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ABSTRACT

This thesis deals with the snalysis of long duration
extreme value ré1nfail data for the north~-western region of

Bangladesh. Maximum 1,2,3,5,7,10 and 15 da? rainfall data

for the district (old) of Dinajpur, Rangpur, Rajshahi, Bogra
[ R

and Pabna have -been analysed and discussed in this thesis.
- ,
Gamma and Gumbel distributions were tested to select a suit-
able distribution for the analeis._The'tests indicated that
the Gumbel distribution is the better choice . ﬁainfa]l data
of different durvation «corresponding to different return
periods have been calculated bY the Gumbel distribution.
Rainfall depth-duration-frequencyY nomograph for the
whole region have been prepared. Correction factor table and
chart§ have been prepared to.get éoint rainfall from the
generalized nomograph.erenefa1iied isohyétai maps ot dif—
ferent duration and having 2—yeaf return' reriod have also
been prepared and 'preéented fﬁr the study area. Empifica].
equations for the whole north-west region as well as for
different hydrological units proposed by the Master Plan Or-
ganization (MPQ) havg been developed to cé1cﬁﬁatg the rain;
tall of different duration from the 2-year value.
| Probable maximum precipitation (PMP) of different dura- -
tioﬁ have been calculated by uéing Hershtield’'s reviséd ap-
preach for each of the 3% seiected stét1ons within the study
reéion. A simptified method has been proposed to obtain the

PMP of any duration using Gumbel distribution resuits.
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NOTATIONS

I - Rainfall intensity, mmshr.
t - Duration of Rainfall in hours.
Xy - Magnitude of PMP for a particular duration.
EN = Adquted Mean of the'Annué] Series,
Sy - Adjusted s.d. of the Annual Series.
N - Freguency factorr
N - Sawmple size. .
P - - Probability distribution function (p.d.f.).
y - Redqcéd variate.
. * - Initial variate.
U - Location parameter.
- ﬁ .. =~ Scale parameter,
S - Standard deJiatioﬁ of tﬁe_Sample.
T - Return Périod:in'yaars._
: X, . — Raintfall magnigude'for feturn period T ygars..
— R7 ~'5kewnéss co-efficieﬁt.f
Y, . - Kurtbsistu.. |
= - Shape parameter,
n - Mean of the sample._}
Y, - Theoretical quantit;.
Cn - Thenretica] quantit?l
k - no. of class intervals.
0, - - Observed frequency.

E. - Expected frequency.




Sl - Sample c.d.f.

D - Maximum deviation.

Xus - - Mean of the series omitting the highest vaiue.
Sy - 5.0, of fhe series omitting the highest value.
p:*AY - Maximum-N—day rain{é11 for T year return period.
XAy ~ Rainfall magnitude having 100 year return period.

-
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streamflow data. Because rainfall’
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CHAPTER 1

N

I NTRODUCTTION
1.1 General

The‘freﬁuency et high-intensity raintalls are re-
quired tor several engineering purposes, one of the most
jmportant being the'-est%mat}on. of various streamflow
charéctefisfics .for 1nadequ§fely hgéged gtfeams. In gen—-
eraly, the rainfall associated with the extreme flecods of
large streams 1is of ré1ati;e long duration while the rain-
tall sssociated with the flocods of.sma]IEr streams is o¢of
shorter duration. Rainfall based techniques are considered
the second~best (181 fo.the direct 'analysis of adequate

, _ D

data are generally more'

widely available than st}eamflow data the concept of using

.. rainfall  data to estimate various streamflow characteris-

tics-is we il estabiished.

Rainfall intensities are also required to determine

- the size. of hydrauiic.structures reguiating the flows 1in

the watersheds. In situations where the risk ot the
. .. l‘, _' ' .
structure's failure must be minimized, the probable max-

imum precipitation (PMP) s dongidered tor determining the

-size of the structure. - Infnrmatfop on rainfalt data 1is

also important in various types of hydro?ogic studies such

as (11} Storm anal¥sis over a catchment; (2) Depth-ares -

duration studies ' (31} VIntensity—duration~frequency
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analysis; (4) Probability analysis to determine tne sup-

plimentary irrigation potentialities etc.

i

f“‘* With longer concentration periods encountered 3n
drainage problems; the need of more compiete knowledge of
rainfall intensities for duration longer than 120 winutes
arises. Longer duration storm Periods are agaenerally in-
fense downpours, separated'by~interva1sAof light or of no
fainfa]I; ~In the case of sewers, each storm phége may be
considered as an individual v occurance Concentration
periods are usually less than two hours, and the drainage
system has the opportunity to clear itself before the next
period ot intense rainfatl. The higher degree of satura-
tion throughout the ne*t storm period is the only factor

-to- bé considered. . This Eondition:does not prevail in the

larger, more pervious watersheds.fTﬁe characteristics of
.',such watersheds are |

_—.s1ow ﬁovgment of }uﬁoff Jﬁer the ground, through

o ;furfows_énd;hnimproved drains. -

— greater eifect of retention and retardation.

~ lower velocities through the drains.

!

Due to these reasons it }equires lonaer time of flow
through the drains and tééfefore, tor +the design of
drainage ‘sy¥stems, storm periods f;bm 1. to 10 davys should
be considered. A knowledge of the frequency with which a

rainfall intensity of a given duration will be equailied or

exceeded in a tocaiity is essential to the inteiligent
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gdesign of the drainage system,

The need tor representative estimates ot rainfail on
a weekly ot fortrnightly basis is greatly felt in connec-
tion with the agricuitural operation, crop pilanning and to
some extent tor planning ot irrigation schedules and alseo
to oraw detailed development plans in the field of water

resources and agriculture.

Phar;nde and Uasfane [ZEJ listed the following
.salient points on the importance of rainfall data in the
field of agricuiture.

- designing irrigation projectszon 8 sound economic
basis,

-fixing croppina patterns and working out the irriga-
tion requirment of crops,

- operating irrigation projects efficiently from year
to -year; | |

- éreparing schedJies for;qther tarm Eperations in
irrigated agriculture;

- Planning cropping pPattern in unirrigated or rainfed

areas,

- designingvﬁrainage and land reclaméfdpn Projects,

- planning soi} and water caonservation proﬁrémmes;

- interpreting tield experiments accuratelV;

- classi1tying regions climatologicaity for agricul-
ture.

There are two principal approaches of estimating the




magnitude of the rasintall that are desirable from tne
desi1gner's viewpoint. The first is the Frobable maxiwmum
precipitation procedure (PMP), which builds up & design
storm from detailied studies of iarge storms, and the
second is the 5tat15tieai a8pproach wherebyY estimates are
deraived trom the analysis ot individual and cumulative ag-
gregate storm data. The object of the former is to pro-
vide the hydrologist with complete-satety criteria in si-
tuations in which extreﬁe 1q§s of 1ite and property gould

tesulf trom failure or overtopping ot a structure.

in small agricultural watersheds, desigqns are not
made to provide tor a PMP storm, because there would he
{ittle hazard downstream from a structural failure,. In-
stéada a2 frequency approach is used, whereby the extreme
rainfall at a particu1ar point orvarea are analysed sta-
tistically to determine the frghﬁency with which 3 given
intensity of rainfall ﬁan ﬁe expected to occur. This 1in-
formation is ‘of lpsfti;u1ar‘va1ue in reaching a decision
concerning acceptable calculated visks for deéign ¥ i
teria,

teneraltly the 1nformatjop on rainfa]T may be present-
ed 1in mwmany waV¥s. For qui;k“#eference most countries have
equallra1nfal] maps (i1izchyetal mgﬁ%g for different dura-
tions. For given lIocations predictiog formufae ov grapns
are 3isc available. The 1lecal historical data, when
analysed and plotted gi;es Yield versus return-period data

for varipus gurstions, eirther in grapnhniczi form or as a
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prediction formula.

1.2 Objective of the Study

A review of partinent literature shows that ajl the
rainfall anatysis 1n our country have been directeq toward
the agricultural potentialities. Recently Matin 207 stu-
died the rainfal] Qata o{ north-east region of Bangladesh
and calculated ﬁnehday PMP of 3[! the rainfall étations of
the region. A generalized 1ntensity—duration"frequency
curve of the region was also developed, However, his
study was timited to onRly short duration rainfal)
intensity,e.g., 3 min., 10 min., 1% min etc. Virtuasity no
atiémpt_ has .;or.farl‘been maQe‘Atp generalize the lang-

duration cumulatijve rainfall 1in ﬁaﬁg?adésh. Though in the

case of  hydraulic s5tructures cent Per cent safety is not
. L " : _

. . ! oA L. " .
required and the design is usually based upon maximum cu-
. . S '

'

mﬁ]ative réinfa]i-{last{ng-severa1 days) corresponding to
a certéin return ﬁeriod. Tﬁerefore, the followings were
cthosen .as the principal objectives of this study over the
north-western region of'fBangléd95n compirising the dis-
trictg tald) qf Rajshahi, Dinajpuf, Rangpur, Bogra, and

Pabna.

1} Selection ot =3 suitable aistribution for anaiysing

annual extreme cumuizstive rainfall series having different

durations.




2} Preparation of a generalized depth—duretioﬁ—
trequencyY retfationship for the whoié regi1on under study.

3) Preparation of isoh¥Yetal maps for oifterent dura-
tions..

4) Uevelopment of an empifﬁfa] relétionship to deter-
mine the probabie maximum precipitation trom the statisti-

cail analtysis.

.3 Statement ot the probiem

Setection of prnSaDiiity distribution: Various
theoreticail and empirical distributions have been proposed
as being generally agplicab]e to the anaiysis ot rainfail
data but”noné has been found to be unjversally acceptable.
~The fo]lowiﬁg frequency distribution have been fuund ta be
" ‘the most consisiant ones, tlS.i?}ZDJ .

—:Gaﬁma'diéi;ibuti;ﬁ and

~ Gumbel distribution.

Therefore the work has been divided into the_ fo]low—
1n4g phases:

1) These two distributioﬁs. have been comparéd for
their ability to fit the ﬁaxiﬁum rainfall values ( of dit-
terent durations ) in the region. Among them, the ‘best
fitted ,distributjon has been selected for turther study

for the region.

2) Using the selected diztribution, ectimates of




raintall oepth for s13x diffeirent recurrence IMtervadts trom

2 to 10U years have been made tor seven gifterent dura-

tions from j to 15 days.

2} Attempts have been made to prepare generalized
depth-duration-frequency relationships of the region which
may pbe represented bY equations v isohYetal maps or npomo-
graphs. |

4) Attempts have.aisq;béen made to develop enveloping
cﬁrves and empirical methods for quick estimation of prob-

able maximum raint&atlt (PMP),

A1l the data analysed in this study were obtained

from Bangiadesh Water Development Board (BWDE). it is ex-

; rpected that this study will be of great helip for tha &n-

.. 9ineers working with different water rYresources projects.




CHAPTER 11

REVIEW OF LI1FERATURE

2.1 A review on comparison of some methods of probabitity

distribution

the selection ot proper extreme-value procedure,
which inciudes both probability distribution and curve
fitting methods 1is one of the major problem encountered in

the analysis of extreme value rainfalls. This subject has

been freated in detaijis ERT relaled literature
C16+9, 18,105,204, 231, but a= VYet there 15 not a compieie
consensus among the analysts as to the relative merits ot

the different procedure,.

. . ) i -
In 1959, Huff and Neiil {161 compared five distribu

tions for their ability to estimate the largest cainfall
value n. Iliinois. Tﬁg distribution inctuded Gumbe ]
{extreme~-value distrfbuiinn~l}; Lognovrmal, Frechet, Log
skew and Jekinson method. Analysis were performed._on . both
seasonal and annual maxima for storm perieds of one to ten
days. Ca]enﬁar—day_rainfai1 amounts frnm 39 lstations for
the 40 " Vvear period, (1916f}355$,-provided thg bqsic data
for the study. Statisticai-te;is'inﬁicated no ﬁarkeﬂ' SuU-
periority of any one of the distributions. Comparisons
were made befween resuijts pbtained ftrom the method ot :mo"

mentes and least squares, [t was conciuded that difterencecs

obtained between the two methods are inmsignifticant.




Hershfieid L41 compared three distributions to ecti-
mate the largest rainfall vatue. Several thousand station
Years of raintfall data trom many stations.were fitted to
the three commonily used extreme-value procedures : lognor-
mal distribution fitted by the method ot moments and the
Fisher ‘Tippet type 1 distribution fitteﬁ bY both the Gum-
pel and Lieblein methods. The Gumbel procedure was found
to Ee the best of the three for estimating the Probabili-
ties of extreme rainfa]is. The Lognormal and Lieblein pro-
cedures give nearly identical return period estimates‘and
lprnvide a cinser‘fit to the developmental data than the
Gumbel procedure. The average; ditferance in magnitude
bgtween the 100--year vatue from the lognormal and Liebleln
prbcédure' on the one ﬁand énd tﬁg Gumbel procedure on the
i other was apprﬁximatelg i0 percept and the Gumbel was al-

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

T e vides an-acceptable fit to rainfall extremes, but, in gen-
eral seriouslty underestimates the lenger return period
: value.

- Guptay Tiwari and NarayYan {251 studied the raiﬁfaii
data 5f rarnal for the detérﬁination of runotf gotential
ot the storms. Freéuency anaaysis cf 23 VYears of daiTV
rainfall data has been attempted by applVing (a) Type |
extremal probability distributien (b) Lognorma! distribu-~

tion and (c) Pea¥son's Type I1[, logarithmic distribution.

They conciuded that in the vrange of 2-10 Years return
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period which is important ftor agricultural purposez tne
n
variation among the methods was oniy 4§ per cent, Acs thecse

values fitted the observed data weli, any ot the four

methods couid be adopted depenaing upon the convenience.

In 1978, Dhar, Rakhecha and Mandal [28] studied the
raintall data of various durations (}y, 2 and 3 days) ot
fhree ¥iver basins in the North Indian plains. They em-
\'ployed the Gumbel frequency anaiysis as modifigd by Chow
'(1964) to determine the design rain depths for ditfferent

return periods.

Hounam L1543 stated that the actual éxtreme rainfalis
are generally not normally distributed but 1in most ‘cases
the logarithms tit in a better _way. However, in some,
ciimatic zones the distribution is more complex and the
data may be fitted better by the Gumbe]-treatment cf ~ex-
tremeg. or the incomplEée‘gamma anction: The distvribution
finally accepted will ha;e an intluence on the extrapolat-

ed rainfall values.

In 1965, Hershfield £14] suggested that a combination
of the_Gumbe] Procedure and Fisher-Tippet f¥re I distribu-
‘tion is satisfactory for extréme raintall data. It Gamma
distribution s chosen, the method of moments may be used

with reasonzabie results even though this method of titting

15 not the most efficient.




Z.¢ Austratiian Study -

In 197/, Institution of Engineers, Austraiia, pub-
lished Australian Rainfal!l and Rusoff [18J. In this study
estimates of rainfall intensity tor seven different re-
currence intervals from 1 to 100 years have been made for
1z different durations betweén & minutes and 72 hours at

. diffgfent p]uviograpﬁic statiqns of Australia. Smooth
‘curves have been fitted to the setg of estimatés for .each
of the ~seven recurrence intervals (Z,5,10,20,50 and 100
Years)} and theée form the basis of fhe raintali-intensity

data in the pubiication, -

N As presented by them, each raintal} intensity-
frequency-dyration curve can be represented by a polynomi-

al equation of the form of Eq. -(Z.1)y which has been
i devived using Australian data by the Bureau df-Metenro@b1
i - : . | - - ;,' KR
ay. ’ Lo : Qfgfi

1

— o
g fh
, _ tn I=a+b(1n t)+c(lin t)+d(In t)+e(in t) S
+£01n t)+g(in t) (2.1
where, ;
I = rainfall intensity in mm/h,
t = duration of raintfall in hours,

ayb.vw..9= co-efticients.

But Eq. (2.1) 1is not valid for less than 6 minutes or

¥ greater than 72-h0ur5.
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2.3 Bernard's Study

Bernard £4] proposed rainfaltl intensity formulas for
return periods of 5,10,15,2%,5U0 and 1060 Years, applicable
to raintall duration periods ot 120 tao 6UUOD minutes tor

the United States. Fig. § represents the depth-duvation-

frequency relationships of the eastern U.S. The work of

Mayer L231 and Morgan L[241 has been connected in this

study. Mayer's pPurpose was the . development of intensity

formultas for heavy storms of short duration, whilte Morgan

was interested in the longer storm periods of'T te & davsh
Table 6 represents their raintai |l depth and intensity for-
mulias,

2.5 Mccu]1o¢h's-gnd Booth's stud?j

‘Mcculoch and Booth LZZJ stud1ed the fortnightly ;re-
c1p1tat10n data for the est1mat1;n of avarage monthly pre-
cipitation over Great Lakes in Canada. The gtuqy was based
on the general regression model of 30 Years'® precipitatibn
data of-five stations. Verification on three vYears' test

data showed '3 maximum cumuistive annual error ot 4% with

individual monthiy errore as . high as 17%.

2.3 Determination ot Probable Maximum Frecipitation (FMP)

2.9.1 Traditional Approach

The traditional procedure used for estimating the

-




probable maximum precipitation (PMP) uces a combInstron of
a ph¥sical mode | and several estimated meteorociogical
parameters, Uplike most investigations in which estimates
can be compared with actual observations, the quality ot
the estimates obtained trom ‘the traditional approach can-
not be evaiuated. HydrOMmeteorOjogica1 report no. 33 L3031,
prepared on the basis of tra&ﬁtiona1 aPproach, presents
1generalized charts and diagram giviﬁg PMP- esfimates fogﬁ
ééverat combinations of areas and durations east of 105
aegree west. In a paper EAJ Ackermann questioned the de-
aree of acceptance of the estimates derived from the traa-
itiona) approach. Hershtield [14] reported that severail
studies using th1s approach have terminated with divergent
resuits far the same area., World Meteoroloca! Organization
i .
Guide to Hydro-meteoroliogical pr;cﬁice L3337 has recommend- .
eﬁ Hershfield technigue @hicﬁ is aép]icab1e to point ra;n-.
fall values for arriving%atwtentaéive estimates of PMP® far

i

which long term daitly raihfa11'déta for “individual staq

4

tions are avaiiabie but where the'adequate data for appiy-

ing the traditional approach are tacking.

2.5.2 Hershfield's Study

Hershtieid L1Z) proposed a method for systematic
analy¥sis of precipitation data with the goal of reducing
the wuncertainty surrounding the FMP ectimates, 1he
analysis piresented in the paper are based on 24--hour rain-

tall trom about 2600 =stations with a totzl ot 83000




ctation~vyear

trom each station's data was computed and

aggregate in order to arrive
Because reliabitity is a maror
measures ot several! components
determineq for each statistic.

tors have been devived ftor

small sampie size and calendar-

ot data. A combination of severz | =tstist1cg

in

viewed {n the
at an enveloping statistaic.
design parameter, empirical
of sampiing errov have been
Empirical adiustment fac-
"such data gefticiencies as

day raintall rather than

the 1440-minute maximum rainfall.

Heréhfie1d pProposed the following empirical

equation

for computing the FMP of any area of the wov td.

where,

Xy= magnitude ot PMP of a given station for a partic-

ular duration,

fl

.}T’\'N

[4p]}
z
]

The value of K, in the ‘above

from the fnl!owing equation

(2.2)

]

adjusted.mean of-the'anﬁua1 series and

adjusted standard deviation of the annual series.

obtained

*

equation 15

Ky = x”?i_—y“"‘ (2.3
Snoi
where the mean X,., and Su-, are obtained by omitting the

maximum observed rainfall from the computation.




Using the above procedure Hershfield catculated the
value ot K, and proposea the following equation tor Z4-

nour vaintali.

X, = X, + 5,% 15 (2.4}

in 1965, Hershfietd made an extension and revision of
parer L141 1in which a large numoer of 24 hour rainiall
'data héd-beeﬁ étudied. He considered the series ﬁf annual
ﬁaximum rainfa\ka tor differenf durations ranging frem 5-
min. to 24—h0u;l Plotting of the value of K, against the
mean Tfor difterent duration, 'he obtained =2 tamily of
curves as shown in Fig. 6. These curve show that K, 1s 3
function of storm duration and mean ot annual series and
has a tendency tgidgcrease with 1ncréase of raﬁnfall mag -

nitude of ditferent duration.

‘Uze of regional envelope value of. K,

.Wi};nn £343, Mazumdar and Ranga;éian L2441 reviewed
the idea of Hershtieid and fpuna.that, FMP vailues using
Eq., {2.4) overestimated the precipftation data for sone
region. They, “ihereforg, pointed out that the one single
value ot K, is not transposab?e universally th}bughbut the
wor.ld. In a study of rainfall over Uttar Pradesh in India,
Dhar and Kamte 8J. tound that the nighest va:ﬁe of k, for
24—hour duration was 12. In. 31978 Changrancy and Hewm Kaj
L33 used Hersh?ieid‘sttechnique- tor eséimating PMFE for

Madhya Pradesh region in India and reported that the value




ot |k, were generally nigher for areac ot reiativeliy
higher wmonsocon raintall oi of higher magnitude of one day
max imum raintall. They, therefore, modified the
Hershfield's equation using the enveloping value of K. ap-
pilicable to Madh¥a Pradesh in the form ot

X, 2.5)

H
>
z

-
~J

*
42
z

It is therefore advisable to use regional enve liope

value of K, instead of using world enveloping value.

2.6 Indian Stugy

In 1978, Dhar, Rakhecha and Mandal (28] =studied the
-rainftall data of  three river basins in the North Indian
Plains, viz, (1)the agbérnarekha,"iﬁ the east, '(2) the
Betwa . 1n the central part (3) the Mahi in the west, lying
in the latitude beit of 21N to g5°_n. For eacn of the
seiected area PMP des;gn sto;m vatues ot |,2 and 3 day
duration were worked out and presénfed as percentage ot
mean annusa} fa1nfall as shown 1in Table 7.

2.7 Rafnfal1 studies in Bangladesh
' i

Manalo EZIj carvied out .a detailed rainfal! study of
Bzngladesh deécribiné the ﬁhanqcteristic tfeatures ot the
climatic regimes of the Eountry tor evaiuating the poten-
fia]ities of crépping s¥stem. The appendix ot his report

contain i1 tables dealing with wmonthiy data from |20




raingauge stations in 19 hydroloaical districrtz ot Ezn
gladesh. The results of the anaiysis was presented in the

torm ot isohyetal maps representina mean annusil rainfaill,

mean monthly iyai1nfally mean seasonal raintall, number of

months with raintal)l 100 mm, and 200 mm. months of start
and end with rainfall 100 mm. and 200 mm. etc. To portray

the succession of weather sequences during the Year,
Manélo prepéreq histog;ams'of monthly +vainfall (Fig. 4)
over the stations, Thgse graphs have_jitt]e prognostic
value fdr short period of Sne or two aays”but they tell us

about the rainfal!l we should normally expect.

Khan L1193 estimated raintall Probabilities for Z-week
running pertod using datly raintaill datz for 36 vears of
record (13934-69] fraom ]S'different focations. His anal¥Ysts

15 helptul for designing Cropping pattern and supplementa-

|

4

ry irriéation system.

In 1972, 1BRD L17) studied the rainfsl! dats of nine
rainfall stations of SBangladesh for the agricultural and
dirainage requirements. Frobability analYsis have been car -
ried out to determine expected amounts of raintaill ftor
wee lkly, bi-weekly, tvi-weekly and monthly totals using
gaily rainfall data tor 36 Years record (1934-8Y) tor nine
d%fferent Iocaiioﬂs namely : Barisal, #Hoara, Chittagong,
Comi]]a,. Dhaka, Khulna, Mymensingh, Kangpur ang Rajshahi.
From these ana]ysis, the probability occurrences of  too

tittle raintall or too much rainfall and right amount ot




fa.d

rainfall for crop growth ifn any weel, Z-weel: anc Z-weael:

running period as well as 1n any month can be determined.,

.

To determine the grainage fequirements, max imum
values of precipitation on 1425345,7,10 ana 15 consecutive
days have been computed for the months of May, June, July,

Ahgust and September tor each ot the nine stations. Typ1-

.cal resuits ofrtheranalysis described above are shown in

-the Fig. 8 and 9.

The probabilities of heavy .raintall in Bangladesh was
studied by BWDB and the UNDF L[21. The primary objective in
their anatysis of heavy raintalis was to produce criteria
for_ drainage design. It inciuded rasntalt durat1on from |
to b da¥s. The six day durat1on was chosen as the upper
I1m1t, as’ thls s consistent wjth a8 cratical period of
inﬁndafion_ﬁor the rice crop. Theidata snu}ce used was the
da%ly .rainfall datsa Trom the Bangladegh Meteorologicai

Uepartment climatic 5tat1on5, as 115ted below,

Station - ' A Length of record
Comilia - 1947-79
Dhaka 1954-g0
Mymensingh . i34/-80

Srimangal 1947-70




Sy lhet (947 &0

Bogra . 1947-80
Dinajpur ) ~1947-80
Rangpur ' 1947-80

For each Year of record the annual maximum rainfa]l
fc} -1 day was extra;ted andg éisﬁ the to#éls for the max-
imum cnnsecﬁtige 2 t6: e daf perviods. These' were then
ranked 1in descending order and- ass1gne& a8 probability
piotting position according to S8tom tormuia. The data were
then plotted on logarithmic probability paper, snd ecti-

mates abstfacted tor return periocds of 5,10 and 20 vyears.

. : . T P

These data for all durations were then combined to produce
. CoTsgEGC L oy

picts ot depth versus duration using -togarithmic graph pa-

t

per with best fit lines fitted toc each of the above ffe~

- quencies. However, no regionat generalization has been at-

tempted in their study. A typical probability plot is
presented in Fig. 10 ana-a family of curves for depth

versus duration shown in Fig. 11.

Recently Matﬁn L2071 étudigd-fhereﬁt?emé value rain-
tall data for the narth eastern région of Bangladesh. FMP
of 24 hour has been estimated for each station of the re-
gion using Hershfig]ﬂ's revised approa;h.‘ Using Gumﬁei
d{stribution, prediction equations for-maximum Gaiiy rain-

tatl fov return peviods of 2,9,10,20,50 and {00 vear wer e




developed. An empiricalil eguation has been Propozed fo c=zi-

[ !

culate the daily rainfall data for different return
periods from the daily two Year value. However,y his stugdy
was iimited to  only short duration .rainfall data i.e.,

from 9 min., to 1440 min.




CHAPTEFR IIl
. THEORETICAL CONSIDERATION
3.1 TYTheories o?rPrnbability distribution function
The fol]owing probabi1lity distrjbution tunctions were

considered fTor this study.

(1} Double Exponential Distribution Function,

(2) Gamma Distribution.

'3.1.1 Double Exponential Distributién Function

The Double Exponential Distribution Function of the

largest value in its cumuliative torm is detined as

P = F(X) = expl-exp(-y)} - ) _ (3.1
and . x-u s . (3.2)

:

where ¥ 1is fhe dimensionless reauced variate, »x is the in-
ttial wvariate, the quanti{y U 4is the mode- or iocafion
paraméter of the distribution and

£ 1s the scale paraﬁeter whicﬁ 15 analogous to the stan-
dard deviation ;¢ + of normal distribution. The-parémeter

U and £ completely define the distribution.

Combaning the above two equations the distribution

function may be written as




- F(X) = exp[fExpté“(x—U)}] : ' R

This was introduced tor extreme values by K.A. Fisher
and 1. H. Tippet £35]. This tunction is sometimes known
in Hydrology as Gumbel Function because of Gumbel's wvari-
ocus studies of distribution of extreme flood peak

discharge.

3.1.1,1' Prediction equation tor the Double Exponential

Distribution Function

This invoives the computation of the sample mean X,,
: and the standard deviation $,, of the annual series of a
sampie. of size N. 7The estimates of two parameters U and A

are giyen by
] oy

LV I
z .

| s
1t
x|
z B
|
2

N
7

7

where ¥, and 0, are the theoretical quantities which are
functions of sample size only. Gumbel provides a table of

values ( fable - 3) for Y and Gu as tunction ot sampie
. . o

-

size N. Therefore, prediction equation for rainfall magni-

tude (X,) may be expressed by the tollowing function

X_=.U - Tn{int

T T =1

i3 (3.6)

where, T = reaturn pericd in vears,




'3.1.2 Gamma Distribution

A mathematical model toc provide a reasonably good ap-
proximation of rainfal) distributien . is the incomplete
Gamma function. This method not only provides a consistent

basis for smoothing the curves but i1t also provides g

. means nf:inveStigatinQ the space and time changes in rain-
‘talt probability analyticalty. The Gamma distribution is &

:positively skewed distribution which is applicable to

climatological variables which have a ph¥sical iower bound
ot zero but no mRon-statisticsi upper bound such as one en-

counters with precipitation data.

Incompilete gamma function ! The integral

. H
Ll I

o) =[x & dx | | (3.7)

1 L
converges if «30, and is called the gamma function ot

X .

The gamma tfunction is highly skewed and exists only
in the positive _;egion ot the variabie. The probabitity

density tunction of this distribution is defined by

s} = l‘oc-! —x/,&
Foxd ;FTE_ X e (3.8)
with 0(x¢%¢ ang F(X)1=0 tor x{0. The =hape parameter >0

and the scaie parameter is A>3, Since gamma function has




-
LRl N

13

twe parameterszs it ie difticuilt to integrate 1t. Sammp

method mayY be used to estimate the distribution function.

3.1.2.1 Properties of two-parameter gamma function

the mode is m = (<X ~t) for « }1. The expected value

and the variance 15’

var x = ap” : (2.10)
while the skewness co-etficient VY, = 2//8 and the kurtosis
Yo = 3+ B/« ~are independent of 8. Fig. 13 gives three
. 7 curves of Eq, 3.8 for « = % and A= 0.5,1.0 and 2.0.

i

3.].2.2_ Estimation of parameter of gamma distribution

fhe parameter and’ -arg es£§mated-from the sampile
data.- For a highly skewéd distribution, 3 maximum likeli~-
hood estimation is recoﬁmended. For twe~p§rameter gamma
"distribution, u =X , so thét ) B =04 and o =40 This
may be satisfaﬁtéry:if the 5kéhness' &ouéf?icient vV, = 24

is small or x is relatively large.

3.2 Testing ot goodness of fit data to probability dis-

tribution

Because hydrologic intformation is Primari11y derived




from sampie data many practical hypothesis about tre popy-
lation of hydrologic random variahies must be postulated
and tested. Available techniques in mathematical statis-
tics tor testing various types ot hypothesjé are relevant

to hydrology.

Two ways of judging whether or not a particular dis-

.tribution adeguately describe a set of observations re-

quires a visual judéement of goodness of fit. One ﬁethod
is to comparé the observed reiatiye-frequency‘with'the
theo?eticai re?ativé trequency cufve. The zecond method is
to plot the data on appropriate probability paper and
judge as to whether or not the resulting plot is a
straight line. More powerful tools in testing the goodness
of fit are Chi—séuare ?test and the Kolmogorov-Smirnov
test. These two apprna#heg reduir; fhaf thé data are from

a specified distrjbutiod.fln' thié study. the Chi-square

‘test and the Kd]mogorov-Smirnbvltest were adopted.

3.2.1 Ehi-square Goodness of fit test

ADne-of‘fheAmoétiéomm6n1y’uged test for goodness of
fit of eméif?ca] data.to specified theoretical trequency
distributions is the chi-square test. This test makes a
comparison between the actual number of observations and
fhe expected numbeiv of observations Lexpecte? according to

the distribution\under test) that fall in the clastc inter-

val. The expected numbers are calcuiated by wmuitiplying




the expected relative freaquency by the total number ot cop-
servations., The test statistic is calculasted from the e -

iationship,

PR a o)
XT = Z(Oi‘El)/EL (3.11)
(=) .
where ¥ is the number of cilass intervals, O is the

cbserved and E. is the expac;ed (according to the distri-
:bution befng tested) number of 'opservatiﬁns in the ith
class intervatl. The-distributioﬁ ot is a Chi-square dis-
trjbution with (k-p-1) ﬁegfee ot freedomy, where p=number
of parameters estimated from-the data.‘The hypothesis that

the data are from a specified distribution 4is rejected if

: 7L2> A _ (3.12)

- c L—“-K-E*‘ _ ]

| | : o |
A better way of conducting the chi-square goodness of
fit test s to define the class intervals se that under
the hyPothgsi$ being tested the expected number of obser -
vatiens in each c]ass"intérvé] is the same. This means
that the class intervals will be of unequal-width and that

the class interval widths will be =1 function of the dis-

tribution being-jested.

3.2.2 HKo'lmogorov Smirnev Test of Goodness of fit

An alternative to the chi-square goodness of fit {est

is provided bY the Kolmogerov Smirnov test. This test is

conducted as followg @




i. Let F{X) be the compietely specified theores -
1cal cumulétive distribution function under the nuli hy-
pothesis .

1. Let S.,(x) be the sample c.d.f. based on n
observations . For any observed x, S5,.(%) =k/n, where k=
number of observations less than or equal to »x.

1it. Determine the maximum deviatibn, D, defined

by

D = max | F(X) - S, (x) !
iv, it, *or the chosen significance fevei. the
cbserved value of D i greater than or equal to the craiti-
cal tabuiated value ( Table 5 ) of the Kolmogorov Smirnov

statistic, the hypothesis is rejected. It is toc be noted

‘that for the Kolmogorov Smirnov test F(x} is completely

specified cumutative distripdtinn. Tﬁa; isy no parameter
for the'distrfbution-musg be est{mé{éd from ~the obser;ed
data. {It is fdund that‘@hEA'pa(;meters must be estimated
to specify ~{x}, tﬁe Kolmogorov Smirnov test isl:cdnserva~
tive with respect to type [ error. That is if the Eritica?
value 15 excegded by the test sta;istic obtained from the
abse?vea value, fhe hybﬁ£hes#é is réjé&ted'with consider-

able confidence.

