

i cal

western region of Bangladesh.

periods were ~xtracted", Computer programmes were Oeve'loped
for data processing ,for

i
\listing of the programme i~

designed for the two distribut,ions are shown in Fig. Ib-22

exponential type. Plo;ting Positlon'were determined by the

dinate scale is linear and the abscissa scale is of double

maximum rainfall and the abscissa

and 23-29.

formula

'period.



t ion.

the

selected

the com-

(developed in

critical and the com-
OA comparative study

routines

the parameters of

programme based on fORTRAN was

distribution 1S acceptable at 0.05%

lwo plotter

Gumbel

In thi s test the equa'i probabi rny c.lass interva I

Goodness of tit indices ~t the Gumbel and Gamma pro-

The plotting pos1tions and

This test is usually performed for shortsamp.les (N (

where M is the rank of the item of series.

tem for

.Ihis test is usuany performed.' to.(...Iarge samPles ( J.~

,

bability function were computed fo~ 30 randomly

theoretical curve were calculated in the mainframe comput-

The goodness of fit were tested by Kolmogorov-Smirnov

BASICI, one tor Gumbel and the other tor Gamma distribu-

5.2 Kolmogorov-Smirnov test

er and these results were then transferred to lRSDOS sYs-

tion were developed and are presented in Appendix C.

and Chi-square test.

developed for this purpose. Tabl~ Band Y shows

stations. A computer

parisons of differences 'between/the

puted Kolmogorov-Smirnov statistic.

301.

reveals that

).30 I.

5.3 Chi square test

method was employed for 11 randomlY selected stations ot

level of significance and is superior to Gamma distribu-

. ----------



level.

7

in

.parame-

superior

samp'les for

presented

the

return periods of

conclusive enough. Again

for

rio definite conclusion can b~
lengths of

is difticu It indeed. Though Chi ..

is not

further'studY in rainfall extreme

rainfall

for

test

judgements on the results obtained from

100 Years for all the selected stations

'10, I I

Tab ie I (I and l' summarises the comp-utea 'Ch1-

distribut,on,

to Gamma distribution and is acceptable for

the prediction equat-ion and maximum '1,2,3,5,7,10

region.

's selected

bas,ng theer,

Chi-square and Kolmogorov-Smirnov tests,

From the test results it can be seen that Gamma dis-

square values. The tables show the number of successes ana

10 choose one distribution as more reliable than the oth-

tribut,on has more successes than the Gumbel distribut,on.

From the test results it was decided' that Gumbel dis-

failures for each distribution, based on 0.05 significance

Tables 8,9 and

ove r Gumbe I

drawn because of the small

is superior

square test indicates that Gamma distribution is

which chi-square

Kolmogorov-Smirnov test indicated that Gumbel distrib~tion

tion

the tested range of samples. Consequent"IY Gumbel distribu-

value analYsis.

5.4 FrequencY AnalYsis.

tribution would be used tor estimating rainfal I extremes •

Computer programmes were developed for estimating
ters of

and 15 consecutive day

I
!

'--""'---.



5.5 Generallzed Depth-duratlon-frequency curves

a

J',J

pa-

37.

1 -,
, "'.

for

ca'lcu-

pOlnts.

Fig.

be

representing

the

'Iogarithic

different return

correction facto,

in

enveloping

were developed to fit

for

the

the results of the Gumbel

C)

A nomograph

presented

curves,

data of different duration to

35.

40 to 45.
"

reglon,

~hroughthe

(Appendix

nomograph i and

regional

raintal'j

assumed that a relationship as suggested by

curves

rhe

this

north-west

,
factor. for each ,station ~orresponding to each

Fig. 30 to 3&.

was

programmes

maximum

return period. Typical result of plotting for 2U-

square

values has been developed and presented in Fig. 39.

using

It

value.

whole

For a generalized depth-duration-frequency curve for

of the reglon. The resu Its are presented in

shown in

per.

the

certain

least

number of isohyeta1 maps were drawn uSlng these results as

Year return period data was

Average ratios of 5-Year ,10-year,ZO-yeaf,50-yeaf and

fequency distribution were plotted in the

Bernard [4] exist between the ralnfall and duraion

lated

return period were determined to caiculate the point rain-
fa I"

periods are shown in Fig.

Correction

the's'e

Computer

the results are presented in Table 15. An emperlcai equ~-

charts presented ~n Fig.

The design rainfall for the return periods can

IOU-year

2-year rainfall for each of the station was determlned and



-'

the

(5.2)

( 5 . 3 )

( 5 .4)

of

= 0.327 In T + U.8019

units sefbY the MPO. 'Ihese are presented in

sample for each of the station were computed by

2:: xXN = N

S = ji( X

N

-XNY-
N

The mean (XNJ and standard deviation

p"-"" = ma}:imum N-day rainfa II va lue for 2 year return2

PN~AY = maximum N-daY rainfall value for T Year return
T

tion of 1,2,J,5.7,IO and 15 day rainfal I for different re-

value were then establ1shed bY fittlng the mean ratios as

and N = 1 L2 ,3 ,5 ,7 ,10 0 rl 5

Same type of equat~ons were a so developed for the

turn periods as a ratio ot I ,~,3,5t7,lO and )5 day ,2 Year

a function of return perlods on logarithmic paper ( Fig.
46 ) and is given by

period.

where,

period.

hydr 0 1og ica',

Fig. 47 to 53.

rainfall

the conventional 'pro£edures [14] as given by

5.6 PMP AnalYsis



(5.5)

'.

( 5 ."1 )

( 5 • 6 )

(::;'8)

( 5 . 9 )

there-

(5.10)

(5.11)

(5.12)

The d,S-

These va 'IuesI

deflned by Hershfield.

shown in Table 25 gives the ma'<lmumask M

KM =

(l-Day)

may be considered as the enveloping values of KM•

(2-Uay)

(3-0aY)

(5-DaY)

(]-Day)

(10-Day)

(15-Day)

"rhe va "lues of K" were ca Icu lated bY the equat ion

where kM is the frequency factor

tion were calculated and presented in Table 24.

value of. kM of different duration.

tribution of

The kM values corresponding to each duration of each sta-

under study may be written as
Thus the empirical equations for PMP values for the region

._----~



r

I

the

for

from

(5.13)

to

derived

use,d

general ized

curves were
I"the rig. 63.-~

ma Y 'be

distribution)

(corresponding

,enveloping

of the any duration), PMP

!,

63

rainfall

studies" (Gumbel

tabulations from which
I .
\;maximums may be extracted to obtain the

ma}~imurn

annual

for the seven durations as stlown 10

frequency

data. Fig. 12,13 and 14 show various diagrams f~r

of

annual

On the basis of K~ and

In addition to the original

the

prepared

Using the KM values from Fig.

mean

to

various adjustments.

va"lues can be calculated using the equation as fo"llows.

Before calculating PMP values, all the XN and S~ data

wherE,

,"
i.

XN = adjusted mean of the annua I se;-ies and

SN= adjusted standard deviation of the annual series.

XM= probable maximum ra,nfall,

are adjusted by the empirical adjustment factors given by
r "..r-lHershfield (12J but 1440 minute correction was not appli~d

series

means and standard deviat,ons, there are also
rainfall

(14J. For this purpose the ratio of the. mean to the 2-Year

return period (Gumbel distribution) values '",ere calculated

ical result of this analYsis. This value may be

which these two statistics(XN and S~

and theavarage was found to be 1.09. Fig. 62 sho~s a typ-

estimating the PMP of a certain area (within the study re-



Next, the standard deviation S • may be obtained from

nG ,.._,'

~'./f"'\
Ii, '."j
i "

(5.H)

15.15)

Values of divisor for

=s

from Eq. (5.14), F'i,g.63 shows that 11.6 1Sinches

11.6 standard. deviations provided" the probab'ie max-

N-J"JAY

= X2 * 1.09

XN = mean N-Day rainfall,

gion) tor different duration as follows

where,
~.

the following equation,

x;-:DA> = N-Day rainfall having 2-Year return period,
and N = 1,2,3,5,7,10 or 15

where.
N-DAy

X,oo = N-day rainfall having :IOO-Year return peri,od.

devia-

The PMP values of the seven duration can now be cal-

tion associated with the 100-Year value when analYsing a

various lengths of record are given in Table 26.

50-Year sample by Gumbel procedure.

if the 5-day mean annual maxirndm rainfall is co~puted to
i

culated using the.Eq. 5.13 a~d the Fig. 43. For example,

be 8

the ,number of standard deviations. '[he, sum of the mean

imum rain~all estimate.

plus



C HAP T E R VI

duration probable maximum ra,ntall (PMP).

the, '

theof

distribu-

long dura-

Another point

study can be

rainfa II

(a) determination of a

the parameters of the prediction equation

of an empirical method to determine the long

lhe investlgation carr,ed out in this

categorised under three headings

6.1 frequency Analysis

suitable distribution for for the analYsis of

deve'lopment

t.h'e'rewere on.lY a tew anomalies. Most anoma'lies were con-

the result obtained by the se'lected distrubution. (c)

tion extreme ra,nfall of Bangladesh. (b) generalization of

suitable for application in long duration extreme rainfall, "

widely used distributions-namelY: Gamma and Gumbel were
)

tested and it was found that Gumbel distribution is imore

During determinat~on of a suitable distribution, two

DIS C U S S ION S

ana lysis of EJangladesh. '.The ana/lYSis introduces a degree

of smoothing to the relationshi~s, but generally speaking,

worthy to ,note is that outliers at the. extreme end of

cerned with the longer duration rainfalls.

analysis e.g.,
tions, particularly at 10 and 15 days. The result

fitted relationship become mo~e common at the longer dura- tc~

to 36. These figures show the similar

of the seven durations are presented in Table 12. A nu~ber

of isohyetal maps were drawn and are presented in ~ig. 30



tion pattern as that ot the mean ralntall (Fig 3).

tors listed in Table 14. This procedure was verified by

thisof

'Iines were

region ot 8an-

depth-duration-

depth-duration-

station can be

limit

genera iized

generalized

the north-west

show a few results

the

the

the region under study. Generalised

tor

to 6"1

shows

the 99% confidence limit line with a few ex-

39 shows

10 percent error varies trom 13% to as high as

As mentioned ea~lier these anomalies are con-

46

within

were also developed and are presented in Figures 47

Fig.

Fig.

trequency nomograph

gJadesh. Extreme rainfall amount of any

remain';ng

tall

developlng computer progra~mes and the percentage ot error

calculated by using the nomograph and the correction tac-

~.."';;:-: ".
the calculated percenta"ge,'bf" ","rrorof a few stations. The

drawn and the generalized points were plotted in the same
i

It was found that most of the generalized points

was calculated. It was found that th~,per£entage of error

of about ~O percent r~sults" fall be1o~ 12~. Table 16 shows

graph.

25%. for these results ~9% confidence

cerned with the longer duration rainflls.

ceptions. Fig. 54

to 53. 1,2,3,5,7,10 and 15 day rainfall data having 2-year

ing these graphs and the 2 Yea. isohyetai maps. Compute.

fT_qUency CUTve for

ana'lysis.

return period maybe conVerted to rainfall data having dif-

MPO)
curve based on seven hYdrological units (proposed by the

ferent return period e.g., 5,IU,20,50 and 100 year by us-



gional curve (Fig. 46).

correction factor, generalized curve of the north-west re-

'=ig.

their

lOO-Year

the curves

and

~, ...

.9/.~?;f .24 )-'revea 'led

nomograph and

But

underestimated by

1 7 •

name 'Iy,

follow any general trend of ~ariation.

the va-lues of -K", (-fable

results were obtained as tnat of the

values were then plQtt~d against

. '-.-~'~?hcurve (Table 20). Also ,rainfall_ 'S_tation No.

K M

-'::~'occurs in a random fashion. As shown in the

Identical

no systematic geographic pattern e><lsts,',-su-ggesting

E:xamination of

error.

nomograph method as shown in Table

by the three generalized methods,

be seen that the predicted values obtained from the three

47 to 53) gave smaller error than the whole North-west re-

10 study the three generalized methods comparative

programs were developed for calculating the percentage 01

tables were prepared. lab-Ie 18 to 23 compares the predict-

extreme ralnfal Is of randomlY selecied statlons calculated

ed 2-year,~-year, lU-year, 20-Year, 50-year

developed for hydrological units proposed by the MPO (Fig.

methods does not

Values of Station No. 158 were ~rosslY

the reg,ional

t ha t K M

gion of Bangladesh and the curves prepa-t'ed on the basis of

hYdrological units proposed by MPO. From the tables it can

t-hat

203 was overestimated by the nomographmethda'(Table 20).

63

corresp~ntJiT;!g means to investigate the possibility of this

6.2 PMP Analysis

----



presented in Eqs. 5.5 to 5.12.

tions are also equal.

This

that obtained

the enveloping

rainfal I magnitude. The

s~tion havlnq the same

Curve based of the north-

~f different duration. These

rainfall data of south-western

are presented in Fig. 7.,

ror all

duration

return per,od rainfall was found to be

value of KM

varying with average

to 2-Year

-rhe average of the ratio of mean annual max,mum rain-

statistic

analysing short

transposition purpose.

figure shows that an upper envelope of the statist,c, KM ,

tude. Hershfield [14J also found the same tendency when

The four enveloping 24-hour KM value curves namely:

has a tendency to decrease with lncreas,ng rainfal I magni-

data of Bangladesh ~ndi (4)

the North Indian data, (3J Curve based on the northeastern

United States. Enveloping KM as function of mean serves a

mean, it is assumed that they have the same value of KM

western data of Banglaqesh,

pro~able maximum rainfall (PMP) values for the_ region were

figure shows that the c~rve obtained for the north-western

values, therefore, maY be considered as

region of Baniladesh is ~lmost parallel to
r

This assumption does not im~IY that the standard devia--

value of KM• The empirical' eqUatl0n~ for estimating the

from the North Indian data and north-eastern data of Ban-

gladesh. The distribution of KM as shown in ljble 25 gives

fall

(II Hershfield's world envelping curve, (21 Curve based on

the highest

! .



1.09. Hershtield [14] found that this ratio to bel .Ob for

gl~desh appears to be quite reasonaule.
value I.U9 for Ban-theTherefore,

i

I
. I,

-I

-

~he United States •.



this studY.

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

u n,i t

indi-

reglon ot

seven dura-

hYdrological

maXlmum rainfall depth for any given duration

rainfall stations as given in l'able 12 can be used

2. For any location wlthin the north-west

3. The parameter of:the prediction equation of

7.1 Conclusions

The following conclusions can be drawn from the vari-

ous ana lYsis of 'long durat ion rainfa II data performed in

C HAP T E R VII

1. Gumbel distribution is relatively superior to Gam-

ma distributiGn in the analYsis of extreme value ralnfal I
data.

vidual

of l,2~3.5,7,lO and 15 days and having 2.5,10i~O,50 and

100 Year return period can be cal~ulated from the nomo-

graph (Fig. 39l and the correction factor charts (Fig. 40
to 45).

8angladesh,

to compute the maximum ralnfall depth of the

t i'onsan d f0 Tan Y des ire d re tur n per i0 d •

4. The rainfa"il data hav.i,n~,-2"'Year return 'period as

given in the isohYeta 1 maps (Fig ...JU, t..o 36) may be con-

verted to rainfall data having different returp period,

e.g" 5.10,20,50 0. 100 Year etc.,bY using the curve (Fig.

46l. for more accurate estimates the

----



extremes.

period IFig. 30 to 36).

in-

the region

differentdurat,on•
of

from the enveloping equations IEq. 5.6 to

length of record which would allow a more reI i-

This study should be updated in future with

6. Probable maximum rainfall

1 •

liii) South-west region.

3. Seasona I ana lysis of rainfall data of

be determined

5.12).

5. A quick estimate of PMP of different duration can

curves set by the MPO (~ig. 47 to 53) may be used.

4. The PMP analYsis of rainfall should be carried out

2. Similar analYsis of rainfall data should be made

(i) North-east region;

Iii) South-east region and

can also be calculated by using the formulas' IEq. 5.13,

5.14 and 5.15) and the isohYetal maps having 2-Year return

7.2 Recommendations for further study

cr ea s-; ng

able estimate of rainfall.

for otherhYdrologi~ reg~ons of B.ngladesh, such as,

should be made to reveal the seasonal patterns of rainfall

ic geographic pattern of K exists or not.
using whole Bangladesh data to check whether any sYstemat-
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Table 1 L'ocat ion of selected rainfall stat ions
---------------------------------------------------------------------

S 1 • Station 8WDB Locatlon
No. Name No. North East"'- ;,

deg. mi n. deg. IDln.
---------------------------------------------------------------------

1 • Adamdighi 15-1 24 50.4 89 03.02. Badarganj 153 25 42.0 89 02.03. Baoa -Igachi 152 24 57.8 88 54.04. Bal iadang i 155 2& 5.2 88 27. 'J
5. Bagdogra, 154 25 55.4 88 51 .8& . Bera 4 24 04.5 8~ 38.07. Bhawaniganj' 156 25 'I9.7 89 33.0,8. \ Bhurungamari 159 26 10.9 89 4"1.59. Bho'lahat 158 24 56.4 88 12.010. Bh-ita rga rh 'J57 26 25.8 88 37.011. Birgonj '160 25 52. I 88 40.8,12. Boda ,161 26 11 .5 88 34.713. Chaugram 8 24 33.0 89 10.014. Chilmari 163 25 32.3 8~ 42.615. Chotodap 165 26 14 .0 88 24.816. Debiganj • 166 26 7.0 88 46.017 . Dimla ,- -----*<167 26 8.0 88 55.218 . Dinajpur 168 25 38.5 88 39.8,19. Hatibandha 174 26 07.4 89 08.7,20. Joari 16 24 18.0 89 08. 0 ~-,2li. Ka1iganj • 177 25 58.6 89 12.6 "

".<.
; 22. Khansama 179 25 55.8 ,88 44.023. Khetla1 181 25 02.2 89 07.524. Kurigram 182 25, 47. 7 89 39.025. Lalpur 184 24 00.0 88 57.526. La1monirhat "83 25 54.4 89 20.2
2 i . Mahipur 188 25 52.0 89 15.0------28. Manda -185 24 47.5 88 42.3
29. Mithapukur 186 25 35.2 89 15.930. Mohadevpur 187 24 54.0 88 44.031 . Mohanpur 189 25 31.0 89 43.832. Naogaon 191 24 48.0 88 5&.033. Natore 23 24 23.0 88 55.034. Nawabganj 196 25 24.0 '89 04.735. Nithpur 194 25 0'1.7 88 27.036. Nowkh i'Ia 24 ! -24 37.0 89 48.337. Panchbibi • 198 25 11 .5 89 02.338. Pabna 25 24 00.0 89 15.6::!9. Panchagarh 197 26 19.0 88 34.040. Patgram 200 26 21.0 89 02.04 1. 'Parbatipur 199 25 40.3 88 54.042. Phulbaria 20J 25 30.0 89 UU.3
---------------------------------------------------------------------

~'



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

mi n.
East

Locatlon
-,lit> r t h

deg. mln. deg.

BWDB
No.

Station
Name

8l.
No.

f

..'~ .