3.3 Determination of Probable Maximum Precipitation (PMP)

In 1951, Chow [6J expressed the general equation for

a8 random hydroiogic variable =5




1
i
i
i

X = Xut K, * S, £3.1%)

where X, is the variate having a return periocd T in yearé,
¥ and S.are the mean and standard deviation respectively

of the series of annual maximum. Kuis the frequency factor

which depends on the type

“turn period.

Hershfield £12Z] used

KM = XH + I(M* SH

where X, is the magnitude

particular ‘duration, ¥,

standard deviation of the
i

1

of distribution used and the re-

equation {(3.13) in the form of
(3.74)

of PMP for a given station of a
and S, are the adjucsted mean and

annual series respectively.
;
I
.




CHAFTETR Iy
D ATA CoLtLtECT! ON

4,1 Source of rainfall data

.

The rainfall records used in the study were collected
from the Bangladesh Water Development Board. This organi-
zation measures daily rainfall bY the sténdard 3 inch
‘gauge having 1. foot rim Hheight. The majority of the
Qaugés operate& by thé_BwDB are being operated since 196z,
land in a number of cases rainfall data for some consider-
able period befcre 1962 are alsoc available. This organiza-
tion preserves the 24 hour amount in the form of data in-
‘dex card. Fer a particuiar water vyear annuzl rainfatl
data, number of rainy days in a Year, monthly rainfall
data, maximﬁm.depth-durqtion dafa étc; are avaiilable in-

the data card.

4.2 Study Kegion

Hydrologically Bangladesh ig divided into tour re-
gions (BWDB,1982) (a) North-west,; (b) North-east, (c)
South-east, ..and (d) | .Sduth4ﬁe§t.- - North-west region
Eompriseél‘qf_ the .diﬁtrictsxuﬁold} of Rangpur., Di;ajpur,
Rajghahi, Fabna and~Bogra. This region is flaked by Brah-
maputra on the east and Ganqaglon the south. C]imato]ogi—

cally, the region fails under two distinct cseason viz. dry

season from November to March and wet season from Apivil to




Uctober. Raintall varies over the'region trom 93 incheszs in

the west to 95 inches in the north-east. Thiz rsintsll 1

very unevenly distributed during the vear. Over 80% of 1t
occurs from June te October and the remaining 20% from No-
vember to May . June to October is known as the rainy sea-

. sen or monsoon. Slow storms of steady rainftall for several
da¥s 15 generally the pattern during this seasony but
somet imes Ioca]izeq h1gq. intensity rainfalils of short

- 'duration a1sn-occur. SkyY remains Eioudyffor leng periods

and é high percentage of humidity pPersists.

4.3 Selection of Rainfall Stations
r
There are as many as 94 rainfall recording stations
in the =study region. The districtwise (old) number of
rainfall statiens are given below.
i ) C - . '
! : - District(old) , - + No. ot raintall station

Kajshahi : 26
- Pabna !é
Bogra _ . 12
Rangpur - 2 21
Dinajpur “ 23

All the stations within the study area weve ideﬁt1~
fied and it was decided that more stations csheuld be
seiected frowm higher rainfall difterence avreas. The . otherv

criteria being that the record tor periad 1962-835 snould'




pWH

be comptete or nearly so. w1tp this point in mind the
study region was divided into a number af grids ana
isohyetals were drawn on the map. More statieons were
selected from greater isohyet difference grids and vice
versa. This exercise provided a3 network of 5% rainfall

stations in the study regijon.

4.4 Data Coliection

Out of 55 selected stations the data ot 29 stations
were collected ftrom IBM Svystem 34 database of the BARQ
computer centre. The BARC collected these data trom BWDOB.
The required cumulative rainfalls were obtained by running
arpropriate proéramme in the 1BM System 34 computer.rTheseﬂ -
basic data were then transférrea to éUET mainframe comput- iz

i er for further processing. S : —

'

i
. . ! '
B H . ; * -
' e ' {

T s The data of other 23 stations were collected from i
BWDB data index cards. These data were entéred and veri-
fieq carefully and a databank was established to facili-
tate the. use -of-collected data in various énaiysis. All

the cotllected data were presentedrdn Table 2.

An important aspect of the data Procecssing was ‘the

checking of station location throughout the vegion y be- -

1

cause this information is essential for the preparation of

~.

. isohvYetes of the anaiysed rainfall data.fThe corrected sta-

tion locations was taken from Water balance studies report




(North-west datsy, In the repovt £21 the gaugé tocation
published in Hydrolegical Yearbook ( voi. 1, Kaintall and
Evaporation 1965/66 ) was Checked against 1:500uU0 topo-
graphic survey map. The pame and corrected latitudes and

longitudes of the selected stations afe given in Jlable |.




CHAPTETHR v

DATA ANALYSIS

9.1 General

To select a probability distribution in data

analyvysis, it was decided that Gumbel and Gamma distribu-

tionsy most commonty used 'in rainfll frequencyY anat¥sis,

would be applied to longterm records of annual rainfall
extremes at selected rainfall stations over the north-

western region of Bangladesh.

For eacli vyear aof the record the anual maximum rain-

fﬁT!_ for | daY and consecutive 2,3,5,7,10 and |5 day

_periods were extracted. Computer preogrammes were developed

for data p}oéessing ﬂfor both ;typg of distributions. A
listing 6f the programm;lis:;roﬁjged in Appendix € . Typ-
ical plotting D;A datai in._thé twd probability paﬁer
designed for the two distributions are shown in Fig. 16-2é

and Z3-Z23. The ordinate of the plotting represents the

maximum rainfall and the =2bscissa represents the return

‘period; The probability paper is éo desiéned that the or-

dinate scale is 1inesar and the abscissa scale is of double

exponential type. Plotting position were determined by the

fO{mula




where M is the rank of the item_of SET ies.

The pliotting positions and the parameters of the
theoretical curve were calculated in the mainframe comput-
er and these results were then transtferred to TRSDOS sys-
tem for plotting. JTwo plotter vroutines (developed 1in
BASIC), one tor Gumbel and the other ftor Gamma distribu-

tion were developed and are presented in Appendix [ .

The goodness of fit were tested by Kolmogerov-Smirnov

and Chi-square test.

! 2.2 Folmogorov-Smirnov test
This test is usually performed for short samples (N ¢
30). Goodness of ftit 1nd{cgs ©f the Gumbel and Gamma pro-
bability functionm were campﬁted for 30 randomiy _seiected
stations. A computer programme based on FORTRAN was
developed for this purﬁoée. Tab]q:B and 9 shows thé com-
S parisons of di}ferEncesfbétween;the Eriticé] and the com-
pﬁtéd Folmogorov-Smirnov ;tatiztic. A comparative studg?
reveals that Gumbel distribution is accepfas]e at 0.05%

- _ “Tevel of significance and is superior to Gamma distribu-

tion. ' - N
5.3 L(hi square test

This test 1is usually performedﬂfo@njarga sampies ( i
330 ). In this test the equal probabiTity class interval

method was empioved for 11 randomiy-seiected stations of




the region., Tabie 10 and 11 summarises the computed cha-

square values. The tables shew the number ot succecszesz 3ng

(11}

failures for each distributien, based on §.05 significance

level,

From the test results it can be seen that Gamma dis-
tribution has more successes than the Gumbet distribution.

tTo choose one distribution as more reliable than the oth-

er, bas1ng the judgements on the results obtained Trom

Chi-square " and Kolimogorov-Smirnov tests, presented in

Tabies 8,9 and 10,1) 4is ditfticuit indeed. Though Chi-

square test indicates that Gamma distribution is superior
over Gumbe! distvyibution, no definite concluszion can be:
drawn because of the smatl iengths of the campies tor

which chi-square test s not ‘conclusive enough. Again

Ko]mdgdrov-Smirnov tect indicéted that Gumbel distribution

is  superijor to Gamma distribution and is acceptable for

the tested range ot samples.'Conséqueﬁtﬁy_Gumbe] distribu-

“tién is selected for furtherfstudy in rainfalt extreme

value anal¥sis,

3.4 Frequency Analysis,

From the test results if Qas'deéided'that Gumbe 1 dis—
tribution would be used for estimating rainfalt extremes.
Computer prcgrammeé'wekg developed tor estimating pérahe—
ters of the prediction equation and maximum_},2,3.5,7;10

and 15 consecutive gay rainfall for return periocds of

24y5,10,20,50 and 100 vyears for all the selected stations




of the region. The resuits are presented in Tabie 13, £
number of isohyetal maps were drawn using these results as

shown in Fig. 30 to 36.
3.9 Generalized Depth-duratien-frequency curves

For a generalized depth-duration-frequency curve -for
the whole north-west region, the results of the Gumbel
tequency distribution werelpiotted jn the logarithic pa-
per. It -was assumed-{hat a relationship as suggested by
Bernard [4] exist between the raintalil and duraten for a
certain return peviod. Typacal result ot plotting for 20-
year return period data was FEresented in the Fig. 37ﬂ

Computer programmes (Appendix C) were developed to tit

‘teast square curves through -the enveloping points.

- . . ]
Correction factors for each station corresponding to each

return perviod were determined to calculaﬁe the point rain-

falt wvalue. Uthe vregional curves .for - different return

i
! i

periods are shown in Fig. - 36. A nomograprh representing
these values hacs been developed and presented in Fig. 49.

The de=zign rainftall for the return periocds can be cailcu-
lated wusing this nemograph ; and the correction factor

£
]

charts presented in Fig., 40 t9145;

Average ratios of S-year ,10-year,20-Year,50-vYear and
100-yYear maximum raintall "data of ditferent duratien. ta
Z-year raintfall for each of the station was determined and

the resuits are presented in Table 15. An emperical equa-




tion of 1,243,5,7,10 and 15 day rainfaT!-for different re-
turn periods as ; ratio of 1,243,5,7,i0 and 15 da¥ ,Z VYear
value were then established by fitting the mean ratios és
a functioen of return periods on logarithmic paper ( Fig.
46 ) and 1is given by

NoDAY )
e 2 0.327 In T + 0.8019 (5.2)

2

where,

7 = maximum N-day rainfall value for T year return
periocd.

Py = maximum N-day rainfall value for 2 year return
period.

and N = 1,2,3,5,7,10 ar 15

Same type of equations were also developed for the
hydroldgica1v'units zefiby the MPO. These are presented in

Fig. 47 to 53.

i

2.6 PMP Analvysic

The mean (EN) and standard deviation (S} of the
rainfall - sample for'each_of'the station were computed by

the conventional ‘procedures L1421 as given by

Xn = . (5.3)




The values ot K, were catcuiated by the equation

Xnax. ~ X
K = Mg' X (5.5)
N =1

where K, is the trequency factor defined by Hershfield.
The K, values corresponding to each duration of.each sta-
tion w;re calculated and presented in Table 24. The dis~-
tribution of K, as shown 1in Table 25 'gives the masximum
va]ﬁe-of_KH of different duration. These values, there-
fore, w3y be Aconsidered as the enveloping Qalues of K,.

Thus the empirical equations for PMF values for the region

under study may be written as :

(1-Day)  X,= X+ 6.49 x & (5.6)

(2-tay) Xw= X+ 7.50 % B, (5.7)
i |

(3-Day)  X,= X.t 7.86 ¥ §, _ (5.8)

(5-Day) Xu= Xut 7.02 % 5 ' (5.9)

(7-Day) X,= Xut 7.32 % S, (5.10)

(10-Day} Xu= %o+ 6.29 ¥ §, (5.11)

(15-Day) . Xuy= X + 6.70 * &, - (5.12)




wher e,

probabite masximum rainfall,

X, =
fﬂ= adjusted mean of the annual sevies and
§H— adjusted standard deviation of the annual series.

On the basis of K, and X, ,enveloping curves were

e,

- —

Prepared for the seven duraticns as shown 1n the Fig., 63. .

Using the K, values from Fig. 63 (corresponding to’ the

mean annual maximum rainfall of the any duration), PMP

values can be calculated using the equation as follows.

Xy = Xo+ KEu¥ 5, (5.13)
Before caiculating PMP vaiues, all the Xu and &, data

are adjusted by the empirical adjustment tactors given by
- . ‘ - o~ .

Hershfield [123 but 1440 minute correction was not applied :

\ to the data. Fig. 12,12 and 14 show var ious diagramslfqﬁ
: L i AR
various adjustments. ) K ' Y
. | ) : : S

T In addition te the érigfnaT 'tébulations “from -wﬁicﬁ
series 'nf_ annual maximums may be extracted to obtain thg C
means and standard deviations, there are a1so'-generalized
rainfall frequency studigS' (Gumbel distribution) from
which these two statistics'(§; and S. ) may ‘be derived
L14]. For this purpose the ra!io of-the_mean te the 2-vear
return period (Gumbel distribution) vaiues ‘'were calculated
and the 'avarage was found to be 1.09. Fig. 62 zhows a {yp~

ical result of this analysis. This value may be used for

estimating the PMP of 3 certain area (within the study re-




gion) for difter=nt duration az foillows -
— N-DAY
An = X, ¥ 1.0%9 (S5.141}
where,
.
Xu = mean N-Day rainfall,
N-DAY . . . -- .
x5 = N-Day rainfall having 2-Year return period,

and N = 1,2,3,5,7,10 or 15

Next, .the standard .deviation

the foilowina equation,

where;,

N-DAY _‘ ) -
“1oo N-day raintall having
in which the diviser 3.51

i

tion associated

' S0-vear sample bY Gumbe] procedure.

is the nuﬁbér of standard

S }-may be obtained from

100-vYear return period.

devia-

with fHe'iUU—yaér value when analysiné a

Values of divisor for

various lengths of record are given in Table 26.

The PMP values ot the seven duration can
culated using ‘the Egq. 5.13 and the Fia. 43.
if the S5-day ﬁean annual maximdﬁ rainfal)
be & inches from Eq. (5.14), Fig. 63 shows

the .number ot standard deviations. The

Pius (1.6

imum rainfail estimate.

now be cal-

Fof e%ample,
is  computed to

that 11.6 is-
of the

sum mean

standard deviations provided the probable max-




CHAFPTER Vi

DI SCUSSIONS
6.1 Frequency Anali¥sis

the investigation carried out in this study can be
categorised wunder three headings : (3) determination of a
suitable distribution for for the analysis of 1long dura-
tion extreme rainfall of Bangladesh. (b) generalization of
the resuit obfained by the  selected dfstrubution. (c)
development of an empifical method to determine the laong

duration probable maximum raintall (PMP},. R

Duving determinatvon of a suitable distribution , two

widely wused distributions namely ! Gamma and Gumbel were

T
tested and it was found that Gumbel distribution is ;more

suitable for application in long duration extreme rainfall

P analysis of Bangladesh. ' The analysis introduces a degree

- of smoothing to the relationships, but generally speaking,
) thefe were only a few anomalies. Most anomalies were con-

cerned with the Tonger duration rainfalls, Another point

worthy to note is that nut]jefs'at_the;gxtreme end of the,
fitted relaticenship become mo;e common at the lenger dufa- P
tions, particularly at 10 and 15 days. The res;1t af the
anaiysics e.g., the parameters of the prediction equation
of the seven durations are presented in Table 12. A number
cf isohyetal maps were drawn and are-presented in Fig. 30

to 36. These figures show the similar rainfalil distribu-




tion pattern as that ot the mean raintall (Fig %1,

Fig. 39 shows the generaiized depth-duration-
trequency nowmograph for the north-west region of Ban-
gladesh. Extreme rainfall amount of any station can be
calculated by using the nomograph ard the correction fac-
tors listed in Tablie 14. Thislérocedure was verified by

developing computer programmes and the percentage ot error

was calculated. It was found that the percentage of ervor

ot about 90 percent résults fall below 12%. Table 16 shows

el 2L '4

A

the calculated pertéﬁtaéé';f'éTror of a few stations. The
remaining 10 percent érror varies trom 13% toc as high as
29%. For these results 93% confidence 1imit lTines were
drawn and the generalized poinﬁs were pictted in the same

i k .
graph. It was found that most of the genevalized points

1

tall wfthin the 99% confidence limit 1ine with a few ex-
ceptions. Fig. 54 to 61 show 3 few results of this
analysis. As mentioned eaf1ier-the§e anomalies are con-

cerned with the longer duration rainflls.

¥ig. 46 shows _ the generalized depth-duration-
fTﬁquency curve for the reggon under study. Ggperalised
curve based on seven hydra]ag%:a] units (proposed. by the
MPO) were also deve1nped-and'are presented in Figures 47
to 53. 1,2,3{5,7,16 and 15 day rainfa]f-data having Z-year
return period maybe converted to rainfall data having dif-
ferent return pefiod e.g., 5,10,20,506 and 100 Year by us-

ing these graphs and the 2 vear isohyetal maps. Cnmputér

3




programs were developed for calculiating the percentage ot
error. Identicail results were obtained as that of the
‘nomograph method 2s shown in Tablie 17. But the curves
deve1oped-for hydrological units proposed by the MPd‘(Fig.
47 to 53) gave smatier error than the whole ﬁnrth—west re-

gional curve (Fig. 46)}.

To study the three ggneraiized methods comparative
tables were prepared. Table 18 to 25 compares the predict-
ed 2-Year,d-Year, 1U—year,'20-year, §U—yEar and i00-vear
extreme rainfalis of randomly selected stations calculated
by the three generztized methods, namelyY, nomcaraph and
correction factor, generalized curve of the north-west re-
qian of Bangladesh and the curves pfepaxed on the basis of
hydrpﬁogical units Proposed EYNMPO..FrDm the_fab]es it can
be seen that the predicfed-va]ues obtained trom the three

methods does net follow any-gener31.£rend of variation.

i
r

Values of Station HNo. 158 were qross}y underestimated by

iatibn MNo.

the regional «curve (Table 20). Aiso,réﬁnfé]i

2803 was overestimated by the nomograph.methda:(Table 201.

6.2 PMP Analysis

3

I
g, e,
2

“revealed

b

'

Examination ot the values of Ky (fable 24)

that mno systematic geographic pattern exists, suggesting

Ha

Dt

that K, occurs in a random tashion. Asgshowﬁ'in the Fig.

&3 ’ K

” values were then p[atthd against their

corresnﬁﬁﬂimg meEans to investigate the possibility of this




statistic varying with average rainfall megnitucde. The
figure shows that an upper envelope of the statistic, &,
has a3 tendencyY tc decreacse with increasing rainfsl! magni-
tude. Hershtield [141 also found the same tendencyY when
analysing short duration rainfall data of south-western
United States. Enveloping K, as function ot mean serves a
transposition purpose. For ail sttation having the same
mean, it is assumed that fhey have the same value of Ky o
This assumption does nut imply that the standard devia-

tione are a81so equal.

The four envetoping Z4-~-hour Ku value curves namely:
{1) Hershfield’'s werid envelping curve, (2) Curve based on
the North Indian data, (3) Curve based on the-northeastern
data of Bangladesh éndi (43 Curve based of the north-

western data of Bangladesh, are pfeéented in Fig. 7. This

. figure shows that the curve obtéfﬁed for the north-weétern

region of Bangladesh is almost parallel to that obtained
p : .

from the North Iﬁdian_data énd.north-eastern data of Ban-

gladesh. The distribution of K, as shown in l1able .25 gives

.the highest value of Ky of different ddration. These

values, therefore, maV¥ be considered as the enveloping
value of K, . The empivical equations for estimating the
probable maximum raintfall (PMP) values for the region were

precented in Egs. 3.6 to 5.12.

‘The average of the ratio of mean annual maximum rain-

fall to 2Z2-VYear refurn period rainfall was found to be




1.89, Herczshtiefd [14] tound that this ratiec to be 1.06 for
YQE United States. Theretore, the wvalue |.09 for Ban-

glmdesh appears to be gquite reasonable.

3
1




e

CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER 87UDY

7.1 Conclusions
The following conclusions can be drawn from the vari-
ous analysis of long duration raintal! data performed in

this study.

1. Gumbel djstributian 1s relatively superior to Gam-
ma distribution in the analysis of extreme value vainftall

data.

2. For any location within the north-west region ot
Bangladesh, maximum rainfall depth for anyY given duration
of 1+2,3,5,7,10 and 15 days .and having 2,5,10;20,50 and
100 Year return periocd can be ga]Euiated from the nomo-
graph (Fig. 39) and the correction facto} charts (Fig.: 40
to 45). - SRR -/ ' o

! s

-

3. The parameter of-the prediction equation of indi-
vidual rainfall stations as given in Table lz:tan be used
tec compute the maximum rainfa]} depth of the seven dura-

tions. and for any desired retuTn period.

4. The raintall data having Z-Year return -period as

given in the isohyeta! maps (Fig. -30. to 36) may be con-

~verted to rainfall data having difterent return peréod,

e.g.y 3510,20,50 ov 1060 year etc..b¥Y using the curve (Fig.

46}. For more accurate estimates the hydrolegical dnjt




curvesz =set by the MFQO (Fig. 47 to 523) may be used.

3., A quick estimate of PME ot ditfterent duration can
be determined from the enveloping equations (Eq. 5.6 to

2.12),

€. Probable ma»imum raintail of d1fferent duration
tan also be calculated by using the Tormulas (Eq. o.13,

29.14 anag 5.15) and the 150hyeta} mape having Z-v¥ear return

‘period (Fig. 30 tgo 36),

7.2 Recommendations for further study

1. This study should be updated in future with in-
Creasing tength 0f record which would allow 8 more reifi-
able estimate of rainfali.

2. Similar ana1?515 of rawnfall data should be made

J

for other hYer]OQIC reg1ons of Bang1adesh, such as,

i
e ]
i -

(i) North;east régﬁbn; ’
{11) South-east region and

(iii) South-west region.

3. Seasonal anzlysis of rainfalt data of tﬁe region
should be made to reveal the Qéasonal patterns ot rainfaill

egxtremes,

4, The PMP analyYsis of rainfall should Qg carried out

usﬁng whale Bang]éﬁesh data to check whethsar any sys=temat-

ic geographic pattern of K exists or not,




HKREFEREMECESE

1. Ackermann, W.C.,1964, Application of severe rainstorm data in

engyg. design, Bull., Am. Meteorological society.
Vol. 45. :

™

Bangladesh Water Deve]opment Board and UNDP, 1982. Water Baij-
ance 5S5tudies report, Final report volume ! } Surf-
ace Water part.

3. Belly F,C., 1969 , Generalized Rainfall intensity-duration-
frequency retationaships. Journal ot Hydraulic Div.
ASCE vol. 95, HY |. !

4, Bernard, M.M., 1932, Formulas for rainfall Intensities of fcng
: durations,sASCE Transactions Paper 1801. vol 9¢. ppP.
592-60¢6.

5. Changrancy,T.G. and Hem Raj,1978, Appraisal of variocus methods
useg for Exstdmation of Design Storm 1in respect of
Small catchments. Proc. of Sym. on Hvdrology of ri-
vers with small and medium catchment, vol. 11. Fub.
no.- 130. Central Beard ot Irrigation and Power, New
Oethi. : o i

&. Chow, V.T., 1931,y - A general formula for hydroiogic frequency
analysis. Transections,; American Geo-physical Union
val. 32. . )

7. Chow, V.T., 1945, Hand-book ot Applied Hydrclogy. McGraw-Hill
Book Company. !

8. Dhar and Kamte, 1966, Indian Journal of Meteorcltay and Geoph-
ysics., wvol. 17. '

2. Hershfield, D.M., 1962, An Empirical Comparison ot the Predic-
o tive value of Three/Extreme value Procedures; Jour-
nal of Geophysical Research, vol. 67, No. .4.

10. Hershfield, D.M. and M.A. th4ér,1960, An empirical appraisal
ef the Gumbe)l extreme-value procedure. Journal of
. Geophysical research Vol. €3,

11.Hershfield, D.M., 1961, Rainfall frequency atlas of the United
' States, Weather Bureau Technical paper no, 40.

12.Hershfield, D.M., 1961, Estimating the probable maximum preci-
’ pitaticen. Journal of Hydraulics Divicion, Proceed-
ings ASCE Vol. 87, no. 5.




13.Hershfield;, D.M.,1962, Extreme raintall reilationships., Jourmsl
Journai of the Hyd. Division. ASCE. Vo1.88, no HiE.
Froc. paper 3319. .

i4.Hersnhtield, D.M., 1965, Method ot estimating probable mayimum
rainfall, Journal of American Water Works Associat-
iony Vol. 57, no. '§.

15.Hounaw,C.E.Estimation of Extreme precipitation, Journail, I.E.
Australia, vol. 2y No. &,1960,

16.Huff. F.A. and Neil1,3.C.,1959, Comparison of sevefal methods
N for rainfall frequency analv¥sis, Jdournal of Geocph-
yeical Research Vol. 64. no. 5. '

17. Internatienal Bank tar Reconstruction andgd Development, 1972,
tangtadesh Land and Water Resources Sector Study,
vel, VII, Technicai Report No. ¥3.

16.Institute of Engineers, Australia (1877),y Australian Raintal}
and Runoff¥f.

19.Khany, H.R.,1976, Determinatiocn of transplanted date and supp-
limentary Need for HYV Monsoon Rice Using Rainfall
- crop soil data, Bangiadesh Journat of Water Kesou-

rces Research Vol. 1. no. 1.

20.,Matin,M.A.,"Analysis of Rainfall data for estimatinge the int-
’ ensity-duration-frequency Relationships . for the
North-east region ot Bangladesh", A "M.Sc.Engyg.
‘thecsis submitted to the department of Water Nesou-

rces Engineering, BUET, Dhaka, June, 1984,

21 .Manale, E.B., 1976, Agro-ctlimatic surveY of Bangiadesh, BRRI
oo and IRRI.

2z2.Mcculoch, J.A.W., and Booth, M., (1970) : Estimation of Basin
- Precipitation by Regrecsion Equation. Water Resou-
rces Research, vol. ‘6, No. 6.

23.Meyer, 1928, "Elements of Hydrﬁlogy".

24.Morgan, A.E.,"Storm Rainfall of Eactern United States",Techn-
ical Report, Miami Conzervancy Dist.

25.Naravan, Y.Y.D., Gupta, S.K. and Tiwariy, A.K., Rainfal!l and
Runoff anaiysis for rainwater management in Agricu-
lture, Proceedings of the Symposium on Hydrolagy of
Rivers with small and medium catchments, New Delhi.




26.Fharande, K.S5.,% Dastane, N.G., 1964, Etfective Raintall, tow
Delhi Pocstgraduate Schoo) J.slndian Agri. Rez. Inzt.

Z7.Raudkivi, A.J., 1879, Hvydrolegy : aAn Advanced Introduction to
Hydrological Precesses and Moedeiling,Fergamon Fress,

£Z8.Rakhechs,”.R., Dhar, O.N. and Mandal,; B.HN., 1978, Proceedings
of the SyYmposium an- HYdrology of Rivers with small
and medium catchments, New Deihi.,

29, KRangarazan and Mazumder, |966, Indian Journal of Meteriology
and Geoph¥sics Vol. 17,

30.U.5.Weather Bureau, Hydrological report no.33, 1936, Seasonal
varigtion of the probable maximum precipitation.
East of i05th Meridian for Areas 10 to 10U0 =q.
miles and durations of 6.12.24 and 48 hourc,

31.U.S.Weather Bureau Tech,. Paper no. 38,1960. General estimates -
af probable wmaximum Frecipitation for U.S. Wect of
105th meridian for areacs tg 400 =q9. miles and Dura-
tions to 24 hours,

32.Varshney, R.5., 1979, Engineering Hydrology, Roorkee Press,

India. _
33.Worid Metenrang{cal Grganizatien, 1985, "Guide to meteoroclo-
: gical practices". . - '

. 34.Wilson,W.T., 1963, Transactions ASCE, Discussion on Paper no.
i . 3431, ' '

35.Yevievich. V.QiiQ?Z, Probability and Statistics 1n Hydrology,
- ———— Water Rescurces Publication. :




—i

- A

APPENDIX

[y




Table 1 : Location of selected rzinfall stations

£1. Station BWDB Location
No. - Name No. ~North East
ST . . deg. min. deg. min.
1 Adamdighi 151 24 S50.4 89 03.0
2 Badarganj 153 : 25 4Z.0 89 0z.0
3 Badaigachi 152 24 57.8 B3 54.0
4. Baliadangi 195 26 5.2 B8 - Z27.1
3. Baadogra. 154 25 55.4 88 51.8
b Bera 4 Z4 04.5 g9 38.0
7 Bhawaniganj - 136 23 19.7 8% 33.0
8 \ Bhurungamari 159 26 10.9 89 o 41.5
9. Bhoiahat 158 : 24 . 56.4 88 2.0
-10. . Bhitargarh - 157 . 26 - 25.8 = B8 37.0
11. ' Birgonj : 160 295 s52.1 88 40.8
-12. Boda 161 26 11.5 88 ' 34.7
13. Chaugram 8 24 33.0 83 fo.0
14. Chitmari 163 235 32.3 8y 42.6
13. Chotodap - 163 26 14.0 88 24.8
16. Debiganj s 166 - 26 7.0 g8 46.0
17. Dimia. s~ 167 26 8.0 g8 53.2
i8. Dinajpur 168 29 . 38.5 88 39.8
. 19. Hatibandha 174 26 07.4 89 08.7
- 20, Joari ) 16 24 18.0 89 OS.DP
21 . Kaliganj . 177 25 98.6 89 12.6 ¢
1 22, ~°  Ehansama . . 179 25 - 59.8 - .88 - 44,0
S 23. Khetlal - 181 25 - 2.2 89 07.5 °
24, Kurigram 182 25. 47.7 . g9 . 39.0
23, Lalpur | : 184 24 go.o 88 . 1 57.5
P26, . Lalmonirhat . 183 . 23 : S54.4 89 C20.2
Zr. . Mahipur . 184 25 v2.0 83 18,0
28, Manda o 185 Z4 47.5 gg 4Z2.3
29. Mithapukur 186 25 35.2 - 89 15.9
- 30. Mohadevpur 187 24 34.0 88 44 .0
31. Mohanpur 189 25 31.0 89 43,8
Iz. - Naogaon _ 181 24 48.0 . 88 56.0
33, . Natore 23 . 24 23.0 88 95.0
34. "+ Nawabganj .. . 196 P25 . Z4.0 " 89 04.7
33. Nithpur. 194" . 25 01.7 a8 27.0
36. . . Nowkhila 24 [-24 w370 . 89 48.3
37. .. Panchbiti * 198 .29 1.3 - 89 p2.3
38, Pabna 25 24 0o.0 &89 15.6
39, Panchagarh 197 26 i5.0 g8 24.0
40, Patgram 200 26 zi.0 ‘B89 GZ.0
41, ‘Parbatipur 199 29 40.3 B8 $4.0
1] 89 Uu. s

42z, ~ Phulbaria . 201 23 340.




table 1 (contd.}

S1. Station ' BWOB 3 Location
No. Name No. -Horth East
deg. min deg. min
43, -~ Pirgani 203 29 25.6 g9 19.1
44, Rangpur 206 . 25 44,2 g9 15.8
45, ' Ruhea 209 26 - 9.5 88 24.0
46, Saidpur 210 29 T " 46,4 84 54,8
47. Setabganj 213 C25 44.0 88 27.0
8. 0 Sherpur 33 .- 24 41.2 84 Z23.0
49, . Sibganj 215’ 24 41,0 8u U9.7
50. ) Sujanagar 38 . 23 96.0 88 - 24,3
5¢. - Yancre = . 219 - 24 36.7 . gg 34.6
- az. Tentulia 220 26 28.9 88 20.4
33. Thakurgaon 221 26 1.6 88 28.0
54, Ulipur 222 5. 38,49 g9 36.7
55. Ullapara 40 24 1B.5 g4 34.3

|
|
|
!
]




Table 2 : Annual Maximum Raintall ot Different Duration in mm.