'1a b 1e 1 (c 0 n t d. )

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

---------------------------------------------------------------------43. Plrganj 2U3 2:; 25.6 89 19 .144. Rangpur 2U6 25 44.2 89 15.845. Ruhea 209 26 9.:; 88 24.046. 8aidpur <:10 '25 .:' 46.4 88 54.847. Setabganj 213 25 48.0 88 2'/. U
'411 • 8herpur 33 .. 24 4'1.2 89 23.U49. Sibganj 215 24 41 .0 88 'U9.250. Sujanagar 38. 23 56.U 89 24.55 I. fanore 219 24 36.7 88 34.6
52. Tentulia 220 2b 28.9 88 2U.453. lhalourgaon 221 26 1 .b 88 28.054. Ul ipur ~22 25_ :;S.9 89 36.155. Ullapara 4U 24 l1L5 89 34.3

._---



" ""~'. Table 2 : Annual Maximum Rainfall of Different Duration in mm.
----------------------------------------------------------------------------Stn. Year Hainfal1 in mm.
No. I-day 2-day 3-day 5-day 7-day Ill-day 15-day
----------------------------------------------------------------------------165

62 152.4 1n.J :l16.1 :l98.7 329.4 403.8 459.763 254.0 287.5 358.6 431.0 453.9 531.3 654.564 152.4 152.4 196.8 304.1 3"18.3 468.4 614.465 158.8 205.7 280.6 445.8 462.3 471.2 5/2.066 162.6 213.4 2/4.4 325.2 3"14.7 438.3 581.667 171.4 261.6 307.3 353.0 353.0 358.8 411.56B 174.0 331'1.2 466.1 500.9 550.0 /11.2 744.869 171.4 215.1 298.9 409.4 443.-{ 443.7 50<:.1"10 109.2 169.0 190.6 :l43.9 255.3 3:l9.0 381.172 1B4.2 195.6 246.4 261.1 3H.5 'I64.1J 529.673 104.1 119.4 149.8 151.1 204.5 274.3 412./74 21B.4 256.5 297.1 363.2 436.8 544.1J /39.175 205.7 259.'" 309.B 45B.5 539.7 6:l9.9 708.376 152.4 266.7 331.5 406.4 453.4 536.0 811.5
TI :l16.0 343.0 44"1.1 523.3 521J.4 532.2 542.378 158.8 280.7 331.5 395.0 555.0 593.1 727.7,220
63 116.B 195.5 269.2 2B4.4 309.B 391J.7 490.164 186.7 20B.3 288.3 378.5 435.0 574.9 834.165 163.8 233.6 236.6 239.4 308.0 368.2 538.966 167.6 231.1 285.0 3B4.0 391.6 414.5 531.367 1BB.f/l 231.2 308.6 423.6 452.8 590.2 651.26B 317.5 40B.9 553.9 558.2 589.2 590.5 789.669 15~.•2 ~74.3 274.J ' 399.11 4"'0.3 4119.7 '513.3704 1B2.9 232.4 250.7 394.2 501.1 5'72.3 738.8--- "-,

320.3_72 172.7 2711.5 385.1 457.2 62"1.3 802.3,73 243.8 '281.9 339.1 390.6 475.0 533.1 848.374 265.4 26"1.2 269.2 478.8 515.4 ;i93.9 649.675 179.3 232.7 315.3 388.2 420.3 "- 610.9 716.676 150.4 244.'>' 284.8 338.1 3"13.7 41:11.4 645.3"77 288.8 297.4 359.2 ,475.4 48B.9 528.2 657.67B 103.6 141.-, ,176.5
! 229.4 253.0 :l60.'>' 41'11.979 219.7 274.3 ' 452.1 I 453.'1 509.B 528.8 813.1

B'" 137.2 143.5 220.2 31il3.11 400.0 '480.1 '521.281 221.5 275.3 343.9 1..-- 459.2 641.6 ,,784.6 791J.682 160.1 266.7 3"'8.6 353.1 463.6 583.0 764.6B3 194.3 197.3 294.6 Jl:ll.1Il 514.3 577.0 71l1.884 143.5 246.9 3Hl.4 422.9 4"15.11 561.9 '162.5197
63 2"'5.7 262.9 365.8 5'16.6 /41.7 795.1 1"'23.-{64 179.8 220.4 2BB.1:l 326.9 350.5 3B5.3 555.565 191'1.5 219.4 398.B 515.6 621.4 "159.5 970.566 132.1 195.6 233.7 370.8 447.0 532.2 749.267 137.1 lB7.9 218.4 30"1.3 383.5 459.7 51B.5

----------------------------------------------------------------------------
I'



Table 2 (Contd.)
----------------------------------------------------------------------------Stn. Year Rainfall in mm.
No. I-day 2-day 3-day 5-day i-day 10-day 15-day
----------------------------------------------------------------------------197 (contd.)

68 162.6 254.III 342.9 39~.7 4,1.9 611l1.4 612.6
69 139.7 205.8 223.6 .360.8 429.4 531.1Il 716.4
7~ 88.9 139.7 186." :U8.1 344.2 356.9 379.8
72 157.5 157.5 188.0 238.8 301.0 41+8.9 4-/8.9
73 228.6 246.4 246.4 266." 281.0 292.2 311lJ.8
74 104.1 144.8 183.4 240.5 375.9 414.0 305.4
75 94.0 127.10 154.9 248.9 271.8 292.1 434.4
76 154.9 205.8 276.9 358.2 395.0 458.3 656.6
77 143.5 212.1 243.6 372.4 314.9 4/:J.2 512.3
78 216.7 360.2 379.2 399.6 514.:J 519.4 697.3
79 190.5 251.5 280.1 435.1 482.6 527.3 611.6
80 294.6 312.4 374.6 430.5 515.6 542.3 724.9
81 185.4 259.1 283.2 358.9 449.1 624.3 6'1.6.9
82 257.8 348.0 360.7 511J3.5 544.7 585.3 668.10
83 133.4 227.5 313.6 392.3 411.1 610.9 n7.8
84 248.9 327.6 376.4 467. 'I j24.3 6~8.6 761.5

157
63 316.5 344.4 344.4 411J5.1 548.7 -589.3 7911l.1o
64 149.9 194.3 229.5 357.8 368.0 437.9 539.5
65 153.7 211l3.2 256.6 349.8 457.8 575.9 768.2
66 166.4 205.2 274 ..3 347.0 449.9 471.8 641.2
67 273.3 444.111 458.2 462.5 545.9 572.5 657.8
68 150.1 269.2 347.4 42111.1 510.2 633.4 842.9
69 160.5 196.1 228.4 376.7 450.1 452.4 .7"8.6
70 165.4 211.1 244.1 413.1 417.9 451.5 790.1

-'---- 72 140.5 214.9 249.2 383.0 433.3 , . 514.5 733.6
73 163.8 183.6 237.6 354.2 378.6 512.0 647.3
74 165.1 275.6 335.3 421.1 573.0 791.4 1154.6
75 165.1 203.2 292.1 422.6 492.4 672.5 993.276 157.5 247.9 31218.3 391.4 565.3 691.7 891.677 237.5 313.7 341.6 405.4 528.3 556.2 799.178 136.4 2410.5 319." 481.4 614.8 614.8 806.3
79 184.9 243.6 287.3 383.8 439.7 513.1 646.2
810 154.2 181.4 256.3 346.7 510.8 56~.6 649.10
81 105.9 154.7 210.1 298.2 395.7 532.6 617.0
83 173.5 313.2 356.4 433.9 49-1.9 611.4 788.l.\

161
63 211.1 217.5 230.7 394.5 -447.8 470.7 602.1
65 236.7 241.3 358.1 483.1 517.4 546.2 582.8
66 196.9 ,228 ..2 335.4 414.6 452./ 490.3 629./

339:1 398.5 450.1 •67 213.6 473.2 482.6 524.868 195.3 256.5 353.8 379.8 416.10 552.4 286.1
69 129.0 213.9 288.3 346.l.\ 370.6 392.4 497.4
70 150.1 188.7 190.2 211/1.0 289.3 343.4 442.7
72 184.9 211.1 219.2 274.9 28.3.4 373.4 48".973 169.7 224.3 298.6 327.10 415.4 538.1 684.4

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



Table 2 (Contd.J
----------------------------------------------------------------------------Stn. Year -'. Hainfall in mm.
No. I-day 2-day 3-day 5-day 7-day 10-day 15-day
----------------------------------------------------------------------------161 (contd.J

74 190.5 267.7 282.4 355.1 403.4 446.0 589.875 173.2 311.9 311.9 344.7 516.9 616.4 752.676 133.4 199.9 225.1 243.4 369.4 440.2 518.'77 132.1 218.5 286.1 412.9 414.9 422.5 523.17B IB1.6 260.3 314.1 3'15.2 449.0 451.4 559.279 12B.5 239.5 2'10.3 373.6 498.1 501.4 531.9B0 157.0 210.1 28B.5 325.6 386.1 492.3 605.381 194.3 254.5 367.8 446.0 561.8 782.3 n6.5B3 166.1 169.1 .204.2 255.1' 31B.9 385.9 508.9200
63 133.1 210.6 231.8 301.8 360.5 367.6 524.564 IB2.6 246.9 371.3 480.3 499.8 591.3 670.365 158.9 201.2 256.6 288.1 299.9 456.0 58~.766 180.8 183.1 292.1 409.2 482.1 542.3 756.467 183.9 245.9 312.7 348.B 448.7 497.5 6B3.568 183.1 280.6 36B.7 455.3 584.4 800.3 896.11169 161.8 224.0 261.9 353.6 416.6 567.9 733.070 157.5 246.4 357.4 462.8 476.0 541.1 782.573 11110.3 142.2 180.0 225,.9 299.4 500.4 683.574 135.4 226.1 312.5 339.4 463.6 533.4 591.B75 135.1 214.9 , 228.1 296.5 339.1 521.0 646.576 131.8 171.4 .251.2 283.3 359.5 424.7 540.277 129.5 152.4 171.5 303.5 326.4 351.8 391.178 154.9 236.9 330.7 370.8 451.6 487.0 627.379 141.111 175.3 222.2 271.8 . 362.2 502.9 65l1J.5---- 80 101.9 122.7 146.3 203.7 259.6 310.1 363.281 90.2 101.3 124.5 147.3 224.3 251.2 252.082 104.1 124.9 148.111 .181.6 196.3 283.0 353.6B3 24B.9 273.1 401., 425.5 548.1 569.0 6/5.7182
61 99.1 170.2 17B.6 22l.2 240.2 269.7 317.962 137.2 191.0 250.2 316.3 329.5 333.8 425.964 127.2 IB4.1 241.3 28'1.0 380.4 423.6 439.565 115.6 141.7 174.7 251.5 284.1 355.4 404.566 152.9 20111.1 279.9 i, 314.4 363.2 459.4 554.467 108.2 146.3 171.1 222.9 242.7 255.6 328.56B 147.3 21113.2 219.2 311.2 353.6 475.8 509.4'69 176.0 21110.1 276.3 JIIlB.9 3B6.9 386.9 434.27111 -1"57.5 IB3.9 233.2 31'5.1 371.9 4911l.0 496.B72 129.5 176.5 225.6 286.1 331.8 387.1 465.873 235.0 381.0 458.5 584.4 693.1 710.9 962.574 ,203.2 332.8 3B4.6 460.8 463.3 48B.7 66111.575 88.9 149.9 20B.l 217.0 217.111 222.1 312.376 279.4 35B.l 533.4 61114.5 623.5 689.5 11115111.177 119.4 157.5 190.5 226.1 261.6 301.0 450.B7B 115.6 153.7 153.7 248.9 259.1 311.1 345.5

----------------------------------------------------------------------------
-,



r

Table 2 (Cantd.)
~--------~------------------------------------------------------------------Stn. Year' Hainfall in mOl.
No. I-day 2-day 3-day 5-oay 'I-day 10-day 15-day
----------------------------------------------------------------------------182 (cantd.)

79 284.5 374.-, 3/4./ 411.5 495.3 55Cl.8 63"'.080 132.1 134.6 177.8 209.5 270.4 271.7 339.081 134.6 162.6 195.6 246.4 246.4 254.0 313.-'82 274.3 369.5 369.5 '391.2 441.9 548.7 581.783 215.9 241.3 312.6 312.6 334.2 451.4 58"'.584 156.2 .265.4 294.6 328.'" 401.9 441.5 64Cl.5159
63 185.4 .202.4 2f1l8.2 239.2 258.5 264.9' 447.565 129.0 214.1 281.4 335.3 451.4 459.3 504.866 191.5 297.4 376.6 4-/6.7 5f1l9.fIl 655.5 695.467 205.7 234.2 304.8 403.8 4'19.8 565.9 /43.368 195.8 251.2 285.2 533.1 5n.l 61!l6.1 917.169 184.2 217.7 302.7 374.7 506.6 646.3 880.070 170.9 292.1 333.5 437.4 51&.4 563.9 643.273 179.1 283.2 333.5 454.9 455.7 501.7 741.674 228 ..6 283.5 312.4 52"'.5 553.8 558.9 591. 876 152.4 274.3 360.7 416.5 568.9 741.6 853.477 172.7 297.2 393.6 515.5 518.1 56&.9 119"'0.178 132.1 172.7 2119.8 281.9 325.1 325.1 474.979 132.1 208.3 208.3 264.2 403.9 407.7 53/.280 135.9 259.1 373.4 555.0 673.1 742.9 835.781 109.2 169.4 182.1 279.4 306.6 377.2 420.482 147.3 236.2 319.3 423.5 451.5 539.4 652.1983 183.0 342.2 405.7 475.1!l 514.6 583.6 623.284 236.2 309.9 379.8 534.7 610.9 695.7 751.5183
62 141.2 174.5 205.2 213.8 238.5 255.8 28t.l63 161.5 187.9 206.2 257.5 283.2 283.2 493.064 186.9 226.6 291.6 342.4 423.4 48/.1 560.465 142.7 242.0 298.6 345.1 362.8 397.6 528.466 119.4 163.0 261.4 2B2.2 346.8 475.9 620.668 211.8 ..258.0 307.3 432.8 443.4 550.0 7193.169 234.-, 364.2 422.1 422.1 524. -, 524."1 557.470 136.1 166.8 217.1 294,3 331.1 ..166.7 485.672 114.3 141.1l 169.2 , 200.7 238.5 321/1.7 382.1l73 238.8 431.8 472.4 520.7 571.5 571.5 165.874 254.1l 302.3 332.8 462.3 52\1.-' 63'.6 {16.375 137.2 162.6 219.8~ 219.8 270.6 359.5 463.676 174.0 312.4 449.6 451.2 457.2 5\18.1 /97. 'I77 196.6 259.3 274.0 416.6 432.6 460.8 563.078 121.9 175.3 204."1 257.1 274.9 341.3 462.679 150.6 262.4 262.4 323 ..3 383.8 454.7 612.68ra 122.l 13'1.7 156.7 264.7 326.6 382.5 445.881 154.2 22'1.6 3"'2.5 398.3 421.4 421.4 466.182 241!l.0 3104.0 32'1.4 391.-, 428.0 521.1 570.583 139. I 157.5 206.1'1 226.3 235'.4 302.3 311.684 203.2 275.6 352.6 381.4 444.4 549.8 817.1

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





Table 2 (Contd.)
----------------------------------------------------------------------------Stn. Year Rainfall .inmOl.
No. I-day 2-day 3-day 5-day 7-day ll'l-day 15-day
----------------------------------------------------------------------------188 (contd.)

65 121.9 159.0 2l'l3.4 230.3 245,.3 267.9 339.666 159.8 177.6 203.3 250.5 302.4 397.5 419.16/ 256.5 459.7 612.9 816.1 839.5 866.4 86".968 155.7 HJ2.4 ;245.4 326.7 359.8 437.5 550.369 154.9 21l'l.8 233.7 234.2 21l'l.7 312.8 44/.57l'l 165.6 20/.5 258.8 293.6 311. 4 432.8. 586.771 158.8 179.1 185.5 21J.5 268.1 211.9 312.5 _72 127.0 137.4 169.2 193.8 221.7 298.' 361.573 184.2 311.2 362 •., 426.2 492.9 526.l'l 536.274 254:l'l 355.6 363.2 437.4 438./ 4'1l'l.2 554.275 , 1l'l1.6 1l'l1.6 .132.1 175.2 180.3 24".0 2'-rl.L76 2l'l3.2 281.9 383.5 414.l'l 483.9 537.2 825.577 242.6 315.l'l 324.l'l 335.4 421. 8 435.7 479.278 229.9 271.8 288.3 3l'l3.5 384.6 494.0 612.179 128.3 228.6 265.4 36'1.6 388.6 395.0 62:1.68l'l 203.2 266.7 J04.8 383.5 396.2 665.5 774.781 179.1 215.4 248.9 289.1 315.7 31"7.0 404.482 150.4 184.9 215.4 289.8 328.9 382.l'l 435.3K\ 203.2 241.3 265.4 326.4 394.9 511'.5 587.984 177.\l 281.9 323.8 461.0 524.6 703.7 802.8154
62 182.4 248.9 273.3 282.2 287.5 316.6 463.4: 63 86.9 146.3 187.9 244.l'l 269.1 294.0 396.1,
64 121.9 187.4 211.l'l 295.l'l 339.4 361.4 411.765 92.2 130.3 163.8 221.5 253.3 332.l'l 36l'l.366 131.1 178.9 .181.9 219.3 259.9 275.1 415.267 74.2 116.4 131.6 131.6 155.0 230.6 284.968 17l'l.7 174.7 220.4 311.3 332.1 416.9 575.369 144.3 204.8 283.5 307.4 33l'l.3 375.5 421.970 104.6 145.2 174.7 193.l'l 217.9 279.3 406.373 75.7 119.4 159.0 198.8 212.6 255.4 422.975 69.6 83.6 113.8 15-'.l'l 161.5 234.9 313.676 .97.l'l 188.7 264.6 365.4 4l'l4.8 462.7 686.677 ll.l 119.4 175.3 241.4 289.1 349.4 .428.378 62.7 91.5 129.6 182.9 246.4 292.7 .355.679 99.1 114.3 149.9 247.6 306.1 431'.6 514.480 119.9 171.5 210.5 265.6 333.lIJ 423.9 434.881 79.2 110.2 163.4 224.3 285.3 32/.8 384.182 75.7 121.8 158.6 213.9 236.7 284.4 347.884 214.9 216.9 218 ..4 28/.7 371. 6 451.6 548.9160
62 88.9 127.0 181.4 243.6 256.0 261.6 354./63 116.8 151.6 173.2 233.4 2"17.6 343.6 4lJ.l64 131.6 202.7 215.4 234.5 29-'.0 388.2 482.565 167.6 233.6 284.4 333. -f 3:53.7 405.1 495.266 177.8 201.9 211i'l.8 2/1.1 3L'l8.5 396.5 504.4

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



Table 2 (Contd. )
----------------------------------------------------------------------------Stn. Year Rainfall in mm.
No. I-day 2-day 3-day 5-cay l-day 10-cay 15-day
----------------------------------------------------------------------------160 (contd.)