Stn. Year Hainfall in mm.
No. 1—day 2—day J-day 5-day 7-day 1¥—day 13-day
165
67 152.4 192.3 216.1 298.7 32%9.4 403, 8 459.7
.63 254.0 287.5 Jd58. 6 431.6 453.9 531.3 &54.9
&4 152. 4 152.4 196.8 3847 3718.3 46H. 4 614.4
&5 158.8 285.7 280.6 . 445.8 H4462.3 471.2 S5¢2.8
b6 162.46 213.4 274. 4 325.2 374,7 43H.3 581.6
t a7 171.4 261.46 3@A7.3 '+ 3I53.0 353.0 338.4 411.5
&8 174.8 334, 2 484, 1 580.9 550.0 111.2 T44.8
'b9 171.4 - 215.1 298.9 . 4H9.4 443.7 &§43,.7 1" P
7@ 127.2 169.0 198. 6 243.9 255.4 Jz9.0 3d1.1
72 184,27 195.6 246.4 | 261.7 317.5 464, 8 529.6
73 - 1U4.1 119.4 149.8 i51.1 ZR04.5 274.3 412.7
74 218, 4 296.5 297.1 363.2 435.8 544.8 f37.1
75 285.7 237.40 327.8 458.5 539.7 b23.9 798.3
76 152. 4 266.7 331.9 4856. 4 453, 4 534.9 g11.5
77 Z216.0 343.8 4471 523.3 5328. 4 532.2 542.3
78 158.8 2BB.7 331.5 395.8 555.0 593.1 727.7,
220 . .
- 63 . - 114.8 195.5 269.2 284. 4 Jue.8 398.7 498.1
b4 1856.7 ¥es.3 288.3 378.5 4358 574.9 834.1
. : 65 163.8 233.6 "236.6 . 239.4 J28. @ 368.2 - 538.9%
! bb 167.6 231.1 285.8 J84.0 J?21.6 414.5 i 531.3
f &7 188.8 231.2 308. & 423.6 452.8 59@.2 g 651.2
X - . &8 317.5 . 4@B.9 353.%  558.2 589.2 598.5 ¢ 789.6
L 1832 R 7 Wi B 274,35 . 397.0 4.3 489.7 - 513.3
. 7@..  182.9 232.4 2¢%0.7 . 394.2 . S501.1 592.3 738.8
——— .72 C172.7 27a8.5 - 320.3 38501 457.2 - 627.3 B2z.3
' Y X S '243.8 - 281.9 33v.1 396. 6 . 475.8 533.1 848.3
74 265.4 0 267.2 26%.2 478.8 . 515.4 75,9 649.6
75 - 179.3 232.7 315.3 384. 2 420.3 T 61B.9 716.6
76 158. 4 244.9 Z284.8 J38.1 373.7 441, 4 645.3
.17 - Z288.8 ° 297.4 J359.2 L 47504 488.9 524.2 = &97.6
78 183.6 “141.7 . -176.5 i 229.4 - £33.9 268.9 441.9
79 0 219.7 274.3 452.1 . X 433.4  s5@9.8 928.4 g13.1
au 137.2 143.5 228.2 1 J83.8 463.0 " 4814, 1 - 521.2
81 221.5 275.3 343.9 . 45%.2 Cb641.6 - -T784.6 798. 6
82 168.1 266.7 uB.6 . 353.1 453, 5 SHs. @ 764.6
83 194,.3 197.3 294,65 ¢ 3B1.1 514.3 577.8 7al.g
8s - 143.5- 246.9 318.4 22.9 475.0 561.9 t762.9
197 '
b3 285.7 262.9 365,48 9v6.6 . T41.7 795.1 13,7
b4 179.8 Z20. 4 £88.8 326.9 358.5 385.3 555.5
b5 192.5 279.4 J98.8 515.6 (Y 759.5 78.5
bb 132.1 195.6 233.7 37B.8 447.8 532.2 T49.2
&7 0 137.1 "187.9 218.4 3@7.3 383.5 459.7 518B.5




Table Z (Contd.)

Stn. Year : Rainfall in mm.
No. i-day 2-day 3~day S5—day 7—-day 1@-day 15-day

197 {contd.}

48 162.6 254.0 342.9 395.7 471.9 681, 4 LiZ.b
69 139.7 285.8 223.6 - 360.8 429.4 531.0 716.4
7u 8B.9 139.7 186.7 2v8.1 $44,2 356.9 379.8
72 157.5 157.5 188.0 238.8 381.9 H48_ 9 478.9
73 228.6 246.4  246.4 266.7 287.0 292.2 378.8
74  104.1 144.8 185.4 240,95 375.9 414,98 5@5. 4
75 94.8  127.0 154.9 245.9 271.8 292.1 4344
76 154.9 2854 276.9 . 358.2 395.08 498, 5 &£56. 6
77 143.5 212.1 - 243.46 372.4 34,9 4742 572.3
’ 78 216.7 360. 2 379.2 399.6 514.3 519.4 497.3
79 198.5 ' 251.5 280.7 435.1 487.6 - 527.3 b11.6
48 294, 4 312.4 374.6 . 430.5 515.6 542, 3 724.9
81 185.4 259.1 283.2 458.9 449, 1 aZ4. 3 626.9
B2 257.8 348.8 368.7 585.5 S44,7 485, 3 668.0
83 1335.4 227.5 313.6 392.3 471.1 614.9 127.8
84 248.9 327.5 376.4 4467.9 924.3 bUB. 6 767.5
157

{ &3 316.5 344.4 3b4k. 4 495.1 548.7 -589.3 798.0
b4 149.9 194.3 229.5 357.8 368.8 437.9 539.5
; &5 153.7 203.2 256.6 349.8 457.8 575.9 768.2
, &b 1664 205.2 °  274.3 .. 347.8 449,9 471.8 | b41.2
: 67 273.3 . 444.0 458.2 4462.5 545.9 572.5 °~ &57.8
&8 - 158.1 269.2 347. 4 420, 1 51@.2 633.4 ¢ B42.9
i &9 1460.5 196.1 228. 4 376.7 © 45@.1 452.4  JUH.6
, - 70 - 165.4 211.1 2441 413.1 417.9 451.5 798.1
— 72 148.5 214.9 249.2 . 383.@ ' 433.3 _ 514.5 735.6
73 " 163.8 183.4 237.6 ° 354.2 378.6 512.6 647.3
74 165.1 275.6 335.3 421.1 573.8 791.4 1154.6
75 165.1 203.2 292.1 422.6 1 492.4  §72.5 993.2
76 157.5 247.9 3e¢8.3 391.4 565.3  691.7 H91.6
77 237.5 313.7 341.6 405, 4 528.3 55&. 2 799.1
78 136.4 24,5 319.7 481.4 614.8 b14.8 - BUL.S
l 79 C1B4.9 . 243,46 287.3 ' 3B3.8  439.7 513.1 646,72
8 154.2 181.4 296.3 ;| 34b6.7 518.8 56i.6 b47.06
81 185.9 154.7 218.1 | 298.2 395.7 532.6 = b617.8
8%  173.5 ' 313.2 356.4 © 433.9 497.9 611.4 788.8

161 .
&3 211.1 217.5  230.7 394.5 - 447.8 473.7 s02.1
b5 236.7 241.3 58,1 483, 1 $17.4 544, 2 582,48
b6 196.9 . 228.2 335.4 414.6 452.7 493,73 b629.7
&7 213.6 339.1 398.5 45@. 1 473.2 487, & 424.8
&8 195.3 256.5 353.8 379.8 - 416.8 552.4 286.7
&% 129.@ 213.9 288.3 3440 378.6 392.4 497, 4
78 150.1 188.7 199.2 Z76.@ Z89.3 3454 442,77
72 184, 9 211.1 219.2 - 274.9 283.4 373.4 487.9

73 16%9.7 224.3 298.6 - 3Z7.8 415. 4 538.1 684. 4




Table 2 {(Contd.?}

gtn. Year N - Kainfall in mm.
No. 1-day 2-day J-day ~ 5-day 7—day 1¥-day 15-day

161 (contd.)

74 190.5 267.7 287, 4 355. 1 4034 446.0 589.8
75 174.2 311.9 311.9 344.7 516.9 676.4 752.6
76 133.4 199.9 225.1 263.4 369. 4 440.2 518, 7
77 132.1 218.5 286. 1 412.9 414.9 422.9 523.1
78 1B1.6 260.3 314.1 395.2 449.0 457.4 55%. ¢
79 128.5 239.5 249.3 373.6 494. 1 581. 4 531.9
8¢ 157.8 210.1 288.5 325.6 386. 1 492.3 605.3
at 194.3° 254,35  3467.8 4460 561.8 782.3 796.5
83 166.1 169.1  284.2 255.9 318.9 385.9 308. 9

200 '
63 ¢ 133.1 210.6 237.8 3ul.8 0.5 - 367.6 524.5
&4 182.6 246.9 371.3 480. 3 499.8 591.3 670.3
65 158.9 201.2 256.6 268. 1 299.9 456.0 588.7
66 180. 8 183.1 292.1 4092 482, 1 542.3  756.4
67 183.9 245.9 312.7 348.8 448.7 497.5 683.5
&8 183. 1 280. 6 368.7 455.3 584. 4 820.3 896.0
69 161.8 224.0 261.9 353.6 416.6 567.9 733.0
70 - 157.5  24b6.4 357.4 462.8 476.0 541.1 782.5
73 102.3 142, 182.0 225.9 299.4 500, 4 683.5
74 135. 4 226, 1 312.5 339.4 463.6 533.4  591.8
& 75 135.1 214.9 *  228.1 296.5 339.1 521.8 . b646.5
| 76 131.8 171.4  .251,2 - 283.3 359.5 . 426.7 ! 548.2
| 77 129.5 - 152.4 171.5 303.5 - 326.4 351.8 | 391.1
5 78 . 154.9 236.9 330.7 370.8 451.6  4B7.@  427.3
o ‘ 79 141.¢ ° 175.3 . 222.2 271.8 . 362.2 502.9  450.5
— 8 101.9 122.7 146.3 203.7 259.6 _  318.1 363.2
' 81 9. 2 101.3 124.5 147.3 226.3 251.2 252.9
82 1B4. 1 124.9 148.@ . 1B1.6 196.3 . 283.@ . 353.4
83 2489 273.1 497.7  425.5 S48.7 .. 569.8 645.7

182

&1 99. 1 170.2 178,86 - 227.2 . 248.2 269.7 - 377.9
62 137.2 191.@ 250.2  314.3 329.5 343.8 425.9
64 127.2  18B4.1 241.3 | 289.8 380. 4 423.6 439.5
65 115.6 141.7  174.7 ¢ 257.5 2B4.1 . 355.4 4P4.5
66 152.9 200. 1 279.9 | 314.4 364.2 ¢ 459.4 554. 4
67 128.2 146.3 171,17 2229 © 242,7 255.6 528.5
68 147.3 203.% 219.2 -~ 311.7 353.6 475.4 509 4
69 176.0 - 2@8.1 . 276.3 308, 9 386.9 386.9 | 434.2
7% -157.5 183.9 233.2 365. 1 371.9 496.8 |, 496.8
72 129.5 176.5 225.6 266 1 331.8 387.1 465.8
73 235.8 381.0 438.5 S84. 4 693. 1 710.9 962.5
‘74 . 2083.2 332.8 384.6 450.8 463.3 488.7 66@.5
75 85.9 149.9 208. 1 217.8 217.@ 222.1 312.3
76 279.4 358. 1 533.4 684.5 623.5 689.5  1@850.1
77 119.4 157.5 199.5 226.1 261.6 301.8 450.8

78 115.48 153.7 153.7 248.9 259.1 dit.t 3435.5




Table 2 {Contd.)

Stn. Year Rainfall in mm.
Nao. 1-day Z-day 3-day 5-pay T-day 18—-day 15-~day

18Z (contd.,)

79 284.5 374.7 314.7 411.5 495.3 55H.8 430.0
80 132.1 134.6 177.8 209.5 270. 4 271.7 339.8
- 81 134.6 162.6 195.6 246.4 246, 4 254.@ 313.7
82 274.3 369.5 369.5 ~391.2 441.9 548, 7 581.7
B3 215.9 241.3 312.6 ° 412.8 334.2 457.4 580.5
. B4 156.2 265.4 294.6 328.0 491.9 441.5 644.5
159 . : '
. 63 - 185.4 . 2082.4  208.2 239.2 258.5 264.9" 447.5
&5 129.@ 2141 281.4 335.3 451.4 459.3 584.8
66 191.5 297.4 376.6 476.7 50Y. 8 655.5 695. 4
&7 205.7 234.2 304.8 483,48 499.8 565.9 43,3
68 195.8 251.2 285,2 534.1 577.1 bh. 1 917.7
&9 184.2 217.7 302, 374.7 506. 6 b4b. 3 840, @
70 170.9 292.1 333.5 437.4 518. 4 564.9 643,27
73 179.1 283.% 333.5 454,9 455.7 S81.7 741.6
74 228. 6 283.5 312.4 528.5 553.8 558.9 591.8
_ 74 152.4 274.3 360.7 416.5 568.9 741.6 853.4
? 77 172.7 297.2 393.6 515.5 518.1 568.9 1004. 7
1 78 132.1 172.7 210.8 281.9 25.1 325.1 474.9
' 79 132.1 208.3 208.3 264.2 483.9 497.7 - 5371.2
: 80 135.9 . 259.1 373.4 555.8 &73.1 742.9 B835.7
: B1 1@9.2 " 169.4 182.1 279.4 3085. 4 377.2 429, &
| 82 147.3 236.2 319.3 423.5 451.5 539.4 657, @
! 83 183.8 342.2 485.7 475.1 514.6 583.6 623.2
' 84 236.2 309.9 379.8 534.7 518.9 695.7 . 751.5
—_ ... 183 )
42 141.2 - 174.5 205.2 213.8 238.5 255.8 287.1
&3 161.5 187.9 206.2 257.5 283.2 2B83.2 493.0
o4 186.9 226.4 291,56 3424 423.4 .. 487.1 568. 4
&5 142.7 242.8 298.6 345.1 362.8 . 397.6 528.4
66 119.4 1635.9 Z61.4 82z 346.8 475.9 628, &
&8  211.8 | 258.8 3e7.3 | 432.8 443, 4 550. 8 7831
&9 234. 7. 364.2 4221 422.1 S24.7 . 524, 557.4
- 78 13&.1 166.8 217.1 . 294.3 331.1 . 366.7 485, 6
72 114.3 141.0 169.2 ,  Zbi.7 238.5 - 320.7 382.9
73 238.8 431.4 472.4 . 52R.7 571.5 ° 571.5 765.8
74 254, 0 3p2.3 332.8  452.3 524, 7 637.6 716.3
75 . 137.2 162,46 219.8, . 219.8 2708.6 359.5 ' 463.6
76 174.0 312.4 449 4 457,% 457.2 S¥8.1 - 797.9v
77 196.6 259.3 274.8 416.6 432.6 46@.8 . S5463.8
78 121.9 175.3 204.7  257.1 274.9 341, 462,84
79 156. 6 262.4 - 262.4 323.3 ig3.8 4547 b12.6
B 122.7 139.7 154.7 264,7 326.6 - 382.5 445.4
81 154,2 229.6 382.9 398.3 421.4 421.4 566.1
82 2400 304.0 329.4 397.7 428 . 521.7 57@.5
g3 139,/ 157.5 286, 0 226.3 235. 4 02,3 31t.6

84 283.2 275.6 352.6 381.4 444, 4 547.8 B17.7




Table 2 (Contd.)

Stn. Year Rainfall in mm.
No. 1-day 2-dau 3—-day 5-day 7-day 18-day 15-day
174 -
62 311.2 323.9 330.3 494, 8 513.9 S68.8  788.1
&3 200. 2 310.1 - 392.7 4731 520.9 614.9 921.7
b4 208.3 322.6  363.2 441.3 523.8 592.3 6935. 4
&5 158.8 195. 4 271.7 566.5 423.7 522.5 562.4
b6 184.9 342.6 407.9 5365.7 577.1 b4 . 4 714,08
&7 275.1 275.1 275.1 275.1 292.7 374.0 492.9
68 281.2 376.4 1 412,80 446.1 466, 1 466.1 b05.0
6% . - 146.8 183.6 223.¢ £25.5 387.2 460.6  blb.4
7@ V4.4 431.8 431.8 5z23.8 55%.8 b67.5 - 7371.3
72 1842 285.8 - 315.0 354.6 360.8 - 4u0.4 £92.3
73 261.6 294 .6 30z, 2 336.6 448, 1 499.8 786.9
14 1BZ.9  244.4 BRI . 575.9 4.6 F41.2 1872.8
76 ° 188.6 284.7 2BH.4 . 364.6 412.8 551..4 b673.%
77 200.7 385.3 330.7 351.0 394.2 483. 6 689, 9
78 177.8 189.7 197.3 267.2 262.4 294.0 4427,
, 79 162.8 - 2346.5 257.3 337.8 492.4 429, 451.9
8Q 149.9 20B.8 2774 365.0 412.5 451.1 498.5
81 189.2 147.3 27.2 274.3 301.2 238.2 417.3
B3 164.5 230. 4 Z87.5 84,3 494, 4 491.3 595.7
84 181.6 29%.7 336.5 416,27 22.4 747.3 841.4
177 . . : . o
61 132.1 177.6 193.9 203.8 219.5 ! 229.6 . 335.8
. &2 145.6 170.2 194.2 323.8 499.2  417.5  : 5@2.8
; b4 189.5 294, 1 353.5 486.9  496.8  531.6 . S66.46
| 65 113.5 192.2 195, 4 231.8 271.6 326.2 | 474.8
: b6 181.6 156.2 209.5 293.3 320.08 361.9 442,77
: &7 137.2 156.8 173.1 . 2B4.5 267.4 272.1 . 283.Z
- &8 164.1 246.3 289.5. 428.3 433.3 518.5 ° 625.3
&9 140.0 281.7 253.5 ' 298.7 291.8- 385.6 | 495.2
72 188.0 339.1 . 339.3 - 3/7.8 453.3  4BB.3 . 437.3
72 - 114.3 193.0 228.6 - 334.2 363.2  _497.8 - &27.3
73 271.8 279.4 312. 422.5 458. 1 559. 4 742, 4
74 266.7 304.8 325.6 - 373.9 423.9 423.9 - 443.8
75 79.2 135.1 173.2 L 197.3 - 219.9 Z21.4  248.3 -
76 139.7 178.2  180.3 | 239.3 262.5 367.9 473.8
7¢ 216.0 251.6 338.3 ' .349.8  350.3 ;368,09 _535.2
78 190.5 2327 Z47.2 294, 1 318.8 1 325.8 4D4.5
79 218.4 227.3 265.4  351.b 399.3  © 431.8 554.9
80 133.3 171.4 182.1 261.4 337.6 363.5 434.1 7
81 139.7 153.9 . 148H.1 2459.5 . 284,z 374.1 455,7
82 185.1 ig8.1 214.4 324.9 354.2 ITh.9 . 428.9
83 368. 6 498, 2 6b4.0 94,3 Y25.3 954.8 - 1x94.1
84 129.5 218. ¢ 259.6 312.3 4p8. 8 431.7 468.3
188 : :
a3 149.9 223.6 2543 297.2 386, 1 324.1 s80.7

&4 145.6 193.1 272.6 3/8.2 471.3 . 53u.3 578.@




Tabie 2 (Contd.?}

" 5tn. Year Rainfall in mm.
No. 1-day Z-day 3—-dau S-day 7-day 18-day 15-day
188 {(contd.) . .
&5 121.9 15%. 8 205 4 . 238.3 245, 3% 267.9 339.46
&b 159.8 177.68 283.3 258.5 V7.4 397.5 412.1
Y 256.5 459.7 612.9 B16.1 B39.5 . Bbb. 4 Bbv.9
&8 155.7 - 182. 4 Z45. 4 326.7 359.4 437.5 950.3
&9 154.9 218.8 233.7 234.2 279.7 372.8 447.,5
78 165.6 207.5 258.8 293.6 Jil. 4 432.8° 984.7
71 . 158.% 179.1 189.5 213.5 268.1 271.9 312.5 .
72 127.@ 137.4 169.2 193.8 221.7 294. 7 Jd&1.5
73 184.2 311.2 ° . 382.7 . 426,72 492.9% - 526.8 536.2
T4 254.8 359.6& $63.2 O 437.4 438.7 494, 2 5954,.2
75 « iM1.6 . 1B1.6 132,11 175.2 184.3 2498 . 29v.z2
76 - 283.2 281.9 J83.5 414.8 483.9 537.2 825.5
77 242.6 315.8 324.4 339.4 421.8 435.7 479.2
78 229.9 271.8 288.3 23,5 Sg84.6 4940 612,1
; 79 128.3 278.6 285.4 364Y.6 J88.6 4959 6256
8a 281.2 266.7 Jos. 8 Jy3.5 $95.2 665.5 Fi4.7
. B1 179.1 2£15.4 248.9 89.1 J15.7 317.0 404 .4
, g8z 158. 4 184.9 215.4 287.8 328.9 382.8 435.3
! B3 283.2 241.3 265. 4 J26.4 394.9 518.5 587.9
B4 177.8 281.¢9 323.8 . 4&1.8 524.6 783.7 BEZ2.B
154 ' ’ ; : :
: 62 - 1B2.4 248.9 273.3 282.2 287.5 316.6 | 4634
j 63 . 86.9 145.3 ig7.9 2640 269.1 294.8 3956.1
i 64 i21.9 187.4 211.8 293.8 339. 4 361.4 411.7
f &5 92.2 C138.3 163.8 ~ -221.5 Z53.3 332.8 : 36B.3
b6 131.1 178.9 -~ .181.9 219.3 Z59.9 275.1 - 415,72
——— : &7 74.2 116.4 . 131.4 131.¢6 - 155.&¢ - 238.6 @ 284.9
&8 17@.7 - 1747 228.4 J11.3 332.1 416.9 375.3
&9 144,3 284.8 283.5 J07.4 3338.3 .375.5 421.9
78 184, 6 145.2 174.7 193.8 217.9 - 279.3 404.3
73 75.7 11%9.4 159.@ - 1%4.8 212.6 235.4 {22,9
75 6£9.6 83.6 113.8 ; 157.4 161.5 2349 313.&6
74 - g97.0 188.7 .- 264.6 . 365.4 404.8 4627 686. 6
77 1.1 119.4 175.3 | 241.4 289.7 349.4 "428.3
78 2.7 21.5 129.6 | 1B2.9 245, 4 292,77 . J395.6
79 ?9.1 114.3 149.9 1 247.4 326.1 448, 6 514.4
88 119.9 177.5 218.5 265.6 333.0 423.9 434.8
81 79.2 116.= 163.4 224.3 285.3 Jdz27.8 384, 1
8z 73.7 121.8 158. 6 213.9 236.7 " Z2B4.4 347.8
84 214,9 216.9 218.4 z287.7 371.6 431.6 © 548.v9
168
&2 g8.% 127.8 181.4 243.4 255.8 Z241.6 S54.7
&3 115.8 i51.& 173.2 233. 4 2717.46 3435, 6 413.7
&4 i31.6 2B2.7 215. 4 Z234.5 294,86 - 3uB.2 482.5
65 . 167.4 233.6 284 .4 333.7 43,7 405.1 495,2
b6 i77.8 2e1.9 9.8 277.1 3v8.5  396.5 584.4




Tabie 2 (Contd.)

Stn. Year. ; Rainfall in mm.
No. 1-day 2-day 3—day S5-gay 7-day 18-gay 15-day

168 (contd.)
&7 122.4 17612 231.9 5.8 334, 2 J43.1 387.4

&8 197.1 276.6 336.5 3/6.4 404.3  499.9 S44.8
b9 zer.@ 361.9 382.7 478.7 541,2 b83.1 609, 2
7@ 157.8 240.90 276.9 319.9 3283 $66.4 467.8
71 172.7 3728.6 422.9 467.2 481.3 481.3 514.6
72 144.8 - 294.0 283.2 " zg87.8 332.7 353.4 H8.d
73 142.2 215.9 254.10 287.6. 3v3.9 321.3 440,55
74 218.8 249.2 3346.8 372.7 375.2 3HY.5 48v. 7
75 . 128.3 + 128.3 . 171.5 Z2008.2  244.4 290. 4 486.6
76 245.1 . 271.8 274.3 - S@1.6 50i.6 0 S67.6 619.6
78 . 165.1 174.6 202.0 226.1 254.8 287.4 416.5
79 146.0 194, 4 214.5 248.5 286.7 34b.2 364.0
B2 152.4 273.8 - 384.8 438, 4 540,56 551.1 612.3
81 132. i82.9 215.9 238.3 251.1 294.2 397.1
213 :
4z 188.7 206.2 9.2 235.4 261.7 298.8 454.5
43 174.8 224.8 232, 251.2 2681.0 343.9 480.5
, b4 75.0 117.1 137.9 187.2 262.3 342.4 454,7
| &5 163.8 193.2 -278.8 328.6 316.0 341.9 4@8.2
: b6 164,1 2¢2.2 244, 1 274.4 299.9 339.5, 528.0
&7 155.7 -186.2 242.8 335.6 404,72 419.9 427.8
48 158. 6 210.9 242.4 3227 352.3 427.8 . 5548.1
&9 198.9 332.0 488.2 524.0 575.3 636.3 . 739.4
: 78 162.6 233.8 297. 353.6 316.9 S87.1 | 6489
o 71 181.4 216.7 24@.1 275.9 381.8 444,90  573.8
o 73 188.3 210.8 252.2 359.4 464, 1 464.1  497.1
- 74 209.5 232.4 24,8 245.8 . 265.4 305.08 363.2
' 75 102.4 152.1 215.6 254.2 265.6 322.7 348.6
76 215.9 276.5 276.9 338.9 4b1.6  499.7 . 544.3
77 130.9 251.7 334,3 '388.4 407.7  414.1 - 419.1
78 144.8 159.8 183.2 283.3 211.4 281.8 496.0
79 213.9 236.7 286.3 . 338.2 394.7 479.8 604.5
Ha 131.3 212.6 251.7 | 292.3 366.0 486.4 . 514.1
81 74.9 112,.2 149,80 187.6 205.1 287.3 48,9
83 207.3 272.1 L 293.7 . s4B.5 354.8 397.6 525.3
84 Z01.9 261.6 3111 348.9 410.4 459.7 © 519,46
167 X
. 63 142, 284.5 272.3 345.8 4G2.5 42%.8 541.1
64 - 212.8 338.9 366.6 462.9 543.7 586.6 - b36.9
65 124.4 206.8 216.8 273.6 322.9 367.3 . 4664
bb 159.5 195,11 296.3 342.6 356.2 352.1 540, 4
&7 173.7 191.2 239.5 297.4 A78.7 486, 1 414,2
&8 185. 4 306.9 357.2 4855.9 T hb6.9 533.7 - b62.7
69 134.8 196.9 224,71 $19.9 329.3 503.7 524.8
72 149.9 294.0 323.8 39B.7 438.8 585.8 &R1.7

7t 132.@ 2356.7 261.8 299.1 394.3 395.9 459.9




Table Z (Contd.)

Stn. Year

167 (contd.)

-
g
S

73
74
75
76
77
78
79
B
81
a3
166
61
&2
&3
&4
65
b6
67
&8
149
70
71
72
73
74
75
75
77
78
79
8a
81
82
.83
179
63
bl
&5
6k -
67
48
49
72
71
73

315.5

1-day Z2-day
113.8 198.9
317.5 324.9
196.8 312.4
146.0. 25@.4
149.9 249.9
283.4 263, 4
197.4 257.1
185.6 227.8
141.@ 165.1
171.4 206.2
137.2 ¥52.8
127.2 124.4
285.7 . 205.7
182.9 274.3
207.0 341.6
148.46 245.9
205.7 231.1
29,1 151.2
199.4 279.4
161.8 182.1
157.5 198.2
129.5 185.9
115.48 218.9
181.6 260.3
162.4 247.7
119.4 182.9
208.3  261.4
114.3 165.2
139.7 253.5
132.3 285.2
134.1 186.7
. 152.4 185.2
139.2 | 282.9
115.% 218.8
283.2 212.6
‘133, 1 155.9
. 118.9 168..1.
167.6 223.8
218.9 249. 1
170.9 258. 1
277.4 357.4
178.3 1946, 1
154.7 Z61.7

371,48

Rainfall in mm.

JS-day

S5—dau

Z11.8
338.8
34106
253.1
J85.9
344.7

258.4

243.1
221.5
285, 2
234.6

152.4
252.7
274.3
447.0
361.2
259.5
183.0
364.5
245, 1
198.2
275.3
238.9
336.5
262.9
229.9
322.6
216.3
339.9
222.5
249.3
- 232.7
213.8

3e3.5

215.9
173.5
18%.8

232.9

254,7
311.6
348, 1
203.0
239.8
383.5

7-day 1¢—-agay 15-day
273.3 392.4 467.3
494 & 540, 6 745. 1
4261 516.7 624. 4
273.4 273.4 271.1
452.2 88,7 /85.9
A42. 4 393.2 556.0
343, Hezx, 2 4535.3
299.7 397.8 52a.2
461,34 483. 4 566.7
406. 4 339.2 584.3
428. 4 4541 375.2
184. 4 193.3 350.7
427.59 497.9 541.8
4335.0 4921 749.1
&2, 4 B2, 4 &0Z2.1
797/.3 Pi.4  1153.6
343.3 4308.7 518.3
Z58.7 341.7 434,.7
452.1 594.2 582.
377.2 450. 8 552.4
317.5 475.8 51i@.7
375.46 4z, 8 S09.5
316.3 343.8 . 437.1
417.4 472.0 645.3
364.5 48%.89 - 524,46
293.5 293.5 317.9
542.7 542.9 979.7
288.9 agr.7 401.1
483.1 493.1 573.2
3538.5 442.3 599.7
385.1 4468.8 ‘533, 4
3.8 424.4 495.46
397.9 436.8 470.49
" 384.0 515.1 . 781,18
336.6 345.2 4461.5
247.9 273.6 3534.2
327.8 386, 4 429. 4
329.6 347.6 540.8
3146.8 418.3 475.1
392.9_ 455.9 4d9.4
Jb8.1 375.2 376.7
353.5 442.3 &07.6
343.2 388. 4 49,7

390. 4 4B%.7 335.2




N
=

Table 2 (Contd.}

5tn. Year Rainfall in mm.
No. 1-day 2—day 3—day 5-day 7—-day 1PA-day 15-day
179 {contd.’)
74 249.4 Z249.4 254.0 286.9 280.9 54,1 354, 1
75 113.8 153. 4 171.a 277.6 277.6 Ja7.6 Ag2.8
78 234. 4 283.2 315.2 547.7 522.7 564.06 725.0
77 - 144.5 241.2 323.8 3346.0 344, 4 J44 . 4 441.0
78 289.8 2345.9 233.9 319.8 341.3 362. 4 416.8
79 152. 4 177.8 185.4 218.8 266.7 358.5 452.8
.Bg 119.4 152. 4 233.7 315.¢ 342.9 434, 3 487.7
81 114.3 221.8 279.4 ' 348.0 378.5 406. 4 508. 4
a3 127.0 139.7 1565.1 i¥8.1 259.1 348.8 . 422.3
84 215.9 22B. 6 238.8 256.5 . 355.6&6 462.3 591.8
289 . :
&2 167.6 204 .4 268.7 326.9 436.0 554.3 6865.3
&3 205.7 266.7 326. 4 335.6 428. 4 552. 4 618.3
&4 189.2 2718.5 321.3 349.2 3&67.8 426.7 513.3
&5 205.0 228. 4 257.6 3648 377.2 425.5 469.0
1ot i73.@ 2Z8.1 267.3 JBu.7 £95.8 516.8 7887
&7 281.4 450.3 543.3 548.1 580.1 763.1 863.2
&8 2841.9 298.5 384.2 443.5 5i12.1 5985.2 531.9
69 168.5- 271.5 - 289.0 J@9.8 342, 459.3 &21.4
78 173.5 253.2 250.8 296.2 315.5 4161, 7 5B4.6
S 72 149.6 229.1 232.4 235.9Y 253.2 317.24 375.8
73 384.8 491, 6 &1 2. 712.5 716.1 T16.1 ‘181z
74 318.6 412.2 455. 4 6B84.3 - 7853.8 g882.3 1116.8
73 1B6.2 351.3 4531.1 544,94 76%.8 Y68, = 1143.6
76 253.5 296.7 365.489 Jed. 6 416.1 453.7 1 619.9
77 iB4.1 267.9 32z2.8 366.2° 366.2 44,7 «S58H. 0
— 78 195. & 24B.% 3a7.3 336.0 341.1 J94. 2 536.1
79 l7@.2 2uv.5 J23.1 - 390.4 4458.0 556. 4 633.6
=it} 148,27 187.9 J@g. 3 440, & 512.8 662.5 74648
81 " 3564.5 371.6 483. 4 484.2 - K] 6187 6424
23 187.8 273.8 282_4 3844 423.7 ©T5@3.5 5463.9
B84 Z2845.2 211.8 3.3 391.4 412.3 515.9 731.6
155 )
63 241.3 - 282.8 294.2 ;3374 336.2 497.8 443.4
&4 9.1 | 148. 6 162.3 ; 2356.8 291.7 ,387'1 523.5
&5 %46.5 113.3 137.7 . 215.8 2347 -233.6  +323.3
&b 211.3 267 .4 274.6 - 3467.7 419.3 < 4B2.7 505.6
&7 175.5 298.7 I97.5 472.2 483. 4 485.9 523.7
(1% 259.1 5856.8 525.7 &13.5 . 878.3 212.3 . 958.5
&9 253.5 262.4 278.2 372.7 491.9 676.3 . PR6.7
8 - 188.3 335.8 3&8.0 4446.7 535.1 632.9 V7621
72 55.4 8.2 5.9 132.7 134.5 176.6 » 189.1
73 127. 186.2 222.5 349.5 432, 453, 2 577.4
74 113.0 178.8 244.3 308. 4 . 338.8 38z.2 52%.6
73 g88.6 97.0 1146.6 134.9 163.1 202.7 239.2
76 165.9 233.4 257.5 322.3 36%9.7 375.4 548.08
77 124.2 142.7 171.7 227.3 269. 4 3356.7 405.2
78 123.2 198.5 25,7 411.2 4605 9Z5.%Z 544.3




Table Z(Contg.)

!