67 122.4 1'16.0 231.9 30:;.0 334.2 343.1 389.:l
68 197.1 216.6 336.5 3/6.4 404.3 499.9 :;44.8
69 20t.11 361.9 382.7 478."1 531.2 603.1 bl:Y"L
70 157.0 240.0 276.8 319.9 328.3 366.4 46/.1:1
71 1"12.7 320.0 422.9 462.2 481.3 481.3 510.6
72 144.8 2:;4.0 283.2 28-1.0 332.7 353.0 31:JB.8
73 142.2 215.9 254.0 2B/,Iii 303.5 321.3 .431'1.5
74 210.8 249.2 336:8 372.7 375.2 388.5 489.1
75 128.3 '.' 128.3 171.5 200.2 243.4 2'>'1ii.4 406.6
76 245.1 271.8 274.3 5111.6 501.6 :;67.6 619.6
78 165.1 174.0 2~2.~ 226.1 254.8 28/.0 416.5
79 146.0 190.4 214.5 240.5 286.7 .346.2 364.0
80 152.4 273.0 304.8 438.6 5:J0.6 551.1 612.3
81 132.1 182.9 215.9 231:J.3 251.1 294.2 397.1

213
62 188. -I 2116.2 209.2 235.4 261.7 298.8 458.5
63 174.8 224.8 232 ..1 251.2 281.0 343.9 480.5
64 79.0 117.1 13-1.9 187.2 242.3 342.4 454.7
65 163.8 193.0 -228.8 308.6 316.0 341.9 408.2
66 164.1 202.2 244.1 274.6 299.9 339.51 528.0
67 155.7 .186.2 242.8 335.6 404.2 419.9 427.0
68 150.6 210.9 242.4 322 ..7 352.3 421.0 556.1
69 198.9 332.0 408.2 528.0 575.3 636.3 739.4
70 162.6 233.0 297.3 353.6 3'10.9 509.1 6411.9
71 181.6 216.7 240.1 275.9 381.8 444.0 573.8
73 180.3 210.8 252.2 359.4 464.1 464.1 4'11.1
74 209.5 232.4 240.0 245.8 ,265.4 305.0 383.2
75 102.4 152.1 215.6 254.2 265.6 322. 'I 348.6
76 215.9 276.9 276.9 338.9 461.6 499.7 544.3
77 130.0 251.7 334.3 '31:J8.4 40l.7 414.1 419.1
78 144.8 159.1'1 183.2 203.3 211.4 281.0 406.0
79 213.9 236.7 286.3 330.2 394.7 479.8 600.5
80 131.3 212.6 251.7 292.3 366.0 406.4 514.1
81 74.9 '112,.2 149.0 18/.6 205.1 23/.3 248. {}
83 207.3 272.1 .293.l 348.5 354.8 .391.6 53 •.3
84 201.9 .'261.6 311.1 34B.9 4111.0 439.7 519.6

167
63 142.5 21214.5 272.3 365.8 402.5 420.8 501.1
64 212.8 338,9 366.6 462.9 543.7 586.6 636.9
65 124.0 206.8 206.8 273.6 322.9 361.3 466.4
66 159.5 195.1 256.3 342.6 350.2 352.1 540.4
67 173.7 191.2 239.5 297.4 318~7 406.1 414.2
68 185.4 306.9 357.2 465.9 466.9 533.1 662.7
69 130.8 196.9 224.1 319.9 329.3 403.7 528.0
70 149.9 254.0 323.8 398.2 438.8 585.0 681.7
71 130.0 236.7 261.8 299.1 390.3 393.9 459.9

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



Col

Table ::(Contd. )
----------------------------------------------------------------------------Stn. Year Rainfall in mm.No. I-day 2-day 3-day 5-day 7-day liG-day 15-day
---------------._---------~-._-----_._------- --~.--- ._--_.- ----~._-----~----- ~.---._---------161 (mntd. )

72 113.8 190.9 211.8 262.9 21~.3 392.4 461.373 317.5 324.9 331!!.0 439.2 494.6 540.6 745.074 196.8 312.4 34l;6 343.4 426.1 510./ 624.375 146.0 250.6 253.1 273.4 2l3.4 213.4 291.176 149.9 249.9 306.9 368.7 452.2 11'18.7 /85.977 203.4 263.4 344.7 3"12.9 :.i8L.~ 393.2 556.il78, 19'/.4 257.1 258.4 313.8 343.1/l 402.2 453.379 165.6 227.8 243.1 257.8 299.7 397.8 521il.280 .141.0 165.1 221.5 352.-6 461.3 483.4 566.781 171.4 2il6.2 285.2 338.3 406.4 539.2 588.383 137.2 252.8 254.6 298.8 428.4 454.1 575.2166
61 127.0 124.4 152.4 179.,3 184.4 193.3 35il.762 205.7 205.7 252.7 334.0 427.5 497.9 541.863 182.9 274.3 274.3 430.5 433.0 492.0 749.164 207.0 341.6 447.0 543.0 602.4 6"12.4 652.165 148.6 246.9 361.2 6il3.8 791.3 901.4 1153.666 21!!5.7 231.1 259.5 299.7 343.3 430.7 518.367 99.1 151.2 183.0 22il.6 258 .., 341.I 431/l.768 199.4 279.4 364.5 401.8 452.1 554.2 582.969 161.8 182.1 245.1 " 3ill.0 377.2 45".8 552.470 157.5 198.2 198.2 234.7' 317.5 475.0 511!!.771 129.5 185.9 275.3 28Y.3 375.6 402.8 51/l9.572 115.6 210.9 238.8 311.2 316.3 343.111 437.073 181.6 260.3 336.5 358.1 417.4 472.0 645.374 162.6 247.7 262.9 303.5 364.5 409.8 ,524.675 119.4 182.9 229.~ 284.'4 293.5 2Y3.5 317.9,-~--_._- 76 208.'3 '261.6 322.6 450.2 542." 542.9 579.777 114.3 165.2 216.3 249.6 2810.9 30i'.7 401. 178 139.7 253.5 339.9 339.9 403.1 41113.1 573.279 132.3 205.2 222.5 287.0 350.5 462.3 599.780 134.1 186.7 240.3 315.5 385.1 460.8 533.481 ,152.4 185.2 232.7 252.5 3il3.8 4210.4 495.682 139.9 202.9 213.8 3En.0 397.9 436.8 470.883 115.6 210.8 303.5 341.4 384.0 515.1 701.0179

63 21!!3.2 212.6 215.9 328.7 336.6 345.2 461.564 133.1 155.0 173.5 229.4 247.9 273.6 356.265 118.9 16il•.t 189.1/l 286.9 327.8 3810.4 429.466 ' 167.6 223.0 25;2.,9. 322.5 329.6 347.0 540.867 218.9 249.1 254.7 278.7 316.8 410.3 426.168 170.9 251!!.1 311.6 386.0 392.9 455.9 489.469 277.4 357.4 . 368.1 36B.l 368.1 375.2 376.771!! 178.3 196.1 203.0 29"1.0 353.5 442.3 607.071 154.7 201.7 239.8 278.4 343.2 388.4 409.773 315.5 371.6 383.5 390.4 391!!.4 41!!9.7 535.2-----------------------------------------------------------------------------



c ,--

Table 2 (Contd. )
--------------------------------- ._------ -----,----------- --_. __ ._---- .__ ._--_. ------- ~-_..
Stn. Year Rainfall in mnl.
No. I-day 2-day 3-day 5-day I-day 1Ill-day 15-oay
-------,----------------------------------------------------------------------179 (contd.')

74 249.4 249.4 25:.1.0 28\;.9 2811l.9 354.1 354.1
75 113.8 153.4 191.111 277.6 277.6 J1Il7.6 382.8
76 234.4 283 ..2 315.2 501.7 522.7 564.10 "/25.III
77 144.5 241.2 323.8 336.0 344.4 344.4 441.0
78 209.8 23:.1.9 23:.1.9 319.0 341.3 362.4 416.0
79 152.4 177.8 185.4 210.8 266.7 350.5 462.8
,80 119.4 152.4 233.7 315.1Il 342.9 434.3 487.7
81 114.3 221.0 279.4 348.0 378.5 406.4 500.4
83 127.0 139.7 165.1 198.1 259.1 348.0 422.3
84 215.9 228.6 238.8 256.5 355.6 462.3 ' 591.8

209
62 161.6 204.4 268.7 326.9 436.0 553.3 665.3
63 205.7 266.7 326.4 355.6 420.4 552.4 618.3
64 189.2 2711J.5 321. 3 349.2 361.III 426.1 513.3
65 205.0 228.4 257.6 364.0 377.2 425.5 469.0
66 173.0 228.1 267.5 3810.7 495.0 516.8 10f.7
67 281. 4 450.3 543.3 580.1 580.1 763.1 863.0
68 211l1.9 290.5 384.2 443.5 512.1 585.2 631.9
69 160.5 271.5 _ 289.0 J09.8 362.0 459.3 621.4
70 173.5 2:53.2 250.III 296.2 315.5 410.7 584.6
72 149.6 229.1 232.4 235.9 253.2 311.2 375.8

,73 304.8 491010 6[/.2, 712.5, 716.1 '/16.1 111llL•1Il
74 310.6 412.2 455.4 604.5 785.8 882.3 1116.0
75 186.2 351.3 451.1 548.3 769.8 9l'l8.2 1143.6
76 253.5 296.7 365.8 383.6 416.1 453.7 ,619.9,
77 184.1 26"1.9 322.8 366.2 366.2 449.7 '511l8.1Il

'-. 78 195.6 248.9 307.3 336.III 341. 1 390.2 536.1
79 170.2 20'1.5 32:1.1 390.4 448.0 550.4 633.6
80 140.2 187.9 308.3 440.4 512.111 669.5 766.8
81 '364.5 371.6 483.4 484.2 603.1 610.'1 642.1<1
83 187.8 273.0 282.4 384.4 423.7 ''503.5 563.9
84 204.2 211.8 300.5 391.4 419.3 515.9 '/31.6

155
63 241.3 282.0 294.2 : 33l.4 356.2 407.0 443.8
64 99.1 148.6 162.3 , 236.8 291.7 387.1 523.5
65 96.5 113.3 137.7 f 215.8 234,'1 253.6 ,-325.3
66 211.3 267.4 274.6 "367.7 419.5 ,482.7 505.6
67 175.5 298.7 397.5 472.2 483.4 485.9 523.7
68 259.1 506.0 535.7 613.5 . 870.3 919.3 950.5
69 253.5 262.4 270.2 379.7 491.9 676.3 911l6.7
70 180.3 335.0 368.0 446.7 535.1 632.9 I 762.1
72 55.6 80.2 95.9 132.7 136.5 176.6 -_189.1
73 127.5 186.2 222.5 349.5 452.4 453.2 577.4
74 113.1<1 178.8 244.3 3r.l0.4 338.8 382.2 529.6
75 88.6 97.0 116.6 134.9 165.1 202.2 239.2
76 165.9 233.4 257.5 322.3 349.7 376.4 548.r.l
77 124.2 142.7 171.7 227.3 269.4 336.7 405.2
78 123.2 1911l.5 2511l.7 411.2 460.5 525.2 54l:l.3

----------------------------------------------------------------------------
,



Table 2(Contd.J
------ ----------------------------------- __ • __ 0- ___________________ • _______ • ____Stn. Rainfall In mrfl.No. Year I-Day 2-Day 3-Day 5-Day 7-lJa!-l II'1-Da!-l IS-Day------------------------------------------------------_._-- .._-_._-_ .. --- ._------221 ~~:..61 79.5 119.1 159.2 191.2 234.8 251.5 282.962 145.0 207.5 289.5 468.6 503.4 537.2 598.963 138.4 171<1.2 230.1 258.0 316.8 3'14.8 522.464 226.6 257.J 301<1.4 485.1 578.0 661.6 83'>'.865 165.4 238.1'1 298.5 314.2 421.6 51<11<1.9 672.(1166 159.0 227.6 296.7 418.6 533.4 653.0 858.767 235.(11 332.8 371.7 396.8 441. 3 643.0 710.168 209.6 285.3 312.2 379.5 422.9 463.6 600.369 113.0 203.4 232.4 294.3 315.2 466.1 597.970 245.1 303.0 429.2 525.7 561.5 616.6 806.871 204.7 292.1 360.2 513.1 542.3 631.2 740.172 2l7.4 329.5 345.0 388.5 545.8 639.6 669.613 114.6 157.5 225.3 280.2 378.2 521. 4 681.274 91.7 112.8 165.6 248.0 321.9 427.3 552.275 57.7 102.4 122.2 193.2 244.1<1 314.3 439.876 164.8 285.7 346.9 420.0 4l7.8 633.9 838.4V l7 120.7 178.1 225.//1 272.8 361.5 392.1'1 481. 761 78 195.8 308.6 469.1 485.9 532.4 589.8 727.679 206.2 344.7 386.6 439.4 476.0 618.1<1 918.00\ 80 141.3 178.6 234.2 260.6 395.0 447.5 554.5ltu } 81 21'19.0 210.3 279.1 364.5 392.2 . 421<1.6 551.4-0 82 181.1 291.3 311.1 335.0 335.1 384.8 401.483 170.9 253.9 324.5 44"/.2 534.8 652.6 819.(1184 148.3 184.1 225.5 253.1'l 294.9 366.2 439.6199
62 89.2 1(114:7- 111.8 139.2 147.1 1/3.J 218.'1'-- - 63 105.7 194.6 206.0 2l:l3.0 361.4 414.9 472.064 1//14.9 130.3 144.5 169.6 195.5 238.2 31<12.665 101.6 135.1 168.6 221.4 247.6 J49.4 JaI:J.366 141.2 21'11<1.1 258.5 31'10.1 326.1 321.4 365.567 81.3 114.3 177.8 215.9 257.8 297.7 366.268 lZ1.1'1 193.3 243.3 344.8 41'17.3 539.8 625.2

d>c, ' 69 215.9 292.1 337.8 344.4 347.7 358.9 485.9
-:~~-'~'

70 155.4 21'16.2, 214.6 251.5 266.1<1 279.2 425.671 58.7 96.8 119.6 145.0 145.0 201.3 221.872 40.1 76.2 88.9 113.I'! 123.7 136.1 195.173 156.0 203.2 259.3 305.5 319.3 403.0 488.674 .139.2 179.8 '. 240.5 3013.6- 317.9 348.3 568.875 1313.3 142.5 152.9 158.13 181.4 262.2 279.776 17,9.3 196.8 2139.//1 226.3 240.5 285.0 435.277 146.3 252.2 3137.3 4413.6 449.13 484.0 681.478 18//1.8 1813.8 197.1 329.2 351.1 361.0 539.0210
62 101.6 122.4 139.//1 203.1<1 2133.//1 2:510.7 280.763 99.6 152.4 226. I 3131.1 350.8 354.1 438.4

" •• 1---------------------------------- -------------------------------_. __ ._------

:; .
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lable 2(Contd.)
-----------------------------------------------------------------------------Stn. tjainfal1 in mrrleNo. Year I-Day 2-Day 3-:Day 5-Day i-liay HI-Day 15-Day
--------------------------------------------------_._------------------------196 (contd.)

68 116.8 15/.5 223.5 325.1 360.7 462.3 518.269 279.4 368.3 383.5 408.9 436.9 492.8 508.070 132.1 193.0 205.7 274.3 274.3 330.2 439.571 88.9 156.2 201.9 241.2 265.3 375.1 471.172 114.3 152.4 203.2 320.1 340.4 436.9 553.7,73 304.8 381.0 569.0 650.3 670.6 726.5 .746.l:l74 109.2 147.3 214.6 214.6 252.7 265.5 448.375 129.5 134.6 160.0 172.7 .193.1 257.1 285.076 129.5 2111.8 248.9 261.6 274.3 274.3 332.777 111.8 152.4 172.8 221.0 .261.6 302.7 357.878 127.0 160.0 209.5 'lX,. 1 283.1 31117.2 335.279 126.2 155.7 182.4 285.2 328.4 390.6 442.380 134.6 134.6 158.7 187.9 212.1 249.0 314.981 170.2 218.5 251.5 322.6 342.9 342.9 370.983 152.4 175.3 18Y.3 231.4 268.0 2Y8., 362.4203
62 76.2 86.4 111.8 131.3 156.1 166.'1 253.263 129.4 11:19.1. 214.5 236.6 251.9 269.6 403.264 161.8 198.1 224.3 .312.6 \ 336.5 331.5 4/111.065 116.3 116.3 128.3 163.6 179.8 234.7 242.366 122.2 165.1 173.0 192.6 2/114.4 228.1 356.967 111.0 122.7 173.5 . 236.7 . 269.2 21::12.7 315.468 118.9 161.2 178.1 242.5 2"16.5 341.5 381.269 132.6 243.3 323.6 338.4 338.4 352.1 414.170 148.8 213.6 213.6 265.6 315.1 394.7 446.072 89.1 114.III 141.6 150.0 160.9 169.3 217.073 168.7 257.6 281.1ll 295.2 303.9 350.5 440.274 88.9 145.6 154.2 252.9 269.6 299.8 393.075 136.9 216.1 224.2 228.3 282.7 -282.7 344.276 148.6 295.7 347.3 354.4 354.4 371.1 475.077 82.0 137.3 149.2 210.•0 231.6 284.9 3/0.378 121.4 .134.6 218.9 226.5 252.9 270.2 358.379 132.8 157.7 194.2 245.8 272.5 296.8 440.080 142.7 145.5 147.0 209.2 221.2 269.4 325.081 85.3 118.1 175.0 ,184.0 242.7 269.9 302.7B2 107.9 149.8 153.3 ,160.0 173.2 200.9 276.483 182.9 260.4 272.3 290.1 293.9 - 302.l:l 321.484 153.7 251.5 283.3 330.0 340.2 346.5 587.1206
61 181.9 22"1.1 261.4 299.0 31.11.8 314.0 406.562 89.4 161.3 185.4 205.4 .243.7 292.0 310.364 123.2 150.4 201.6 286.9 .311.3 403.8 420.365 102.1 127.5 151.4 202.2 2~2.7 205.8 214.366 86.4 131.3 164.6 212.4 215.6 306.2 369.567 165.1 1811.3 11::11.8 208.11 249.4 271::1.9 342.0

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



67

Table 2(Contd.)
-----------------------------------------------------------------------------Stn. Rainfall in mm.
No. Year I-Day 2-Day 3-Day 5-Day 7-Day 10-Day 15-Day
----------------------------------------------------------------------------206 (contd.)