Stn. Raiflfall in mm.
No. Year 1-Day 2-Day 3-Day 5-Day 7-Dau 1@-Day
zz21 .- -
61 79.5 119.1 159, 2 191,27 234.8 251.5
b7 145.9 207.5 289.5 448.¢& 583.4 537.2
63 . 134.4 178.2 23061 . 258.0 315.8 Iv4.4
b4 226.6 257. 4 300.4 485.1 574.0 6614
&5 165. 4 238.0 298.5 314.2 421.6 Stu. 9
bé 159.8 227.4 295.7  41g.8 533. 4 653.0
&7 235.¢ 332.8 371.7 3%96.8 4413 &43.0
48 209.46 285.3 312.2 379.5 422.9 463. 4
&9 113.9 203, 4 L 232.4 294.3 375.2 4466. 1
70 245, 1 363.2 429.2 525.7 561.5 b616.6
71 284.7 292.1 36@.2 513.1 542.3 631.2
72 277.4 32%.5 345.9 388.5 545.8 639.6
73 114,46 157.5 225.3 280.2 378.2 521.4
74 1.7 112.8 165.4 248.8 321.9 427.3
75 57.7 182, 4 122.2 193.2 244,48 314.3
76 164, & 285.7 J46.9 420.0 477.8 £33.9
77 128.7 178.1 225.@ 272.8 361.5 392.0
78 195.8 3e8.4 4691 485.9 532.4 589.8
79 286.7 344,7 386.6 439.4 476.9 618.1
80 147.3 178.6 234,27 263. 6 395.@ 447.5
, 81 209.0 218.3 279.1 364.5 392.2 420, 6
a8z 181.1 291.3 311,1 335.8 335.1 484.8
83 178.9 253.9 324,5 447,22 534.8 852,48
84 148.3 184.1 ©225.5 253.8 294.9 $66.2
179 . - y
62 89.2 1847 111.8 139.2 147.1 173,33
T &3 185.7 194, & 205.8 T ZH3.0 361.4 414,9
b4 104.9 133.3 144.5 169.6 195.5 238,72
&5 1B1.& 135.1 168. 4 221.4 247.6 349, 4
66 141,2 201. 1 258.5 308.1 326.1 327.4
67 81.3 114.3 177.8 215.9 257.8 297.7
68 127.@ 193.3 243.% 344, 4 487.3 539.4
69 215.9 292.1 337.8 344. 4 347.7 358.9
70 155.4 286, 2144 251.5 266.0 279.2
71 58.7 96.8 119.4 145.0 145,09 201.3
72 4.1 76.2 88.9 113.0 125.7 136.1
73 156.06 203.2 259.3 3B5.5 319.3 483, 0
74 139.2 179.8 240.5. 300. & 317.9 348.3
75 138.3 142.5 152. 158.0 181.4 262.2
75 179.3 194.8 209.0 226.3 24@.5 285.0
77 ‘146.3 252.2 307.3 443, 4 449.0 484.9
78 182.8 180.8 197.1 329.72 351.1 361.0
218
62 101.58 122.4 139.0 203.0 203.0 2587
&3 9.4 152. 4 226.1 3Bi.1 350.8 354. 1

339.0

28@.7
438. 4




jabie 2(Contd.)

Stn _ Rainfall in mm.
No. Year 1-Day 2-Day 3-Day 5-Day 7-Day 1¥-Day 15-Day
210 (contd.) .
o4 119.4 195.4 212.1 227.4 256.8 274.2 J4i8. 1
&5 127.0 158.8 19729 247 72 327.4 355.4 48H.8
&b 147.3 285.7 295.9 349.2 349.2 375.3 394.3
&7 190.5 222.3 222.3 283.2 317.5 317.5 398.8
&8 196.8B 268.4 420.8 461.4 527.4 542.7 643.1
&9 254.8 383.5 J11.1 | 334.0 376.3 451.9 bi6.6
- 70 179.8 268.9 288.1° 314.5 337.3 439.2 581.7
72 77.5 139.7 165.1 163.1 165.1 180.3 297.3
73 134.6 198.5 - 259.1 421.7 . A447.1 472.5 548.8
74  227.3 252.7 279.7 331.7 376.2 414.8 534.5
75 “138.6 198.5 195.8 207.0 215.4 240.9 289.1
.74 236.2 313.2 382.0 421.9 4£32.48 452.1 638,18
77 111.8 Zuh. 2 228.1 259.9 284,09 315.6 479 .4
78 215.9 222, 235.8 243.9 294. 4 335.3 518.8
72 148.6 178.3 195.8 281.3 335.1 4ig8. 2 361.4
g@ 127.6 18@.3 285.7 299.9 383.9 365.1 _ 4460.H
81 95.2 126.4 177.2 282.1 2445 266.6 ¢, 313.4
B3 . 135.4 180. 4 231.2  313.3 377.6 430.2 589.0
B4 162.6 241.3 287.6 . 3u3.3 325.4 395.8 534.9
168 : P
61 BH.T 181.1- t01.1 . 177.3 . 181.9 181.9 . 318.2
&2 12@.1 28,2 - 228.9 o 267.6 273.2 288.3. ' 426.7
&3 - 182. 4 127.8 148.7 - 175.3, 159.8 228.46 288.8
[ 182.9 . 141.5 162.3 - C2U5.7 - 242.0 335.2 . 342,01
a5 187.5 192.6 192.6 223.1 268.3 1Lz "3s6/.1
6k - F6.5 1i@8.7 134.1 208.6 256.8 278. 4 J85.4
&7 113.0 149.8 178.8 289.4 301.0 322.6 329.2
&8 i42. 8 282. 4 228.3 282.3 287.4 J3/.2 476.9
&9 256.8 313.2 341.1 358. 4 4926 S545.6 . 603.5
7@ 77.5 183.5 152.2 L1927 227.8 - 322.3 -7 343.9
72 Bh.4 91.9 1v4.6 141.5 154.2 199.4 = 224.8
73 283.2 223.5 2456 Cd@z.a - 487.4 387.4 " 433.1
74 215.9 264.2 335.3 » 348, 8 354.9 478.8 188.9
.78 0 BTG iB4.1. 117.8 - f 173.4 203.6 228.8 3g8.5
£ S 142,72 185.9 2B6.5 i 277.5 353.8 408,97 355.7
77 135.9 288.8 228.7 _38B8.B 348.2 | :377.4 422.8
78 176.5 177.5 199.9 , 23%.3 z52.@ 253.5 488. 6
77 132.1 iB84.1 294.9 | 455.7 558.9 687.4 g57.@
g - 139.7 - 19@.5 - 249.72 263. 4 6.6 414.0 476.2
81 149.9 162.46 282.4 312.9 358.5 Ja5.9 - 4949
y 114.3 158.7 166.8 iBa.# - 1B82.5 235.3 389.3
g3 175.3 179.1 z282.7 ¢ 248.0 276,33 2B6.1 204, 1
B84 18e.3 171.9 217. 21%9.6 259.5 282.6 - 410.1




Table 2(Contd.) " i~ 7.

Stn. Rainfall in mm.
No. Year 1-Day 2-Day 3-Day 5-Day ‘1-Day 1¥-Day 15-bay
189
63 189.7 . 158.5 226.8 281. 4 294.7 320.1 4245
b4 178.2 172.7 195.4 299.48 329.0 386.9 457.3
b5 139.7 153.7 175.3 282,08 223.6 zZ40. 1 432.3
b& 11B.1 169.9 191.2 228.4 254.7 274.7 378.5
b 104.5 182.5 132.0 181.9 206.3 286. 1 35%9.6
68 119.6 172.4 197.6 288.7 366.7 512.7 603, 9
&9 302.8 405, 9 4216 432.8 432.8 487.7 5&4.4
70 121.9 187.2 285.7 758.5 243.3 2B4.1 - 463.1%
72 76.2 184.1 119.6 119.6 119.6 127.7  ~ 198.5
73 118.6 167.6 233.6 °  269.4 - 2771.3 336.5 4813, 7
T4 133.3 ~ 163.2 169.6 244,56 253.8 269.1 311.8
75 132.6 134.6 134.6 151.9 145.1 248.5 244.1
76 191.@ 326.1 353.8 366.7 399.5 447.5 631.4
77 132.0 225.0 249.9 355.5 414,2 431.5 4668
78 201.9 304.3 437.7 537.3 589. 1 563.7 bb4. 0
79 88.1 152.1 224.5 338.2 382.8 485.1 &57.4
Bl 186.7 195.6 228.6 279.4 374.8 434, 3 485.1
;3 | -
b2 77.5 B7.1 169.5 -112.8 135.1 164. 4 214.7
&3 4.0 129.6 152.5 - 173.8 191.6 262.5 320. 6
&4 - 133.1 Ze1.9 231.6 319.6 3540 375.6 L hbB.7
. &5 176.5 212.1 238. 4 277.1 297.4 357.4 7 4B7.9
. b6 185.4 341.6 375.9 4484, 6 422.1 439.1 688.3
! 47 168.9 207.5 262. 426,94 466.7 " 584, 592.6
{ - b8 124.8  191.8 ° 214.9 397/.4 434, 1 54Y.8 624, 4
T . &9 274.6 4460 488.3  515.1 537.9 592.4 7862
T 70 - 162.6 25%9.1° 349.3 385.9 408.9 446,27 6514
72 134.6 215.9 229.9 239.1 243.7 263.7 385, 4
73 218.6 298.46 2947 388.7 368.7 396. 1 451.7
74 158.7 2e8.3 251. 4 265. 4 296.1 351.8 5486, 8
75 88.9 181.6 117.9 132.8 155.5 159.8 161.6
. 74 130.8 157. @ 158.3 159.1 - 287.5 253.2 257.5
' 77 199.4 267.7 340.9 '477.8 493.0 50%.5 &655.8
78 135.9 165.9 . - 249.7 1277.7 - 347.5 347.5 53Z.4
79 148.6 155.0 168.8 ¢ 227.8 282.7 328.08 415.4
80 19@8.5 217.2 226.1 26%.2 3@5.1 345.7 ° 4B9.%
81 148.1 152.4 172.7 ¢ 257.8B = 2&5.9 267.2 424,7
82 118.1 200. 4 234.7 283.2 283.2 345. 4 - H447.0
B3 85.5 119.1 143.2 168.1 179.5 234.1 252.6
84 198.5 201.9 218.4 . 218.4 231.9 274.3 328.9
194 ' .
- b2 152. 4 304.8 304.8  306.3 386.3 323.6 34%.8
63 142.2 193.8 212.8 228.5 238.7 759.0 369.8
b4 127.0 158.2 203.2 256.6 335.0 395.9 416.2
65 114.3 114.3 151.3 186.9 2047 217.3 289.9
b6 189.2 134.4 167.4 Z14.8 210.8 246.3 342.8

; &7 1465.1 185. 4 51,4 382.%2 321.2 374,646 444 4




Table Z{Contd.)

Stn. Hainfall in mm.

No.  Year 1-pay 2-Day 3-Day 5-Day 7-bay 1b-Day 15-Day

196 {contd.)
68 116.8 157.5 223.5 325, 1 360.7 462.3 518.2
&7 279.4 368.3 383.5 4@8.9 4346.9 492.8 508.0
70 13z2.1 193.0 205.7 274.3 274,3 338.2 439.5
71 88.9 156.2 201.9 241.7 265.3 375.1 471.1
72 114.3 152.4 283.2 20.1 340. 4 434.9 353.7
T3 34,8 381.0 546%.8 - &58.3 678.6 726.5 “T46.8
75 187.2 147.3 21456 214.6 252.7 263.5 448, 3
75 129.5 134,46 168.0 172.7 "193.1 257.1 285.8
76 129.5 210.8 248.9 261.6 274,53 274.3 332.7
77 111.8 152.4 172.8 221.0 -261. 46 382.7 357.8
78 127.0 C168.9 2B9.5 247.1 - 283.1 3a7.2 345.2
79 126.2 155.7 182. 4 285.2 328.4 398. 6 L4423
121" 134.6 134.6 158.7 187.9 212.1 24%.9 314.9
81 178.2 2i8.5 251.5 322.4 J42.9 J42.9 37e.e
B3 152. 4 175.3 18%2.3 231.4 268. 0 2Y8.7 3624

203
62 6.2 B&6.4 111.8 131.4 156.7 166.9 253.2
63 129. 4 189.1° 214.5 236. 6 251.9 269.6 4@3.2
64 141.8 198.1 224.4 ‘312,64 436.5 351.5 47,0
&5 116.3 116.3 128.3 163.6 . 179.8 234.7 242.3
LY 122.2 165.1 173.6 - 192.6 284 .4 Zz8.1 336.9
&7 111.@ 122.7 173.5 - 236.7 269.2 2802.7 375.4
&8 118.9 167.2 178.1 242.9 276.5 341.5 481,z
&9 132.6 243.3 - 323.8 338. 4 338, 4 352.1 - H14.%1
70 148.8 ?13.6 . Z13.86 285,46 315.1 394.7 444,08
72 89.7 114,08 141.4 “158.¢ 168.9 169.3 217.0
73 168.7 257.6 281, 295.2 383.9 350.5 4402
74 88.9 145. 46 154, 2 252.9 Z269.46 299.8 393.0
75 135.9 2146.1 224 .2 228.3 282.7 282.7 344,22
78 148.4 295.7 347.3 394 .4 3544 371.1 475.0
77 gz2.0 137.3 149.2 218.9 . 231,46 284.9 37/8.3
78 1214 34,6 z218.9 226.5 252.9 270.2 358.3
79 132.8 . ‘157.7 194.2. 245.8 _272.5 296.8 4460
80 142.7 145.5 147.0 . 289.2 221.2 269. 4 325.0
81 85.3 118.1 175.8 184.6 242.7 269.9 - 382,
a2 187.9 142.8 153.3 168.@ 173.2 - 206.9 276. 4
83 182.9 26B.4 272.3 2994.1 2935.9 T 302.8 321.4
B4 133.7 251.5 283.3 338.9 3402 344.59 587.1

204
&1 i181.9 2z27.1 261.4 299.8 3d1.5 3i4.8 4856.5
&2 87.4 1461.3 185, 4 205, 4 (2437 292.8 318.3
&4 123.2 150. 4 287,64 ZB6.9 371,23 483.8 428.3
&5 182.1 iZ7.5 181,04 282.2 282.7 285.8 214.3
b6 86, 4 131.3 164,86 212.4 215.4 36,2 35%9.5
&7 165.1 iBa. 3 i81.8 208.8 249 .4 278.9 42,0




Table Z(Contd.)

Stn. Rainfall in mm.
No. Year 1-Day 2-Day 3-Day 5-Day 7-Day 1@-Day 15-Day
286 {(contd.}
68 2056.0 276.6 329.9 423.3 462.9 544.5 633.4
&9 254.0 287.8 318.3 359.4 473.5 474.9 494,3
7@ 128.0 136.1 . 166.6 205.4 206.2 267.3 399.6
71 184.9 222.7 233.9 245.4 292, 292.7 368.3
72 147.3 162.5 162.5 174.1 184.6 224. ¢ 224.0
73 173.5 320.4 462.1 565.2 575. 4 617.8 869.2
C T4 188.0 246.4 285.8 . 327.5 362.3 362.9 584. &
75 946.3 111.0 115.64 186.0 72,3 233.2 389.8
76 237.5 359.4 T 444,5  46B.5 481.8 557.3 873.5
77 194.8 299.8 3@9.6 372.3 436.3 457 .4 625.8
78 162.6 z18.9 252.3 312.3 $1z.3 312.3 448, 6
79 257.8 383.8 322.3 371.1 429.3 4961 637.5
80 Zi@.8 z212.6 212, 278.1 300.7 447.5 542.4
81 210.8 220.7 234.0 () S0Z. 4 337.3 468.1
: 82 192.3 237.8 287.3 32Y. 4 342.2 499, 1 444 v
a3 135.9 194.1 217.9 295. 4 267.2 301.2 359.2
. 84 219.2 334.8 361,27 36H.8 44,9 44¢.0 756. 8
i 153
: &2 186.7 188.7 19¢.4 218.3 #55.9 2465.0 263, 6
! : 63 . 204.2 2146.1 231.3 386.9 | 3z28.8 340, 6 4@5.8
- 65 L 121.9 198.1 213.4 783,10 253.9 381.9 367.2
. b6 113.5 162.3 199.9 264.9 272.5 326.4 484, &
: a7 205.7 Z718.9 226.5 . 241, 4 269.7 355.4 487.8
&8 - 153.2 189.0 Z8z.7 - 298.2 ©338.8 438.9 513.6
! 69 . - 338.3 3.7 414.5 417.8 417.0 462.1 484, 1
' - 78 218.4 247.6 275.5 348.8 362.3  418.7 - 577.1
T e 72 121.6 191.8 191.8 196.1 198.1 208.7 313.2
73 - 196.8 293.3 381.0 4344 475.@ 581.4 569.2
74 177.8 207.6 227.3 293.6 296.1 311.4 479.9
75 186.7 124.5 17@.2 209.8 253.5 - 311.9 437.4
76 188.0 294,7 33a.3 332.8 437.0 452.7 683.4
77 229.4 351.3 5204 4992 539.3 576.2 736.2
78 180.3 ZBY. 6 213.3 231,101 231.1 248.9 366.1
79 182.9 197.6 281.9 s 201.9 - 283.7 346.5 4435
ae 128.6  134.6  143.8 . 198.9 259.8 {3065.1 385.1°
81 191.8 209.8 ©232.7 1. 299.8 259.8  .294.4 - 417.8
83 102.9 138.4 16,1  ° 26B.4 264.2 7891 438.9
B4 218.8 288.7 313.2 -+ 328.9 378.8 520, 7 641, 4
186 - . :
63 165.1 .. 215.9 261.6 349.2 354.3 354. 1 448,73
&4 181. 4 - 329.5 37a.1 373.7 377.5 377.5 392.3
65 138.8 151.¢ 153.4 176.5 226.6 . 2B4.5 3ua. 7
bb 146.1 222.3 26b.7 374.%2 386.0 494, 8 521.0
67 112.3 164,53 221.2 318.7 414.9 507.9 535.3
&8 228.6 384, 3 3508, 7 4777 56@. 4 a98. 5% 62,4
&9 232.4 313.7 3822 4924 4345 b618.4 H4H. 3

70 287.8 IE.E 335.6 425.3 496.59 5/2.5 736.3




Table 2{Contd.)

Stn. Rainfall in mm.
No. Year 1-Day 2-Day 3-Day 5-Day 7-Day iv-Day 15-Day

186 (contd.)

71 137.2 251.5 327.7  401.4 416.0 445.5 582. &
72 203.5  221.3 249.2 267.9 279.7 279.7 304.7
73 263.7 393.0 517.9 681.8 697.9 772.7 993.7
74 191.8 233.6 263.1 444.0 530. 1 629.5 825 2
75 135.9 190.5 210.1 292. 362.0 499.5 654.4
76 180.3 226.4 436.4 - 438.9 4389 434.9 7181
77 2186.5 294.1 364,46  434.8 451.5 461.9 b4 3
78 177.8 193.3 223.5 - 321.6  332.3 350.5 457.4
79 209.3 242.3 744.9 - 374.9 394.5 S502.4 561.3
80 121.9 121.9 161.3 191.1 236.7 267.5 353.8
81 141.0 164.3 244.9 281.6 261.6 2785 442.0
82 147.3  2083.2 225.@ 228.8 250. 4 281.9 370,34
83 132.1 221.5 272.8 337.6 337.6 346.3 481, 1
84 192.5 259.3 312.6 349.2 368. 8 485.8 583, 7
222

62 209.6 Z28. ¢ 263.7 275.9 339.7 356, 9 387.4
63 138.9 254. 7 $49.2 429.7 446,10 458.9 713.2
b4 127.0 203.2 273.1 358.6  527.3 649.3 &85. 7
1 &5 118. 1 200. 4 2646.1 294.1 3484 423.0 443, 4
66 168.9 248.9 30z, 2 34¢.3 418.5 554.9 591.5
. 67 79.8 98.5 153.0 192.4 ' 238.5 269.9 304.9
: 68 218.9 © 296.6 331.1 4@1.7 449.0Q 575.3  423.6
. 69 304.8  358.6 428.7  500.8 558. 9 558.9 612.7
! 70 175.3 215.9 2B7.1 3e@.1 427.8 488.8 503.3
; 72 161,35 . 168.1 188.3 - 256.9 . 283.6 396.3 473.3
; 73 792.1 393.7 528.7 698.5 711.2 1.2 756.7
- 74 203.2 22.6 - 361.6 432 457.5 485.8 767.9
- 75 117.3 199.1 199.1 266. 2 266.2 266.2 309.3
76 133.4 199.8 279.0  335.9 373.2 435.2 635.0
77 83.8 125.7 163.8  220.5 277.4 369.4 527.3
78 148.6 183. 1 203. 4 282.1 282.1 263.6 364. 1
79 177.8 266.7 355.6 381.5 439.6 480.5 580.9
B0 117.6 117.6 133.4 18d. 1 213.1 286. 1 28d. 6
81 159.5 193.5 217.4 . 249.8 281. 1 291.1 432.5
g2 158.7 203.2 ° 258.2 [ 271.5 . 323.6  -335.8 406, 1
- 83 114.3 172.7 177.4 ' 252.2  252.2  282.6 3474
84 139.7 279.4 3.4 /03333 365.8 . 4421 634.5

215 -
62 177.8 198.1. _234.9 ' Z248.1 254.5 4Z6.4 . 387.5
63 B6. 4 114.8 123.7 1237 142.1 171.1 ' 241.1
&4 76.5 145.1 197.7 248.0 Zihot | 296,89 302, 7
&5 179.3 260.6 277.1 361.1 429.2 481. 4 597.8
66 82.0 93.9 135.6  164.0 178.7 219.9 2346
67 90.7 126.3 156.8 194.9  215.2 225.4 238.1
68 102.4 113.9 186.9  02.7 255.6. 3146 358.5
69 82.6 138.5  177.9 236.3 270.6 329.9 349.3

78 128.9 125.8 125.8 178.2 166.8 254,89 275.9




Tablie 2{Contd.)

Stn. Rainfall in mm.
No. Year 1-Day 2-Day 4-Day 5-Day 7-Day 1¥-Day 15-Day
215 {contd.}
72 129.5 215.9 229.1 250. 0 . 253.6 306.4 369.9
73 157.5 286.3 294.6 377.9 Y64, Y 6H3.5 692. 4
74 134.1 134.1 134.1 162.5 239.5 263.6 3759.0
75 278.6 340.4 4471 S81.7 b07.1 435.7 65,2
76 118.9 215.4 238.3 251.5 266.7 284.5 319.9
77 191.3 193.6 193.6 ° 203.4 756.0 319.5 342,68
78 181.9 181.9 181.9 . 202.0 262.@ 209.6 2i2.Y
79 19@8.5 ZPB. 8 216.7 zig8.8  235.2 293.6 425.9
B0 179.1 . 195.1 195.1 - 195.1 262.1 262.1 274.8
Bi 159.0 197.1 197.1 ~  z@e.7 203.7 264.2 312.9
82 83.8 161.6  113.0 113.6 °  115.4 272,27 224.8
B4 114.6 124.5 165.0 204. 4 233.6 269.2 435.9
163 ‘
63 168.9 205.7 215.9 353.0 386.1 396.3 614. 7
&5 139.7 208.7 266.7 297.7 311.1 415,72 475, 4
b6 158.8 203.2 261.2 4@5.7 429.1 446.7 468.0
&7 91.2 131.1 145.0 198.8 255.9 255.9 255.9
, 68 153.7 254.0 304.8 393.0 410.8 589.9 566.8
§ &9 222.2 378.9 425.9 457.1- 500.3 582.3 513.8
70 204.5 304.8 355.6 393.7 398.& 6246, 1 6£28.6
72 181.6 236.2 290.6 326.7 346.3 449.8 | 624.3
, 73 219.7 348.0 435.6 505.0 b&7.1 716.1 - 948.8
| 74 168.9 309.1 418.6 582. 4 &£72.0 75.4 | 814.2
3 75 86. 4 156.2 165.5 182.8 199.4 25¢.2 3H7.3
: 74 88.9 152.4 19@.5 243.9 317.6 326.5 449, 6
‘ 77 182.9 182.9  296.6 290.8 343.9 432.8  571.2
—— 78 99.1 174.7 215.3 266.0 277.9 327.6  3b4.4
79 141.0 240.0 268.3 287.6 320.08 355.6 532.9
8@ 88.9 106.7 157.5 213.5 232.4 3@7.8 326.9
81 121.9 162.6 221.0 2384 285.7 . 302.3 356.9
a3 116.3  281.9 201.9 271.5 329.2 329.2 0 349.5
84 172.2 267.5 299.9 314.5 337.6 184, 4 645, ¢
154 .
62 67.3 . 93.7 113.86 138.6 159.5 166.9 226.8
a3 102.9 168.9 177.8  : 218.6 219.2 243.% 4@3.6
65 111.5.. 147.8 185.7 240.3 339.1 - . 412.0 512.
66 101.8 157.5 187.6 251.5 277.2 - TAS3.4 457,
&7 169.2 212.6. 246.3 296.1 327.6 367.2 431.8
&8 - 108@.6 176.@ 183.4 238.7 364.1 355.1 | 421.1
69 118.7 129.5 2035.7 231.6 244, 6 a@5.8 . 341.9
70 145.0 198.3 728.48 239.4 275.1 397.8 438,09
71 102. 4 136.9 158.3 211.4 262.7 269.3 278.8
72 135.9 247.7 253.3 253.3 168, 4 477.9 584.6
73 153.7 295, 4 332.8 462.3 453.9 582.9 558.9
74 158.8 187.8 275.6 343, 4 I95.6 365.3 blh.1

75 143.5 2.7 291.6 34z, 484.9 £34.1 525.7




Table Z{Contd.)

Rainfall in mm.

.Stn.
M&. Year 1-Day “-Day 3~Day 5-bay /-Day 1¥-bDau 15-Day
156 (contd.)
76 184.7 307.4 352.9 358.@ 358.8 388.6 469.8
77 75.2 126.5 161.8 194, ¢ 229.7 271.4 375.8
78 73.4 95.9 118.4 165.5 176.2 204.5 337.3
79 142.7 221.7 296.9 409, 4 445,18 513.6 542.5
80 152.4 160.3 164, 4 203, 4 270.5 329.5 444 4
81 159.8 2947 487.2 $18. 6 537.5 Y545, 4 595.2
8z 104.1 153.6 156.9 1H7.9 208.7 41,2 245, 0
83 294.2 4208.6 424.2 434, 3 479.1 488.4 488. 8
84 247.7 281.6 328.8 372.0 372.0 387.6 b14,1
181 : : :
&2 68.6 7@.1 4.8 129.3 165.9 16%9.7 216.2
53 79.8 1@5.2 123.2 176.2 188.5 193.6 231.02
64 1@6.2 177.8 204.0 225.6 225.6 242.1 314.3
&5 129.3 235.5 248.2 356.7 360.8 387.7 415.4
b6 64.5 122.9 111.8 187.¢ 195.9 195.9 7720.3
&7 116.8 175.2 236.2 289.8 320.2 379.6 521.6
&8 148.8 275.3 287.2 383.6 518.9 569.8 T44,.5
&9 139.7 192.8 218. 4 256.4 299.1 319.7 374.5
76 88.9 147.3 162.5 211.3 236.¢ 366.7 417.4
71 208.7 382.3 358.6 3586 351.1 3740 389.5
i 72 77.0 4.6 129.5 176.5 182.6 228.9 297.8
73 . 175.3 38z.3 416.3 . 424 4 424, 4 596.7 | 484.9
74 154.2 1648. 6 165.4 209.1 214.2 280.2°  356.1
: T 121.2 225.3 2245.3 243.8 255.2 273.3 L4291
i 77 133.4 133.4 148,46 174.9 198.8 242.6 ‘333.5
: 78 . 1@4.6 192. 214.0 220.6 $27.0 355, 4 404, 8
79 - 192.9 126.9 126.9 T161.3 216.1 24B.2 379.9
B © 88 -  257.8 296.8- 4206.3 428.3 70,3 420.3 G474, 2
81 = 177.8 2e9.5 240. 2 Z98. 6 298. 6 419.8 S44.1
82 992.1 117.9 147.8 181.4 205.0 2224 373.9
83 292.1 482.4 501.4 511.8 572.8  572.8 5829
84 184.9 293.4 .29%.8 30z2.3 305.3 431.9 4522
152 t , X
: &2 . . 36.3 T -56:6 56.6 B1.5 6.7 Q4.7 115.2
63 1@5.4 S 121.4 126.5 - 134.1 172.2 ~  213.5 234. 4
bh "135.6 226,00 - 289.4.  387.5 3087.5 332.5 454,44
&7 62.8 182.3 "151.1 “~156.2 165.6 251.8 270.8
68 92.5 “164.4 238.6 263.8 319.8 399.6 514.1
&9 132.6 2@5.3 254.0 339.1 411.3 470.7 543.6
70 - 92.7 167.4 TZ40.6 277.1 281.2 307.8 331.7
73 196.8 350.0 407.2 5@3.7 599.8 £21.8 770.4
74  177.8 183.9 191.8 194.3 207.0 217.1 287.9
75 143.8 199.1 212.3 249.9 -268.2 274.8 304.5
76 203.2 231.6 250.6 338.9 352.7 354.7 547.5
77 Z03.2 252.5 286.0 382.3 367.4 415.8 476.8
78 89.4 135.9 144.@ 192.2 221.9 255.8 368. 1




Table Z(Contd.)

Stn. . Rainfall in mm.- _
No. Year 1-Day Z2-bay 3-Day 5-Day 7-Day i@-bay 15-tay

152 (contd.) .
79 123, 166. 1 173.5 195.8 288, 7 326.0 432.1

80 152.4 203.2 285.4 Z65.8 284.4 Z85.08 298.2
at 5.2 114.3 1206.7 194.3 222.2 224.5 274.3
82 131.3 154.7 243.6 382.8 342.1 352.3 476.1
83 121.9 174.4@ 197.1 211.6 259.3 273.8 321.3
84 128.8 128.8 138.9 |, 164.7 164.7 178. 4 282.3
198

-y 76.2 111.8 111.8 " 121.4 123.2 146.8 18@.4
&3 101.6 138.3 177.8 194.8 286.9 291.0 368. 4
b 127.@ 162.6 . 208.3 224.8 224.8 224.8 255.1
&5 121.9 221.@ 232.4 315.0 329.4 34B.8 359.3
bb 76.2 88.9 9%.1 ' 182.9 110.5 135.4 186.3
&7 157.5 172.7 223.5 252.7 271.7 366.9 467.2
&8 137.9 264.9 278.9 370.3 393.1 512.0 54@.7
69 200.3 242.6 264.2 312.4 359.4 418.4 413.9
' 70 74,2 2.6 95.9 160.7 184.9 243.7 291.9
2 B7.6 123.6 119.4 209.9 209.5 243.9 373.4
; 73 215.9 292.1 320.0 340.3 405.9 414, 499.2
! 74 237.5 247.9 258.1 279.7 297.5 330.9 46,4
i 75 152.4 172.7 196.5 255.3 ZB9. 4 292. 375.1
' 76 203.2 243.4 254.08 276.8 281.9 $84.8 S87.7
77 152.4 171.4 203.2 Z33.4 O 258.9 272.8 ¢ 355.5
78 121.9 196.9 Z19.7 329.9 426.8 528.4  &73.1

. 187 : - :
5 b2 83.3 83.3 119.2 133.3 145.7 167.4 C179.7
! 63 i01.6 - 123.4 1234 123.4 174.6 A 269.3
. b4 73.7 199.0 149.9 164.1 164.1 187.8 . 299.8
T &5 157.5 228.2 234.7 31,9 331.2 363.7 4£10.5
bb 99.1 131.6 136.7 164.9 181.4 215.9 261.3
47 . 2B3.2 209. 6 217.2 237.5 243.8 7543 28/.7
&8 92,2 134.9 181.9 229.4 288.6 7T 392.8 - 486.1
69 76.5 142.3 194.9 242,86 Phb. b 285.2 334.0
. 70 - 120.6 168.6 - 188.6 ! 180.8 181.5 02,7 256.8
R : 71 133.4 - 159.3 254.@ . 297.7 313.5 . 321.4 340.5
72 199.5  282.4 356.2 | 3bl.4 377.9 468.5 586.5
- 73 179.3 ~ 348.@ ~ 362.8 | 399.@ 44B. 4 ;551.5 -~ 6B2.4
74 193.0 195.8 218.2 - 219.5 231.4 - 293.7 373.8
75 75.7 113.8 146.8 i 1Bl.4 193.0 247.8 329.4
76 188.0 225.8 267.7 . 293.8 315.6 325. 1 410.2
77 - 182.3 158.8  1&9.7 - 187.08 20z.8 1.5 i 391.7
78 149.9 175.5 182.4 271.8 2893.7  3wi.3 ) 326.1
83 °  152.4 278.4 279.4 284.5 295.9 a75.6 | 426, 4

84 102.8 177.@ 223.2 2848.8 3z8.1 C3b4.9 438. 3




Table 2{(Contd.)

-

Rainfall in mm.

Stn. :

No. Year 1-Day 2-Day 3-Day 5-Day /-Day 18-Day 15-Day

194
&7 119.4 157.5 193.1% 236.3 260.3 348, 4 529.6
&3 123.2 144,49 16Z2.6 1464.9 226.1 226.1 260. 4
45 141.1 185.4 233.7 322.58 335.3 4445 491.5
bh 87.6 119.4 143.5 166. 4 171.5 243.8 J26.5
&7 &3.5 78.7 186.6 160.0 174.4 1B4.2 2546.5
&8 61.5 116.9 1321 - 183.7 ig7.%9 Jaz. 1 344.0
&89 . . 94.5 127.8 138.7 co141.2 154.46 174.9 197.8
70 112.3 178.3 203.7 - 236.2 - 2867.7 273.0 337.8
73 152. 4 238.0 3147 324.1 333.5 43@.8 527.3
74 9z2.2 101.6 113.8 179.4 - 236.5 271.8 dg7.8
75 59.9 78.8 75.5 92.8B ?z.8 122.6 157.5
74 159.5 176.8 18z.9 124.8 261.3 316.9 J45.3
77 77.8 7.3 143.8 177.3 212.3 JBs6. 4 3re.7
78 142,77 164.6 174.6 igs. 1 Z238. 4 259.2 371.8
77 394.8 3142 325.4 358.8 344.8 437.9 485.5
B8R 79.5 111.2 i3@.1 i6B.5 ig7.8 215.4 3@8.7
81 88.9 115.6 151,08 1556.8 208, 8 2421 315.7
gz Th.2 132.1 147.8 147.8 166.4 228.4 2B3.7
84 119.9 123.4 178.7 254, ¢ 246, 319.5 s34, 7




Table 2 {Contd.)

Stn, ) Rainfall in mm.
g No. Year 1-Day 2-Day 3-Day 5-Day 7—Day 18-Day 15-Day
219
42 184.6 162.5 215.6 215.6 248, 2 275.2 320.9
&3 b4.@ 75.4 119.9° 143.3 143.3 154.7 237.7
b4 73.7 147.4 183.0 235.1 245.3 245.3 268.2
&5 279.4 337.8 419.1 477.5 5@8.2 552.7 577.1
bb 106.7 111.8 135.9 166, 4 169.7 218.3 293. 4
&7 112.9 154.4  172.7 231.1 248.8 325.5 385. 4
48 188. 6 176.3 225.1 . 281.4 324.3 371.86 424, 4
&9 173.2 187.7 205.8  221.5 248.4 282.2 363.8
70 6.5 106.6 106.6 . 154,9 154.9 234.6 252.7
71 147.3% 2728. 6 279.4 . Z84.8  347.4 375.7 445 2
72 - 146.0 162.1 212.6 212.6 212.6 “54.5 264, 4
73 ¢ 142.7 153.7 193.9 250. 1 275.7 L 4E3.5 45,3
74 233.7 261.4 279.9 293.1 307.1 342.5 408, 7
75 73.7 133.4 151.2 179.6 23,6 252, 345, 4
76 113.@ 144.8 163.8 172.7 223.5 2E3.5 294, 7
77 138.8 161.8 195.5 253.2 295.1 5994 433,86
78 158.8 149.@ 188.0 235.4 Z67.8 98,5 B4y 4
79 118.1 171.9 184.8 201.1 215.3 224,72 328.0
BE 194,53 219.7 228.5  Z75.4 297.2 29¢.2 361.4
81 152.4 196.5 254.8 - 368.3 414.0 414.0 467.4
B2 1@r.9 113.5 114.5 177.2 2220 #57.8 3.6
43 - 99.6 148.5 . 151.9 S 198.5 S 194.5 202.8 . 258.3
84 -~ 99.3 135.4 173.8 2056.3  249.2 3.7 3/5.86
158 e : I o :
62 . 111.8 - 143.8 161.6 161.6 173.0 190.8 796.8
&3 63.0 121.9 128.3 144.5 198.2  2@87.2 228.9
65 161.6 148.0 704.9 328.2 338.7 376.6 441.1
o o bb 2i5.9 - 217.2 . 217.2 = 226.1 269.2 Jvi.e 3502.5
67 124.5 141.0 14%9.9 164.6 172.7 193.0 Z28.4
48 166.7 14%. 4 197.7 252.3 3@9.4  337.3 441.8
&9 57.3 181.6 129.5 198.8 233.6 Z345.6 253.9
7 - 114.3 185, 4 194.8 198.9 214.4 277.6 483.5
72 b8.6 83.8 109.3 ‘100.3 108.3 141.0 149.3
73 157.5 . 230.4 267.2 i326.6 324.6 324.6 481.9
74 132, 1461 1461 '152.9 7. 152.9 - - 196.3 253.7
75 52.8 72.6 120. 4 C120.4 i386.8 "130.3 167.9
76 8.1 69.1 93.2  -1@04.1 126.7 192.5 248.3
77 200.8 253.3 273.6 = 285.8 292.9 - 424,72 512.3
78 152.4 155.8 . 195.5 324.9 422.% 508.8 624.9
79 ' 224.8 2464 267.2 274.6 292.4 . 30H.9 463.5
80 181.6 193.0 2794 287.0 336.5 43,5 497.8
81 2120t 303.6 364.2 420.9 7.5 551.7 729.7
8z 279.4 525.0 583.4 6638 &668.8 68, 8 747.3
83 146.1 154, 7 154.7 i65.1 224.8 224.8 301.9

84 38.1 54.4 71.4 94.2 115.6 155. 4 196.9




Table 2 {Contd.)

Stn. Rainfall in mm.
No. Year 1-Day 2-Day 3-Day 5-Day 7-Day 18-Day 15-Day
185
b2 T7.2 ?6.5 146.8 146.8 166.1 185. 4 267.2
63 118.5 133.6  133.6 173.9 226.6 268.8 332.4
o4 8.2 93.8 - 133.8 143.5 162.8 281, ¢ 287.7
&5 198.8 258.6 - 342.9 441, 4 453.5 481.4 507.2
&b 81.3 135.9 142.3 - 156.3 167.7 179.1 218.1
&7 8.2 186.5 137.08 . 199.4¢ 206,35 248,38 295.59
&y 184.1 2857 239.7 316.9 363.Y 3/8.% 466, 1
&9 1i8.6 182.6 L2347 . 202.4 275.3 J13.7 372.1
T8 77.8 10B.6 13%.2 154.5 i85.@ 205,08 282.3
71 125.2 209.3 261.4 499.6 538.8 H4b6.9 564, 2
72 53.3 B846.8 g6.8 8.7 1w5.1 117.5 139.2
13 &9.8 5.2 113,18 183.4 1gv.8 194.9 Z271.4
T4 218.8 229.1 238.8 249.6 303.6 S$78.4 494,06
75 i21.46 115.6 137.2 1vi. 3 226.49 269.5 3k, 7
76 3a4.8 312.9 314.2 319.5 324,1 378.1 456.6
77 117.9 144. 6 174.1 225.3 317.6 349 .4 544.1
| 78 23.2 141,2 193.1 216.9 259.1 36z.8 4726.1
I ge 241.3 266.2 2d8.4 Z88.48 Z8d.4 28g.8 288.4
. 5 81 152.4 206.5 253.5 277.9 296.9 355.5 387.8
82 82.5 T 96.5 123.6 146. 4 205.3 217.9 276.8
. a3 ¢ 16b.0 179.1 181.6 - 1943 221.0 226,35 . 2B4.5
i B4 1446.1 162.1 179.2 282.46 315.7 374.1 ) 400,49
{191 : :
j a1 181.6 124.4 - 193.8 248.9 279. 4% 298. 4 3854
o &2 127.8 - 142.3 T 1&Z.5 i47.1 183.1 244,13 335.7
—— - 83 B1.3 6.5 192.9 11@.5 148.56 .188.0 229.9
&5 177.8 268. 4 273.1 ©353.2 3956.9 396.9 . 523.1
&6 61.2 9z.8 g2.08 138.3 138.7 162.4 229.6
&7 171. 4 212.8 T 215.8 247.5 236.4 - 25d. 4 314.3
f1s 118.5 144.8 Z204.5 277.6 357.4 8.7 440.9
&9 10d.d 184.9 287.5 264.2 288.3 318.9 35u.8
76 124.5 1600.1 179.9 ‘179.9 191.4 28z.8 236.2
71 73.7 . 135.9 158.8 | 154.8 ~ 177.6 256,08 - 29%4.1
iz 184.1 122.8 144.2 . 148.2 184.3 264.1 277.3
73 177.8 266.7 - JSB6.1 ; 347.%9 427.8 497. 6 "5U6.5
T4 17/.8 195.8 281.1 21,4 217.4 Z31.5 J16.5
75 188.8 187.3 127.3 ' 1v2.3 234.7 248. 4 Ji&6. 4
76 -, 145.1 . 149,77 e’ 19y, 285.2 247.9 379.9
77 119.46 226.3 282.2 292.9 dus. 6 396, 7 " h2g.4
78 231.5 259.1 25%.1 263.2 263.2 284.7 429.8
79 113.8 167. 6 283.1 220.9 295.4 342.9 7.1
88 194.3 248.7 3563.5 3b64.5 364.5 3b4.5 av1.1
81 154.7 157.7 157.7 217.2 Z22.8 28922 1.7
a2 189.2 128.8 138.8 135.1 142.5 21z2.4 235.9
83 218.4 261.6 262, 264.2 353.1 3&45.3 Jug. 2

84 119.7 168.7 175.3 #19.5 341.8 318.3 3/B.5




Table 2 (Contd.)

Stn. Rainfall in nm.
No. Year 1-Day Z-lay 4$-Day 5-Day /-Lay 18-bay 15-bay
1564
&2 77.5 B/.2 128.7 128.7 162.48 172.3 238.4
63 9.1 128.3 133.4 135.4 177.3 2167 2H3.2
65 139.7 260, 4 278.2 3/56.8 412.3 412.34 442.4
&b 4.9 25.3 128.2 162.6 162.6 6.7 278. 4
b7 101.4 152. 4 165.1 198.5 190.5 Z84.5 297.2
68 101.6 155.2 193.46 ‘ 249.7 326.1 3741 44752
&9 104.1 147.3 i87.9 2240 T 240,08 5.7 315.2
7@ 165.1 223.8 262.2  269.8 . 7 284.1 2H8.1 Jdb. 8
71 11z2.8 196.6 Z212.6 Z83.1 341, 2 J4la. 2 438.3
72 76.2 186.7 - 128.6 1B6.6 213.3 255.2 J54.0
73 8.2 147.4 195.1 257.8 297.4 370.9 37z2.9
74 96.5 143.5 156.2 180.6 2235 261.6 364.4
73 .- 119.4 182.9 182. 203.2 04,8 317.8 3744
74 189.5 155.0 237.8 263.7 aB1.3 314.9 4£38.5
77 118.1 227.3 295.9 335.8 356.9 433.9 543. 4
78 . ?56.5 154.9 - 198.8 243.8 293.8 253.8 317.46
g .
&1 43.% 75.7 96.5 134.5 165.0 184.6 194.5
&7 144.8 144.8 165.1 165.1 206.3 226. 6 243.7
o 563 71.1 186.7 156.2 217.@ 256.7 38z, 4 414.3
b4 189.2 - 182.&68 < 23B.4 230.4 296.8 261.9 284. 3
85 208.3 316.3 383.6 429.6 482,72 591.2 <« 997.3
. 66 7e.1 111.2 169.6 181.5 - 196.08 Z288.7 v 385.7
i &7 78.5 4.7 105. 4 121.7 . 151.1 288, 2 L 2474
X &8 . 153.7 283.7 226.1 298.5 331.8 339.9 C 38%2.3
! 69 116.8 . 198.2 235.7 - 34,4 368.5 378.2 . 4146.3
t - 78 154 & 168.4 256.8 SJog. 8 329.9 329.9 . 385.8
B 71 189.2 142,2 152. 4 167.9 186.1 2177 312.9
72 85.1 Bi.1 187.9 110.4 119.3 182.8 236.1
73 177.1 281.9 - 259.1 321.3 Jib6.6 C 3874 473.4
74 152.4 182.9 280.7 289.5 311.2 -390, 0@ 524.6
73 1456.1 172.H 287.1 242,77 3i1.3 J83.6 4567.3
' 76 139.7 162.6 227.3 251.4 2869.6 3.6 -~ I7/1.4
’ o 77. 120.7 - 182.9 221.0 .268.8 281.9 367.4 419.1
78 146.8 171.4 C176.5 L 195.6 2184.5 284.5 312.5
24 : : L o . =
&1 129.8 168.4 168.4 .. 245.4 2497 27101 - 384.5
52 58,2 G&.b6 168.9 109.6 112.4 115.7 1/6.7
43 138.9 i5z2.9 225.8 239.8B 2448 357.7 495,
&4 ¢ 142.8 225.6 235.3 2578 231.1 268.1 . 2827
&5 132.9 164.5 185.9 Z34.6 212.3 327.7 J65.8
&& 115,11 177.6 202, ‘316.8 333.3 3756.8 495 4
57 118.5 156.2 166.6 175.7 . 184.8 322.8 341.8
&8 129.3 155.0 288.6 278.2 314.0 23. 356.4
&9 162.8 248.4 307, 394.4 429, 4 453.8 476.2
70 129.3 156. 4 154.3 171.3 185.5 223.1 235.1

71 1@88.9 172, 173. 4 175.4 177.7 7ve. 0 27¢.7




Table 2 (Contd.}

Stn. Rainfail in mm.
No. Year 1-Day Z-Day S-Day 9-bay Y-Day 18-Cay 15-Dau

Z4 {(contd.}

72 189.2 218.8 220.3 254. 8 255.9 3248.6 326.6
73 153.9 213.6 349.7  349.7 359Y.9 H18.7 441.1
74 187.7 208.1 243.3 2845.2 410.9 359. 4 527.6
75 132.8 217.9 Z219.2 248.7 2499.3 286.8 J91.8
76 152.4 Z15.9- 247.1 310.6 3/7.9 347.9 S07.4
77 91.4 108, 4 162.8 . 185.9 269.6 311.8 364.3
78 57.2 g85.1 ?1.2 °  143.0 178.6 181.1 251.8
79 92.5 . 151.2 152.5 183.3 214.1 278.8 373.4
g8 . 92.7 _118.56 135.9 157.8 186.1 243.5 267.2,
81 76.2 13@.3 A58.2 . 201.4 218.7 224.8 274, 1
B2 83.8 183. 4 121.1 284.9 207.4 268. 8 »78.6
83 138.9 234.1 © 3B6.5 324.9 367.7 . 374.4 376.5
a4 152.4 o 221.@ 252. 306.2 343,08 343.@ 4234
33
&2 365.3 447,1 447, 1 483.4 562.2 536.9 904, &
&3 268.8 387.8 307.8 331.8 23.3 bbb, 2 749.1
54 238. 4 345.0 352. 39241 352.1 4595.7 418.4 "
&5 145.5 214.3 234, 6 337.2 $68.3 3813 4042, 1
! b6 120.7 142.8 166.7 Z04.8 . Z4D.8 “S8.4 11,1
i b7 151.1 171.4 2596.5 326.3 342.3 4147 45,5
: b 151.1 287.46 2431 Ky I 361.5 374.2 497.2
. ' -89 - 93.2 153.8 205, 1 206, 3 334.1 348.6 404,72
; 70 - Z07.8 237.5 281.7 328.9 373.4 394.2 O 476.3
: 71 - 275.1  323.9 359.2 364.0 4299 420.9 43/.9
: 72 129.5 146.8 . 152.4 168.9 198. 6 243.8 328.9
! 73 134.6 1y8.6 - 289.8 - 2/9.6 298.7 349, 2 468.9
. 74 802.9 134.6 171.2 208.7 258.3 d41.2 O 474.Y
T 75 119.2 149.5 214.8 245. 1 271.9 6.5 4476
76 138.4 209.5 231.3 Z748.0 262.8 28b.1 419,77
77 82.3 138.7 . 220.@ 267.8 . 318.5  334.4 499, 3
78 127.8 169.2 230.8 269.2 288, 6 294, 8 418.5
79 198.7 289.48 2i1.1 306.8 469.2 426,4 . biT.T -
B0 114.3 128.8 173.2 184.9 219.1  297.6  3z0.2
81 - 113.0 156.2  176.5 ©  199.4 - 222.2 2H6.3 . 3491.3
a2 76.2 129.5 141.@ "143.5 . 198.5 169.9 274.1
B4 152.4 208.3 236.2 295.1 375.6 330.7 479.1
40
&1 87.4 118.4 133.4 189.6 Z35.9 291.3 3569.8
62  161.3 198. 4 206.3 723.5 223.9 234. 1 - 277.8
63 85. 1 117.1 158.8 189.3 235.8 266.7 . 365.2
&4  158.8 294.6 348.0 358.2 378.8 381.8 ‘3p1.@
&5 7 165.1 210.8 293.4 374.6 4468.6 485, 1 595, 4
bb BH.9 143.3 187.7 211.9 243, 1 252.1 335.8
b7 143.5 180.6 2014 221.5 231.2 273.8 286.8
&8 104, 4 148.7 148.7 157.2 219.9 284.7 332.7

&9 Th.2 149.9 195.0 251.5 £94.5 317.9 335.7




oy
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Table Z {Contd.}

Stn. Rainfali in mm.
No. Year 1-Day Z2-Day . 3-Day 5-Day 7-Day ib-Day 15-bay
49 (contd.)
7@. 132.8 188.9 214.3 . 294.8 - 313.8 J78. 4 4o, 2
71 195.6 226.1 289.6 304.8 3P4.5 321.5 451.9
Tz 6.5 114.3 122.4 122.4 137.6 1BB. 4 1BB.4
73 146.10 224.1 228.1 267.2 385, 1 368.8 444, 4
74 148.6 166.4 293.9 325. 4 351.0 3756.4 477.6
75 113.@ 2@88.5 282.2 S 322.9 353.3 362.7 555.2
- 76 133.4 19@8.5 i71.@ o 203.7 - Z48.9 2ib.2 39z
77 127.8 18G6.0 24B.1 317.3 - 3356 363.8 413.8
78 . 12%.5 145.8 o 173.7 195.6 215.0 273.9 332.4
79 231.1 362.2 397.8 - 4546, 4 450.8 515.6 546. 4
82 119.1 155.2 16%9.4 213.4 316.7 326. 4 353.3
81 188.2 141.2 i55.2 167.6 194.8 226.6 216.4
82 59.7 85.4 86.4 Q6.0 @77 128.1 157.5
16
62 48.8 1.7 4.7 141.2 208.9 217.5 z87.9
&3 4.4 1@46. 7 109.7 124. 4 16£3.8 227.3 241.3
b4 121.9 191.7 261.5 292.8 79z2.8 324.0 415.3
: %] 222.2 4. 7 339.4 352.4 4&8.4 409, 4 H4R7.7
= ‘ &b 141.5 146.3 146.3 158.7 159.7 171.2 223, 7
) &7 148. & 167.6, 191.7 281.7 230.7 273.8 345,40
; &8 184.2 - 21B5.8° 229.7 387.9 365.8 3498.1 . K
; &9 129.5 188. 4 - 239.2 313.9 346. 4 3b66.7 - 431.5
i 78 27.8 - 142, 165.2 225.2 252.3 284.0 v 324,49
i 71 1@88.7 T 138.8 151.2 212.5 232.4 269.1 312.2
! {2 116.8 157.5 251.4 232.7 252.7 252, 276.5
' 73 19@8.5 19@.5 251.5 S21.49 3248.2 541.7 S547.4
- T4 Bu.w 123, 132.8 .1?4.@ 218.9 237.1 298. 4
75 186.7 246. 4 3e0.6 59,7 361.2 HA6.9 &B7. 9
76 139.7 198. 1 284.7 0 #21.2 - 241.5 2868.5 35b.4
77 176.5 224.8 232.7 358.4 454,2 - 315.% £50.3
78 182.9 168.6 198. 4 1806. 4 18.4 217.7 249.1
79 234.9 285.7 .285.7 S3et.a 326.4 ©326.4 346.8
Be  182.9 = 13Z.6 144.4 f144.8 14606.5 Z208.0 264.9
81 - 138.4 °  199.6 246, b6 | 264.2 273.8 289.1 415.3
B2 87.9 98.7 2.5 [ 92.5 105.4 126.2  ° 166.1
83 95.3 -~ 118.9 158.8 ;_ 1iBB.2 221.8  2/8.7 317.2
B4 183.4 176.3 ZPB.6 | ZZ28.4 248. 4 2¢1.5 - 33594
23 .
&2 142.2 17@.1 - 197.8 24d. 6 Z256.5 298. 46 : 4449
&3 F1.7 142.80 171.2 248, 6 248, 6 Z24B.6 ¢ 301.2
&4 114.3 204.5 253.5- 3@3. 6 328.1 S31.5 4446, 6
&5 354.3 430.5 S542.3 592,46 597.7 &34.6 67i.6
b 135.9 147.3 264.5 . 246. 4 248.9 Z55.8 267.9
&7 4.2 9.8 116.6 133.1 136.1 1%7.3 258. 6
&8 | 130.6 194.1 Z48. 58 382.8 33d. 1 361.2 418.9
49 127.8 2B5.8 243.1 273. 7 S8 9 317.9 345,08
78 S 13201 156.% 188.48 194.9 Q.2 241.9 28%.1




Table Z (Contd.)

Stn. - Rainfall in mm.
No. Year 1-Day 2-Day 3-Day 5-Day 7-Day 18-Day 15-lay

23 {contd. )

72 74.7 79.2 82.8 . 114.3 125.5 ib1.4 219.4
73 124.5 148.7 177.5 257.6 296.9 3z28. 4 354.3
74 gs8.9 1356.4 i884.1 . 188.7 246.9 3@&.8 3b3.6
75 43.5 124.5 142.3 199.5 218.9 234.6 Jdbl.4
74 118.5 174.8 193.4 239.7 266.48 263.3 485,09
77 152. 4 178.8 2287 216.3 423.3 3497.6 468. 6
78 133.3 . 169.46 281.8 23d4.9 bl b 2546.5 328.2
79 221.7 291.5 291.5 221.5 348.9 J54.5 478.1
Bl . 91.4 144.0 188.7 - 2827 285.2 R 432.5
B1 - V- | 150.3 167.3 224.1 239.8 314.7 . 3d5.5
Bz 43.5 &9.3 16.2 16.2 . 1.1 . 128.8 164.9
83 . 145.1 224.5 227.8 248.0 2s58.4 296.2 JUY. 4
: 84 127.5 1459.6 176.1 203.3 . 284,77 219.7 429.3
184
, b2 113.8 144.8 158.8 158.8 172.@ 1968.2 £37.6.
63 Ba.8 97.5 121. 4 129.8 164. 4 198.1 264,72
b4 171.4 25@.7 Z/8.8 278 295077 348.2 463.0
i &5 Z23.3 334.3 355.4 344,49 417.4 4H3.7 485.4
o b4 181.1 129.8 184, 4 194.8 208.7 241.9 289.7
' &7 1244 147.8 168.5 194.8  283.2 2731 318.6
&8 212.1 248.6 262.9 Z84.53 314.3 518.8 361.59
&2 198.1 259.1 274.3 Ja. 7 400. 4 £12.8 -\ 431.9
i 78 1@2.9 C16%.4 21z.8 273.98 226.8 275.8 :323.3
| 71 88.3 130,54 1B1.4 228.8 27,4 384. 2 -383.1
f 72 122.9 122.9 135.9 185.7 185.7 236.7 345.9
73 71.9 83.3 - 1@6.2 - 173.2 208.6 265.3 381.4
Tl L 74 127. 165.1 172, 198.2 253.3 279.0 JB2.1
75 114.46 133.2 C196.7 243. 4 262.6 298. 2 335.8
76 81.3 18z. 132.1 164.4 176.3 2146.1 dZ21.4
77 1BZ.1 226.1 287.8 - 438.3 535.7 - 584.¢ 18b6. 6
78 52.3 72.9 ?6.8 125.2 177.8 208.6 208, ¥
79 182.4 278.3 290.3 314.1 347.1 d59.5 476.1
80 119.4 1456.1 171.57 194.8 Z218.2 Z261.9 365.3
g1 142.2 163.8 -176.5 - |191.8 218.4 2534.8 299.5
B2 0.4 0.4 189.5 129.5 111.0 139. 4 199.1
83 88.4 122.1 137.2 . 168.4 184.1 225.8  328.5
84 88.7 - 14H.9 221.3 245.3 235.3 Z49.3 345.8
a8
&b 253.2 g/s.a - 317.4 325.3 J25.4 . 323.3 1 339.5
&3 138.8 1ig8. 4 232.4 263.1 275.0 451.2 422,08
&6 1222 149.2 1585.2 198, & 218.8  52.7 /8.7
&7 116.3 131.8 177.5% 173.8 232.1 239.7 285./
& d.g - 115.3 132.0 1842 193.8 2388 286.3
&9 189.5 133.6 1434.4 212.4 246.8 14,9 371.¢

18 i16.8 159.5 187.1 212.9 226.4 Z31.8 - 337.7




Table z {(Lontd.}

Stn. Rainfall in mm.
Mo. VYear 1-Day Z-Day 3-Day 5-Day Y~Day 1¢9-Day 15-Day
38 {contd.)
71 136. 4 197.4 Z238.5 344.2 384.6 4346.7 444.9
7z 71.9 112.2 175.8 Z81.5 281.5 225.6 257.1
73 94.9 4.0 157.5 171.5 i81.6 196.8 J11.2
74 246.5 6.5 187.2 136.9 168.7 197.9 04,2
75 94.6 120.6 127.8 174.5 213.1 28,9 294.8
T8 188.5 129.3 144,08 i71.5 179.4 241.4d 414
77 127.@ 148. 8 286,72 251.4 298.1 3396 371.8
78 8Z.6 1B6. 7 121.2 143.5 159.6 179.1 2686.9
79 185.9 26H.7 273.3 276.1 326,86 335.8 396.8
8@ 2.1 185. 4 122.9 i59.5 191.3 213.1 262.9
g1 1z@8.7 15%.5 165.%2 207.3 C215.6 244, 6 $36.3
8z . 77.7 B4.8 89.2 93.5 124.7 18546, 4 195.3
a3 83.3 148.8 176.3 192.5 253.2 Z2i4.8 312.4
B4 178.8 igi.g Z87.5 295,43 267 . 4 334, 1 421.1
-4
&2 114,3 137.2 199.2 226.6 254,22 239.3 386.6
&3 7.4 1iB. ¥ 1156.6 148, 1 138.1 s, 3 257.3
a4 147.3 176.7¢ i 24b.2 2446 256.8 Z2¢5.9
&5 129.3 167.7 192.8 335.8 d$b1.4 361.4 479, 9
&6 189.2 162, 168.3 1f5.9 282.6 239.3 T 3476
&/ 7.5 10s.6 148.1 148.1 153.7 184.9 287.1
&8 .68.48 123.9 148.8 194.2 227.3 248.7 C2HALY
&9 122.7 148.2 178.3 276.5 Jai.s 365.5 - . 389.1
. 72 89.9 133.8 158.6 258.8 329.7 397.9 - 4434.H
! - . 8B.9 152.4 165.1 218.8 254,08 337.8 \379.6
: ) 72 185.4 . 199.4 2356.7 262.1 318.2 318.2 418B.2
! 73 g9.7 1246.2 14652.3 162.3 229.1 ©o243.4 279.8
T e T4 24.0 132.8 149.9 158.6 173.8 188.4 . 265.9
73 114.3 21i.8 276.6 396.0 424, 2 444 7 531.4
76 2i.4 - 109.2 144.8 iB5.4 282.7 225.3 277.3
77 iB1.6 165.1 283.2 278.2 S02. 4 335 4 365.9
7B 8.7 94.5 154.9 162.5 185. 4 198.1 236.2
79 231.1 . 45%9.7 457.4 46T7.4 497.8 536.9 THB%.Y

, ' 80 76,2 . 1185 174.0 212.1 2121 212.1 250.2




Table 2 (Contd.)

Stn. Rainfall in mm.
No. Year 1-Day 2-Day 3-Day 3-Day 7-Day i@-Day 15-Day
23 ) B o
&1 53.3 185.6 132.3 175.3 232.2 271.3 295.0
&2 101.46 186.7 123.7 131.3 146.6 185.7 219.7
63 55.9 . Bb.4 4.0 124. 128.8 143.2 285, 4
o4 218.4 257.8 293. 4 ~321.3 392.9 392.9 393.7
&5 137.5 157.5 26%9.3 3uB.7 3227 331.3 435. 4
&b T4, 9 2z.5 98.9 - 1@83.7 143.5 174.3 214.5
&7 138.7 167.1 195.5 Zb8. 4 209.9 214,22 224.3
&8 - 78.1 72.9 9z.7 118.6 135.1 203.9 259.9
69 ie8.5 157.5 203.2 259.3 259.3 259.7% 2974
71 - 88.9 13@.8 166.4 238.8 262.9 . 343, 2 415.6
72 184.2 1BY.3 27/1.8 2rb.Y 3. 321.06 3810
73 12v.6 141.7 1417 162.4 22382 248, 1 254,01
T4 72.1 104,7 126.8 176.3 168,56 1Y0.6 25%9.8
75 - 167.6 233.6 294.6 - 4475 389.6 399.6 546.0
76 181.6 139.7 157. 4 189.2 221.2 223.5 319.4
77 87.6 171. 4 177.5 318.9 349.5 3g2.3 4582
78 iBz. 46 1892.6 182.6 117.8 124.7 1456.8 191.¢
79 - 243.8 364.5 JBU. @ a85.3 419.9 427.7 444, 1
8i 78.2 142.7 177.86 173.1 - 195.1 208, 2 2726.8
81 141.8 171.8 285.7 258.8 291.6 du7.6 383.¢
2 77.3 85.3 g&.6 4.8 166.2 116.1 131.4
83 i30.8 287.8 217.2 254.3 288. 3 3356.8 3/2.4
Juz2.3 523.3 524.3 0343

B4 17@.2

378.5 523.3




Table 3 i Value of ¥, and ¢ as a function of sampie size N

N N

Yn Ou Y Su
8 0.48430 0.90430 46 0.54680 1.15380
9 0.49020 0.92880 47 0.54730 1.15570
10 0.49520 0.94970 48 0.54770 1.1574¢0
11 U.49960 0.96760 - 49 0.54810 1.159u0
12 0.50350 0.98330 S0 0.54854 1.16066
13 0.50700 . 0.99720 51 0.54890 1.16230
14 0.51000 1.00950 52 0.54930 1.16380
15 0.51280 1.02050 53 0.54970 1.16530
16 0.51570 1.03160 54 0.55010 1.16670
17 0.51810 1.04110 S5 0.55040 1.16810
18 0.52020 1.04930 56 0.55080 1.16960
19 0.52200 1.05660 57 0.5511¢0 1.17080
20 U.52355 1.06283 58 - 0.55150 C1.172180
21 G.525zu 1.06960 59 0.55180 1.17340
22 0.52680 1.07540 60 0.55208 1.17467
23 0.52430 1.08110 62 0D.55270 1.17700
24 0.52960 1.08640 64 0.55330 . 17930
25 0.53086 1.09145 66 0.55380 1.18140
26 0.53200 .03E10 - 68 0.55430 1. 18340
27 0.53320 1.10040 70 0.55477 1.18536
28 0.53430 1.10470 72 _ 0.55520 1.18730
2 0.53530 110860 ‘4 0.555/0 1.18900
30 0.53622 1.11238 76 0.55610 1.19060
31 0.53710 1.11590 78 0.55650 1.19230
37 0.53800 1.11930 8U 0.55688 1.19282
.33 " D.53480 1.12260 8z §6.55720 1.19530
34 0.53960 1.12550 84 0.55764 1.19670
35 .0.54034°  1.12847 86 0.55800 1.19800
. 36 0.54100 - 1.13130 - - 88 0.55830 1.19940
T 37 0.54180 1.13390 ;90 0.55860 1.20073
38 0.54240 1.13630 92 0.55850 1.20200
39 . 0.54300 1..13880 .94 0.55920 1.20320
40 0.54362 1.14132 - 96 0.55952 1.20440
41 0.54420 1.14360 98 0.55980 1.20850
42 © 0.54480 1.14580 100 0.56002 1.20649
43 0.54530 © - 1.14800 .’ 150 . 0.5646]1 1.22534
44 0.54580 . 1.1438%0 ! 200 . 0.56715 1.23598
1.15185 250 U 1.23292

43 B.54630 .56878

f

-

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

.
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Table 4 : Values of X for degree of freedom ¥ and probsba-
Tity p
Values of p :

bl 0.9s 0.95 .80 .50 0.20 .70 g.us g.ul
1 0.00 g.00 0.06 0,45 1.80 2.70 3.84 6.63
Z .02 .10 0.44 1.38 3.21 4 .60 5.99 9.21
3 U.i1 0.35 1.00 2.36 4.64 6.25 7.81 11.34
4 0.25% 0.7 .64 3.39 5.98 7.78 Y9.48 13.27
S .55 1.14 2.34 4,35 .28 9,713 11.07 15.08
. & 0.87 1.63  3.07 9.34 8.55 10.54 l2.359 l6.81
-7 1.23 2.16 3.82 6.34 5.80 12.07 14.06 18.47
* & .64 2.73  4.39 7.34 11.03 13.36 I5.50 20.09
g 2.08 3.32 5.38. 8.34 12.24 14.68 16.91 21.66
ji 2.585 3.94 6.17 9.34 13.44 i5.98 18.30 23.20
11 3.03 4,57 6.98 10.34 14.63 17.27 19,67 24,72
12 3.57 S5.22 7.810 11.24 15.81 18.54 Z2i.02 26.727
; 13 4.10 5.89 8.63 1Z.34 16.98 15,81 22.36 27.868
1 4 4.66 £.57 9.46 13.33 ig.15 21.06 22.68 29.14
15 3.22 7.2 10.3¢ 14.33 10.31 2z.30 24.99 30.57
i 16 5.81 7.96 Y1.1%5 19.33 20.46 23.54 26.29 32.0u
: 17 6.40 8.67 12.00 16.33 2Z1.861 24,76 27.58 33.440
y i8 7.01. 9.39 12.85 17.32 22.76 25.98 Z8.86 34.80
19 7.63 10.11 13.71 18.33 23.90 27.20 .30.14 3&.19
' 20 8.26 10.85 14.357 19.33 25.03 28.41% 31.4% 37.56

! . _
I 21 8.89 11.58 19.44 20.33 26,17 29.81 32.67 38.93
; 22 - 9:5%4 12.33 16.31 _21.331527.30 30.81 '33.92 -40.28
i o - 23 16.19 13.09 17.18 22.33 ' 2B.42 32.00 35.17 41.63
i 24 . 10.85 .13.84 18.06 23.33, 29.55 33.19 36.41 42.98
: 23 11.392 14.61 18.94 - 24,33 30.67 34.38 37.685 44.31
26 12.18 15,37 19,82 25.33. 31.79 35.56 38.88 45.64
27 2.87 16.13 20.00 25.33 32.91 36.74.. 40.11 4p5.96
28 13.56 16.92 21.98 27.33 34.02 37.9] 41.33 48.27
25 14.23 17.70 22.47 28.33 35.13 39.0b8 42.55 49.5§

- .- 30 14.95 18.49 23.36 29.33 36.25 40.25 43.77 50.89

;Source : Varshnay, R.S5.: Engineering Hydvrology.

i -




Table 5 : Critical valuez for the Kolmogorov-Smirnov test
Statistic

Sample Significance level

Size (N} 0.20 0.15 0.30 0.us% (.01
i L300 .95 . 950 . 975 .995
z . . .684 .726 776 .8472 o .929
3 .565 597 . .64z . 708 .829
4 L4494 .524 - 564 .624 L7734
5 .440 474 510 . 563 .669
f
3 L4710 . 436 T L470 521 .618
7 , .381 . 405 . 438 . .48 577
8 . 358 .28 AR o .457 .543
9 . 339 .360 . 388 .432 .514
10 .322 .420 . 388 . 409 . 486
11 .307 .326 .352 . 391 468
2 . 285 .313 - .338 .375 450
13 .284 .302 .325 - . 361 .433
. 14 274 . 252 .314 .349 .418
; 15 ' L266 .283 .304 - .3u8 .404
; 16 .258 274 . 295 .328 S .39
: 17 .250 .266 .288 ° .318 -  .380
: 18 .244 .259 .278 . 309 .370
i 19 L2237 .252 .272 . 301 © U361
é. 20 C L2371 . 246 L2864 294 .352
' 25 .2io .220 .240 - .264 L3240
Bl 30 .. 190 .200 w220 - .242° 290
35 L1800 .180 190 . 230 270
40 ) : 210 . .250
50 : _ L1490 L2307
60 _ L1706 L2100
- U ; a ' L1800 . 180
80 o : - ! .- -150 - T 1su
50 . ! -140 o
100 : - e - .140
Asymptotic  1.Q7 - 1.14 1.22 1.36 1.62

Formuia : Ji JI . ST J S

Source : Varshney, K.S.: Engineering H;drology.