68 206.0 276.6 329.9 423.3 462.9 544.5 633.4
69 254.0 287.8 318.3 359.4 473.5 474.0 494.3
70 128.t'J 136.1 166.6 205.4 206.2 267.3 399.6
71 184.9 222.7 233.9 245.4 292.7 292.7 360.3
72 147.3 162.5 162.5 17t'J.l 184.6 224.11 224.11
73 173.5 320.8 402.1 565.2 575.4 617.8 669.2
74 188.0 246.4 285.8 327.5 362.3 362.9 5t'J4.4
75 96.3 111.0 115.6 186.0 222.3 233.2 309.8
76 237.5 359.4 .444.5 460.5 481.8 551.3 813.5
77 194.8 290.8 309.6 372.3 436.3 457.4 625.8
78 162.6 2UI.9 252.3 312.3 312.3 312.3 440.6
79 257.8 303.1:1 322.3 371.1 42'11.:5 4'16.1 637.5
80 21t'J.8 212.6 212.6 278.1 300.7 44/.5 542.8
81 210.8 22(1.7 238.0 31l2.1t' ,jil2.1ll 337.3 468.1
82 192.3 237.0 287.3 311l'>'.4 3:52.2 35'>'.1 444.','
83 135.9 198.1 217.9 255.8 267.2 301.2 3j9.:L
84 219.2 334.8 361.2 368.8 4l!J4.',' 44111.0 1911.8

153
62 186.7 188.7 190.0 218.3 255.9 263.0 263. III

63 204.2 216.1 231.3 306.9 3211.8 340.6 405.1\
65 121.9 198.1 213.8 233.1 253.9 301. 9 367.2
66 113.5 162.3 199.9 264.9 272.5 321:1.4 404.6
67 205.7 218.9 226.5 .241,4 269.7 355.8 481.0
68 153.2 189.0 202.7 298.2 338.8 438.9 513.6
69 338.3 3n.7. 414.5 417.0 417.0 462.11 481l.1
70 218.4 247.6 275.5 348.8 362.3 418.7 577.7
72 11111.6 191.8 191.8 196.1 198.1 208.7 313.2
73 196.8 293.3 381.0 434.4 475.0 501.4 569.2
74 177.8 209.6 227.3 293.6 296.1 311.4 479.9
75 106.7 124.5 170.2 209.0 253.5 .'311.9 437.6
76 188.0 294..7 330.3 332.8 437.0 452.7 683.4
77 229.4 351.3 .420.4 499.2 539.3 576.2 736.2
78 180.3 200.6 213.3 ! 231.1 231.1 248.9 366.1
79 182.9 197.6 201.9 I 201.9 283.7 346.5 443.0
80 120.6 134.6 143.8 I 198.9 259.8 385.1 .! 3t'J5.1

1,259.8 ,
81 191.8 209.8 232.7 259.8 294.4 417.8
83 102.9 138.4 161l.1 26111.4 264.2 289.1 438.9
84 210.8 28f1l.7 313.2 328.9 398.8 52i<\.7 641.4

186 ,
63 165.1 215.9 261.6 349.2 353.3 354.1 448.3
64 181.4 329.5 370.1 373.7 377.5 377.5 392.3
65 13f1l.8 151.1 153.4 176.5 228.6 284.5 3LlIil.l
66 146.1 222 ...3 266.l 374.2 386.0 494.III 621.0
67 112.3 163.3 221 ..2 318.7 414.9 5f1l9.9 535.3
68 228.6 306.3 350.7 47"1.1 560.,j 690.5 /62.4
69 232.4 313.1 382 ..2 4\\2.6 4:.14.:.1 618.6 848.3
70 287.0 31\6.6 335.(6 425.5 496.5 5/2.5 736.3

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



Table 2(Contd.l
----------------------------------------------------------------------------Stn. Rainfall In rTllTi.

No. Year I-Da~ 2-Da~ 3-Da~ 5-Da~ {-Da~ 1II1-Da~ 15-Da~
--------------~-------------------------------------------------------------186 (contd. J

71 137.2 251.5 321.7 41111.4 416.0 445.5 582.6
72 203.5 221.3 249.2 267.111 279.7 279.7 30\\.7
73 263.7 393.0 517.9 681.8 691.111 772.7 993.7
74 191.8 233.6 263.1 444.0 530.1 629.5 81115.2
75 135.9 19111.5 210.1 292.1 362.0 49111.5 654.4
76 18111.3 326.4 436.4 438.9 438.9 4'38.9 718.1
77 206.5 294.1 344.4 433.8 451.5 461.9 664.3
78 177.8 193.3 223.5 321.6 332.3 35111.5 457.8
79 209.3 242.3 244.9 324.9 394.5 51112.4 561.3
80 121.9 121.9 161.3 191.111 23b.t 287.5 353.8• 442.~81 141.0 164.3 244.9 261.6 261.6 2/0.5
82 147.3 203.2 225.0 228.8 251.\.4 281.8 3'11.\.3
83 132.1 221.5 272.B 331.6 337.6 348.3 41111.1
84 190.5 259.3 312.6 349.2 368.8 41115.8 583.7

222
62 21119.6 220.0 263.7 275.9 339.-{ 386.9 381.4
63 138.9 254.7 349.2 429.7 446.0 45111.9 713.2
64 127.1II 2~3.2 213.1 35\').6 521.3 639.3 689.1
65 U8.1 21110.4 246.1 294.1 34111.4 423.0 443.4
66 168.9 248.9 302.2 340.3 418.5 554.9 591.5
67 79.8 98.5 153.~ 192.4 \ 23111.5 269.9 31114.9
68 218.9 296.6 331. 1 41111.2 449.111 575.3 623.6

, 69 304.8 358.6 428.7 500.8 558.9 558.9 612.7• i, 70 175.3 215.9 281.1 300~1 427.8 488.8 51113.3
72 '.U,1.5 _ 168.1 188.3 256.9 283.6 396.3 473.3
73 292.1 393.7 520.7 698.5 711.2 711.2 756.7
74 21113.2 322.6 361.6 432.4 457.5 485.8 767.9
75 117.3 199.1 199.1 266.2 266.2 266.2 31119.3
76 133.4 199.8 279.0 335.9 373.2 435.2 635.0
77 83.8 125.7 163.8 22111.5 277.4 369.4 52/.3
78 148.6 183.1 203.4 282.1 282.1 283.6 364.1
79 177.8 266.7 355.6 381.5 439.6 48111.5 58111.9
80 117.6 117.6 133.8 18111.1 213.1 286.1 288.6
81 159.5 193.5 217.4 ,249.8 281. 1 291.1 432.5
82 158.7 203.2 25111.2 ,.271.5 323.6 335.8 406.1
83 114.3 172.1 177.8 ' 252.2 252.2 282.6 34'1.4
84 139.7 279.4 311.4 1"333.3 365.8 ''442.1 634.5

215
62 177.8 198..1" 234.9 248.1 254.5 320.4 387.5
63 86.4 114.8 123.7 123.'7 142.1 171.1 '241.1
64 76.5 145.1 191.7 248.111 214.} 294.8 3112.1
65 179.3 26111.6 277 .1 361.1 429.2 481.4 597.0
66 ,82.0 93.9 135.6 164.0 178.7 219.9 234.6
67 90.7 126.3 156.8 194.9 21S ..2 225.4 238. 1
68 102.4 113.111 184.9 202 ..7 255.6 314.6 358.5
69 82.6 138.5 177.9 236.3 271/J.6 329.0 349.3
70 108.0 125.8 125.8 128.2 160.111 Zi4.0 295.9

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

~,



Table 2(Contd.)
----------------------------------------------------------------------------
Stn. Kaintall In mm.
No. Year I-Day 2-Day :5-Day 5-Day "1-Day lil-Day 15-Day
----------------------------------------------------------------------------
215 (contd. )

72 129.5 215.9 229.1 25il.1l 255.6 31l6.4 369.9
73 157.5 286.3 294.6 377.9 ~64.,>, 683.5 692.4
74 134.1 134.1 134.1 162.5 239.5 263.6 32:'.1l
75 228.6 341l.4 447.1 581.7 607.1 835."' '>'6~.2
76 118.9 215.4 238.3 251.5 266.7 28U.5 319.1h
77 191.3 193.6 193.6 20:5.4 256." 319.5 ;j4:L.B
78 181.9 181.9 181.9 .21112.>') 21\2.13 209.6 212. Y
79 190.5 208.8 216.7 218.0 235.2 293.6 425.9
80 179.1 195.1 195.1 195.1 262.1 262.1 274.0
81 159.0 197.1 197.1 200.7 203.7 264.2 312.9
82 83.8 1131.6 113.13 113.0 115.6 222.2 224.8
84 114.6 124.5 165.121 204.4 233.6 269.2 :535.9

163
63 168.9 205.7 215.9 353.0 386.1 396.3 614./
65 139.7 200.7 266.7 297.7 311. 1 415.2 425.4
66 158.8 2111:5.2 261.2 405.7 429.1 466.7 468.0
67 91.2 131.1 145.0 198.8 255.9 255.9 255.9
68 153.7 254.0 304.8 393.0 410.8 509.9 566.8
69 222.2 378.9 425.9 457.1- 500.3 502.3 513.8
70 204.5 304.8 355.6 393.7 398.8 626.1 628.6
72 181.6 236.2 290.6 326.7 346.3 449.0 624.3
73 219.7 348.0 435.6 505.0 661.1 n6.1 948.8

I 74 168.9 309.1 418.6 58.2.4 672.0 725.0 814.2
i 75 86.4 156.2 165.5 182.8 199.4 250.2 38"1.3, 76 88.9 152.4 190.5 243.9 317.6 326.5 449.6

77 102.9 182.9 256.6 290.8 343.9 432.8 571.2
78 99.1 174.7 215.3 266.13 277.9 327.6 364.4
79 141.0 240.0 260.3 28"1.0 3213.0 35~.6 532.9
80 88.9 106.7 157.5 213.5 232.4 307.8 326.9
81 121.9 162.6 221.0 238.8 285.7 31a2.:S 356.9
83 116.3 201.9 201.9 271.5 329.2 329.2 349.5
84 172.2 261.5 299.0 314.5 331.6 383.4 645.2

156
62 67.3 "93.7 .113.0 138.6 159.5 166.9 226.8
63 102.9 168.9 177.8 2113.6 219.2 ,243.6 403.6
65 111.5 14"/.8 185.7 2413.3 339.1 ,412.>') 512.6
66 101.8 157.5 187.6 251.5 277.2 '"353.4 457.8
67 169.2 212.6". 246.3 296.1 32"1.6 367.2 431.8
68 100.6 176.0 183.4 238."1 304.1 35~.1 421.111
69 110.7 129.5 20:5.7- 231.6 244.6 31l5.8 :541.9
70 145.0 198.3 228.8 239.0 27~.1 3'>'1.0 430.0
71 102.4 136.9 158.3 211.4 262.7 269.3 278.8
72 135.9 247.7 253.3 253.3 368.4 477.9 504.6
73 153.7 29..1.4 332.121 462.3 483.9 502.9 558.8
74 158.8 187.0 275.6 343.4 355.6 369.3 614.1
75 143.5 22~.7 291.6 342.4 4121q.9 436.1 525.7

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





Table 2(Contd.l
----------------------------------------------------------------------------
Stn. Hainfall in Rim •..

No. Year I-Day 2-Day 3-Day 5-J)a~ 1-Day 10-Uay 15-Day
-----------------------------------------------------------------------------
152 (contd.)

79 123.7 166.1 173.5 195.8 28tl.7 326.0 432.1
8~ 152.4 203.2 285.1.1 285.~ 285.0 285.~ 298.2
81 95.2 114.3 120.7 194.3 222.2 224.~ z-/4.3
82 131.3 154.7 243.6 3~2.8 342.1 352.3 426.1
83 121.9 174.0 197.1 211.6 259.3 273.8 321.3
84 128.8 128.8 130.9 , i64.7 164.7 178.4 282.3

198
. 62 76.2 111.8 111.8 121.4 123.2 146.8 180.4
63 1l111.6 130.3 177.8 196.8 286.9 291.0 360.4
64 127.0 162.6 208.3 224.8 224.8 224.8 255.1
65 121.9 221.0 232.4 315.0 329.4 340.8 359.3
66 76.2 88.9 99.1 , 102.9 110.5 133.4 180.3
67 157.5 172.7 223.5 252.7 271.7 366.9 467.2
68 137.9 264.9 278.9 370.3 393.1 512.0 540.7
69 208.3 242.6 264.2 312.4 359.4 418.6 483.9
70 74.2 82.6 95.9 160.7 184.8 243.7 291.9
72 87.6 103.6 119.4 209.0 209.5 243.9 373.4
73 215.9 292.1 320.0 34"1.3 408.9 414.0 499.2
74 237.5 247.9 258.1 279.7 297.5 330.9 460.4
75 152.4 172.7 190.5 255.3 289.6 292.6 315.1
76 203.2 243.8 254.0 276.8 281.9 304.8 507.1
77 152.4 171.4 2~3.2 233.4 250.9 2"12.8 355.5
78 121.9 196.9 219.7 3~9.9 426.8 528.4 673.1

187
62 83.3 83.3 119.2 133.3 145."1 167.4 119.7
63 H'l1.6 123.4 123.4 123.4 174.6 21<14.4 269.3
64 73.7 108.0 149.9 164.1 164.1 187.0 259.8
65 157.5 220.2 . 234.7 31111.9 331.2 363.1 410.5
66 99.1 131.6 136.7 164.9 181.6 215.9 261.3
67 '.203.2 209.6 217.2 237.5 243.8 254.3 28/.1
68 92.2~ 133.9 181.9 225.6 288.6 - 392.0 486.1
69 76.5 14i1l.3 194.9 .242.6 264.4 . 285.2 334.~
710 1210.6 168.6 .180.0 ! 180.0 181.5 2102.1 256.8
71 133.4 159.3 254.0 .• j 297.7 313.5 321.4 340.5
72 190.5 282.4 350.2 i 36t~4 3"17.9 460.5 51:16.5
73 175.3 348.0 362.0 399.~ 44~.6 ,551.5 ',602.4

I74 193.0 195.8 218.2 I_~ 219.5 231.4 293.7 3'13.8
7.5 75.7 113.0 146.8 181.4 193.0 247.8 329.4
76 188.0 225.8 267.7 293.8 315.6 325.1 41~.2
77 100.3 158.0 169.7 187.0 202.0 301.5 391.7
78 149.9 175.5 182.4 271.8 283.7 301.5 I 326.1
83 152.4 278.4 279.4 284.5 295.9 375.6 "426.4
84 10~.8 177.0 223.2 288.0 328.1 364.9 438.3

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



/

Table 2(Contd. )
----------------------------------------------------------------------------.Stn. Rainfall in U1fT1.
No. Year I-Day 2-Day 3-Day 5-Day "I-Day 1i'l-Da!j 15-Day
----------------------------------------------------------------------------194

62 119.4 157.5 193.1 236.3 261.1.3 340.4 529.663 123.2 144.8 162.6 168.9 226.1 226.1 261/l.465 141.111 185.4 233.7 322.6 335.3 444.5 491.566 87.6 119.4 143.5 166.4 171.5 243.8 326.567 63.5 78.7 106.6 160.0 174.1.1 184.2 256.568 61.5 116.9 132.1 163.7 187.9 302.1 344.069 94.5 12"7.8 138.7 ..141.2 154.6 174.9 19"1.8
70 112.3. 178.3 203.7 .236.2 267.7 273.0 337.873 152.4 238.0 314.7 324.1 333.5 431.1.8 527.374 92.2 101.6 113.0 179.4 236.5 271.8 387.8.75 59.9 70.8 75.5 92.8 92.8 122.6 167.576 159.5 176.0 182.9 194.8 261.3 316.9 345.377 77.0 97,,3 143.0 177.3 212.3 306.4 310.778 142.7 164.6 171.1.6 185.1 238.4 259.2 371.879 304.8 314.2 325.4 350. I::! 364.8 437.9 486.5
Bill 79.5 111.2 131/l.1 108.5 189.13 215.4 3013.781 88.9 115.6 141.11 156.8 201/l.1.1 242.1 315.782 76.2 132.1 147.8 147.8 166.4 228.3 285.184 119.9 123.4 1"111.1 2Jl1.1 246.2 319.5 334.-(

------------------------------------ --------------------_._--------_._---
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Table 2 (Contd.l
----------------------------------------------------------------------------
Stn. Rainfall in mm.
No. Year l-Day 2-Day 3-Day 5-Day 7-Day 10-Day 15-Day
----------------------------------------------------------------------------
185

62 77.2 96.5 146.8 146.8 166.1 Hl3.4 26i.2
63 110.5 133.6 133.6 175.8 226.6 268.8 332.4
64 9~.2 98.8 1313.8 143.5 162.8 2L!l1.1 287.7
65 190.8 258.6. 342.9 441.4 453.3 481.0 3137.2
66 81.3 135.9 142.3 156.3 16-1.7 179.1 218.1
.67 90.2 11116.5 137.13 190.0 2136.5 238.3 295.5
68 104.1 21/13.7 239.7 316.9 363.9 :f/8.9 406.1
69 118.6 182.6 234.7 252.4 275.3 313.7 372.1
70 97.8 1~8.11i 139.2 154.5 185.13 211)5.0 28:L.3
71 125.2 209.3 261.4 399.6 538.~ 346.9 568.2
72 53.3 86.8 86.8 98.7 11/15.1 111.5 139.2
73 69.8 95.2 113.~ 153.4 11:19.0 198.9 227.4
74 210.8 229.1 238.13 245.6 3133.6 3II:!' 4 494.0
75 101.6 115.6 137.2 I'H.3 226.8 269.5 344.7
76 3134.-8 312.9 314.2 319.5 324.1 376.1 456.6
77 117.9 144.6 174.1 22~.3 317.0 349.\!l 544.1
78 123.2 141.2 193.1 216.9 259.1 302.0 426.1/1
80 241.3 266.2 28tl.8 288.8 288.1:1 288.tl 2tl8.1:l-
81 152.4 206.5 253.5 277.9 296.9 355.5 389.8
82 82.5 96.5 123.6 146.4 205.3 217.9 276.8
83 160.0 179.1 181.6 194.3 221.0 224.5 284.5
84 146.1 160.1 179.2 282.6 315.7 374.1 4130.1:1

191
61 .101.6 124.4 193.0 248.9 279.4 298.4 306.L!l
62 127.0 142.3 162.5 167.1 183.1 244.1 335.7
63 81.3 96.5 102.9 110.5 148.6 188.0 229.9
65 177.8 2613.4 273.1 353.2 396.9 396.9 523.1
66 61.2 92.13 92.0 130.3 138.7 162.8 229.6
67 171.4 212.1ll 215.8 247.5 256.4 251:1.4 314.3
68 110.5 144.8 2134.5 277.6 357.4 38\!l." 44t1l.9
69 100.1:1 184.9 207.5 264.2 281:1.3 310.9 351/1.8
70 124.5 161/1.1 179.9 ;179.9 191.6 2\!l2.8 256.2
71 73.7 135.9 158.8 / 158.8 177.6 254.0 294.1
72 104.1 122.8 148.2 , 148.2 184.3 2l/i4.1 271.3
73 177.8 266.7. .306.1 I 31:r7.9 429.13 49"1.6 .5U6.S
74 17/.8 193.0 201.1 ~ 217.4 217 .4 231.5 316.5
75 108.0 109.3 127.3 10;'2.3 233.7 248.4 .l16.4
76 145.1 149./ li0.7 199.1 205.2 'L4'7.9 379.'1
77 119.6 226.3 282.2 292.0;' 31il8.6 3'i'b. f ~24.6
78 251.5 259.1 259.1 263.2 26.3.2 284.1 4:L;j. \0
79 113.0 167.6 203.1 22~.9 293.J 332.9 477. -I
80 194.3 248.7 363.5 364.5 364.5 364.5 J91. 1
81 156.7 157." 157.1 217.2 222.8 2j2.2 311.7
82 109.2 128.1'1 1311.0 135.1 142.5 212.3 23.5.9
83 218.4 261.6 262.9 264.2 353.1 363.3 388.2
84 110.7 168.7 175.3 219.5 31il1.8 31S;3 318.5

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





Table 2 (Contd. )
------------------------------------------- ,------------ ._--------------- ---_.-
stn. HaIntal1 In mm.
No. Year I-Day 2-Day 3-Day 5-liay -{-Day 1II1-Day 1S-Day
------------------------------------------------------------ -------_. ----------~-
24 (contd.)