Table 6 ! Rsinfall depth tormuias

Frequency Formuia
5 d = G.687 t°%°
10 . d = 0.860 t”*°
.20 d = 0.915 t°?%°
25 - d = 1.003-t°19
) © 50 . - d = 1.515 t°°°
100 ' . : d = 1.312 t7=°

Source :_Bernard, M.M., 1932

i
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Table 7! PMP design storm value as percent of mean
annual rainfall

River Basin I1-day(%) 2-davig) 3-day (%)
1. Subarnarekhs . 26 - 39 . 41
upto ghatshila
Z. Betwa upto Z6 47 64
Rajghat
3, Mahi upto 4z 68 100
Klanda

Source ! Dhary Rakecha and Mandal.




Table 8 : Difference between the critical 'value and the
computed value of Kolmogorov-Smirnov test ftor
Gamma distribution.

Difference between critical & Computed Value

Stn. i
No. ! 1-Day 2-vay d-pay S-Day 7-Day 10-Day !5-Day
154 .228¢ .1903 .2233 L2680 L2275 L2147 -.6244
23 .1689 .1644 -.6685 -.6596 -,6700 -.6643 -.6621
152 2479 2273 2086 ~.5975% -.6000 ~-.%897 -.580!
222 L2284 L2212 -.6500 -.6522Z ~.6495 -.660%1 -.65U8
154 L2241 .2331 .1964 .1665 L2307 L2147 -.6244
210 .1920 - .2308 .1849 .2128 -.6501 -.6489 -.652¢
181 L2446 L2801 .2218 L1457 .6533 . 6488 .6497
209 .0984 .1501 ~-.6544 -.6644 -.651Z2 -.6577 -.5364
24 1210 1459 2100 .1895 L1951 .1806 -.€6803
165 1850 1897 2419 -.6112 -.6012 -.6102 -.6055
199 2165 1577 .2395 L1961 L1676 -.6244 -.6195
203 .1575 .1995 L1839 L2147 .1833 . 1438 L1703
8 . .1558 L1776 .2137 L2471 .2094 -.6374 -.6401
198 L2121 L2025 L1737 .2279 .2278 ~-.6112 -.6245
' 191 L1785 L1674 L2001 2127 L1908 -.4389 -.6745
2189 .1891 L1817 L2009 L2002 -.6745% -.6733 -.6689
, 185 1257 L1672 .1046 1782 -.6624 -.6595 -.8707
i 182 .1465 L0546 -.6624 -.6678 ~-.652¥ -.6784 ~.6148
‘ 187 L1607 L2581 .2294 L2157 L2023 -.6164 -.6244
215 1287 1931 2130 -.6374 -.6454 -,6389 -.6213
; 169 2117 1959 2007 -.6500 -.6432Z -.6612 .-.6765
| 156 1355 2121 .1808 -.6475 -.6523 -.6583 ~-.6603
' 213 .1870 .1866 .1590 -.6400 -.6374 -.6294 ~-.6256
i 196 .0973 .0959 -.6624 -.6565 -.6687 -.6709 <-.66/8
i 33 - 1123 .,1607 L1739 1898 -.63%0 -.6502 -.6467
184 .1758 - .1734 .1683 L1727 -.6576 -.6622 -.6455
T - 1€0 -.6639 -.6727 -.6578 -.6654 -.6534 -.6512 -.6737
16 L2106 L2220 .1788°  .1924 .1954 -.6244 -.6344
151 L2486 .1909 .2234 .2438 L2076 .2523 -.6112
2 L1657 .17E5 L2221 .3245 .6511 ~—-.6511 -.,4312

¥¥ a negative vaiue indicates a failure




Tabie 9

+

Folmogorov-Smirnov test statictic at .05

™

Difference between critical and computed value=z o

signit-

icance level (Gumbel Distribution).

Stn.) Difference between ¢ritical & Computed Value
Na ! 1-0ay 2-Day 3-Uay S-tay 7-Day l1U-Uay 15-bDay
154 . 2927 .2075 . 2601 .2343 .2195 .2514 .173%
232 .1473 1464 L1065 214 L1330 . 1338 L1973
192 L2703 .2U84 .2196 © .Z429 L2054 L2429 . 26860
222 .2018 . 1988 L2410 L2213 .18928 .1/88 . 1827
194 .1832 2257 L2172 L1706 L2522 L2034 . 2090
210 L2152 . 2281 L2070 .2480 .2197 27100 L2025
181 . 2495 . 2393 L2100 ,222 .2152 . 19540 . 1646
209 1189 L1735 . 1439 . 1732 2284 L2106 . 16873
Z4 1175 L1542 2014 1790 .2068 L1702 L1972
169 1444 . 1943 .2157 2169 . L1803 L2227 L2400
199 L2105 L1581 .2400 .21386 1851 .2393 .2321
203 L1713 2141 L1760 .1973 .1785 L1104 . 1388
g 1649 L1731 .2104 L2730 .2086 1974 .2159
198 .2309 . 2361 . 1932 L2271 L2155 L2606 L1810
191 .1904 .1982 2191 L2113 .2193 .1799 . 1936
219 L7777 . 17398 L1912 .1819 1763 L2170 L2117
185 - 1175 . 1780 L1327 . 1859 . 2008 L2142 L2129
18z -1565 .0643 .1728 110 L1927 . 2330 . 13526
187 T L1922 L2936 L2918 . 2488 . 2372 . 23357 .2z80
215 .15390 L2230 .1980 U042 L0327 0546 1233
169 24831 L2023 .2144 .2184 L2077 L2019 .2348
156 w1454 .2455 +  .2086 L1570 .2484 1818 .1874
213 .1755 L1612 L1626  .2365 .243%8 . 2056 L2206
196 .ag33 L1157 . 0967 . 1203 . 1479 17886 }.2058
33 L1091 - ,1603 .1903 .1969 .2399 1785 - .0B54
184 .177% 1805 L187) . 1509 L1814 .1766 . 1686
160 -.0003 L0623 0611 .1098 L0952 1341 .1065
i6 .2430 L2279 .1948 2108 L2217 .2055 L2253
131 21210 .2045 .2497 L2431 L2709 .2291 2304
235 .1816 .0743 L1803 .1894 L179% - 01912 0 ,2226

*%¥ 3 negative value indicates a failure




Table 10 i Chi-square test with equali probability clacz 1nte-
val scheme at 0.05 significance leveil. ([ &
{ Gamma Distribution ).

Stn.: Com;uted Cgi-sq;;re Values
No. | 1-Day Z2-Bay 3-Day 3-Day 7-Day  10-Day
188 1.53 10.35% 0.35 2z T z.31 T TiTss T ToTan
154 0.94 1.53 0.35 0.94 1.53 U.35
152 1.33 3.33 2.00 z.00 1.33 D.67
222 2.32 2.00 0.74  1.79 2.89 0.74
194.. 1.53  4.47  2.71  .5.06  0.35  0.35
181 0.21 0.2 0.74 1.79 0.74 4.42
210 2.37 1.79 0.74 0.74 2.32 2.84
23 4,00 2.57 5.43 5.42 5.42 6.3&x
24 2.30 2.87 4,61 1.13 2.00 1.17
209 7.58% 3,89 3.37 1.79 1.75 1.7¢9
165 3.38 2.75 . 3.38 1.50 4.63 0.25
Dégree of freedom , 2
Criticai Value _ - E, . 5.99

Values marked with * indicates failure
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Tabie 11 : Chi-square test with equal probability class 1nte-
val scheme at 0.05 significance tlevel. 14 573.
{ Gumbel Distribution J.
TStn.i Computed  Chi-sauare w~values
No. | 1-Bay Z-day 3-Lay 5-Day 7-Day 1U0-Day 15-Day
199 1.53  16.35% 1.53  S5.06  4.47  3.29  1.58
154 0.35 4.47 .35 fl?] 5.06 0.35 7.47
152 0.67 2.67 7.33 4.67 1.33 0.67 2.87
i222 5.37 3.89 1.59 0.74 0.74 1.26 1.26
134 3.88 3.47 z2.71 B.24% 1.53 0.33 1753
181 .21 0.74 g.21 1.79 1.79 1.26 1.79
210 g.74 g.74 g.74 6.74 1.2¢& 0.21 2.84
i 23 4,95 3.92 i0.19= 5,43 7.33% 6.38% 5.43
: 24 3.20 £.09+% 2.8 . 2.00 1.13 2.87 0.26
? 209 6.00+ 3.89 2.84 3.37 2.32 0.74 ;.UU
; 163 3.38 3.38 2.13 3.38 2.13 2.73 3.38
; -
% Degree of freedom B ) 2
___ Critical value . - . 5.99

Vglues marked with * indicates failure
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Table 12: Parameters ot prediction equation for different stations

Station Value of parameters for different day duration
No. (1) (2) (3} (o, {7) (18} (15}

165
U 152.97 204.17 252.40 318.82 353.79 42B.65 522.07
BETA  36.14 34.34 B80.58 93.40 94.8@  185.73 1z4.08

U 162.24 218.59 269.70 348.63 4B2.62 474,25 H12.19
BETA 49.43  51.24  72.27 /2,39 B3.47 192,53 119.28

U .47.42 282.72 245.75 329.44 J388.24 452.14 558.93
BETA " 49.92  &B.61 67.94 B4.Y3 1@4.24 119.96 153.32

157 ' o
- U 158,98 2108.4% 264.06 378.889 449.53 527.480 6Y1.87
BETA 45,469 b64.38 56.42  41.B4  64.24 g3.468 133.U5

161
U 159.36 2146038 789.34 327.15 383.84 4356.87 5@7.29
EETA 29.41 ag.53 86,87 64,38 72.18 99.34 1@6.26
208 )
U 129,77 173.862 221.61 2Z27/4.35 337r.24 417.172 521.24
BETA 35.21 48.51 77.78 84. 29 92.92 118.28 1341.12
182
U 134.52 181.85 219.93 269.31 3B4.52 348.16 421,43
BETA 54.18 76.%6 91.68 99.28 111.52 123.23 175.46
1539 ' . -
: . U 153.62 229.83 278.74 36B.77 432,01 479.34 &01.98
f BETA 32,47 45.13 &5. 64 Q4.34 98.98 125.64 157.92
U .149.@2 197.52 24@.62 293.56 331.@28 3846.35 482.71
—_ : BETA 4B.99 71.58 BA.57 ;. B84.26 ?1.28 5.6 134.51
T 174 ' ' :
U 174,69 24B.34 279.50 350.%54 393.27 438.47 S590.79
BETA  51.26 64.55 b3.7¢ T B2.59 108.44 145.92 149,96
177 .
U 146.43 186.49 209.34 268.66 3165.35 3446.84 422,74
BETA 99.92 73.08 98.32 113.&64%4 132.12 135.71 1B2.97
183 ! ’ .
U'I155.54 197.78 23@562 274.29 313.67 377.17 454.45
. BETA 38. 80 T2.11 - 89.69 121.32 126.11 138.94 153.15
15& P . : .
u B8B.35- 129.51 164.74 213.67 246.75 3B1.35% 383.99
_ BETA 39.39 41.98 44,99 53. 44 60,70 &7. 46 H8.346
160 ’ '

U 148.04 192.6% Z27.46 273.48 302.93 344.71 427.99
BETA  34.77 57.44 b65.56 86,73 . 88.33 92.73 85.41




Table 12 {contd.)

Station - Value of parameters for differenﬁ day duration
No. (1} {2) (3 (5} (7) (1a) (15)
213
U 143,42 18B9.38B 222.29 265.83 38z.79 3533.15 437.81
BETA 328.10 47.51 55.71 71.43 g84.61 B4. 469 97.91
1867 ‘ '
U 143,71 217.98 253.66 312.26 357.94 4UH.23 497.1¢
BETA 41.49 45,13 46,48 57.48 67.31 93.61 1@7.24
1646 .
) U 137.40 193.95 235.746 28B7.94 331.75 388.37 478.47
BETA 31.246 43,85 61.76 .15 113.446 121.57 158,27
179 ) ) .
U 153,14 192,69 - 220.46 276.67 309,68 3I57.43 425.94
BETA 53.16 57.63 57.51 o4 . 49 95.67  58.57 85.460
209 ’
U 181.7@ 2Z45.26 299.98 358.4&6 4VBZ2.97 484.88 585.39
BETA 53.82 76.34 101.54 1ws. 893 132.92 143,13 18418
) 155
U 123,16 167.97. 196.90 266.93 303.39 383.27 427.92
BETA &B.75  1R4.35 1@89.97 1722.74 16%.5&6 181.77 202.70
! 221
§ U 140.77 197.72 248.82 311.85 376.66 458.68 559.21 -
i ; . BETA 49 .44 55,19 T6.19 91.91 22.98 111.18 148,14
199 : .
U 184.64 142.97 149.25 208.86 229.68 270.12 . 344.B5
BETA 42.47 53,19 &3.62 B3.74 28.92 28.52 133.63
] Zi@ ) j ) i
i s U 138.19 179.37 212.47 254.85 285.80 319.20 4146.39
. BETA 45.76 48.87 62.72 f 78.75 77.66 §2.73 1@B.78
.'__.___ﬁ___ R 168 . -., 'x' . .
' U 114.41 145.98 172.55' 218B.380 242.28 2Z79.829 351.95
BETA 42,34 48.8% 68,78 66,908 78.52 185.73F 131.29
189 | .
U 113.68 155.86% 1B5.14 234.99 259.468 306.33 389.41
BETA 49,78 T4.43 85.92 ?i.25 6.4 189.8B6 12B.11
281 . ) , . -
. ) ) U 129.88 167.92 193.B8 234.47 259.92 294.88 375.38
LA BETA 42,74 73.71 82,77 10@.85% 181.97 109.14 145.47
L 196 o ' ' '
U 119.26 154,72 186.465 227.71 254.47 293.98 3467.85
BETA 48,78 66.99 g85. 49 93.52 94,15 184.72 97.98
203 ‘ .
U 111,28 14B.91 173.82 288.87 231.70 258.16 3I28.84
BETA 26.69 52.42 58. 10 56.84 54.24 56.58 77.68
28h

U 147.24 18B7.97 212.1@ 254.47 280.80 316.8B1 390.33
BETA 46.19  64.74 76.8%9 88.36 94.51 1@3.46 153.37




Table 12 {contd.)

Station Vailue of parameters for different day duration
ND. . {1) (2) (3} (5} (7) (1) (15)

U 149.37 18B.55 207.55 248.1% 275.82 316,11 412,867
BETA 51.96 &2.48  75.37 77.57  B3.17 91,11 111.30

186
U 155.75 2089.31 247.5H 305,22 336.82 579.97 478.67
"BETA 42.465 61.93 79.79 99.48B 183.44 129,46 172,23
222 )
U 133.72 188.81 227.94 27/3.93 317.25 367.04 445,05
BEra 52.19 67.57 . 86.11 184.47 11@.51 115.186 137.77
215
' U 113.86 145.466 165.28 1682.18 208.77 248.98 28Y.82
" BETA 4783 59.11 68.88 94.57 112.29 145.08 161.31
163 . .
U 121.88 186.43 225.00 276.15 3UB.29 357.47 434.54
BETA 41, 44 b7.99 81,92 ?8.32 117.33 129.28 160,12
i56
U 111.98 162.98 195.5@ 236.71 273.26 314.34 392.58
BETA 4%. 44 72.48 81.83 93.15 23.78 94.78 181.95
181 )
: U ie7.12 155.23 177.21 218.80 241.49 270.80 341.61
| : . ~BETA  53.57 86.76 1@2.25 73.00 181.59 12{.80 121.75
' . 152 .
' : U 185.52 144.62 171.65 201.13 22449 251.96 3B9.88
. BETA 42.23 39.446 74,39 87.25 88.26 107.3% 134.29
; 198 . :
! - : . ;
5 . U 115,180 149.62 170.77 218.63 232.75 261.97 333.19
g IETA 49.78 - 42.04 43.56 T7i.64 87.83 105.98 179.14
187 ' . 1 : -
- _ U 188,26 14B.87 174.69 2@3.8Y 222,38 238.98 312.95
BETA 41.34 62,39 63.94 692.83 73.84 94. 308 95.22
194 . . , .
U B6.64 117.17 139.180 167.59 194.63 238.56 30Q.91
BETA 51.41 - 53,17 57.87 62.83 bz2. 865 81,39 93.62
219 o ,
. . U 185.91 140,869 165.78 2@@.43_ 222.46 257.74 314.26
. BETA 446.57 58.24 61.83 67.24 7448 au.ez T4.74
158 - ' ‘ -
U 96.91 126.79 150.78 175.45 208.13 234,41 294 47
BETA 61.88 74.58 183.52 11z2.82 115.35 126.21 161.40
185
U 1eB.23 131.26 154.58 185.99 215.39 242,94 301,13
BETA 55.47 58.60 64.21 72.563 ?i.e8 95.14 1@1.87
i1 '

U 112,64 147.55 167.81 193.83 218.27 249.96 313,13
BETA  43.23 58.94 eap.57 . 67.39  T75.64  74.42 89,89




Table 17 {contd.?}

Station Ualue-of parameters ftor different day duration
No. (1) (2} (3} (5) (7) (1} {15)
151
U 93.87 137.15 165.13 196.79 229.53 259.16 324.98
BETA 21.93 45.@7 51.469 b4.79 6£7.98 71.53 75.81
8
U 103.3% 134.14 155.82 192.58 220.46 252.99 314.04
BEA 39.30 52.38 63.33 - /8.48 B3.71 P7.66 188.77
24 ‘ ' :
U 184 2 157.76 168.58 204.8Y 225.28 262.93 312.¢9
BETA 29.96 43.88 58.49 G4, 35 70.53 71.11 . gz2.48
33 . : : -
X U 118.886 166.22 2B1.57 241.78 277.13 3BB.97 3BY.94
BETA &6.@5 74,93 &7.65 78.96 81.93 88.43 127.008
41 ) '
U 188.58 149.81 177.31 2Z2B&6.57 236.89 278.15 320.49
BETA 36.75 556.37 69.91 B88.03 B2. 44 8z2.12 11@.98
146
U 188.79 143,11 1465.@2 197.65 228.3% 25B.71 3us4.27
RETA /3,68 52.47 GZ. 42 T2.45 75.41 88.4% 113.32
23
C U 26.15 136.23 159.82 193.195 211.31 2z40.R9 305.43
BETA ﬁ?.ﬁ? &8, 45 83.12 87.82 0. 44 ?1.@6 .-97.78
104 _ o . . ) AR
U™ 181,83 130.45 158.79 184.20 202.627 241.39 300.@8
BEIA 43, 48 43.28  63.BY 76.83 g83.35 HB9.83 G6. 49
33 : ot _ . ) g
: u 91.93 122.261 146.83 178.73 2080.27 234.15 295.1b8
BETA 39.75 31.98 51.63 .55.42 58.72 &3.56 61.48
4 . N ' : :
1) 87.456 120,42 '155.24 193.43 217.40 240.11 2%8.27
BETA 33.2% 73.42 - 78.27 8&.82 Bb.34 91.89 95.78
25 : ‘ )
U 94.85 126.29 149.34 18B.84 281.77 224.&9 266.25

BETA  45.77 66.39_ 79.11  95.88 97.74 94.73

111,12

[

N
£
1

y




Table 13: Maximum rainfall for different return periods

Stn. - Return Period in years
Na. Day (2} (5) (1@} (28 (58) (108)
165
1 166.27 207.19 234,31 Z6B.33 294,08 319.24
2 225,53 291.68 333.46 377.45 431.81 472.55
3  2B1.9@ 373.14 433.55 491,49 366.530 622.71
5 353.85 458,71 527.08 596.23 683.25 748, 47
7 420.08 511.99 5B6.13 557.25 749.32 818.31
10 467.48 587.20 665,50 742.60 B41.20 215,90
15 -56B.280 711.10 - B8@5.80 896.520 1014.68 110Z2.¢0
220
1 1B88.51 23/.81 274,41 310.29 356.74 371.54
pd 237.37 295.45 333.91 378.7% 41B.%4 . 454,32
3  296:19  3vB.1¥® 432.33 484,34 551.69 60zZ. 16
5 J75.16 457,280 511,52 563.62 4£31.86 &681.41
7 435,21 527.81 o943, 45 453,53 728.38 /B&.58
18 511.880 &28.80 7@4.9D 778.76  H74.30 945.98
(15 405,80 790.98  B88.406 66.20 1R77.30  t1i64.50
197
1 165.71 222,29  25%.75 295. 48 342.18 J77.84
; 2 224,93 293.63  339.11 382.74 439,27 481.54
: 3 271.856 349,31 4P1.12 454,81 515.14 5635.34
i 5 368.57 454.84 520.58 581.72 668.86 720.16
‘ 7 426,45 544,60 622.8B3 -497.87 795.88 B&/.79
; 18 494.10  &32.P0 722.1@  EB0.4D 920,28 1203.90
I 15 615,186 788.98  F03.99 1014.38 1157.10 1264.28
! 157 ' -
f : i 167.64 219,43  2593.72 © 2B6&.61 329.1% 3561.89
2 235,16 3B7.33 3595.Bf  4DZ.30  462.47 SB7.54
T 3 28B4.74 348.69 371.@3 431_645 484,21 523.68
5 285.92 432.44 463,23 492.77 531.01 359.67
7 473.88 545.89 594.18 648,34 780.19 - 745.85
1@ 553.886 647.90 710B.7@ 778.989 B48.98 07.30
15 746.980 BT1.30 991.20 1@87.08 12106.90 1323.98
161

1 178.15 283.4%9 225.56 246,73 274.14 294,48
2 238.31- 273.98 302.98 330.464 - 366.54 393,45
3 279.89 343.44  385.52  425.8v  478.12 517.26
3 35B.74 423,71 472.87 S51B.36 578.34 .. 6£23.30
7 4168.27 4%91.98 5446.89 597.99  H45.14 715.5@
1@ 473.28 585.88 66R.48  731.92 24.48 893.80
13 546.18 b64.58  746.3R 2Z2.80 921.80 994.04




1able 13 {contao.}

5tn. Return Period in years
No.~+ Day (2) (5) (e (20) (5@) (182)
202
1 142.67 1B2.58 209.80 234.34 267.14 291.72
2 191.40 246,38 282.78 317.78 342.89 396.76
3 250.89 33B.16 396.47 452,48 524.80  579.06
5 309.91 4@9.98  476.24 539.79 622.86 483,71
7 373.87 487.12 562.11  634.83  72/.14  796.91
180 46@.48 594.580 6B3.30 768.40 878.60 961.20 -
: 15 576.68 747.9¢ B61.30 970.00 1110.80 1216.48 R
182 - P
1 154.38  215.79 256.45 295.46 345.94  383.77
2 209.26 296.49  354.26  409.64 4B1.35 535.09
3 253.5@ 357.32 . 426.06 491.99 577.33 5641.29
5 3@5.70 41B.23: 492,74 564.21 656.71  725.04
7 345.20  471.68 555.29 635.56 739.48 B17.35
18 393.38  533.80 425.4@8  714.10 H29.0@  915.00
15 485.76  6B4.60 B816.20 942.50 1106.080 1228.58
159 :
1 165.68 202.62 27¢.14  250.65 281.8Y  3ul. vyl
2 245.57 296.72  330.59 363.08  405.13 436.465 '
3 3¥2.80 377.20  426.46  473.71 544.88  5H4.7t
- 5 4@3.35 5108.28 . 581.07 648.98  736.899  802.76
7 46B.29 1586.48 654.76 726.081 B18.24 B887.36
18 523.30  667.70 762.00 E52.50 949.5@ 1057.30 -
: 15  639.8¢ BIB.BD 957.30 1071.00 1218.10 1328.40
i 183 . : -
1 164.04 210.5@ 261.25 27@.76 30B.95  337.54
! 2 223,73 304.76 . 35B.42 .409.88 476.50 526.43
3 270.15  361.47  421.93 479.93  555.08 &11.26
———— 5 325.18B | 422,95  487.49 | 549.78 638.16 - 49R.39
7 364.54  A68.UB  5356.58 . 602.28 4B7.25  7508.99
18 421.5@0  530.48 - 6B2.58 671.68 © 761.10 B28.20
15 531.5@ 6B4.18  785.10 882.08 10V7.48 - 1181.40
174
1 193.47 251.58 298.85 326.95  374.71  41B.51
2- 264.80 . 337.16 385.40 . 432.07  492.21 537.29
3  Jez2.87 375.13 22.98  448.87 52B.28 572.79 4
L5 38D.B1° 474.42  536.48 595.85  672.81 - 73@.%8
7 433.@2 535.92 £37.38  715.35 816.39 _892.11
18 491.90 657.38 764.80 871.80 1007.80 11@9.78
15

645.78  B15.68 928.20 10356.18 1175.88 1286.50
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Table 13 (contd.)

Stn. ) Return Period in years
No. Day (2} (5) (18) (28) {(58) (igou)
177
1 1462. 48 230.31 275.28 218.41 374.24 41688
2 213.2 2726.11 358.95 493.56 471.646 52249
3 245, 41 356.91 430,75 501.57 993.25 661.95
"5 310.32 439 12 524,49 6B6.21 712.89 791.&5
7 J23.77 55,52 &bz, 867 &9 77 Bz, 84 ?13.13
1@ J326.58 55@.40 . £52.28 749,94 g876.38 971.18
15 48%. 402 &97.10 834,40 66,10 1136.68 126440
188 ' ' :
1 169.76 213.75 242.87 27088 Jib. 96 334,05
2. 224,13 385.87 359.94 411.89 479.88 029.44
3 263.4%9 355.14 432.45 49762 5HA. 57 643,19
5 318.75 454,26 547.38 634,63 747,566 832.37
7 359.8v 502.83 997.47 688.25 Bid5.75 8y3.61
18 428. 10 585.68 489,80 789.98 F17.38 1016, 48
. i5 518.58 6B4. 18 779.1@ Fu%. 30 1852.88 1158.98 o
! 154
1 102. 99 147.64 177.1%9 265.55 242 .25 269.75
_ 2 144 84 192.35 223,79 253,95 292.99 J22.24
! 3 181.83 231.52 264.495 297,82 Fi8.53 36%.63
: 5 233.26 293.85 333.97 372. 459 §22.26 459 .59
7 269187 _ 334,09 384. 80 427 .43 484. 38 926.90
i@ 326.02 492.58 453,16 501.78 564.58 611.468
; 15 414,30 5146.58 58z.80 b&b. 48 728.78 798,40
! 156G , -
; 1 1532.79 - 192,24  218.29 . 243.32 . 275.72 299.99
2 213.74 278.84 ;o 321.94% C 363.29° 414.80 4556.91
3 251.49 '325.80 375.80 , 422.19 483.28_ 529.04
. - 5 385,27 483,40  46H.69 ° 931.14 h11.97 &72.54 f$
7 335,32 435,42 5@1.71 565.29 647.68 789.28
ia 279.60 484,760 554.36 &21.16 707.56 772.28
15 459,20 5556.88 - 4£28.10 681.50 761.102 8241, Bin
213 : - -
-1 157.38 288.57 229.14 2546.59 292.8%9 . 3iB.7¢
2 286.79 26@.65 296,30 338.50 J75. .77 487.95
3 242.52'“'335.3? 346.52-. 386.26 437.69 | 476,24 -
4 5 292.61 372.97 - 426.57 477.99 544.94 0 89442 .
7 '333.81 479,78 493.19.. 534,09 632.93 492,60
16 384. 10 480,18 543.78 o4 . a1 683,59 T742.76
i5 473,60 584. 68 458.10 728,68 819.80 B88. 28 '




Table 13 {(contd.)

Stn. Heturn Period in years
No. Day (2) {3) (@) (28) (58) (128)
167

H 168.91 2607.94  249.b8  z6B.94  307.60 336.57
2 234,52 2B5.67 319.33 352.41 394,06  425.57
3 27@.7¢ 323.38 35B.26 - 391.71 435.¥82  467.48
5 JA33.33  398.4B 441.62  482.99 8936.585 576.69
7 3B2.61 438.98  547.41 557.86 A28.58  6467.54
2
5

1 442.58 548.60  618.90  A86.20 773.50  048.82
: 1 536.30  657.99 '738.30 815.58 915.30 990.20
166 .
1 148.85 184,29 207.79 23B.% 259.3%  281.22
2 21B.82  259.73  292.63  324.28  365.@6 395,68
3 258.3%  328.40  374.75  419.21  4746.76 519.88
3 328.98 ° 423.15  498.88 555.6%9 639.69 787.43
7 373.33  501.94 587.48 b4B.76  T74.48 853,71
10 432.94 57B.70 461.98  749.40  862.78  947.40
15  533.5¢ 7Y4.B0  B16.40 924.8B8 1064.86 1149.70
179
1 172,62  232.88 272,77  311.B4  340.57  397.49
. - 2 z213.81 279.14 322.39 363.47 417.57 457.82
‘ 3 241.53 . 3@6.72  349.87  391.27 444.B6 4B5.01
5 300.431  373.40 421.BR  46B.22 528.31  573.34
| -7 0 336.@8 393.18. 434.94 473.03 526.91 565.78
12 37B.98  445.20 4B9.20 531.4@8 585.980 &26.80
‘ 15 457.30  554.38  61B.4B 6BB.20  760.08 819.7¢
: 209 : ,
- 1 201.42 262,48 302.77 7 341.49  391.62  429.19
2 273.26  3899.77° 417.85 | 472.88 S543.13 596.43
T ©3 0 337.110 452,19 528,49 6B1.48 5946.08  7646.98
5 396.08 515.69 5%94.36 669.82  767.49 84049
.7 451.26  HU2.00 TB1.BB  797.53  921.45 14.31
16 532.58 694.780  ©82.10 905.28 1038.50 1138.50
15  652.84 841.58 999.68 1132.20 1323.78 1432.30
155 :
: 1 145,42 214.27 T 259.86 343.58 360.19  40Z.40
‘2 206.22 324.49 - 4R2.79  477.99  S575.13  B47.99 .
3 237.21 361.8B5 - 444,38 523.54 6zb6.B1  7TBZ.80
5 311.92  451.83 543.14 - 631.49 745.86 - 831.56
7 - 365.54 557.73  6B4.97 BU7.83  965.02 - 83.42
- 1D 419.98  625.90 . 762.38 H93.12 1@62.50 1189.49
15

502.20 731.9B B8894.08 1029.92 1218.8v 1364.398




o
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- Table 13 (contd.)