72 189.2 218.III 2211l.3 254.III 255.III 3211.6 321.1.6
73 153.9 213.6 349. { 349.) 3~'i.9 418.7 441. 1
74 101.-7 211l8." 243.3 285.2 3111l.9 3~9.4 527.6
75 132.8 217.9 219.2 24111.7 2~9.3 280.8 .391.8
76 152.4 215.9 24i.l 31".6 317.9 317.9 51117.4
77 91.4 108.4 162.8 185.111 269.6 311.111 364.3
78 57.2 85.1 9i.2 143.1Il 178.6 181.1 251.III
79 92.5 151.2 152.5 183.3 214.1 278.8 373.4
811 92.7 118.6 135.9 157.0 186.1 243.5 267.2,
81 76.2 130.3 158.2 201.4 218.7 224.8 274.1
82 83.8 103.4 121.1 204.9 2.,7.4 260.8 278.6
83 138.9 234.1 306.5 324.0 367.7 374.111 376.5
84 152.4 .221.0 252.8 306.2 343.0 343.0 423.11

33
62 365.3 447.1 447.1 483.4 5L12.2 536.9 904.6
63 268.0 307.8 307.8 331.8 523.3 646.2 749.1
64 2311l.4 345.0' 352.1 3')2.1 352.1 355./ 418.4"
65 145.5 214.3 234.6 337.2 360.3 3tH. 1 411l0.1
66 120.7 142.8 166.7 204.8 240.6 258.4 4111.1
67 151.1 171.4 2:i6.5 326.3 342.3 414.7 450.5
68 151.1 207.111 243.1 :S25. -, 361.5 314.2 401.2
69 93.2 153.111 205.1 2811.3 334.1 348.6 411l4.2
70 207.0 237.5 281.7 328.9 373.3 394.2 .416.3
71 275.1 323.9 359.2 364.0 42111.9 4211.9 43{.9
72 129.5 146.11 152.4 168.9 191:1.6 243.8 328.9
73 134.6 198.6 209.0 2/9.6 291:1.7 349.2 4611l.9
74 811l.0 134.6 171.2 211l0.1. 250.3 341.2 474.9---- -- 119.2 149.5 24~. 1 271.9 442.675 214.8 31116.5
76 138.4 209.5 231.3 248.III 262.0 286.1 419.)
77 82.3 138.7 220.0 267.0 310.5 334.4 4119•.3
78 127.0 169.2 230.8 269.2 280.6 294.8 418.5
79 108.7 209.8 211. 1 306.8 41219.2 424.4 617.7
80 114.3 128.8 173.2 184.9 219.1 29-1.6 32\1.2
81 113.0 156.2 176.5 199.4 222.2 286.3 3'B.3
82 76.2 129.5 141.0 .143.5 190.5 199.9 274.1
84 152.4 208.3 236.2 295.1 325.6 330.7 479.1

40
61 87.4 118.4 133.4 189." 235.9 291. 3 369.8
62 161.3 198.4 206.3 223'.5 223.5 234.1 277.8
63 85.1 117.1 158.8 189.3 235.0 266.7 :,365.2
64 158.8 294.6 348.0 358.2 378.0 381.0 '381.0
65 165.1 210.8 293.4 374.6 468.6 485.1 693.4
66 88.9 143.3 187.7 211.9 243.1 252.1 335.8
67 143.5 180.6 2.,1.4 221.5 231.2 273.8 286.8
68 104.4 140.7 140.7 157.2 219.9 21:14.7 332.7
69 76.2 149.9 198.0 261.5 294.5 319.9 355.)

-----------------------------------------------------------------,_ ..._-------
c

,



I !

Table ., (Contd.)L

----------------------------------------------------------------------------Stn. t<ainfalJ in mITI.

No. Year I-Day 2-Day 3-Day 5-Day -I-Day 11O-Day 15-Day
----------------------------------------------------------------------------
40 (contd. )

70 132.8 188.9 214.3 294.8 313.8 39111.10 40111.2
71 . 195.6 226.1 289.6 304.0 308.5 321.5 451. 9
72 96.5 114.3 122.4 122.4 13/.6 188.4 188.4
73 146.1'1 224.1 228.1 269.0 305.1 368.8 484.4
74 148.6 166.4 295.9 325.4 351.1'1 376.4 477.6
75 113.1'1 208.5 282.2 322.9 353.3 362.7 555.2
76 138.4 190.5 191.0 203.7 24111.9 2"16.2 311l9.2
77 127.0 188.1'1 241'1.1 317.3 .335.6 363. III 413.1:3
78 129.5 145.8 173.7 195.6 215.0 273.9 3:52.4
79 231.1 362.2 397.8 456.4 460.8 515.6 546.4
80 119.1 155.2 169.4 213.4 316.7 326 ..4 353.3
81 108.2 141.2 155.2 167.6 194.8 226.6 276.4
82 59.7 86.4 86.4 96.0 11'1l.1 120.1 157.5

16
62 48.1'1 91."1 111l4.-I 141.2 211l1'l.9 217.5 281.9
63 74.4 11'16.1 109.7 124.4 163.0 221.3 241.3
64 121.9 191.7 261.5 292.111 292.0 324. III 415.3
65 222.2 304./ 339.I!! 362.4 368. III 41119.4 432.2

-, 66 1"41.5 146.3 146.3 158.7 159.'1 171.2 22.3.7
67 148.6 167.6 i 191.7 2ill.9 25111.7 273.8 345.'1
68 184.2 2105.8. 229.1 31'17.9 :565.8 398.1 535. '/
69 129.5 188.4 239.2 313.9 346.4 366.7 4.31.5
70 97.8 142.3 165.2 225.2 252.3 284.0 , 324.9
71 108.7 130.8 151.2 212.5 232.3 269.1 312.2
"12 116.8 157.5 251.4 252.1 252.7 252 •., 2"".5
73 190.5 19111.5 251.5 321.8 328.2 511l1.7 54"1.4
74 8111.19 123.9 132.11 .1"/4.1'1 2111l.9 237.1 2't1ll.4
75 186.7 246.4 300.19 359. 'I 361.2 406.9 60-'.111
76 139.7 198.1 204.7 221.2 241.5 268.5 ,3511.III..--.-...
77 176.5 224.8 232.7 358.4 454.2 515.9 650.3
78 102.9 H1l8.0 108.0 18111.4 1811l.4 217.7 240.1
79 234.9 285.7 285.7 301.111 326.4 326.4 366.8
8111 102.9 132.6 144.lil i 144.0 160.5 2lil8.0 264.9
81 138.4 199.6 246.6 I 264.2 273.8 289.1 415.3
82 87.9 90.7 92.5 ! 92.5 105.4 126.2 166.1
83 95.3 118.9 158.0 , - 188.0 221. 8 2/8.7 317.2
84 103.4 176.3 21'18.6 228.4 248.4 Zt1.5 3:59.4

23
62 142.2 171:1.1 197.8 248.6 256.5 298.6 444.9
63 91.7 142.0 171.2 24fLl ..6 240.6 240.6 '301.2
64 114.3 204.5 253.5 31115.6 321'l.1 331.5 446.6
65 354.3 430.5 542.3 592.6 591.7 638.6 697.6
66 135.9 147.3 2l1j4.5. 246.4 248.9 258.8 267.9
67 74.2 99.8 116.6 133.1 136.1 197.3 250.6
68. 1311l.6 194.1 2.38.6 31112.8 338.1 361.2 418.9
69 127.0 205.0 243.1 273. / .311l1ll.9 311.9 345. III
70 132.1 156.2 188.0 194.9 £0/ .2 241.9 289.1

--------- ._---_._--_._--- -_ .._.- ..--_ . .- .-_.- -_._._.- - - - - "..- .- _ .. '" ._-- _ ... -.-..._-_ .._-_ ..- _.-
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Table ~,(Contd. )L

----------------------------------------------------------------------------Stn. Rainfall In mID.
No. Year I-Day 2-Day 3-Day 5-Day I-Day 10-Day 15-Uay
----------------------------------------------------------------------------23 (contd.)

72 74.7 79.2 82.0 114.3 125.5 161.4 219.4
73 124.5 140.7 177.5 257.6 296.9 328.4 354.3
74 88.9 136.4 180.1 188.7 246.9 306.8 363.6
75 63.5 124.5 142.3 199.5 210.9 234.6 361.4
76 110.5 174.0 193.1/1 239.7 260.0 263.3 404.0
77 152.4 190.0 221/1.1 Z/6.3 323.3 3j9.6 468.6
78 133.3 169.6 201.8 238.9 246.6 256.5 328.2
79 221.7 291.5 291.5 291.5 348.9 354.5 428.1

" 811 91.4 144.0 ,188.1 202.2 205.2 230.9 332.5
81 82.5 150.3 169.3 220.1 239.8 314.1 335.5
82 49.5 69.3 76.2 '16. L 108.1 128.0 164.9
83 165.1 224.5 227.8 238.0 238.0 2.96.2 31'9.4
84 127.5 149.6 176.1 21l3.3' 2l/14.1 219.1 329.3

184
62 113.0 144.8 158.8 158.8 172.13 198.2 231.6,
63 80.0 97.5 121.4 129.8 16111.H 198.1 268.:2
64 171.4 250.1 2/0.8 2f1l.8 295. { 348.2 363.13
65 223.3 334.3 355.4 364.0 41/.4 485.-/ 488.0,
66 101.1 129.0 184.4 190.0 21110.7 241.9 289.'1
67 124.4 147.8 160.5 ' 194.8 203.2 29~.1 3HI.6
68 212.1 240.0 262.9 284.5 316.3 318.8 361.5
69 198.1 259.1 274.3 3'10. I 400.4 412.8 ',451.9
70 102.9 169.4 212.8 223.13 226.8 215.0 :323.3
71 80.3 130.6 181.4 220.8 237.4 308.2 383.1
72 122.9 122.9 135.9 185.7 185.7 230.7 335.9
73 71.9 83.3 106.2 175.2 200.6 265.3 301.4

":-._- 74 127.0 .165.1 172.111 198.2 253.3 279.0 382.1
75 114.6 133.2 196.7 240.4 262.0 290.2 335.8
76 81.3 102.9 132.1 164.4 176.3 216.1 321.11
77 182.1 226.1 289.8 430.3 535.7 584. / /116.6
78 52.3 72.9 96.0 125.2 177.8 200.6 21118.2
79 182.4 290.3 290.3 314.1 347.1 359.5 476.1
80 119.4 146.1 171.5 ' 194.8 218.2 261.9 365.3
81 142.2 163.8 '176.5 ,191.8 218.4 258.8 299.5,
82 90-.4 90.4 109.5 11119.5 111.1!J 139.4 199.1
83 88.4 120.1 137.2 ,.168.4 184.1 225.8 320.5
84 88.9 148.9 221.3 235.3 235.3 249.3 345.8

38
64 253.2 3111.0, 3rt.4 325.3 325.3 325.3 ,339.5
65 130.8 188.0 232.4 263.1 275.0 351.2 ,422.1Il
66 l~L.:L 139.2 15~.2 190;0 210.8 252 ..} '3I8.l
67 116.3 131.8 111.5, 193.0 232.1 239..7 285. I68 ' 80.8 115.3 132.3 186.2 193.0 238.111 286.3
69 109.5 133.6 143.8 212.8 246.H 314.9 371.0
'10 116.8 159.5 182.1 212.9 226.6 :LJ1.8 331.7

---------------------------------------------------_. -.__ ._---------- - ---_._---
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N
---------------------------------------------------------------
--------------------------------------------------------------1.15380

1.15570
1.15740
1.15900
1 .16066
1.16230
1.16380
1.16530
1.16670
L 1b81 0
1.16960
1.17080
LI/210
1.1/340
"1.17461
-1.1770U
I. IB3U
1.18140
1.18340
1.18536
-I.187::10
1.18900
1.19060
1 .",9230
1.19382
1.19530
1.19670
1.19800
1.19940
1 .20073
1 .20200
1 .20320
1.2ll440
1.20550
1.20649
1.22534
1 .23598
1 .23292

0.54680
0.54730
0.54770
0.54810
0.54854
0.54890
0.54930
0.54970
0.55010
0.55040
0.55080
0.55110
0.55150
0.55180
0.55208
0.552/0
0.55330
0.55380
0.55430
0.55477
0.55520
0.555/0
0.55610
0.55650
0.55688
0.55720
0.55760
0.55800
0.55830
0.55860
0.55890
0.55920
0.55952
0.55980
0.56002
0.56461
0.56715
U.56878

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
62
64
66
68
70
7'2-

,4
76
78
80
82
84

.86
88
90
92
94
96
98

100
150
200
250

0.90430
0.92880
0.94970
0.96760
0.98330
0.99720
-I.00950
1.02050
1.03160
1.04110
1.04930
1 .056bU
1 .06283
1.06960
1.07540
1.0811U
-1.08640
1.09145
1.09610
1.10U1)0
1.-10470
1.'10860
1.\1238
1 .11590
1.1.1930
1.1226U
1.12550
1.12847
1.13130
1.13390
1.13630
L 13880
1.14132
1.14360
1.14580
1.14800
1.14990
1.15185

Va lue of Yl'.l and ()N as a function of samp ie SlZE: N

0.48430
0.49020
0.49520
U.49960
0.5U350
0.5U7UO
0.51000
0.51280
0.51570
0.51810
0.52020
0.5220U
U.52355
0.5252U
0.52680
0.52830
0.52960
0.53086
0.53200
0.53320
0.53430
0.5353U
0.53622
0.53710
0.53800
0.53880
0.53960
0.54034-
_0.54100
0.54180
0.54240
0.54300
0.54362
0.54420
0._54480
0.54530
0.54580
0.54630

8
9

10
1 1
12
1 3
14
15
16
1 7
18
1 9
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Source: RAUDKIVI,A.J.,Hydrology; Pergamon Press.



Table 4 Values of X'-for degree of freedom )f and probabl-
lity p

--------------------------------------------------------------Values of p
11' 0.99 0.95 U.80 U.50 0.20 U .1U U.U5 U.OI

--------------------------------------------------------------
1 0.00 0.00 0.06 U.45 1 .60 2.70 3.1;4 6.63
2 0.02 U. "I0 0.44 1 .36 3.21 4.60 5.99 9.21
3 U. n 0.35 1 .00 2.36 4.64 6.25 7.81 n .34
4 0.29 0.71 I.64 3.35 ::;.98 7.79 9.48 13.27
5 0.55 1 .14 2.34 4.35 I.28 9.23 11.01 15.08
6 0.87 "I.63 3.U7 5.34 8.55 10.64 12.::;9 16.81
"I 1 .23 2.16 3.82 6.34 9.80 12.01 14.U6 18.4"1
8 1.64 2.73 4.59 7.34 11.03 13.36 1::;.50 20.09
9 2.08 3.32 5.3tl. 8.34 -12.24 14.68 16.91 21 .66

10 2.55 3.94 6. 17 9.34 13.44 15.98 18.30 23.20

11 3.05 4.5"1 6.98 ",0.34 14.63 17 .2 7 "'9.6"1 24.12
12 3.57 ::;;22 7.8U 1 I.34 15.81 "'8.::;4 2 I.02 26.21
13 4.10 5.89 tl.63 12.34 "'b. 98 19.81 22.36 2"/.68
14 4.66 6.57 9.46 13.33 "18.15 21 .06 23.68 29.14
",5 5.22 7.26 10.30 14.33 10. ::n 22.30 24.99 3U.57
16 5.81 7.96 11.15 15.33 20.46 23.54 26.29 32.0U
17 6.40 8.67 12.00 16.33 21.61 24.76 2l.58 33.40
18 7.01 9.39 12.85 17~33 22.76 25.98 28.86 34.80
19 7.63 10. 11 13. 71 18.33 23.90 27.20 3U.14 36. "19
20 8.26 10.85 14.57 19.33 25.03 28.41 31 .41 37.56

I. 21 8.89 11.59 15.44 20.33 26.17 29.61 32.67 38.93,
! 27.3022 "9.54 12.33 16.31 21 .33 3U.81 33.92 "40.28,

23 10.19 13.09 17.18 22.33 28.42 32.00 35.17 41 .63
.":'_~--.:..- 24 10.85 13.64 18.06 23.33./ "29.55 33.19 36.41 42.98

25 11 .52 14.61 18.94 24.33 30.67 34.38 37.65 44.31
26 12.19 15.37 19.82 25.33 31 .79 35.56 38.88 45.64
27 12.87 16. 15 20.00 26.33 32.91 36.74 40. 11 46.96
28 13.56 "16.92 "21.58 27.33 34.02 37.91 41.33 48.27
29 14.25 17.70 22.47 28.33 35.13 39.08 42.55 49.58
30 14.95 18.49 23.36 29.33 36.25 4U.25 43.77 50.89

._-------------------------------------------------------------""Source :"Varshney I R. S. ; Engineering Hydrology.
, ,
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U. 0 1

" .63
Ji1

1 .36
Ji1.fn

1.22

Significance level
0.15 0.10 O.Uj0.20

Critical values for the Kolmogorov-SmiEn00 test
Stat ist ic

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

Table 5

'.

, .900 .9i::5 .950 .975 .9952 .684 .726 .716 .842 .9293 .565 .597 .642 ./08 .8294 .494 .~24 .:>64 .624 ./345 .440 .4/4 .510 .5b3 .669
6 .410 .436 .470 .521 .6187 .381 .405 .438 .486 .5778 .358 .381 .411 .457 .5439 .339 .360 .388 .432 .51410 .322 .420 .388 .409 .486

11 .307 .326 .352 .391 .4&812 .295 .313 .338 .375 .45013 .284 .302 .325 - .361 .43314 .274 .292 .3'14 .349 .41815 .266 .283 .304 .338 .404
16 .258 .274 .295 .328 .391lr .250 .266 .288 .318 .38018 .244 .259 .278 .309 .37019 .237 .252 .272 .301 .36120 .231 .246 .264 .294 .352
25 .210 .220 .240 .264 .32u30 .190 .200 .'220 .242 .29035 .18U ."90 ~I9U .230 .21040 .210 .250 ,,50 .190 .23u
60 .170 .2I0,70 .160 .19u80 , .150 .180,90 .140100 " .'140

Sample
S i z e eN)

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

--------------------------------------------------------------
Asymptotic
Formula

Source: Varshney, R.S.; Engineering HYdrology.--------------------------------------------------------------



"Table 6 Rainfall deptr, tormulas

Frequency Formuia

5 d = 0.687 t ('1'2'"

10 d = 0.860 to>23

20 d = 0.915 to'2.£

25 d = 1.003 to . .z.q

50 d = I.515 to'':'E

100 d = 1.312 to"::'-z

". J

L

Source: Bernard, M.M .• 19::12
--------------------------------------------------------



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

Source: Dhar, Rakecha and Mandai.

3-daY(%)2-daY(%)l-day(%)River Basin
----------------------------------------------------------

1 . Subarnarekha 26 39 41
upto ghatshi la

2. 8etwa upto 2b 4/ 64
Rajghat

3. Mah i upto 4<:: 68 100
Kanda

Table 7: PMP design storm value as percent of mean
annua1 rainfal'l

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



,-----,--------------------------------------------------------

'-'hc ...,

-.6244
-.6621
-.5801
-.65U8
-.6244
-.652£:
.6497

-.5364
-.6803
-.6055
-.6195
.1703

-.6401
-.6245
-.6745
-.6689
-.6707
-.6148
-.6244
-.6313
.-.6765
,-.6603
-.6256
-.66/8
-.6467
-.6455
-.6737
-.6344
-.6112
-.4312

.2147
-.6643
-.5897
-.660-'
.:2147

-.6489
.6488

-.6577
.'806

-.6102
-.6244
.,438

-.6374
-.6112
-.4389
-.6733
-.6595
-.6784
-.6164
-.6389
-.6612
-.6589
-.6294
-.6709
-.6502
-.6622
-.6512
-.6244
..2523
-.6511

.2275
-.6701
-.6000
-.6495

.2;;07
-.6501
.653::!

-.65'12
.19,5-1

-.6012
.1676
.1833
.2094
.2278
• '908

-.6745
-.6624
-.6522

.2023
-.6454
-.6432
-.6523
-.6374
-.6687
-.6390
-.6576
-.6534
.1954
.2076
.6511

.2680
- .6596
-.5975
-.6522

. 1665

.2128

.-,957
-.6644
.1895

-.6112
.1%-'
.2147
.2471
.2279
.2127
.2002
.J 782

-.6678
.2157

- .6374
-.6500
-.6475
-.6400
-.6565
.,1898
.1727

-~6654
.1924
.2438
.3245

.2233
-.6685

.2086
-.6500
.1964
• -I 849
.2218

-.6544
.2100
.2419
.2395
.1839
.2-137
.1737
.2001
.2U09
. -,046

-.6624
.2294
.2130
.2007
.1808
.1590

-.6624
.1739
.1683

-.6578
.1788
.2234
.2221

.1903
• -I 644
.2273
.2212
.2331
.2308
.2101
.1501
.1359
.1897
.1577
.1995
.1776
.2025
.-,674
• -18'17
.1672
.0546
.2581
.1931
.1959
.2131
.1866
.0959
.1607
;1734

-.6727
.2220
.1909
.1765

Difference between the critical value and thE
computed value of Ko1mogorOv-Smlrnov test tor
Gamma oistribution.

.2286

.1689

.2479

.2284

.2241
• -192U
.2446
.0984
.1210
.1850
.2165
.1575
.1558
.212-'
.1795
.1891
.1257
.1495
.1607
.1287
.2117
.1355
.1870
.0973
.1123
.1758

-.6639
.2106
.2486
.165/

--

154
23

152
222
194
210
181
209

24
165
199
203

8
198
191
219
185
182
18/
215
169
156
213
196

33
184
160

1 6
151
25

St n. :
No. :

** a negative value indicates a failure

--------------------------------------------------------------Difference between critical & Computed Value
I-Day 2-Uay 3-Day 5-Day 7-Day 10-Day 15-Day

Table 8



,"

•• a negative value indicates a failure

Difference between crit,cal and comPuted value. o~
KolmogorOV-Smlrnov test statist,c at U.05 sign,r-
icance level (Gumbel Distribution).

Table 9

, ,
_____ 1 _

154 .2527 .2075 .2601 .2343 .2155 .2514 .n3~
23 .1473 .1464 .1065 .1214 .Llii .1338 .19/3
152 .2703 .2U84 .2196 .2429 .2054 .242~ .2660
222 .2018.1988.2410.2213.1928 .IIS8 .1827
194 .1832 .2257 .2172 .1/06 .2522 .2534 .2090
210 .2152 .2281 .20/0 .2480 .2157 .2100 .2025
181 .2495 .23~5 .2100 .2224 .2152 .1~5U .1646
209.1189.1735.1439.1732.2284.2156.1673
24,.1175.1542.2014.1790.2068.1702.19/2
165 ,.1444 .B43 .2157 .2H9 .1803 .2227 .24tJO
199 .2105 .1581 .2400 .2136 .1851 .2393 .2321
203 .1713 .2141 .1760 .1973 .1785 .1104 .1388
8 .1640 .1/31 .2104 .2750 .2086 .1974 .2159

198 .2509 .2361 .1932 .2271 .2155 .2606 .1910
191 .1904 .1982 .2191 .2113 .2195 .1799 .1936
219 .1777 .1798 .1912 .1819 .1763 .2170 .2117
185 .1175 .1780 .1327 .1859 .2008 .2143 .2125
182 .1565.0643.1729.1110.1927.2330.1526
187 .1922 .2536 .2518 .2488 .2372 .2357 .2280
215 .1590 .2230 .1980 .ltJ4a .0527 .0546 .1233
169 ,.2431 .2023 .2144 .2184 .2077 .2U19 .2348
156.1454 .2455 .2086 .15/0 .2484 .1816 .'1874
213 ;1755 .1612 .1626 .2365 .2438 .2056 .2206
196 .0833 .1157 .0967 .'1203 .1479 .1786 ',.2058
33 .1091 .1605 .1903 ,,1969 .2399 .1785.U654
184 .1775.1805.1971.1909.1814.1766.1686
160 -.0005 .0623 .0611 ,1098.0952.1341.1565
16 .2430.2279.1948.2108.2217.2055.2253
151 .2121 .2045 .2497 .2431 .21U9 .2291 .2504
25 .1816.0743.1803.1894.1791".1912.2226

Stn.: Difference between crit,cal & Computed Value
1'0.: 1-Day 2-Day 3-Uay 5-Uay 7-Uay 1U-Uay 15-Day



-..-0.'- .. ""', . .

,
_____ 1 _

5.12

0.94

3.33

1 . 79

2.59

2.32

3.52

0.74

2.13

4.95

0.26

1 .53

U.35

0.35

0.74

0.67

2.84

4.42

1 • 1 7

6.38*

1 .79

0.25

1 .53

2.71

3.89

1 .33

0.35

0.74

5.43

2.32

2.00

1 .79

4.63

2. 12

1 .79

0.94

2.00

I. 13

1 .79

0.74

5.43

1 . 79

2

1 .50

.5.06

5.99

2.71

0.35

2.00

0.35

0.74

4.61

5.43

3.37

0.74

0.74

3.38

Chi-square Values
3-Day 5-Day 7-Day 10-Day 15-Day

.-. ,

Chi-square test with equal probabl1ity class lnte-
val scheme at 0.05 significance level. ( f, = :,J.
( Gamma Oistributlon ).

1.53 10.35*

1.33 3.33

0.94 1.53

1.53 4.47

3.37 1.79

2.32 2.00

0.21 0.21

3.30 2.87

4.00 2.57

7.58* 3.89

3.3~ 2.75

Computed
1-Day 2-Day

24

23

199

194

154

152

181

210

209

165

.222

" ~.- -~~'-.

St n. :
No. :

Table 10

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

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

Values marked with * indicates failure

Degree of freedom

Critical Value
--------------------------------------------------------------

/



.'

."

Values marked with * indicates failure

2

5.99

Chi-square test with equal probability class lnte-
val scheme at 0.05 significance level. ( k = 51.
( Gumbel Distribution I.

Critical Value

--------------------------------------------------------------
St n. : Computed Chi-square ,.•..:Va 1ues
No. l-Day 2-Uay 3-Uay 5-Day 7-DaY 10-Day l5-Day

•
_____ 1 ______ ------------------------------------------ ________

199 1 .53 10.35* 1 .53 5.06 4.47 3.29 1 .53

154 0.35 4.47 0.35 2.71 5.06 0.35 7.47

152 0.67 2.67 7.33 4.67 1 .33 0.67 2.67

222 3.37 3.89 1 .79 0.74 0.74 1 .26 1 .26

194 3.88 4.47 2.71 6.24* 1 .53 0.35 1 .53

181 0.21 0.74 0.21 1 .79 1 .79 1 .26 1 .79

210 0.74 0.14 0.74 0.74 1 .2& 0.21 2.84

23 4.95 3.52 10.19* 5.43 7.33* 6.38* 5.43

24 3.30 8.09* 2.8i' 2.00 1 .13 L.87 0.26

209 6.00* 3.89 2.84 3.3i' 2.32 0.74 6.00

165 3.38 3.38 2.13 3.38 2.13 2.15. 3.38
--------------------------------------------------------------
Degree of freedom

Table 11

------:
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Table 12' Parameters ot prediction equation for different stations

---------------------------------------------------------------------
Station Value of parameters for different da'l duration
No. (l) (2) (3) (5) (7) (10) (15)
---------------------------------------------------------------------

165
U 152.97 204.17 252.40 318.82 363.79 428.65 522.0/

BETA 36.14 58.34 80.50 93.40 98.130 105.73 126.08
221l'

U 162.24 218.59 269.70 348.63 402.62 474.25 612.19
BETA 49.tl5 51.24 72.27 /2.38 83.47 102.53 119.213

197
U l,,4"i.42 202.72 245.75 329.44 388.24 452.14 558.93

BETA 49.92 60.61 69.04 1:l4.93 104.24 119.96 153.32
157 ,.

U 150.90 210.49 264.06 370.88 449.53 522.4~ 6'11.82
BETA 45:'69 64.58 56.42 41.04 64.24 83.68 133.05

161
U 159.36 216.18 259.34 327.15 383.tl4 436.81 5111.20

BETA 29.41 38.53 56.07 64.38 72.10 99.34 106.26
200

U 129;77 173.62 221.61 2T1.55 331.24 417.12 521.24
BETA 35.21 48.51 77.70 88.29 99.92 118.28 151.12

182-
U 134.52 181.05 219.93 269.31 304.:52 341:l.16 421.43

BETA 54.18 76.96 91.60 99.28 111.52 123.23 175.46
159

U 153.62 229.03 278.74 368.77 432.1111 479.34 601.98
BETA 32.67 45.13 65.64 94.34 98.98 125.64 157.92

183
I

U 149.02 197.52 240.62 -293.56 331.08 386.35 482.21
BETA 40.99 71.50 80.57 , 86.26 91.28 96.06 134.61

174
U 174.69 240.34 279.50 350.54 393.2"i 438.47 590.75

BETA 51.26 64.55 63.76 ' 82.59 1013.44 145.92 149.96
177

U 14i<l.43186.49 21119.34 268.66 3L!15.35 346.84 422..74
BETA 59.92 73.08 98.39 113.64 132.12 135.71 182.97

188
U 155.54 19'7.70 23111,62 274.29 313.67 371.17 454.45

BETA 31:l.80 72.11 " 89.69 121.32 126.11 138.96 153.15
154 ! ..-

U BI:l.55 129.51 164.711 213.67 246.75 301.35 383.99
BEfA 39.39 41.90 44.55 53.46 60.90 67.46 tl8.36

160
U 1411.04 192.69 22/.46 2'73.48 31112.93 345.71 421.90

BETA 34.77 57.44 65,.56 86.75 88.33 92.73 85.41---------------------------------------------------------------------





J~

Table 12 (contd. )
---------------------------------------------------------------------
Station Value of parameters for different day durationNo. (1) (2) (3) (5) (7) 01'1) (15)------------------~--~-----------------------------------------------153

U 149.37 188.55 2lJJ1.55 248.12 215.82 316.11 412.6'LBETA 51. 96 62.48 75.37 77.57 83.11 91.11 111.311186
U 155.75 2119.31 24"/.58 305.22 336.82 J79.9/ 478.67.. BETA 42.65 61. 93 79.79 99.48 1113.04 129.66 172.23222
U 133.72 188.111 227.04 2/3.93 317.25 367.06 445.115BErA 52.19 67.57 86.11 1f1l4.87 1111.51 115.1f1l 137.77215
U 113.86 145.66 165.21'1 182.1f1l 208.77 248.98 28Y.82BETA 42.113 59.11 68.1'18 94.57 112.29 145.fIl8 161.31163
U 121.88 186.43 225.fIll1276.15 308.29 35/.67 434.54BETA 41.44 67.99 81.92 98.32 117.33 129.28 16f1l.12156
U 111. 9f1l 162.98 195.5f1l 236.71 273.26 314.34 392.58BETA 49.46 72.68 81.83 93.15 93.7f1l 94.78 Ifill.95181
U If1l9.12 155.23 177.21 218.1'111241.49 27f1l.811341. 61BErA 53.57 86.76 1110.25 93.0f1l Ifill.59 121.811 121.75152
U 105.52 144.62 171.65 2f1l1.13 226.69 251~;96 3f1l9.88BETA 42.23 59.46 74.39 87.25 88.26 107.34 134.29198
U 115.1f1l 149.62 17f1l.77 211'1.63 232.75 '261.97 333.19~ETA 49.7f1l 62.0,\ 63.56 .71.66 87.85 105.90 125.14187
U 108.26 148.07, 176.69 203.8", 222.36 258.98 312.95BETA 41.34 62.39 63.96 69.83 73.84 91'1.30 95.22194
U 86.64 117.17 139.10 167.59 194.63 238.56 31'11'1.91BETA 51.41 53.17 59.fIl7 62.83 62.65 81.39 93.62219
U 106.91 140.69 165.7,8 2111'1.43222.46 251.24 314.26BETA 46.57 511.24 61.~3 67.24 74.48 811.02 74.74158 i
U 96.91 126.79 15f1l.7.1'1175.45 21111.13 234.41 294.6!BETA 61.fIl8 94.50 1113.52 112.82 115.55 126.21 161.60185
U 11'11'1.23131.26 156.58 185.99 215.39 242.94 301.13BETA 55.42 58.60 64.21 79.63 91.fIl8 95.14 Ifill.87191
U 112.64 147.55 167.01 193.fIl3 218.z-t 249.96 313.13BETA 43.23 511l.94 60.57 67.59 75.64 74.42 89.69---------------------------------------------------------------------
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Table 13 (contd.l
--------------------------------------- --------------------------Stn. Return Period in yearsNo. Day (2) (5l (10) (20) (50) (10l'll--------------------------------------~--------------------------177

1 162.4l'l 230.31 275.28 318.41 374.24 416.118-, 213.28 296.11 350.95 403.56 471.66 522.69~
3 245.411 356.91 430.75 501.57 593.25 661.95.5 310.32 439.12 524.40 606.21 712.09 791.457 353.77 5113.52 6"'2.6/ 691.77 8211J.88 913.1310 396.50 55121.40 652.20 749.911 876.3l1l 971.1015 489.80 697.1121 834.411 966.10 1136.611 1264.410188
1 169.76 213.75 242.87 2710.80 3116.96 334.052- 224.13 305.87 359.98 411.89 479.08 529.443 263.49 365.14 432.45 49/.00 5811.57 643.195 318.7~ 456.26 ~47.3i1l 634.63 747.66 832.377 359.8'>' 502.83 59/.47 688.25 805.75 893.8110 428.10 585.6111 689.8121 789.90 91'1.30 1016.4015 510.50 684.111 799.10 9"'9.311 1052.11'" 1158.910 't...~154
1 102.99 147.64 177.19 205.55 242.25 269.752 144.86 192.35 223.79 253.95 292 ..99 322.243 181.03 231.52 264.'>'5 29/.02 ~38.53 36'>'.635 233.26 293.85 333.97 372.45 422.26 459.597 269.lIl/ 338.09 383.8l'l 427.63 484.38 526.9010 326.00 402.50 4~3.10 501.70 ~64.50 611.6015 416.30 516.50 582.8l'l 646.40 728.70 791.1.40160
1 152.79 192.20 218.29 . 243.32 275.72 299.992 213.74 278.84 ..321.94 .363.29 . 416.80 456.913 251.49 325.80 375.00 422.19 483.28 529.065 305.27 403.60 468.69 . 531.14 611.97 672.54 F,
7 335.30 435.42 501. 71 565.29 647.60 709.2810 379.60 484.70 554.30 621.10 707.50 772.2015 459.211l 556.00 .620.10 681.511 761; 10 8211l.80213
1 157.38 200.57 229.16 256.59 292.09 318.711l2 206 •.79 260.65 296.30 330.50 374.77 407.953 242.52- • 305.•09 346.52 386.26 437.69 , 476.24 .-5 292.01 372.97- -426.57 477.99 544.54 •-594.427 333.80 429.711l 493.19_ 554.09 632.93 --692.011l10 384.10 48121.1121543.70 61214.611l683.50 742.712115 473.60 584.611 658.1121 728.60 819.813 888.213

------------------------------------------------------------------
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'-.. Table 13 (contd. ). ;,~::..c':--~ ••.
-----------------------------------------------------------------
Stn. Return Period In years
No. Day (2) (5) (1\:ll (20) (50) (10111)-----------------------------------------------------------------
181

1 128.75 189.47 229.67 268.24 318.15 355.56
2 187.02 285.36 350.47 412.92 493.76 554.34
3 213.95 327.57 402.80 474.96 568.37 638.36
5 252.08 357.49 427.27 494.22 580.86 645.81'1
1 278.72 393.87 470.10 543.2:5 637.8'7 708.83
10 315.40 453.50 544.90 632.50 746.00 831.10
15 386.21'1 524.20 615.50 703.21'1- 816.60 901.60

152
1 121.00 168.81 200.56 231l.96 270.32 299.80-, 166.41 233.81'1 278.42 321.22 3/6.62 418.14,
3 198.91 283.23 3:59.06 392.6111 461.92 513.86-5 233.11 332.00 397.47 461'1.28 541.51 61112.51'1
7 259.1114 359.08 425.31 488.84 511.08 632.7111
10 291.30 412.90 493.51l 570./0 611'1.81'174~.-{1'1
15 359.1l1l 511. 2111 612.01l 708.70 833.81l 927.61l198
1 13:5.32 189.64 226.94 262.71 31l'7.1iJ1343./12 172.36 242.67 289.22 333.88 391.68 43~.1'11113 194.01 266.11 313.8111 :559.55 418.71 46:5.155 236.90 318.12 371.91l 423.49 490.26 540. :m7 264.95 364.52 430.44 493.68 5-/5.53 636.8110 300.70 420.tl0 501'1.211157b.511 675.20 -749.!I!!15 3-/9.111111520.80 614.80 71114.80_ 821.40 908.8111187
1 -_-123.41 170.27 201.2'7 231.04 269.56 298.42---. -. ---~ -2 170.94 -241.65 - 288.47 333.38 391.51 435.083 20111.13 272.63 320.62 366.66 426.26 4-{0.-92
5 229.48 308.62 361.03 - 411. 29 4/6.35 525.117 249.42 333.11 388.52 441.67 510.47 562.0310 292.00 394.40 462.10 527.10 611.30 674.3015 347.80 455.70 527.20 595.70 684.50 750.90194 ,,,

1 105.48 163.75 202.32 239.32 287.22 323.122 136.66 - 196.92 236.82 275.09 324.63 361.753 160.75 227.70 272.02 314.54 369.58 410.825 190.62 261.83 308.98 354.21 412.75 456.627 217.60 288.61 335.62 380.72 439.10 482.8410 268.30 - 360.60 421.70 480.30 556.10 612.9015 335.20 441. 31'1 511.50 578.90 666.20 731.6111
------------------------------------------------------------_.----

lO~



Table 13 (contd.)
-----------------------------------------------------------------Stn. Return Period in yearsNo. Day (2) (5) (1111) (20) (50) (00)-----------------------------------------------------------------219

1 123.98 176.76 211.71 ~45.23 288.62 321.13~, 159.11 216.05 253.75 289.91 336.72 371.80~
3 188.15 257.32 303.12 347.05 403.92 446.535 225.07 301.29 351.75 400.15 462.80 509.75. 7..~ 249.75 334.17 390.06 443.67 513.0? 565.0710 286.50 377.20 437.30 494.90 569.40 625.3015 341.60 426.30 482.40 536.20 605.80 658.00158
1 119.29 188.52 234.36 278.33 335.24 377.892 161.43 268.54 339.45 407.48 495.53 561.523 188.64 305.97 38].66 458.17 554.63 626.915 216.80 344.67 429.33 510.54 615.66 694.437 242.48 313.45 4bf.1.16 543.J4 651.01 '131.6'110 280.60 423.70 518.40 6119.20 726.80 814.9015 353.90 531.00 658.30 774.60 925.20 1038.00~.,.185
1 120.54 183.36 224.95 264.85 316.49 355.192 1;;2.74 219.16 263.14 305.32 J59.92 4(/1<\.843 1811.11 252.~9 .31<11.08 347.30 407.13 451.915 215.18 305.43 365.19 422.51 4~6.11 552.311 248.77 352.01 . 420.36 485.92 570.79 634.3910 271.8(/1 ]85.60 457.00 525.50 614.111 680.5015 338.40 453.90 53111.30 6":3.60 698.60 769.70191
1. 128.48 ..177.48 209.93 241.04 281.33 311.512 166.22 223.95 262.18 '298.84 346.30 381.87---- -- 3 189.21 257.86 303.32 ! 346.92 403.36 445.655 211.80 294.41 345.13 393.71:l 456.76 503.957 246.00 331.73 388.49 . 442.94 513.41. 566.2310 277.20 361.50 417.40 471.00 540.30 592.3015 346.00 447.60 514.90 579.50 663.10 .725.71<1.151
1 '101.90 126.76 143.22 159.00 119.44 194.75,., 153.66 204.74 238.56 271.00 312.99 . 344.46~
3 184.08 242.67 281.46 318.67 366.83 402.935 220.54 293.98 342.60 389.23 449.60 494.847 255.,18, 334.50 381.01 437.3'i 502.59 551.45

.'-' . 10 285.30 366.40 420.10 411.60 538.20 588.2015 352.70 438.60 495.50 550.10 621.1.70 673.70
-----------------------------------------------------------------

,"



...