Stn. © Heturn Period in years
No. Day (2) (5) (1@ (2} {58) {1pa)
- 221
i 158.8B9 214,92  252.02 287.61 333,67 36B.19
2 221.61 295.49 344,41 391.33 432,87 497.599
3  276.75 363.11 421,28 473.13 546,12 599.32
5 344,73 448,91 317.8% 5B4.85 b6Y. 6% 743.87
7 410.71 5156.81 585.73 652.61 TY34.17 864,085
i@ 491.386 617.30 8. 78 780, 80 B84.48 952.0D
15 £13.50 781,400 . H92.80 997.288 1137.38 124B.7@
179 N
1 120. 26 158, 34 288,21 238.748 2VR.35  300.0¢
Z 162,47 22275 262.467 308,945 35@.52 387.646 -
3 192.56 264. 467 312. 4% 358.20 417.48  461.90
5 239.35 334.46 397.29  457.57 535.59 594.Q¢6
7 262.1% 362.97 420.78 493.70 5756.55 638.463
19 Jes. 20 417.88 491.8@¢ 547.70 654,506 723.38
15 395.08 545,40  b56.70 T42.909 867.40 96B.70
218 .
1 144,96 198.83 233.17 266.11 8. 74 340.71
‘ 2 197.28 252,487 289.34 324,52 378.85 4B4.37
' - 3 235.46 3846.55 353.61 378.76 457.20 5b1.\8
, 3 2808.78 368.97 414,86 464.98 5338.99 580.3@
: 7 313,39 . 401,19 459,31 515.07 587.24 641.33
i@ 349.5@0 443.30  505.30  564.99 . L442.00  699.8%
: ’ 15 456.20 579.48 661.080 - 739.20  84Q.50 ?16.40
i 148 R . : ) . ;
i 1. 129.93 177.92 2089.69 ; 248,17 279.62 ° 30Y.19
! 2 163.98  219.31° 254.08 L 291,28 J336.75 374.89 -
I 3 194, 8i8 25%.59 ' 309.14  352.83 44v.39 451,77
5 242,827 318.465 -A68.86 417.082 479,35 D26.17
7 241,86 364,45 418.97 475,49 548.465 oBs.47 ’
18 317.80 437.68° 517.88 - 593.18 691,68 /65.48
15 420.029 348.88 647,48 741.98 B&4. 20 955,90
g7 : .
1 131.81°  1BB.14 - 225.43 ': 261.20 J87.51 342.21
2 182.96 - 267.32 323.18 376.76 446,11 498,08
3 216,462 313.98 378.45 . 44@.28 520.32 580.36
5 268,43 371.86 444,33 i 591.04 - - 654.76
7 293.82 44,28 476,42  S46.07 635.84 704, 16
18 346.30 449.98  551.7@ 630.28 . 731.98 80u.80 .
15 436,35 5381.58 4677.70 769.948 849. 38 9/8.76°
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Table 13 {contd.)

S5tn. Return Period in years
No. Day (2) (5) (1) (218) (5¢) (1a:)
2u1
1 144.74 193,19 225.26 256.83 2995.85 25.70
z 194,04 277.58 332,89 385.93 454,63 5B6.09
3 224,22 318.84 3w, 15 439.74 5316.86 574,468
5 271.43 385,74 461.43 534,82  &27.99 694, 41
7 29¢.29 412.87  489.40 5&62.88  &657.82 129,82
18 334.82 458.5@  54B.40 617.886  72B.7@8 794.98
15 478,50 593.74 703. 10 BU7.90  943.70 1045, 40
194 :
' 1 136.95 © 191.68 227.91 202.66 -307.85 341,36
2 179.27 255.20 385.47 353.78 416,12 452,90
J+ 218.R4 315.18  379.48 441.16 521.81 580.84%
5 263.98  369.98B 443.16 SB7.47 594.61 659.98
7 Z88.92 395.63 4646.2B8 934,05 621.77  &87.51
10 J32. 38 451.82 52948 605,08 Q2,58  775.7@
i . 15 -3958.78 589.78  583.18 ° 453.460 744 .80 g813. 28
203
: i 121.@7 151.34 171,36 19@.5¢ 215,45 234,09
i 2 168.13 227.5% 266.89 SBg, 62 353.47  39@.u4 -
‘ 3 194,32 260,17 3u3.77 345,60 329.74 44031
i o 229.71 294.15 J36.82 37175 43B.73 478.44
- 7 251.58 . 313.86 353,74 392.80 443 34 491,21
) B 278.88 342.92¢ 3g5.3@ 42599 478.68 518.08
j 15 357.98 444.33  5p7.ing 557.58  629.30 68308
: 2846 . '
% ' : i 164.17 216.52 251.19 - 284,44 327,48 359.7¥3
! . z 211.6%° 2d5.47 333.66 38B.26  44.59 485, 79
- - 3 244, 28 327.43-395. 14 448,49 512,13 5465.82
5 286.86 387.80 453,31 516.91 9. 24 H&B.F3
7 316.17 425,55 . 49/.97 5&6/.44 657.36 124,75
i@ 353.980  471.10 S548.49 6£23.38 719.78 /71.92
13 4446.58 &20.38 735.40 845. 8¢ PEH.72  1095.882
153 : e '
’ : 1 168B.42  227.38 266.29 383,469 J52.186 3BE.38
2 211,45 282.27 . 329.1b 374,14 432,35  475.98
3 235.17 328.68 377.19 431.486 501.62 ' 554,25
5 276.55 354.47 422,49 478.53 990.81. -4B4.97
Fi J@6.38 4PB.57  467.98 S522.84 6U8.33 458.40 -
12 349. 58 452.78 521,118 586.78 671.68  735.2@
15 '453.48 579.58 5463.00 743.20 BA6.T0 924,48




.Table 13 (contd.)

" Stn. Return Period in uears
Mo. . Dau (2} {5} {18} {2 (54} { 1)
186

1 171,38 219.72 251,73  282.43 322.17  351.95
2 232.80 302.19 348,66 393.24  450.94  494.18
3 276.B3  367.26  427.14 484,57 55B.92  614.643
i 341.68  A454.43  529.@88  600.69 &693.38 /62.84
7 374.59  491.39 588.71 642.89 738.982 819.85
@
5

1 427.48  574.40 671.78 . 765.00 885.80 974.40
1 341.70 737.280 B66.20 990.20 1158.7@ 1272.9@
222 : ;
1 152.85 212.88 251.17 2B8.73 337.36 373.8u
2 212277 289.36  34D.07  38B.71 451.46 498.85
3 258.68 356.20 420.83 482.81 543.05 £23.18
5  312.36 431.22 509.92 585.41% 683.12  7546.34
7 357.75 - 483.01 563.74  645.49 . T4B.46  H625.62
10 489.20 539.70  626.BB  708.98 Bib6.18 894.58
15 495.58 651.68  755.840 B54.28 9B2.80 . 1¢75.80
. 215 .
1 129.26 176.89 208.43 ZzisB.68 277.84%  3B7.19
2 167.32 234,32  278.69 321.24 376.32 417.59
; 3 178.15 267,31 318.48  347.48 430.H3  478.37
: T3 216.76 323.95 394.91 462.99  551.18  617.13
7 249.92  377.19  4b1.45 542.28  b46.90  725.31
10 382.18 466,58 575.48 679.88 S15.00 916.30
15 348.96  531.74  452.80 165.9U P19.28  1831.90
: 143 : : ' ' ,
E 1 137.87 184.84 . 215.14 244,97 283.59  312.5%2
s 2 211.35 288.42 339.44 388.38 . 451.73 497.21
' 3 Z55.082 347.8B 4B9.36  468.385  S544.66 601,86
——— 3 31zZ.18 423.61 497.39  S5&8.16  659.77  _/28.47
7 351,29 © 484.28  572.33 69%.78  Tbé.11 848. 04
18 4@5.88 551.586 - 648.506 741.60 B&Z.10  §52.30
13 493,20  &674.7¢  794.80  918.18 1059.30 .. 1171.18
156
1 13@.17 1B6.68 224,09  259.98 336.43 341.2
- -2 189.62 272.88 326.54 . 378.85 446,37  497.32
'3 225,49 - 31B.24 . 379.64  438.54  S514.79  "571.92
3 278.86 376.43  4446.34 513.39  4@0.18 [ 663.23
7 307.68  413.81 4B4.12 © 551.57  638.88 ¢ 704.31
18 349.88  456.50 527.6B 595.80 &B4.10 750.3¢
15

429.90 545.50 622,80 695.30 790.38  B&61.5@




“nal, ra Table 13 (contd.)
Stn. Return Period in years ‘
No.  Day (2) (5) (10) - (ze) (5¢) {10u)
181 ,
1 128,75  189.47 229.67 268.24 318.15 355.56
2 187.82 285.3&6 35@.47 412.92  493.76 554.34
3 z13.95  327.57 482,88 474.96 S48.37  638.36
5 252.88 357.49  427.2 494,22  58@.86  645.80
7 278.72 393.87 470.10 543.23 &37.8%  728.83
10 315.4@  453.580 544.98° 432.50 746.08 831.1@
15 386.20  524.2 615.30  703.20° B16.68 901.40
152 - - ' :
1 121.@8  168.87 Zp@.56 230.96 278.37  299.90
2 166.41  233.8B8  278.42  321.22  3/6.62  41B8.14
3 198.9t 283,23 339.846 39Z.60  451.92  513.86
©3 0 233011 332,00 397.47 468.28  S541.57 4LUZ.508
7 25%.84  359.96B 425.31  4BH.84 571.08  432.70
, 18 291.3080  412.98 493.58  S570./0 678.898 745.7¢
13 359.88  511.280  612.08 708.78  ©33.88  927.49
198 .
1 133.32  1B9.64 226,94 262,71 3@v.81 343,71
f 2 172,36  24Z.67 289.22  335.88  391.68 434.90 -
, 3 194.87  266.11  313.88  359.55  418.77  463.15
3 Z236.98 31B.12  371.98 . 423,49  490.26 540,30
7 264,95  364.52  438.44  498.68  5Y5.55  b3b.G7
18 3280.78 420.80 500.28 S576.5¢  &675.20 749.18
13 379.68 520.88 : 614.8¢0  7i4.B0. B821.48 9PB.E0 |
i 187 . ' _—
N T 1. 123041 170.27 28129 231.04 269.56 298,42
P -2 178.94  241.65 - 29H.47 © 333.38  391.51  435.@8
3 206.13 . 272.63  320.627 ; 3bb.b6  426.26 470D.92
5 229.48 3@8H.462 361.83° 411.29 46.35 525.11
7 249.42  335.11  388.52  441.67 S18.47 .. 562.83
18 292,08 394.48 462,18 S27.1@  611.30 474.73@
13 347.88  435.7@8 527.2B8 595.7@0 4B4.58  750.90
- 194 . o S : _ '
g YLl 185.48  163.75  202.32  239.32 | 287.22  323.1%
2 136.66° 196.92 236.82 275.B9 324.63  361.75
3 168.73 227.7@  272.82 © 314.54 349.58  410.82
5 190.62 261.83 30B.98  354.21  412.75 454,47
7 Z217.6B 288.61  335.62 380.72  439.10 482.84
18 268.30° 36B.48 421.780 480.38 556.18 &12.98
13 335.20  441.380 511.580 578.98 666.20 731.48




Table 13 (contd.)

Stn. Return Period in years
No. Day {29 (5) (1@ (z@) {50)
219
1 123.98  176.76 Z11.71  245.23  288.42
< 15%9.11 216,85 253,75  289.91 336,72
3 184.15 257.32 303.12 347.05 4@3.92
3 225.87  3@1.29 351.75 480.15  467.00
« T-i 249075 334,17 390.06  443.67  513.07
18 286.5@  377.28  437.30  494.90 569.40
13 341.60  426.30  482.40 536.20 605.82
158 . ‘
1 119.29 188,52 234.36 278.33  335.24
2 161.43  264.54  339.45  407.48  495.53
S 1BH.64  3U5.97  384.66  458.17  554.43
3 216,80 344.67  429.33  S1B.54  615.68
7 242,48 373045 460.16  S43.34  651.01
10 28R, 44 23.70  518.48  589.280 724.BU
15 353.98 537.80  &5H.3p 774.68 925,28
185 : =
i =0.54  1B3.36  224.95  264.85 316.4Y
2 132,74 219.16  263.14  3@5.37  1459.9%
3 1B6.11 252,49 | 301.88  347.38 437,13
3 215.18  385.43  365.19  422.51 4h4.71
7 24H.77 352,01 428.36  485.92 S57@.79
18 277.80  395.60 - 457.08  S25.50 14, ig
15 33B.48  433.90  530.30  &63.68 49868
191 X L + s . B
o O12B.48 177.48 | 209.93 241.04 281.33
. & 166,22 723,95 | 262.18 i 29B.84  346.30
3 189.21 . 257.86 383.32 ' 344.97 403,36
5  217.80  294.41 345,13 ° 393.78 454.76
7 246,80 331.73  388.49 442.94 513.41
18 277.28  361.58  417.48  471.89  54p.30
15 346.88  447.60  514.98  579.58 653,10
151 : : :
1 7181.98  126.76  143.22 . 159.9w 179. 44
2 153.66 204.74 238.55 271.88 312.99
-3 1BA.BB  242.67 2B1.46 318.67 366.83
© 3 220.54 293,98 342,60 389.23 449,48
7 23518 334.50  387.01 437.39  5g2.59 ,
18 283.30  3e6.40  420.18  471.68  S38. 20
15 352.78  438.60  495.50  S50.10 62070

377.89
561.52
626,91
694,43
731.49
B14.90
1834, @3

355.19
400, U4
451,97
552. 31
634,39
688,50
765. 70

J11.51
381i.87
445,65
583.95
366.23
392.30
725,708 .

194,75
3h4h. 46
. 402.93
494 .84
351.45
588.20
L73.70




T

Stn. ‘ Returp Period in years :
No. Day (2y-- (5) (10) (20) (58) (12@)
8 -
1 117.886  162.34  191.84 220.12 256.74  284.19
<2 153,31 212,59  251.83  289.48 338.21 374,73
3 189.83  268.81  3vB.34 353.92  412.93  457.15
3 221.34  310.29  349.19  425.48 498.88 553.40
7 231,21 346.32  4U9.29  469.69 S47.85 60647
18 2BB.7@  399.48  472.70  S543.40 £34.00  702.20
15 350.90  465.16  540.80 613.30  787.20 777.50
24 _
: 17 115.24 14919 171.67' 193.23  221.15 24207
2 163.55  212.38  244.71  275.73  315.87  345.95
Jd 198.89 : 256.60  30B.64  34Z.89  397.57 438,55
3 228.48 301,42 349.71 396,04 455.00 S00. 94
7 231.13 331,07  384.99 444,76  SBU.47 549,72
18 289.80  369.68 422,98  474.10  S40.40  S98.UD
15 343.80@  436.80 493.80 S5H.30  435.48 693, 19
33 ,
: 1 143.87  217.93  267.49  315.04 376.58 476y '
; £ 193.69  278.64  334.89 3u8.84  458.63  S11.41
! 3 226,37 303,85  353.B2 . 40Z.52  465.56 512,80
g J 0 267.71  34B.14 . 481,40 45Z.48  SIB.68  568.15
! -7 3B/.16 0 4V0.83 . 461.51  S20.49  594.83 654, u4
, 18 341.30 441,68 507.90  571.40  654.08 715,70
; 15 436.46  580.40 . 675.7¢ - 767.10 885.50 974.1p |
! 4z . . : [ . o '
i 1 122,85 163.7¢  191.29 . 217.75  251.99  277.45
2 178,47 234,36 . 276.47 317.25 369.77  489.13
TR — -3 202.93 282.17  334.63 384,96 45018  498. 9%
3 235.9B  326.61 386.67 444,28  518.85 574.73
7 Z67.11 - 360.57 422.45  481.81 558.66 616,79
12 300.26  393.30 454.90 514.88 598.50  547.9D
13 .361.30  487.80  570.20 650.98 753.48 83050
16 .
e b 12479 174,28 207.04  238.47  279.15  309.44
L 2 162.34  221.81 261.18 . 298.95  347.84 ° 384.47 -
3 187.98  258.64 305.48  350.41  4p4.57 , 452.15
3 224.21  3P6.33  368.70 412.85 486735 - 530.95
7 24B.33  334.96 392,30  447.38  S18.S@ 57185
12 283.18  393.48 449,80 513.59 595.99 657.70
15 345.B@  474.20  559.20  64D.B@  746.48 825,54 '




Table 13 {contd.)

Stn. Return Period in years
No. Day (2) 15} (1@ (28) (51 (108)
23
1 117.35  18B2.BY  224.27 26/.99  321.77  367.15
2 161.32  238.98 298.27 339.55 4@3.33 451,12
3 190.2B  Z284.4Y 3446.86  4B6.69 48B4 14 547,18
3 225,78 326.68 393.49  457.57  S548.52 4@2.48
7 244,47 347.00  414.89 4HU.VQ  S564.2Y 62744
10 273.40 376.60 445.00  S510.58  595.38 &5H.99
15 341.44 452,30  525.6@ 596.80 . 6B7.18  755.44
184 : ' '
. 1 117.77 167.45  199.868 230.98 Z71.49  3pi.8s
2 153.646  225.36 272.85  31B.43  477.36 421.55
3 181.BB  253.28B 304.56  345.90  4R4.60 448,59
5 212.87  298.24° 3595.29 418.81  488.85% 533.94
7 - 235.07 335.44  HP1.B9 465.64  S4B.14  5B9.98
18 274.300 316,18 443,38  508.20  591.9@8 654, 6D
15 335.48 444.B8  517.28  586.60  4/6.953 743,94
34
1 106.49  151.54 1B1.37 219.98 247.01 274,76
; 2 141.31  28B.27 239.23  276.65 325.68  361.34
: 3 165.76  224,7 263.83  30B.19  348.38 384.35
! 5 199.84  2461.85  3@3.44 343.34 395,98 43347
7 221.78  2BB.31  332.36 374.61  429.38 470.29
18 253.4B  325.40  373.18 C 418.98  478.10 22.50
; 15 317.60 387.30 . 433.50 -477.7@ 535.08 577.98
i % " ST '
f 1 181.63 139.27 | 164.19 18B.09 219.03 242,22
: 2 147.33  230.54 | 2B5.64  .338.48 486.89  458.15
L 3 18B.99  26D.54 - 313.37 [ 363.95  429.43 47949
T 3 223.05 314.66 0 375.30 C 433.48 5@8.78 565,721
7 249.84 346,89 411.68 ;) 473.83 554.27 b614.56
10 273.7@ 377.99  446.98 . S513.00 598,60  662.80
13 325.30 433.90° SU5.88 574.70  663.90  738.80
25 T
: 1 111,62 163.50  197.846 230.79 275.434  305.39
220 15B.62 225,87 275.69 323.47  i85.33  431.68 o
3 178.34  z68.01  327.33 384,33 458.04% 513,29
8 215.98 324,66 396.61.  465.827 554.96 o b21.91
7 237.59 348.38 421.73  492.88. S83.16 651.41
10 259.40 UH6.906  438.02 S586.20  S594.50  bbY. oW
15 3R&6.9¢ 432,98 516,380 596.38 &9Y.HY  777.4@




Table 14 . : Value of rainfall correction factors tor
different return periods

]
|
i
f

Station o ° Return Period in Yearcg
o No. {2) (5) (10) {20) (50} (10u)
165 0.83 0.83 0.82 u. 81 g.79
220 0.90 0.87 Q.86 0.84 g.81 .
197 0.85 0.86 U.86 0.85 0.83 0.
157 0.93 0.88 0.85 0.32 0.78 0.
161 0.83 0.79 0.76 0.74 0.7 0.
200 0.76 0.78 .78 0.77 06.76 .
182 g0.73 Q.80 0.82 0.83 0.83 .
159 0.92 0.90 0.87 0.84 0.80 0.
183 0.79 0.80 0.80 0.79 0.78 u.
174 0.92 0.92 0.91 0.90 (.88 o.
177 0.74 0.82 €.85 0.87 0.87 0.
188 0.78 0.83 0.85 0.85 0.85 .
154 0.55 0.56 0.55 0.55 0.54 0.
160 06.72 0.72 U, /1 0.71 0.69 0.
213 0.72 Q.71 .70 0.69 .67 o.
} 167 0.80 0.77 .74 0.72 0.69 0.
166 0.77 .77 0.77 0.76 u.75 u.
179 0.73 0.71 6.71 0.69 0.67 0.
: 209 .97 1.00 1.00 1.00 0.9%& .
: 155 0.74 0.86 G.91 0.94 0. 96 a.
. 221 0.84 0.85 0.85 0.84 6.82 0.
199 0.57 0.62 0.63 .64 0.64 ]
Z10 0.68 0.69 0.68 0.68 0.66 . 0.
168 0.59 "0.62 0.63 U.E3 0.63 0.
129 - 0.64 0.70 0.72 0.72 0.75% 0.
201 0.65 o.71 0.73 . uv.74 0.74 0.
196 0.63,. 0.68 0.6 . 0.70 0.68 0.
z03 0.56 0.55. 0.55 ' 0.54 0.52 0.
206 0.70 .0.74 0.75 0.76 0.7% 0.
153 0.7¢  0.72 0.72 0.72 0,71 0.
186 0.81 0.83 0.84 U.84 n.83 . 0.
222 0.75 0.7% 0.81 G.81 0.87 0.
215 0.56 0.63 0.66 0.68 0.69 0.
163 0.73 0.78 g.73% 0.80 0.80 - 0.
156 0.65 0.70 0.71 0.72 0.72 0.
181 0.61 0.63 0.72 .74 0.75 D.
152 0.56 0.62 0.64 0.65 0.65 0.
148 0.58 0.63 0.65 0.65 0.65 0.
187 0.56 0.59 0.60 0.61 0.61 0.
194 0.48 0.53 0.54 0.55 0.56 0.
219 0.54 0.57 8.58 0.57 0.57 0.
158 . (.54 0.67 .72 0.75 0.77 0.
185 (.53 G.59 0.61 . 0.62  0.62 0.
191 0.55 0.57 0.58 .58 0.58 0.57




Table 14 (contd.)

Station Return Period 1in Years
No. . (2) (5) A Fi)] (z0) (503 Toom
15 0.53 0.53 0.33 0.53 0.52 0.51
g 0.54 0.58 0.59 0.60 U.60 0.60
24 0.55 0.5% 0.55 0.55 0.54 0.54
33 " 0.66 0.70 0.71 D.72 0.73 u.72
40 0.57 0.61 0.62 0.62 0.62 0.62
16  0.55 0.58 0.60 0.60 0.60 0.60
23 0.54 0.61 0.63 0.63 0.63 U.63
184 0.52 0.57 0.59 0.60 G.60 0.0
38 D.48 o.50 . 0.51 0.51 0.48 0.48
4 0.51 0.57 ' 0.59 0.60 0.60 0.60
25 0.51 0.58 0.61 0.63 .64 0.64

|
|
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Table 15: Ratios of 5,f0120,50 and 100 Year to Z-¥Year
different duration rainfall over N-W region
ot Bangladesh

. Hydologocal Return Period (years)
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calculated by using

Percentage ot error

N-W regional

Table 17:

Curve
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Tabie -iB: Comparison ot predicted Z-Year rainfall
from three diffrerent methods




J
Tatie 19: Comparison of predicted D3-Year raintall
from three different methods




Table 20! Compariscon of predicted 10-vear rainfali
from three_different methods

it

No, of I .Freq. | MNomograph ! N-W
D i : Method :

Region + Unit




Table '21: Comparison of redicted 2U-vear raintal)
from three different methods
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Table 22: Comparison of preuicfed d0-¥Year ratnfzll
from three different methods

i Nomograph | N-w i MPO Hyvada.
Anal. | Method : i i

7465
1003.5
8U8.3
300.7
366.8
529.2
416.0
545, 1 1
6844
779.1 "
234.5
346.8

527.5




Table 23: Comparison of predicted 100-vear raintall
from three different methods

Stn.: No. of | Freq i Nomoaraph N-W ! MPO Hvd.
No i Days H Anal, 1 Method : Region | Unit

1695 15 1102.0 1122.53 1311.4 1291.8
197 1 377.0 372.3 382.4 376.7

157 2 507.5° 451.5 477.1 932.3
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Table 24 : Vaiues of Ky and PMP of selected stations

Stn. Adjusted Adjusted Vatue of PMP
No.  Day Mean 5.0. K
’ {inch} {inch) (inch)
165 .
1 /.19 1.67 4.0 13.88
2 3.82 Z2.91 5.0 24.37
3 12.23 3.83 4.5 29.47
5 15.43 4,78 3.5 32.156
7 17.54 5.21 3.8 37.22
10 20.25 5.02 3.7 38.81
15 24,75 6.36 4.4 52.75
220
1 7.73 2.28 3.1 14.79
2z 10.08 2.08 4.8 20.05
.3 12.54 2.76 4.1 23.85
5 16.04 3.42 3.0 26.30
7 18.53 3.96 3.1 30.41
10 21.87 4,75 2.9 35.65
15 28.26 £.18 6.8 50.49
197 : ‘
i S 7.12 . 2.34 4,2 16.95
2 5.69 2.97 5.0 24.54
3 11.72 3.51 4,9 28.93
b5 15.45 4.00 3.5 29.46
7 18.17 4.54 3.0 . 31.79
. 10 21.27 5.69 3.2 39.50
; 15 . 26.33 S 7.10 4.0 54.74
11 ]57 T . - 'Zl‘ ’ ‘_1., ) .
: 1 7.14 1.82° 4,2 14.77
2 9.97 2.57 4.8 22.32
T 3 2.1 2.36 4.7 23.24
5 16.54 1.98 2.6 . 2]1.68
7 20.32 3.15 2.1 26.93
10 23.65 3.69 2.3 32.12
_ 15 31.60 5.51 2.8 47.02
61 - . »
u E 1. 7.34 1.42 . 3.5 12.30
2 9.88 1.68 4,9 18.13
3 12.10 Z./8 4,5 ' 24.59
5 15.16 3.21 3.7 27.05
7 17.72 3.58 3.6 . 30.60
10 o 20.23 4.03 2.1 28.69
15 23.54 5.08 4.8 47.93




Table 24 (contd.)

Stn. Adjiusted Adjusted Value of

Ne. Day Mean 5.D0. K
(inch} {1inch}
200 _
] 6£.09 1.49 5.9
yd 8.31 2.48 6.6
3 10.86 3.89 6.0
5 . 13.46 4,47 5.1
7. 14,73 4,83 6.0
10 16.91 5.82 5.5
15 20.71 7.46 5.9
182 '
1. 6.67 Z.61° 4.7
2 3.07 3.78 5.8
3 10.84 4.02 5.9
5 13.06 4,29 5.5
7 14,732 4.83 6.0
10 16.91 5.82 5.5
15 20.71 7.45 5.9
. 159
- 1 7.15 1.61 4.2
rd 10.61 2.23 4,1
‘ 3 13.19 - 3.45 ..3.6
} 5 17.58 4.94 1.8
: 7 20.26 - 4.93 2.1
f 10 22.87 . 6.50 - 2.9
i o - 15 28.56 7.78 3.5
, ' _ 183 ’ B ] ! N
e : i “7.86 1+ . 2,02 4,2
2 3.57 = 2.18 5.3
3 11.61 3.82 5.1
5 14.00 4,721 4.6
7 15.68 4,46 5.0
10 18,11 4.70 4.9
15 22.90. 6.67 © 5.1
174 ' : ; .
1 8.3% 2.48 2.7
2 11.31 2.99 3.4 .
3 13.04 3.18 3.7
5 16.325 '3.96 2.8
7 18.39 4.3 3.z
10 20.97 6.18 3.4
' 15 27.5¢8 “B.EER 3.8




[
b
8

ilable 241}c0ntd.)

Stn. Adjusted Adjusted VYalue of HMP
No. Day Mean ) S.D. Ko
{(inch?} tinch?} (1inch)
177
1 6.50 z.42 4.3 17.32
2 9,01 2.68 5.8 24.55
3 10.27 .2.97 6.6 29.87
5 13.00 3.42 5.4 21.47
. 7 14.81 3.86 5.8 37.21
10 16.67 4.39 5.7 41.70
, 15 20.54 5.68 6.0 54.64
188
1 7.29 1.91 2.9 14,73
2 9.54 3.03 5.3 25.62
3 11.11 3.17 5.5 28.55
5 13.39 3.95 5.0 33.14
7 15.20 4.60 5.4 40,05
10 18.26 5.94 4.8 46.96
15 22.00 7.44 5.4 62.15
154
- 1 4,42 .74 8.3 18.84
2 6.24 .97 9.4 24.78
3 7.80 ! 2.15 9.0 27.20
5 19.038 2.52 8.6 31.71
. 7 11.60 2.97 8.4 36.59
! 10 14,08 . 3.38 7.4 329.07
; 15 17.77 ¢ 3.7 7.0 43,74
‘ 160 B . : ,
1 . 6.55 " 1.59 © 5.0 14.50
T d 9.19 2.66 5.6 24.09
3 10.80 3.02 5.8 - 28.32
5 13.15% 4,22 - 5.6 32.99
7 14,48 4,32 6.1 40.84
10 - 16.35 4,42 5.9 42.40
15 19.67 2.48 6.3 44,71
213 . _ . ' :
1 6.82 .1.98 4,4 15.55
2 §.895 12,21 6.2 . 22.56
3 10.33 2,41 6.4 25.79
5 12.40 2.93 6.0 29.96
7 14.26 2.80 6.3 28.21
10 16.27 2.72 5.9 38.33
15 20.23 4,50 6.1 47.69




fable ¢4 {(contd.)

Stn. Adjusted Adijusted Yalue of PMF
No. ay Mean s.0. Ky,
(inch) {inch) {inch}
167
1 6.79 1.41 4.4 13.02
2 10.06 2.18 4,8 20.52
3 11.63 2.31 5.0 23.18
5 i4.29 o 2.78 4.4 26.51
7 16.39 3.22 4.5 30.86
10 18.89 4.1t 4.4 37.20
.15 23.01 5.17 5.0 4g.85
166
-1 6.40 1.5¢ 5.0 14.31
y 8.93 .96 6.1 20.88
3 11.00 Z./4 5.6 26.32
5 13.66 32,44 4.8 32.56
7 15.7¢% 4,34 5.0 37.48
10 16.27 4.84 7.7 39.33
15 2.44 5.05 5.2 48,71
179
- 1 7.40 Z2.43 3.8 16.63
2 9.15 2.61 5.8 24.30
3 - 10.36 2.72. 6.4 . 27.717
5 12.77 Z2.64 5.7 27.H3
-7 14.01 .13 6.5 27.85
10 16.12 2.43 6.0 3U.72
. 15 19.46 ' 3.58 . 6.4 42 .42
209 _ . ST e '
— ' 1 " 8.59 ©2.34 2.3 16.97
2 11.68 3.43 3.0 21.97
3 14,32 4,11 2.8 - ¥5.83
5 16.92 . 4.58 2.2 26.99
7 19.39 6£.29 2.6 35.75
10 22.82 6.67 2.5 39.50
15 27.98 8.53 3.6 58.68
. 155 o :
< : 1 £.39 ©8.07 -~ 5.0. 21.74
2 8.77 - 4.14 6.1 - 34,01
3 10.16 4,61 6.7 41,05
5 13.48 - 5,53 5.0 41.15
7 15.52 6.45 5.2 49,04
10 17.98 7.54 4.8 54.16
15 21.84 . 9.66 5.5 74.96




Table 24 (contg.)

Stn. Adjusted Adjusted Vatue of PrHF
Ho. bay Mean S.0. 15 s
: (tinch} (inch) {inch)
221
] 6.83 2.40 4.5 17.62
i 5.58 3.30 5.3 Z7.08
3 11.86 3.65 4.8 29.36
5 14.85 4,63 4.0 33.37
7 17.66 4.7% 3.6 34,71
10 21.18 5.76 3.0 38.46
15 26.35 7.41 4.0 56.00
199 _ ,
1 5.22 z2.05 £.9 19,38
2 7.03 2.49 8.2 27.44
3 8.35 3.06 8.4 34.06
5 10.37 3.95% 8.z 42.72
7 11.42 4,40 8.6 48,25
10 13.26 4,67 7.9 50.13 .
15 17.19 .57 7.3 £5.15 X
210 .
1 6.34 2.2z 5.2 17.86
2 8.70 2.36 £.5 23.79
) 3 10.05 2.77 6.7 28.453
5 i2.04 3.33 6.4 23.35
: 7 13.4u 2.523 6.9 37.74
| to 15.01 4.01 6.8 42.26
I : 15 18.73 5.59 6.3 54,94
1 5,55 1.90 6.4 17.70
- . . 6.99 2.17 8.3 24,96
3 8.38 2.93 8.4 33.02
5 10.33 2.90 8.3 34.38
7 11.48 3.14 8.5 38.16
10 13.48 4.28 7.8 46.84
_ - 15 16.87 5.35 7.4 56.59
- 189
’ - 1 5.58 1.71 6.3 16.33 -
2 7.81 ‘3.04 7.3 30.04
3 9.35 3.9} 7.4 38,30
5 11.57 4.12 €.8 39.56
7 12,81 4.68 7.4 47 .47
Ry 15.10 5.48 ‘6.8 52.34
15 19.08 E.6U 6.4

61.35




Tabie 24 (contd.)