..L ') ."1





lOS

Table 14 Value of rainfall cor rect ion factors tordifferent return perlods
--------------------------------------------------------------Station Return Period in Years

,'~ No. (2 ) (5 ) (10 ) (20) (50 ) (IOU):,~.

--------------------------------------------------------------165 0.83 0.83 0.82 U.81 0.79 0.78220 0.90 0.87 0.136 0.84 0.81 0.79197 0.85 0.86 0.86 0.85 0.83 0.82157 0.93 0.88 0.85 0.32 0.78 0.74161 0.83 0.79 0.76 0.74 0.71 0.69200 0.76 0.78 0.78 0.77 0.76 0.75182 0.73 0.80 0.82 0.83 0.83 0.83159 0.92 0.90 0.87 0.84 0.80 0.79183 0.79 0.80 0.80 0.79 0.78 0.77174 0.92 0.92 o . 91 0.90 0.138 0.86177 0.74 0.82 {).85 0.87 0.87 0.88188 0.78 0.83 o .B5 0.85 0.85 0.85154 0.55 0.56 0.55 0.55 0.54 0.53160 0.72 0.72 U.11 O. 7 I 0.69 0.68213 0.72 0.71 0.70 0.69 0.67 0.65167 0.80 0.77 0.74 0.72 0.69 0.68166 0.77 0.77 0.77 0.76 0.75 0.74179 0.73 0.71 0.71 0.69 0.6/ 0.65209 0.9/ I.00 1 .00 1 .00 0.98 0.9/155 0.74 0.86 0.91 0.94 0.96 0.97221 0.84 0.85 0.85 0.84 0.82 o . 81199 0.57 0.62 0.63 0.64 0.64 0.64210 0.68 0.69 0.68 '0.68 0.66 0;65168 0.59 .0.62 0.63 \oj. 63 0.63 0.62189 0.64 0.70 0./2 0.73 0.73 0;73201 0.65 0.71 0.73 0.74 0.74 0.74196 0.63. .0.68 0.69 0.70 0.68 0.6/203 0.56 0.55 0.55 0.54 0.52 0.51206 0.70 .0.74 0.75 0.76 0.75 0.74153 0.70 0.72 0.72 0.72 0.71 0.71186 0.81 0.83 0.84 0.84 0.83 0.82222 0.75 0.79 0.81 0.81 0.81 0.80215 0.56 0.63 0.66 0.68 0.69 0.70163. 0.73 0.78 0.79 0.80 0.80 0.79156 0.65 0.70 0.71 0.72 0.72 0.71181 0.61 0.69 0.72 0.74 0.75 0 ..75152 0.56 0.62 0.64 0.65 0.65 0.66198 0.58 0.63 0.65 0.65 0.65 0.65187 0.56 0.59 0.60 0.61 0.61 0.60194 0;48 0.53 0.54 0.55 0.56 0.56219 0.54 0.57 0.58 0.57 0.57 0.56158 0.54 0.67 0.72 0.75 0.77 0.18185 0.53 0.59 0.61 0.62 0.62 0.63.191 0.55 0.57 0.58 0.58 0.58 0.57
-----------------------------_._---_._--------------------------
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Return Period in Years
(5) (10) (20) (50)( 2 )

Station
No.

Table 14 (contd.)

--------------------------------------------------------------151 0.53 0.53 0.53 0.53 0.52 0.518 0.54 0.58 0.59 0.60 0.60 0.6024 0.55 0.55 0.55 0.55 0.54 0.5433 0.66 0.70 0.71 0.72 0.73 0.7240 0.57 0.61 0.62 0.62 0.62 0.6216 0.55 0.58 0.60 0.60 0.60 0.6023 0.54 0.61 0.63 0.63 0.63 0.53184 0.52 0.57 0.59 0.60 0.60 0.6038 0.48 0.50 0.51 0.51 0.48 0.484 o . 51 0.57 0.59 0.60 0.60 0.6025 0.51 0.58 0.61 0.63 0.64 0.64

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

~---
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lable 15: Ratios of 5,10,20,50 and IUD year to 2-Year
different duration rainfall over N-W region
of Bangladesh

---------------------------------------------------------
Hydologocal Return Period (years)
Unit No.

(5 ) ( 10 ) (20 ) (50) (100)---------------~-----------------------------------------
1'1e a n 1 .30 1 .50 1 .68 1 .~3 2. 11
S.D 0.08 0.14 0.19 0.26 0.31

2 ~1ean I .33 .1 .55 '1 ,76 2.U4 2.25
S.D 0.07 0.11 0.16 0.21 0.26

3 ~1ean 1 .38 1 .63 1 .86 2.18 2.41
S.D 0.U6 o . 10 1J. -I 4 O. 19 0.23

4 Mean , .37 1 .6l' 1 .86 2. 17 2.40
S.D 0.06 O. 10 0.14 O. I~ lJ ~>'J•••w

5 Mean I .33 ] .55 1 .76 2.03 2.23
S.D 0.04 0.06 0.08 0."11 (I. '14

~1ean 1 .57 1 .95 2.32 2.79 3. -I 4
S.D 0.05 0.08 (1.12 O. '16 0.20

7 Mean " .4U " .67 -I .n 2.26 2.50
S.D 0.07 0.12 0.16 0.22 0.26

-- ---- - - - - - - - -- - - - - - --\- - - -- -- - -,- - -.- -- -- - -- -- -- -- -- - - - - - --,
• !



lable 16: Percentage of error ca Iculated bY using the
nomograph and the correction factors

------------------------------------------------------
Stn. Re'lurn perlod in Years
No. Day (2 ) (5 ) (10) (2U) (5U) ( '100)

-------------------------------------~~~~------------16 I ."" •••.
1 3 ? 3.1 4.::l 5.5 6.3 6.3.~
2 1 .5 3.3 4.3 5.[ 6. l 6.9
3 2.2 1 .8 2.6' 2.5 2./ 3.2
5 I.2 0.7 1 .2 0.4 O. 1 0.2
7 1 .3 1 .1 1 .4 0.5 0.2 0.3

10 0.8 3.1 5.2 5.3 5.9 6.5
15 5.3 1 .4 0.3 0.0 0.0 0.3

183
1 4.4 0.9 2 ..7 2.6 3.6 3.5
2 3.5 5.9 7.2 8.9 9.7 10.7
3 3.6 5.5 6 ., 7.6 7.9 8.6.~
5 1 .4 0.7 0.6 0.2 0.7 0.5
7 5.6 5.2 5.5 5 ..5 6.5 &.6

10 7.7 8.3 9.4 10.1 1 1 .9 12.5
15 3.0 0.0 0.2 0.4 0.4 0.6

198
1 13.6 1 1 :-6 11 .3 12.9 13.6 14. 1
2 8.0 6.9- 6.5 8.0 8.5 8.8
3 1 .5 1 .0 , 2.3 1 .4 1 .6 1 .7
5 2.2 5.4 7.2 7.0 7.8 8.4
7 6.7 6.4 6.9 5.9 6.0 6.1

10 1 0 .8 7.5 7.0 5.5 5.1 5.0
15 6.0 3.5 3.5 2.5 2.7 2.9
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Table 17 : Percentage of error ca",cui a ted by usingN-W regiona 1 curve

---------------------._--------------------------------Stn. Return perlod in 'tears
No. Day ( 2 ) ( 5 ) ( 10 ) (20 ) ( 50) ( I 00)
------------------------------------------------------155

1 2.8 9.8 13 . 8 14.6 15.9 16.5
2 2.8 15.6 20.4 23.1 25.3 26.5
3 2.7 12.9 17.0 "19.3 21 • 1 22.1
5 2.7 8.2 10.7 12.0 13.0 13.4
7 2.7 12.9 17 . 8 19.3 2", • 1 22.1
10 2.7 H.9 ,14.3 16.2 17.7 18.5
15 2.7 8.8 11 .6 13. 1 14.2 14.7

177
1 2.7 6.3 8.2 "9. 1 9.7 9.9
2 2.8 4.3 5.6 5.8 5.9 5.8
3 2.7 8.9 11 .3 12.8 13.9 14 .4
5 2.8 6 • 1 8.0 8.9 9.3 9.5
7 2.7 6.7 8.6 9.6 18.3 10.6

10 2.5 4.3 5.5 5.8 5.8 6. 1
15 2.8 6.7 8.7 9.7 10.2 10.6

165
1 2.7 6.5 10.2 13.7 17.6 20. 1
2 - 2.4 2.6 4.5 6.4 8.8 10.1
3 2.8 (J • 3 1 . "I 2.1 I 3.4 4.4
5 2.5 2. 1 3.6 5.4 7 .4 8.8
7 2. 7 3.7 5.9 8.3 11.0 -12.8
10 2.7 5.5 - , 9.0 12. 1 15.5 17.8
15 2.8 7.4 9.5 '15.5" '16.6 18.9

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

, ,
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"fable ,18: Comparison of predicted 2-year ralnfall
from three diffrerent methods

------------------------------------------------------
St n. : No. of • Freq. • Nomograph • N-\oI • MPO HYd.• 0 0 •No. 0 Days Ana'i. • r'1ethod Region • Unit0 • •------------------------------------------------------
165 1 166.2 164.6 170.9 161.3
220 2 237.8 245.9 244.6 230.8
197 3 271 .0 280.1 278.8 263.0

"157 5 385.9 388.1 396.9 374 ••'5
200 7 373.8 370.5 384.5 384.3
182 10 393.3 4"19.6 404.5 404.3
159 15 659.8 63"1.8 6/8.7 678.2
183 164.0 156.7 168./ 168.6
187 2 flO.9 153.0 175.8 1/6.3

194 3 160.7 158.2 165.3 165.8
181 5 252.0 254.5 259.2 L58.9

152 7 259.0 273.0 266.4 266.0
-'"24 10 289.0, 3"16.1.- 297.2 2%.9~----

40 15 361 .6 395.8 371 .9 371 .5
158 1 11 9.2 107.1 122.6 125.0

4 2 147.3 139.4 151.5 152.0
"

25 3 178.3 168.1 183.4 184.0------------------------------------------------------

~'



Table 19: Comparison of predicted 5-Year rainTall
fromt~ree different methods

i

262.9

',,' .

,

- ....: -", :.,.
. ",

N-\"I : MPO HYd.
Region: Unit

215.6

" ,

, .'

.,

207,.8

Freq. : N(j~ograph :
Ana 1. : Method

"221.8

1,,
,'-.l

2.

1 203.5 209.8 226.0 217.0

2 260.6 254.4 2/4.6 26::1.7

3 328.4
,
328.7 343.2 329.6

',,-

5 373.4 377.9 398.8 • 383.0

7 .,.... -~ ,555.9 566.4 575.1 5/0.6

'I0 550.4 588.9 526.7 522.6

15 684.1 710.2 678.1 672.8

1 147.6 '148.7 136.8' 135.7 "

2 216.0 204.2 211.3 216.L

\3 252.8 286.0 239.2 244.8,

5 310;3 308:7 29'4.3 299.7
"7 400.0 430.9 , 407.9 415.4,

10 , :'r" 369.8 ,395.0 383.8 379.7';
':"

"
'.," ". ",t','" " ", ' ;

" ..~'..- ..~-'" ,,' ,
" ; ".15 ~.'l 487,.0' -f." .. 522.0, 479.9 474.8" , '

-,:'. ~.'
.j. -. 188.5 .'.-':184: 3. , 177.9 158.-4

"

Stn. I No. of :
No. : Days

161

213

166

,179

1'/4

177

188

154

219

185,

8

33,.
24

40

158

16

23

!
;

,
i
i
I.

, '_.-----
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Table 20: Comparlson of predicted 10-Year rainfall
from three different methods,,~'. ------------------------------------------------------

St n. : No. of , .Freq. , Nomograph , N-iJ , MPO Hyd., , , ,
No. , DaYs Ana 1. , ~1ethod Region , Un it, , ,
------------------------------------------------------
155 259.8 281.8 226.1 2'19.0

221 2 344.4 353.4 344.5 333.8

168 3 309.1 311.1 302.8 293.4
189 5 440.3 441.8 417.3 404.3

196 7 466.2 488.5 449.2 444.1

203 10 385.3 453. I 433.6 428.6

206 15- 735.4 734.1 694.3 686.4

153 1 256.3 222.9 26 I.8 258.9
187 2 288.4 249.4 265.7 274.7

•194 3 272.0 266.7 249.9 258.3
198 5 371 .9 398.9 368.3 378.6
191 7 388.5, 410.6' 382.5 393.2

24 10 422.9 453.1 449.3 442.5------
40 15 570.2 606.9 561 .8 553.2
158 3 383.6 355.6 293.3 362.6
184 5 355.3 362.1 329.7 349.2
38 7, 332.3 361 .1 344.8 365.2------------------------------------------------------

" I .. -
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(1
l/295.6

359,2

889.2

195.6

531 .9

545.0

572.7

645.2

339.5

399.4

466.9

,
632. I

652.0

I Obl:l. 6

N-W : MPO HYd.
Region : Un it

368.4

9 '11. 8

552.8

303.1

187.9

539.5

580.9

641 I .

619.7

475.8'

407.U

.-".0',~ .r505.3

579.6

1095.8

327.9

,,-.3U/.U

786.3

325.9.

945..J

514.8

683.7

193.5

678.4

26U.3

297,4
.. ,.

383.5
I498.'7

667.3

.702.0

778.8

Freq. : Nomograph :
Ana'i. : Method :.

246.7

3)0.5

468.8 505.0

606,2 606.6

595.7

501.7

688.2

239,3

1014.3

6U9.2

'-.'481:8
.' ~,.

:....318.6,
-. -. \ .

• 3%.U\
-.'. ,,-:.~ t

3

2

5

7

10

15

10

1 5

15.'.. ,'57.4.7

.,..2.... ,

3

10

..

5

:7 ,.,
,

220

24

197

Stn.t No. of :'
No. : Days,

-~-'..~

161

213

--------- ~ ~2~?~-------- _

113

Table 21: Comparison of redicted 2V-Year ra,ntall
from three different methods

---------------------------------------------~--------

\

174

177

,:..

'40

188

154

187

198

194

158

'151

\. .

198.8 . , - ,---------------------.---------------------------------. ., -" . ( ,
:. . . .. .,._."

'-'-'~'-'

,
,
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Table 22: Comparison of preoicted 50-Year ra,nfal1from three different methods
------------------------------------------------------

.St n. : No. of 0 Freq. 0 Nomograph • N-W 0 MPO HY<l.• • • 0No. 0 Days Ana I. 0 Method Region , Unit0 , ,------------------------------------------------------
179 3 444.8 4::18./ 502.6 493.3

209 5 767.5 797.3 825.9 810.5
155 7 965.0 901 .1 760.7 746.5
221 10 884.4 895.7 1022.5 1003.5
199 15 867.4 830.6 822.1 8U8.3 .
210 1 308.7 270.9 305.8 300.7
196 2 416. 1 3/4.8 373.0 366.8
222 3 563.0 530.4 538.2 529.2
194 5 412.7 455.6 396.7 416.0
219 7 513.0 535.0 519.7 545 ..1
181 10 746.0 8.19.2 656.4 684.4',
152 15 833.8 843.5 747.3 779.1

24 1 221 .1 221.7 239.8 234~5---- - 1
40 2 369.7 402.3 354.7 346.8

158 3 554.6 504.2 '392.5 527 .5
23 5 540.5 512.6 469.8 510.6

.'
..

184 7 548.1 563,.2 489.2 531.6
- --- -- --- - -- -- - - ---- - - -- - - -- - - -- - -----"-------- -- - - ----. . ,.

'-
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532.3

59B. "'

376.7

492.4

80' .9

570.0

565.5

371.2

299.9

266.5

676.1

380.5

1227.5

1291.8

1122.9

499.9

382.4

477.1

580.6

522.4

816.8

609.2

284.8

352.5

5U8.9

579.5

243.4

347.6

816.7

692.9

1311.4

125U.3

384.3

272.4

561.7

522.0

459.6

217.9

750.7

36p.0

1122.5

377.0 372.3

580.3 529.2

5U7.5' 451.4

481.2 530.5

791.9 8%.0

,

298.4

659.9 &03.8

400.8

494.8

274.7

,,
606.4

431.6

647.9

1102.0 1122.5

1270.9 1180.1

1038.0

2

5

1

7

3

2

3

5

7

2

1

15

10

15

1 0

15

24

33

40

25

38

186

115

",

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

I,

------------------------------------------------------
165

189

157

197

Stn.: No. of: Freq.: Nomograph: N-W : MPO Hyd.
No. : Days Anal. : t"lethod Region: Unit

Table 23: Lomparlson of predicted 100-Year rainfall
from three different methods

20&

203

196

187

151

185

158

---------------------------,---------------------------

--

/



P~1P

(lnchl

13.88
24.37
29.47
32 .16
37.32
38.81
52.75

16.95
24.54
28.93
29.46
31.79
39.50
54.74

14.79
20.05
23.85
26.30
30.81
35.65
50.49

14.}7
22.32
23.24
21.68
26.93
32.12
47.02

-12.90
18.13
24.59
27.05
30.60
28.6~
47.93

3. 1
4.8
4 • 1
3.0
3. 1
2.9
6.8

4.0
~.O
4.5
3.5
3.8
3.7
4.4

4.2
5.0
4.9
3.5
3.0
3.2
4.0

4.2
4.8
4.7
2.6
2. 1
2.3
2.8

3.9
4.9
4.5
3.7
3.6
2.1
4.8

Value of
KM

2.28
2.08
2.76
3.42
3.96
4.75
6. 18

,

1 .67
2.91
3.83
4.78
5.21
5.02
6.36

2.34
2.97
3.51
4.00
4.54
5.69
7.10

.1 .82
2.57
2.36
1 .98
3. 15
3.69
5.51

1 .43
1 : 68
2./8
3 :2.1
3.58
4.03
5.08

Adjusted
S.D.
(lnchl

Adjusted
Mean
(inch)

7.12 _
9.69

11.72
15.45
18. 17
21.27
26.33

1.19
9.82

12.23
15.43
17.54
20 ..25
24.75

7.73
10.08
12.54
16.04
18.53
21 .87
28.26

7. 14
9.97
12. r5
16.54
20.32
23.65
31 .60

7.34
9.88

12.10
15. 16
17.72
20.23
23.54

7
10
15

1
2
3

1
2
3
5
7

10
1 5

1
2
3
5
7
10
15

1
2
3
5
7
10
15

\ 5

1
2
3
5
7

J 0
15

.-

Stn.
No. pay

Table 24 : Values of KM and PMP of selected statlons
---------------------------------------------------------

----------- ._-- ------- ---------------------------------------16~

220

197

161

.157

\--------------------------------------------------~------ --

/
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fab ]e 24 (contd. )
--------- -_._--_. ------------'--------------------------------Stn. Adjusted Adjusted Value of P!'IPNo. Day Mean S.D. KM(inch) (lnch) (inch)
--------_._--------------------_:...._------- ------------------200

, -1 6.09 1 .49' 5.5 14.302 B.31 2.4B 6.6 24.653 10.86 3~l:l9 6.0 34. I~5 13.46 4.47 5. I 36.247, 14.73 4.83 6.0 43.71I0 16.91 5.82 5.5 48.9015 20.11 7.46 5.~ 64. 71182
L 6.67 2. b 1 . 4.7 18.952 9.07 3.78 5.8

-

31.013 10.84 4.02 5.9 34.535 13.06 4.39 5.5 37.207 14.73 4.83 6.0 43.7110 16.91 5.82 5.5 48.9015 20.71 7.46 5.9 64.71159
1 7. 15 1 .61 4.2 13.912 10.;61 2.23 4. 1 19.743 13. 19 3.45 3.6 25.605 17.58 4.94 'I.8 26.467 20.26 4.93 2. 1 30.6210 22.87 , 6.50 2.9 41.7215 28.56 7.7B 3.5 55.17183

-:..:.-_- '-" 1 ,7.06 2.U2 4.2 15.532 9.57 3.18 5.3 26.423 11.61 3.82 5.1 31 .075 14.00 4.'21 4.6 33.377 15.68 4.46 5.0 3/.%10 '18.11 4.70 4.9 4 I.1415 22.90, ~'.67 5.1 56.94174
1 8.33 2.48 2.7 15.032 11.31 2,.99 3.4 21.493 13.04 :3.18 3.7 24.825 16.35 '3.96 2.8 27.447 18.39 4.31 3.2 32."1610 20.97 6. 18 3.4 41.9715 27.58 '6.66 3.8 52.89

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



I-ab-Ie 24'(contd.),
---------------------------------------------. - ---------_._---Stn. Adjusted Adjusted Value of I-'MPNo. Day Mean S.D. I<M(inch) linch) (lnch)
----------------------------------------------------------171

1 6.90 2.42 4.3 17.322 ~.Ol 2.68 5.8 24.553 10.27 ,2.97 6.6 29.875 13.00 3.42 5.4 3'1.477 14.81 3.86 5.8 37.2110 16.67 4.39 5.7 41.7015 20.54 5.68 6.0 54.64188
1 7.29 1 .91 3.9 -14.732 9.54 3.03 5.3 25.623 11.11 3.17 5.5 28.555 13.39 3.95 5.0 33.147 15.20 4.&0 5.4 40.0510 18.26 5.98 4.8 46.9615 22.00 7.44 5.4 62. 15154
1 4.42 i .74 8.3 18.842 6.24 1.97 9.4 24.783 7.80 2. -I5 9.0 27.205 10.0:! 2.52 8.6 31. 717 11 .60 2.97 8.4 36.59-,0 14.08 3.38 7.4 39.0715 17.17 , 3.11 7.0 43.74160 I,
1 6.55 1 .59 5.0 14.50~------- , - -

5.62 9.19 2;66 24.093 10.80 3.02 5.8 28.325 13.19 4.22 5.6 32.597 14.48 4.32 6 .1 40.8410 16.35 4.42 5.9 42.40-15 19.&7 3.88 6.3 44. 1 'I213
1 &.82 ,1.98 4.4 15.552 8.85 '2.21 6.2 ,22.563 10.33 -2.41 6.4 25.795 12.40 2.93 6.0 29.967 14.26 3.80 6.3 38.2110 16.37 3.72 5.9 38.3315 20.23 4.50 6.1 47.69

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





Table 24 (contd . .>

---------------------------------------------------------Stn. Adjusted Adjusted Value of Pf'1F'No. Gay Ivlean S.D. I<M(inc~,) (inch) (inch)
---------------------------------------------------------221

1 6.83 2.40 4.5 17.622 9.58 3.30 5.3 27.083 11.86 3.65 4.8 29.365 14.85 4.63 4 .0 33.377 17.66 4.73 3.6 34.7110 2 I.18 5.76 3.0 38.4615 26.35 7.41 4.U 56.00199
1 5.22 2.05 6.9 "'9.382 7.03 2.49 8.2 27.443 8.35 3.06 8.4 34.065 10.37 3.95 8.2 42.727 11.42 4.4U 8.6 49.2510 13.26 4.67 7.9 5U.13

<15 17.19 6.57 7.3 65.15210
1 6.34 2.2~ 5.2 17.862 8.70 2.36 6.5 23.7 OJ3 10.U5 2.77 6.7 28.::;95 12.04 3.33 6.4 33.357 13.4,0 3.53 6.9 37.7810 15.01 4.01 6.8 42.2615 19."13 5".59 6.3 54.94168

5.55 1.90 6.4 17.7U~ 6.99 2.17 8.3 24.96£.

3 8.38 2.93 8.4 33.02~ 10.33 2.90 8.3 34.38"7 11.48 3.14 8.5 38.1610 13.48 4.28 7.8 46.8415 16.97 5.35 7.4 56.59
./ 189,,

1 5.58 ,1.71 6.3 16.332 7.81 '3.04 .7.3 30.043 9.35 ,3.91 7.4 38.305 11.57 4. 12 6.8 39.567 "'2.81 4.68 7.4 47.47'0 15.10 5.48 6.8 52.3415 19.08 6.6U 6.4 61 .3"5
---------------------------------------------------------





Table 24 (contd.)
----------------------------------------------~----------Stn. Adjusted Adjusted Value of ~ .',P1.1PNo'. Uay l'1ean S.D. K,.,

(,nch) ( 1 nch) -.. (lnch)
---------------------------------------------------------186

1 7.33 I.98 3.9 15.042 9.95 2.91 4.8 23.943 11. 81 3.52 4.8 28. II5 '14.51 4.04 4.2 31 .497 15.9& 4.06 4.9 37.79lO 18.34 6.05 4.7 46.7815 23.28 8.08 4.9 62.8/222
1 6.55 2.35 4.9 18.042 9. ,18 3.15 5. 7 2/.073 11 .05 3./8 5. I 32.6',
5 13.22 3.97 5.3 34.287 15.24 4. 1-' 5.5 41. 1710 17.55 5.40 5.2 45.6315 21.42 6.94 5.6 60.27215
1 5.57 2.03 6.4 18.562 7. 16 -Z'.62 8.0 28.133 8.02 2.42 8.9 29.595 9. 11 3.26 9.5 40.077 10.66 4.73 9.3 54.6810 12.74 ' , 5.34 8.3 57.1015 14.67 5.65 8.8 64.35163
1 5.95 2.07 5.6 17.532 9.11 3.21 5.7 27.413 11 .U5 4 .01 5.6 33.525 13.40 4.42 5.0 35.49
i 15.08 5.29 5.6 44.69'10 17.46 6.09 5.2 49.1515 21.13 7.06 5.7 61.35156
1 5.54 ;2.05 6.3 18.45II! 2 8.09 : 3.1 I ,7.0 29.883 9.73 3.91 1.3 38.295 1I.66 4.40 7.0 42.46~ 13.24 4.49 7 .1 45.14r

10 I5.07 4.73 6.8 47.2415 11.37 4.93 {.3 53.35
--------------------------------------------------------_.- .



Table 24 (contd.)
----------~--~----------~--------------------------------Stn. Ad)usted Ad")us ted Value of PHPNo. Day. Meon S.U. K""l(inch) (inch) (inch)
---------------------------------------------------------"181

I 5.5"' 2.35 6.3 2U.332 7.96 3.54 7.2 33.423 9.21 4.54 7.6 43.615 10.83 4.26 7.6 43.197 11 .95 4.58 8.2 49.4910 13.53 5.44 7./ 55.2015 "16.52 5.44 7. ! 58.43152
1 4. t:n 1.92 7.6 19.412 / .I0 2.48 8.2 27.423 8.54 3. 31 8.3 36.005 9.94 3.62 8.7 41.467 11.10 3.9U 8.9 45.8110 12.43 4.48 8.6 50.9815 15.33 5.63 8.4 62.61198
1 5.82 2.45 5.9 2U.242 7.54 3.13 7.6 31.33::! 8.48 3.18 8.3 34.9U5 10.36 3.65 8. 1 39.927 11.61 4.48 8.5 49.7210 13. 10 5.17 8.0 54.4315 16.43 5.89 ?8 62.35187
1 5.37 2.09 6./ 19.382 7 .3::1 2./5 7 .9 29.083 8:".6~2.~..'!' 2,'99 8. 1 32.825 9 "90 3.32 8.7 38.747 10:13 3.42 9.2 -42.1510 f2.51 3.96 8.5 46.1315 "14.93 4.34 8.7 52.69194 I "1 4.41 ,1.58 8.3 n.512 5.80 "2.06 9.8 26.Ul3 6.90 "2.63 "IU.I 33.505 8.21 2.93 10.5 38.947 9.39 3.0"1 10.4 41 .6910 11.62 4.01 9.2 48.5015 "14.52 4.66 8.8 55.53

---------------------------------------------------------
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'Iab 1e 24 (contd.)
---------------------------------------------------------Stn. Adjusted Adjusted Va lue of PM~'
No. Day ~1ean S.D. K,."( inch) ( lnchJ (inch)

~'---------------------------------------------------------??~~
1 4.92 1 .88 7.3 18.67
2 6.79 2.39 8.7 27.:'6~ 7.96 2.53 9.3 31 .53"5 9.48 2.87 9.0 35.32 (I7 10.30 3. 19 9.6 40.90

10 11. 51 :L08 9.2 39.86
15 14.45 3.75 8.:1 47.83

184
1 5.08 2."' 0 7.4 20.61
2 6.60 2.89 9.0 32.62
3 /.80 2.92 9. 1 34.37
5 9.09 3.41 9.5 42.01
7 9.99 3.68 9.9 46.4'1

10 I I .64 3.68 9 '? 4:'.53.~ r15 14 .16 3.5., 9.2 41.0q
38 '::"..

1 4.5 1 .4 6 8. ", _16.3u
2 6.02 2. 19 9.6 2/.02
3 7.08 2.29 9.9 29.71
'5 8.53 2.58 10.2 34.90

7. 9.49 2.67 HI.4 3/.28
10 10.82 2.84 9.8 38.67',5 13.64 3.06 9.3 42.05

4
1 4.27 1 .01 8.7 13.03
2 6.09 1 .'64 9.4 21. 47
3 7.56 1 .88 9.4 25.21
5 9.43 '3.42 9.1 40.67
7 10.b7 3.78 9.2 45.40

10 11.74 4.09 9. 1 48.95
15 13.91 4 .1 1 9.2 51.68,25
.1 4.79 ,2.08 8.0

"
21 .44

2 6.4::1 '2.85 9.1 : 32.41
'3 7.72 "3.76 9.2 42.34

5 9.23 4 .14 9.4 48. 10
7 10.19 4.42 9.9 58.96

10 1 I. 14 4.37 9.6 53.12
15 13 .'I 4 5.01 9.7 61 .7,2

---------------------------------------------------------~
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l5-UayIO-Day
Stat ions
5~Day 7~Day

No. of
]-Day 2~Day 3-Day

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

Table 25 : Distributlon of Independent kM •

Range ot
I,'"

-------------------------------------------------------------,

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



-------------------------------------------------------
So~rce : Hershfield. D.M.

12::;

Relatlonshlp between Length of Record and KM
for 100-Year Return PeriOd

Length of
.Record (yr. )

Ktvj------------
15 4.0

20 ::l.8

25 3.7

30 3.7

40 3.b

50 3.5

lable 26
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Fig. 4. Mean monthly rainfall histogram of BalJ{!;ladesh.
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Source. Manalo, 1976.
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..Fig" 12. 'Adjustment of'Mean"'ft)'t'Maximlim observed.

rainfall (After IIershfie1d)"

J.J;-l

"95 . roo
I.. '

'.

"75

"72
"72 "75

\U5

no

..mo
0:::
0
E-t

"95~
Ii;

E-t

~ "90
~
rn
p
>-;,
A
«(

"B5
z
M

"00



:.,'.

i.' •. "':.--

"9
.•.:"

.~.'

~8

.J':"

"

._':'~

.. ' ..... ',"

"", .

,', .

for Maximum observed rainfall (After Hershfie1d)

: ~.:'

'.'

,.i.. -.

,.,' ".
~..;....::.~~~.:;,:

. ".

.; i ;:
',," ....•

. .•.. ";:.'.~ ), .. '

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

Fig. 13. Diagram for adjusting the Standard deviation

t' .

.......1

::.~t~,.~
'/''':'13 '.-..... ,
. ;., ';.



~.

,.
.:;'"

. :-~

"

diagram.,

B

A

:' .,'.,.

\

."

adjust.ment
. .,.,'. :;.,;,.~.;:~.~--

...~.. , .

", ,,"

. "\
'" .".. ' ~

.c '< t.~.;,- : .
.-~

,";1:

10 20 3040 50
LENGTH., of RECORD ( YEARS)

, '.

120

110

100

101
100
130

103

105

"- ..-'.-

",'<c0
-

. -'~

\

0
0:
0
u
\Ii
0:'«w
>-
0

'"
lL.
0

t-
Z
W
U
0:'
Wa..

.! .
;.,;,'. ~'-.

•C O'J '":;-'"".; ".:.:"
.".•. '" •. 'I'!~.

'.

Fig. 14. Sample size

'I
I
J.
"I
l'



x

" '

... -, .
"

6.0

'.',

-', ',"

curves

.~
\-

'-:-.f r ... 4. <'.~.

5.0

;' .. ,

, '

,'-;,

,
{3=2

.~:,

: l.',4.0'
(.>

• r

I."

a=2

1

",

{3= 0.50

.' "

"
c,

o'

'.,

"

Two-parameter gammaprobabi1i ty" densi {y
,- 2 and .three va1ues.of:>(O.05, 1, 2)
1. ",

..,.,):. ""'.~

"~'~~;;,~~,:~i;",

0.5,'.1.0

f eX)

Tig.15.

r ":(.:. ~"-~.~. "
". ,-r_

1.00

0.75

"
0.60

•
J 0.25
'I.

0
0

i~t
J:.•i.J'



. \ .

152
I'

320

" "

'.280.

MAXIMUM l-DAYRAINFALL
STATION NO.. r .

.I ,-: .-

.'. j

'~;r,'''', "
'i-
I

" .
. :: ,"'> ,~.

120. .... C.. 160 ..,: 200' ... :2"0.,.:110

-I-
-I-

..~

0.9

",. ~.

0.8

1.0

0.7

0)

0.1

.02
'..~---:.:'.

..
Fig. 16. Typical plotting of data on ~amma probability paper.

.-, .

-.~-'-

,
. -. I

.1

>1. ,

0.6..
0.5

x

•••

1 0.4

I
i.:



380
I

31.0300260220
!

. RAINFALL iN MM

100

0,2

0,6

0,

. l! !

."

',0

0.1

0.9

Fig. 17. Typical plotting of data on Gamma probability paper •

0.,
~ STATION NO. 152 •

,••
u.

MAXIIviUlJ 2-DAY RAINFALL

1
0.1.

0,3

.-:,-:' .



. "002 loa ..~
RAINFAll IN- MM

200160

0.1

0.9

1.

j' -

+

0,6

0,8

0,2

0,1

00' ••a

Fig. 18. Typical plotting on Gammaprobability paper ..

O.!> -

r •
" O.l.-•••

i STATION NO. 152
0,3 MAXIMUM 3-DAY RAIl'lF ALL



lo203803lo0260 . 300
I,

RAINFALL IN' MM

220180140

••

100

0,8

•

0.1

0.7

0,9

0.2

0.0
60

0.6
{, '

~
••- O,!>
•••

1 i 0.4 STATION NO. 154

. MAXIMUIVi 5-DAY RAINFALL

0.3

Fig. 19. Typical plotting of data on Gamma probability paper.



'.
"

0.9-

0,8

0.7

0.6
~
"
11.

1
0,'

O.~

ST A'J'I ON NO. 154
.i ~ 0,3 MAXIMU~I' 7-DAY RAINFALL

0.1

Fig. 20. Typical plotting on Gamma probability paper.



+

+

STATION NO, 154
MAXIMUM lO-DAY RAINFALL,

i,

"I'

, .•..

'.0

0.6-

0.9-

0,7

0,1

0)

0.2

0.8

i

00 "--- I
I I•120 160 200 240 280 440 4\\0

e'

RAINFAll ,"IN MM
L.

e ,

Fig. 2l. Typical plotting of data on Gamma probability paper .

"



23STATION NO .
MAXIMUM l5-DAY RAINFALL

I

/

','.. "

----...----
/
i

220 34() 3l!>0 420 46O.
, 1"

RAINFAll IN' MM .,
, . {

'.,

00
'100 140

0.2

0.6

0.1

1.0

0.8

0.9

Fig. 22. Typical plotting of data on Gamma probability paper.



Fig. 23. Typical plotting of data on Gumbel probability paper.
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Fig. 27. Typical plotting of data on Gumbel probability paper.
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Fig, 32. Generalized isohyetal map of 3-day rainfall having 2 year
Return Period (mm,).
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