"Stn, : Adjusted Adjusted Value of PP
‘No . Day Mean s5.0. F g
o S {irch) (inch) tinchl
201
1 4,18 1.88 5.5 16.52
Z §.25 3.00 6.8 28.67
3 9.58 3.60 7.1 35,18
5 {1.73 4,86 £.5 44, /6
7 12.84 ' 4.94 7.4 44,472
10 14.45 5.29 - 7.2 52.54
15 18.64° 7.238 £.8" 65.82
- 196 s
] 5. 80 1.84 5.9 16.96
2 7.66 Z.92 7.5 29.60 .
3 9.13 2.6% 7.6 29.25
5 11.U06 2.83 7.6 32.60
7 12.13 2.97 8.0 35.49]
10 14.03 3.74 7.4 47,73
15 16.89 3./5 7.5 45.01
z03 -
1 5.19 1.30 6.9 14.16
. 2 7.24 2.52 8.0 27 .40
: 3 .34 2.72 8.4 31.21
i 5 9.88 _ 2.81° 8.8 34.57
i 7 10.83 Z2.75 8,2 36.13
| 10! 11,98 | 2.83 8.9 37.13
' 15 15.21 3.42 5.5 44,25
206
1 7.08 z.32 4.1 16.58
2 9.12 3.17 5.8 27.52
3 10.31 3.61 6.4 33.41
5 12.22 3.85 £.2 36.08&
7 13.55 4.5 6.9 44,69
10 15.18 '4,82 6.7 48.16
- 15 19.15 7.08 6.4 64.45
153 :
1 7.16 z.10 4.1 5.77
z . 9.07 2.87 5.7 5.42
3 10.13 3.57 6.7 34. 04
5 11.82 3.43 E.& 34,46
7 13.10 3.73 7.2 39,93
iy 19,01 4,30 6.2 44,22
15 19.44 5.21 &.4 52.17%




Tatble 24 {(contd.)

Stn. Adjusted Adjusted Value of =% “YPMP
No'. Lay Mean 5.D. S A '
: (inch) {1nch) 4 (1nch)
186 .
1 7.33 .98 3.9 15.04
2 9.95% 2.91 4.8 23.94
3 11.81% 3.52 4.4 28.71
5 164.51 4,04 4.2 31.49
7 15.9¢6 4,06 4.9 37.78
1.0 i8.34 €.05 4.7 46.78
15 22.2s8 .08 4.9 £2.87
222 - ~ .
1 £.55 2.35 4.9 " 16.04
i . 8.18 3,15 5.7 27.07
"3 11.059 3.78 5.7 32.61
5 13.22 3.97 5.3 34.28
7 15.24 4,71 5.5 41.17
1.0 17.55 5.40 5.2 45.63
15 21.42 £.94 5.6 60.2
215
1 5.57 2.03 6.4 18.56
2 7.16 2.62 8.0 28.13
3 8.02 2.42 8.9 23.59
5 g.11 2.2 9.5 40.07
7 10.66 , 4,73 9,2 54,68
‘ 10 - 12.74 -y 5.34 8.3 57.10
j - 15 - 14,67 5.65 8.8 64.35
i 163 - L T
1 5.95 2.07 5.6 17.5%
- Z 9.11 3.21 5.7 27.41
3 11.05 4,01 5.6 2%.52
5 13.40 4,42 5.0 35.49
7 15.08 5.29 5.6 44,69
i0 17.46 6.09 5.2 49,15
15 21.13 7.06 S.7 61.35
. 15¢€ .
1 5.54 {2.05 6.3 18,45
a 2 g.09 (B 7.0 29.88
3 .73 3.91 7.3 38.29
5 11.66 4,40 7.0 47.46
7 13.24 4,49 7.1 45,14
10 15,07 4.73 6.8 47.24
15 17.37 4,93 7.3 53,35




Table 24 (contd.)

Stn, Adjusted Adjusted Vatue of FMP
No. Day.-.. Mean 5.0, [
- (inch) (inch) (inch)
181 -
1 5,51 2.35 £.3 2v.33
2 7.96 3.54 7.2 33.4z2
3 9.2 4.54 7.6 43,01
5 10.83 4.26 7.6 43.19
7 11.95 4,58 8.2 49.489
10 13.53 5.44 7.7 55.20
. 15 16.52 5.44 7.7 §.43
152 _
1 4.4 1.4z 7.6 19,41
2 /.10 Z.48 8.2 27.42
3 8.54 3.231 8.3 36.00
5 9.94 3.62 8.7 41.4¢
7 11,10 3.90 g.9 45.81
10 12.43 4,48 8.6 50.98
15 15.33 5.63 8.4 62.61
198
: ] 5.82 2.45 5.9 20.24
2 -7.54 3.13 7.6 31.23
3 8.48 2.18 8.3 34,90
5 10.36 3.65 8,1 39.92
; 7 11.61 4,49 8.5 43.72
! 0 13.10 5.17 8.0 54.43
! - 18§ 16.43 5.89 7.8 62,35
, : 187 . ’
_ - ) 5.37 2.09 6.7 19.38
2 . 7-33 2.79 7.9 29.08
3 8.0 2.99 8.1 32.82
5 9.50 3.32 8.7 38.74
7 10,73 3.42 a,z ~42.15
1o 1T2.51 3.96 8.5 46.13
15 14.93 _4.33 8.7 52.69
is4 . i
1 - 4,41 :1.58 8.3 17.9)
z 5.80 '2.06 9.8 26.01
3 £.30 2.63 10,1 33.50
5 8.21 2.93 10.5 38.94
7 9.39 3.0 10.4 41.69
P 11.62 4.0 9,2 48,350
15 14.52 4.66 g.8 55,53




Table 24 {contd. !}

Stn. Adjusted Adiusted Value of P
No. Day Mean S.D. oy
{inch} tinch) Cinch
e - -
215
1 S.28 1.496 6.7 18.39
2 6.74 2.01 8.7 24.25
3 7.495 Z.30 2.9 22 .44
S 9.51 2.396 9.0 32.54
7 10.58 2.048 9.5 39.51
[0 12.17 3.37 8.8 41,85
. 15 14.3¢2 3.26 8.8 43.17
138
’ 1 9.16 2.85 7.0 23.18@
ya 3,77 3.27 8.8 35.56
3 7.92 2.63 8.5 40.25
b 9.19 4. 42 9.5 s1.20
7 10.3%5 4,88 9.6 27.22
KK 12.12 9.90 8.8 £4.06
) 15 15,34 7.70 8.4 gu.z8
185
1 S.1H4 2.30 7.1 21.48
2. 6.57 2.71 9.0 | 308.94
3 7.76 3.05 9.2 35.80
] 9.23 3.67 9.4 43.26
X o7 10.62 2.840 9.4 47 .30
! e 11,94 4.33 .. 8.9 $0.47
! . 15 14.60 4,99 g.8 98.355
b9t - _ '
. 1 5.50 1.98 £.3 17.96
2’ 7.19 2.57¢ 8.1 27 .97
3 8.0% Z.76 8.8 32.37
3 - 9.36 3.23 9.2 39.05
7 1U.38 3.65 9.3 44,55
10 11.82 3.35 9.0 41 .94
. 153 14.80 4.20° 8.7 51.31
151 . R
. C 1 4.38 " 0.40 8.2 17.¢7
z 6.66 2.11 9.0 25.66
3 g.00 TZ2.32 £.9 30.446
5 9.55 3.02 9.1 37.00
7 11.07 2.36 9.1 41.63
10 12.4) 3.53 8.6 47,78
15 15.24 3.44 8.5

44,91
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Table 2% (contg, !

Stn. Adjusted Adiusted Yalue of PME
Mo . Pay - -Mean S.0. -
{inch) {inch) (inch)
8
] 5.10 1.94 7.0 18.37
z 6.54 2.12 5.0 23.60
2 8.u7 2.60 8.9 31.19
al 3.53 3.96 9.1 41.91
7 10.79 2.73 9.2 45,08
10 12.3 3.98 8.7 46.582
15 15.15 4.7% g§.5 55.52
24
: 1 4,94 1.44 7.3 i95.46
z 7.04 2.17 8.2 25.05
3 g2.14 2.74 8.8 32.30
3 9.7y 3.06 8.9 37.240
7 10.76 2.37 9.2 41 .80
D [12.3%9 .49 g.6 42 .28
15 14,71 4,07 g.8 50.86 °
33
1 6£.09 2.72 5.6 £21.32
Z 8.24 3.07 6.9 29 .45
3. 9.63 2.895 AR 29.89
] T1.42 3.12: 7.2 33.88
7 13.16 3.84 7.3 43,17
i0 "14.48 3.97 7.1 39.83
‘13 18.47 4.81 6.8 51.186
40 .
1. 5.22 1.64 6.8 16,34
i 2 7.248 Z2.30 8.4 25.69
3 8.71 3.20 8.0 34.34
S .13 3.69 8.9 41.45
7 11.50 3.9¢6 8.5 45.15% .
10 | 12.87 3.83 B.2 - 44.47 ¢
13 19.44 A4.91 8.4 S6.72
16 o T t : T
1 5.37 ~2.08 ;. .~ 6.8 19.54
2 6.96 "Z2.44 2.5 27.74
2 8.4U9 3.6 8.8 34.61
9 §.72 3.57 B.9 42,37
7 10.64 3.57 9.3 43.84
1u 12.15 4.17 8.8 48.83
15 14.84 5,30 8.7 6.94

|
t
|
{
}
t
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Tabtlte 24 {(contd.)

Stn. Adjusted Adjusted Vatlue of PME
No. Day Mean s.0. Kom
{inch} (inch) (inch) -
zz T
] 4,92 1.88 7.3 18.67
2 £.79 2.39 8.7 27.56
3 7.96 2.53 9.3 31.53
5 9.48 2.87 9.0 35.32 .
7 10.230 3.19 9.6 40.90
10 11.51 3.08 9,2 39.86
. 15 14,45 3.75 8.4 47.83
184 - ' _
] 5.08 2.10 7.4 20.61
2 6.60 2.89 9.0 32.62
3 /.80 2.92 9,1 34.37
5 3,09 3.47 9.5 4z .01
7 8,99 3.68 9.9 46,41
10 1i.64 3.68 9.2 45,53
1.5 14,16 3.57 9,2 47 .64
36
{ 1 4.5 1.46 2.1 _16.3u
. yd 6.02 2.19 . 9.6 27.02
3 3 7.08 2.29 5.9 29.71
5 4,53 2.58 0.2 34.90
1 7. 9,439 2.67 Tu. 4 37.24
; 10 1,8z ©2.84 9.8 38.67
; R § 13.64 3.06 9.3 . 42.05
& 4 : - S '
k 1 4.27 . 1.01° 8.7 13.03
T 2 6.09 ' 1.64 9.4 21.47
3 .7.56 1.88 3.4 25.21
5 9.43 "3.42 9.1 40.67
7 10.67 3.78 9.2 45,40
10 11.74 4.09 9.1 48.95
- 15 13.91 4.11 9,2 51.68
- ) s .
: N 4.79 . jz2.08 8.0 21.44
2 6.43 2,85 9.1- 32.41
3 7.72 '3.76 9.2 47.34
5 9,23 4.14 9.4 48.10
7 10.19 4.42 9.9 58.96
10 11.14 4,37 Y.6 53.12
15 13.14 S.01 y.7 61.72
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Table 25 : Distribution ot Independent k,,

Rarge ot Nao Stations
i I-Day 2-Day 3-Day o-Day
1.00-2.0 5 5 4 &
Z.01-2.5 17 g8 12 8
2.31-3.0 . 5 1z 14 15
3.01-3.5 8 10 13 | AN
2.51-4.0 4 8 4 6
4.01-4.5 6 8 1 3
4.51-6.90 2 3 3 2
6.01-7.0 3 - 3 3
7.01- - 1 1 1
Max. 6149 7.50  7.86  7.08  7.33
Value '
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Tabtle Z& ! Relationship between Length of Record and K o
for 100-vear Return Period

Length of

‘Record (yr.) K
15 | 4.0
20 3.8
23 = 3.}
20 3.7
40 3.b
50 3.9

Source : Hershtietd, O.m.
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PROBABILITY PROFILE OF REACHINC OR FXCEEDING SPECIFIED RAINFALL AMOUNTS IN ANY WEEX

(Btarting with the First Week of March ax Reek 1) .

BARISAL
- PROBABILITY
A + 1.000 -
\‘\” Probability Profile of + 0.909
exceeding 0,5 inches +
in any week T
4 0.818
+ . . ®—Nx .
£ 0,727
! Probability Prafile of & 0.636
| exceeding 1.5 inches :
rf in any week ¥ 0.545
' + [ JORNEE S -
; + 0,455
L , _ :
Dt : . Probability Profile of * 03¢
. exceeding 2.5 inches M
: in :ny u:ek . +0.273
i . '

[=]
"

[
Lol
~

S
. ] \R
FarvarFisas+
id
2

g
(=]

) . e on e L I R T TE N T S

T
23456 789 Olll?!!lﬂ!lél11!19202122232-’4252527282930313233363536373839#0&162434&&5&64768&9505152

T b L] T
me__! aPR_ b way | Jump  Touy | auc | seer i ocr  twov ! pec | gaw | e |

Flg 9. Probability profile of reaching or. exceedlng Spe01flc
rainfall amounts in any, week (Barlsal)




Roinfall, mm

500

400

300

v
Estimotas of 2-doy ralnfall:
Vin 20 Yeors - 345 o :; -
fln 10 Yaors = 210 mn ~
Yin 5 Yours = 271 nun
| ! T — T
r H . H
1 , Fo o L LA
: : _— : _ : ; JR—
| ; o R
: | L e I
. ! i l . ’/L”_ ) f '
! i i 3 < L ;
E ; U // : ;
L | i R L
200 ) ' : /:""::'_‘: i - i : '
B b I : ! 3
: - s Lo , :
! . i ! i : 1
/ ’ E 5
: : P :
T i-- ; | - - I
i A i ;
i 1 L ; A
i ; | P ; |
i ! | i !
i : i i |
- ' : i |
i !
| B !
: ! i '! : b »
99 g8 93 90 80 70 60 52 47 30 20 D 5 2 1 03

Probablity % rointall greater thoa a

Fig, 10. Probability of 2-day Annual Maximum rainfall
of Rangpur (Source: Water Balance Studies Report)

[




S B S , .
- L ; U ‘ P
. .'_-l:- _ N L ; B ‘ Frequency ‘
- 90 C———— e : - ‘ [
- . e C L S S /'Iirr ZO"Jecrs
. - BCO
; 1 . 71im 10 {Years
: . .700
v “E .
N e lin 5 Yeors
= £00F—
R €
_ 3
._-' -
i U s : !
; . A 50C ‘
e 400
AR 1%
! ’ A R ] ' " -4 5 & a o]
. T R Ouralicn, days -
A - "Fig.11. Depth-duration-frequency curve of Sylhet.
- . ‘l....‘J

TR (Bahgladesh Water Balance Studies Report) ' 5




110
105
100

-93

ADJUSTMENT FACTOR
O
o

.XN_

"75
72—t .
72 °75 88 85 90" 95 100

- Fig. 12, Adjustment of Mean fo¥ Maximum obgerved

rainfall (After Hershfield).




' {DJUSTMENT FACTOR

% .

Fig. 13. Diagram for édjusting the Standard deviation

for Maximum observed rainfall (After Hershfield)




O
04
-
E.
&
g
Lul
>
O.
[Yp}
L
Q
—
<
3T]
O
m.
TTR
o

105

103

101
Y00
130

120

110

l‘o 0

:Fig. 14.. amy

-
A 1
SN
> |
1020730 40 50"

LENGIH OF RECORD(YEARS)

b
Db

)




Flg 15 Two parame‘ter gamma pro.bablll'ty densrcy curves for
v L= 2 and tnree values of (O 05 l 2) DU




10

039

08
0.7

06

. ;;; _STAT;QN-NO;‘rl52,

% MAXINUM 1-DAY RAINFALL

- 1
| . . . .

R
. 5
. -1 e -
R R

b e

. e

[ 'i

S .
¥ _ .
; L ST 'fh'-_ e

1 1 1 R I .

¥ RAINFALLY

1180, o 2000 -

-

o L.,




10 -

oI

051

STATION NO. 152 "%

oLl MAXINUM 2-DAY RAINFALL

—_— F{x}

03t

o 02

| i el IR I | a I
20 . 60 00 40 180 2207 260 . 300 _ 3.0 380

“RAINEALL IN MM
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Fig. 40. Chart giving the value of correction factor for 2 year
Return Period.




- LEGEND
: o~ chwn :
g boundory

‘.N‘Y

e~ 150 corr

tace. hine

e wmme s

- Pig. 41. Chart giving the value of correctlon factor for 5 year: -
Return Period. '




'LEGEND

w=re= Region boundary

g 1 c_brr.- toc. line L | \-. ' f | | ;
N\~

'Fig; 42. Chart giving the value of correction factor for 10 year
Return Period. :




"

SCALE: 1" 1350000

IR
et

1
4.
il . .-'E,
LEGEND

: ;-..-.-chton boun da F‘Y

T o ' L
e d L s R T S T L
N EEE - P E E T R T Ry

t

'%_’“\Jflso “eorr, tac. line

TN~

Fig. 43. Chart giving the value of correctlon factor for 20-year—-%f?“

! Return Period.




\LEGEND

e—se~ Regton boundary

——-15%0 corr, tac. line

Fig. 44. Chart giving the value of correction factor for 50 year
Return Period.




: : SCALE! 131350000
C gl o / B
- ‘.7 > l
67 ) o | . i ’
s / " ' !
| .. / '
| ot = |
A SVARNY K
L -, B "‘ ™ '.5--_ ‘ ' ’
\ . . 8
-y
7 T )
. P X U
| l R
' LEGEND - |

S o m— chion bOUnery

~———lso torrection factor line

Fig. 45. Chart giving the value of correctlon factor for lOO year? .
Return Period.




07327 InT4+0,8019

N=—- DAY
) -

T.——»~RETURN_ PERIOD,T IN YEARS ..

H-TAY

_;":“ Flg 46. :Hatlo of J%fgrf as a functlon of Return Perlod for
P - 2’.' .

;'7"‘- - o | the north west reglon og Bangladesh

e mt "

B

g1




| | | 176

TR

pTN- DAY
PZN_ DAY .
~
!

" pN-DAY
T 20,333 tn T+0.7397

O N—DAY .
PN T

;

i

|

[

[

. ECH L Tk, i =5 s i A & : N “'_

: .=§_Tf—;-RETURN.PER|on, T IN YEARS 7 . .

. =Ly
R S

. I/ N
N DAY

Flg 47 Ratlo of-—?ﬁgr as a functlon of Heturn Perlod for

.—.. {

TR S _5'j : (MPO) hydrologlcal wnit no. 1.




c

-

-

L. = . PN DAY ‘ .
. L - 164 ‘ )
I o —-—-pN 1y =0.3164 InT4 08086 | —

NDAY )

'Flg. 48 Ratlo of {%ﬁavf-as a functlon of Return Perlod for

L _:'._‘ _L:f (MPO) hydrologlcal unlt no. 2. - 3  :5“ Z




-
-l
oo

N~-DAY

s pN=- DAY

=0.3%76 InT+ 0.7837

N -DAY
B |

[ F——= RETURN ' PERIOD, T IN'YEARS

w F1g 49 Ratlo Of‘_%ﬁﬁv;-as a functlon of Return Perlod for;fg.

1‘_

-DAY

'._.

"t T LT . . L . PP — —_—,




8 . .
!:I - !
has
e
6
5' |-
CSR P
{ «{
(=] D
1 I &
r4 z .
o | o

3l o : PN~ DAY

——— =0 1
%N-—DAY 0.355 InT4+0.785% .

'j' —_ - RATIO

10 20 . . %0 100 .
RETURN _PERIOD,T IN YEARS™ :

| SR
"

i . I ‘._.“
L M-DAY

. 50. Ratio of —————-—-PL_,;A, as a function of Return Period for.
. o ] R o . - . o7

(IﬁPQ):“hydfologi‘C'al unit 'Vno}.‘ 4. ;
-




156

pTN - DAY
N -DAY
PZ {
~
i

N - DAY
Py

20.313 InT+ 0.8104

5. W0 T
4-—-—---_ ~———>- RETURN _ PERI0D, 1_' IN vsms ¥
v PN “DA\/ - :1

N ~DAY

Fig".: 51. Ratlo of I asn a functlon of Return “Perlod for

(MPO) hydrOZLoglcal unlt no. - 5'-—

. - K . ) . . e




131

i
a o
I S o
W e PROON $432 InT40 6714
o ‘ m =0.%5432 InT~+0.,
'—
‘ .
‘f .3
. 2
Tom ; " ".\"
« i o
. y
\——=RETURN PERIOD,T.IN YEARS "o *:
= : i - . i,_t; S \\
F:Lg. 52. Ratlo of W é.s,_,a functlon of Return Perlod “for |
Lo (MPO) hydrologlcal unlt no. . 6. L




253

- PN_DAY

J _____-0,382 InT4+0.767"
RN - DAY. nT+0.76

] 1.0 .2 U500 00 s

.——-+RETURN PERIOD T m YEARs _‘-_ T

Hatlo of W as ‘a func*tlon of Return Perlod for
e

(MPO) hydrologlcal unlt no..?, J'f'




123

800

STATION NO.19¢6

L= [
700i- Max Day Raintall

LEGEND -

®  Actual Point

© 93+, Contidence Limit Point
- 600 ¥

Generalized Point

5001

IN {mm)

L 00 -

300

—— RAINFALL'

" 2001 '.

! VI ’ - A_.l LAt : B ;

E 2T LOWeI-" 99 e B

L < i Contidence Limit - 7L
S +: o0 VT
.-O a I IR | L
S - -5 7 ‘0._ P 20' e 50 B

- B Rl S S e T PP SO
. % REYURN :[PERIOD {YEARS) ' ' i o
i P ST IR T R -

. : L _ R L -. L ‘ . w e ]J\ .. LT . - L '_:-',“l:-; _,:‘
. Fig. 54.  Typical result of iesting. = - e

-




oy
e

900
STATION NO, 179
800~ Max. 7- Day Raintall
LEGEND
® Actual Point e
700}~ N

© 99 */, Contidence Lwmit Point

X Generalized Poiit

- Upper 99%,
contidence limil

.8
o
)

——— RAINFALL (mm)




- STATION NO. 33
Max, S5-Day Rainfall
800~ o
LEGEND
" ® _Actual Points
© "99%, Tontidence Limit Point
700}~ X Generalized_ Point

' ':7500 =

Upper‘ 99 %, - .
Con tidence Limit

{mm)

500

400

——— RAINFALL

e —— N
L TN

& C
Sr. . -
e X
v . . N -
~. .
-
. E
. .




| e
£

900

STATION NO. 200
800 Max. 2 - Day Raintall

o -%"  LEGEND
® Actual Point -
© %9*%, Contidence Limit Points

¥ Generalized Point

. 600k

500

400p-

Upper 99 %
_ Contidence Limit

———— RAINFALL (mm)

300~

- Cemeid Ll . 200p oY
L e Ty s 6. 16 56 06

M EEN ) . .I ) ) 7. ) ..' . ’ "r.ﬂ 7 g - -
.- - Fig. 57. Typical result of testing. .

.

T

(.Z




[
o
-

900,
- STATION NO.203
BOO- Mox. 3- bay Raintall _
LEGEND - S
~!$ . . T —— - . . - - - -
®  Actyal Points '
700} © 99+ Contidence Limit Points
X  Generalized Point _
600}
[
E
E -
~ Y0+
Cz .
j -~
=
w ‘
z :
< 400+
=
o © 300
i : ' Lower 99 %,- ~ - .
i : - A_Conrrl'den_ce_ Limiy - -
o 5
T RETuRi -
3 a Lot -

'Fig.'58Q:7Typicél réesult




900
. .
STATION NO. 187
800 Max. 1-Day Raintali
LEGEND
® Actual Pomnt
700} © 99 %, Contidence Limit Point
X Generalized Point
600
E
E
z 500}
-l
-t
<
u.
Z
<
ax 400
Upper 99°,
100|- contidence IFmit
1
© 200F
100 | ] l | 1 !
2 — 5 10 20 56 100
. ———= RETURN. PERIOD (YEARS)

‘Fig. 59. 41ypical result of testing..

1&.




STATION NO, 166

00 Max. V- Day Raintgll Bt

LEGEND

® Actual Point
600~ © 99°'. Contidente-Limit Point

X Generalized Point . 7

IN (mm)

400} ' L

' U ggie,
100l - pper 95'¢

—— RAINFALL

, Confidence Limit

0 . | o ' .‘, -, ' S l : - ! . , ] . -’;-. L
s R s 0 20 . - 50 100

——> RETURN PERIOD (YEARS)

Fig. 60. Typical result of testing.




(mm)

—— RAINFALL

1000

900

00—

600(—+

500

SYATION N O. 156
Max. 10-Day Raintall

LEGEND

® Actual Point

© 99+, Confidence Limit Points

X Generalized Point

Upper 99 9, .
Confidence Limit

i

v il __".": R

{PERIOD

of testingl T

F .

P

~(YEARS)

.20

-

2




[ 3
e
Jomi

Lo

1.09
]
35

i
Mean

——— NO. OF OBSERVATION

o . B . . _' y '“n;uu.ou (AVQ_;p-q ) Joak-z A _T Co e R
' o .. : ',_H.PW!DH,(AV‘G—’NN‘?H_UV Uq,QW' -:!0_ QILVH"—*_“"—. R T PRE RTINS

-
_ . A .
- - . < -
- . N
‘. :
» - \‘
.
1
- ~
: -




T

=

6o T .

DR B ] Ly - L ] | 1. [ 1 ] 1 !
T A 3 5 \0 7 P 16 18 26 22 % 26

. B I ';' —-—-—MEAN ANNUAL N-DAY MAX. RAINFALL (INCH)
: Fig. 63 K as a function of Mean Annual N-Day Maximum Rainfall
(N -1,2357 10 0r15)

N
™)




. el e " AFPENDIX -
. S I
S




18 PER PLOVIER ROUTIME FOR GAMA DISTRIBUTION \
1HOFEN "D, §, "GANRES* , 89 :
12 FORLBY= 1 10 LOF(I}

13 DN GIIEJ.HJBJ,NJBHWHBJ.FKZ(JEJ.TR(:.’DEJ.lth},FRI(EBBI.FlZKZ‘m}

28 FRINT
30 IHPUT * ENTER YOUR SIARIING POINY *;56
58 611)=65

LR T

78 FOR J=2 10 je
B GLI)=G1J-13+1]
98 X J
6D PRINT * THE RAYGE OF RAINFALL IS * 6(1) *To * gt1g) "
110 A%="P| 1A 1700,58 0 D 5,8 U 25,-15 SAITSIRME1)I9*_ U 8,8 D 8,148 5,148 U 25, 125 SHITASIRSIGI21)e™_ U 8,148 D €,298 5,289 y 25
1263 SAITISTRS(6L3))+_ 1 8,288 D’
128 GOSUB socee
138 AS="D,428 5,428 U 25,485 541°4STRS(6(4))+*_ U 8,428 0:368 5,368 U 25,545 5A1°+SIRS(G(S114*_ y 0,540 D 8,708 5,700 U 25,685 541
“ISIRS(616))0"_ U 2,788 D 9,848 5,848 U 75,805 SA14STRELE(T )+ _
149 GOSUB &2e0n . -
158 A3="0,848 D 2,580 5,98 U 25,985 SAE*ISTRSIGI8)1+*_ U 8,998 D 9,112 5, 1120 v B, 1105 SAI*ISIRSIG(9104°_ U B, 1128 D ,1260 5, 124
B U 25, 1245 Sa1"4SIRSGMI0II"_ U 68,600 541 RAINFALL TN L T -
. 168 GOSUD se2R : _
165 ERASE § - : : ' ' -
178 45="6,0 D 8,-5 U 18,-15 53! 8.0 U 2,8 D -150,0 “1300-3 U -135,-15 S31 @.1_ Y -150,8 D -309,9 ~300, -5 ~285,-15 531 8.2_ U -3pp
10D ~438,8 -456,-5 U -435,-15 531 8.3 U 450, D -400,9 ~68-3 W ~585,-15 S31 B.4_ Y -400,6 D -750,2 -758,-5 \°
188 GOSUR senoe ' ’
198 As="-135,-15 S31 D.5_ U -750,8 D 90,0 -9e8,-5 ¢ -685,-15 31°0.6. U -920,0 D -1058,0 -1050, 5 y -1835,-15 S34 8.7_ U -1858,0 D
~1228,0 -1208,-5 U -1185,-15 531 0.8_ U 1208, D -1350,0" .
200 GOSUP 6BP2Q . ;
» 218 AS="-1356,-5U -1355,~15 S31 8.9, U -1350,8 p <1388,@ -1485,-15 S31 1.8_ U -1500,0 D L& -1523, 1250 U -1200,1268 D Lb -1208,8 vy -
FO0Q D Lb -902, 1268 U -400, 1260 0 Lé ~629, U ~308,0 D Lé -308,1268 U ©,0* :605UB seven
228 FIELD 1,80 AS B$ _ .
. 238 IF L61M 6570 269
; 240 INFUT * 1YPE N YOUR RECORD MMBER * ;RN
© 258 &1 1,RN :
268 PRINE B$ § ' , : ' Co . .
, 278 6070 380 - : v T LT - .
) » 268 T | S e T S e ,
. - | WBPRINIBS . A oo D P T o , >
. . . | 368 SIS=LEFT$(Bs,9) S B S U OUR P ) B - o
: | 310 HDAYS-VAL(NIDS (B3, 18,2)) o '
L] 3 NDATALINID RS, 12,207
;o ST I
.'MBE?!‘_‘

B0 FOR JE=1 TO 7B SIEP 1D -
8 Belzey 0 oo
I 370 XUILI=VAL (MID$ RS, 3141, 61) -
. VIZIUALUNDN B8, J17,4)p -,
LT IOIF IZHOAT 6010 R .

ARY HEXT g1 ot S

18 6010 g
K-35 B

430 PRINT B8 R T SRS AR - S o ot - -‘E PR
A%0 ALPSLEFIS{RS, 14} N oL LT L et . i
438 BETS-MIDS(BS, 15,8 o R ‘ :




52 FRIMI ALPS, PEYS .
470 AS=" 502,920 S42 Garn DISIRIBUTION. 458,928 542 5rarion N " 51840 1< Gosun sepeg :
422 A= -123, 922 G4 HAYIF® 1STRS (MDAYS )+ o- pay RAIMALL. U ~359,900 545 ALptA= MALFSe U Gosp apage
473 A="-302,508 Se1 BETA = TSy :
675 GUSUR éodmR
482 FOR 1KY=1 T0 NDAT
458 PFXCIKY)= (X(1K0t)-66)43. 50
389 FXRLIKL)=-Y(INR}ep.5 '
518 AS=SIRS (Fay HXYH® *ISTRY(REX(IKT) 140D poygo ISR 60000
528 NEXT Ihy
3% AS="8,8" :60SUB 4pe0R
. 330 ERASE X,Y,RFY,FrY .
S - MBED o
559 FRINT B3
360 NTP=VAL(NIDS{BS, 12,2))
365 PRINT * N0. OF THEORET|cA( POINIS®, Krp
578 112=9
B0 GEF §
585 FRINT B$
398 FOR KX=1 T0 78 SiEp 1g
, 59 Hz=111 :
, 883 TRULITY=VAL(HIDS (D8, K201, 5))
; © 810 TTUIYAL(MIBS (RS, ke, 41
B3 PRINT *TRULIZN" 1R IT)
14 FRINT TR (11X)° TR ¢112)
- 620 IF . 11X=NIP 6070 &58
630 AT Ky
b4 G070 Sep
636 £OR LLX= | 10 m1p -
858 IF SFIELYI=D €070 7op
878 PEY(LLY)=tTRILL2)-65)13. 5
668 PULLYI=(-TFILLY) )81, 5
678 A8="p Lb'isTRHPXIILLIHf‘.'*STRﬁPRI(LLZlH'U':GU’:)JB o280
783 REXT (LY : - ; , .
710 ERASE 1R, TF, PR, Pxy ) )
128 Stop - : :
730 HEXT LGy : - £ N
c 740 CLOSE ) : .o .
Cod . mEED L ' L o
'y 60000 DEFUSRB=tHEFBD . . : :
i -, GONBF A=t TN pERY - L
, " 0020 Astiitipg . T
. GBO3Z FOR 2=1 Y0 LEmeas) s ' : o
, 004D ZI8NIDS(AS,2,1) o S e T
T 1s=5n2421$) . ) Ty : [
48860 MEXT 1 - o I '
. GE07D TiS=OHRMI2):218-UcRp0 24 ) o R C
£OBB0 11S=CHRS(13): 219=yShpr21s) ) ‘ ' o
40970 2Us=OMS D) 21sAGR 2)8) - _ o T :

B
JEUp——

. .

. ~ . '_:-- - . ’
1 - . .

: 60D 2Us=CHRa(p) TIs=USRR(71s) . : . .
: ¢0U® IF 114=0R8 (131 TR pEymy : . CLT
- 6BIZ8 GOTO 4@100 S ‘ -




10 PER FLOIER RoUIIM Fuw (vapLE EXP. DISI. M.
12 4FEH 1y, PESU 7 B :
15 fun L6x=1 1o 47
16 B PELCI0N PURL30), K92, VUSRI, B 1) -
0 A=HPLA TS @D S, U 18,6 511 -2_ 8,9 D @,288 5, v 19,194 511 -1_ 9,280 D 8,40 5,403 U 18,474 St 8 0,428 D B, 4w 5
+608 U 16,594 511 1_ o,400 D 6,80y 3,888 U 18,79 S11 2_ 9,600 D 8, 1890 5, 1kC2 U19,9%4 St 3_ B, 1822 D 0,100 .

30 GSUB oBtRa
40 A8="D 2,128 5,1280 1) 19, 1174 S11 &_ 40,404 54y REDUCER VARIAIE_ U 44,0 D 63,8 U0 B9, -48 Sk 1.8%06_ U 66,0 D s, 2% 85,008 U ¥9,
189 541 1.87_ U &0, 280 D 46, 480 45,408 U 85,380 54) 1.58_ U 68,499 b 6,420 45,400 U 85,562 54 .o
.58 BISUR sfveD .
60 AS="U 40,420 0 50,140 45,808 U 83,798 SA1 7.9 U 80,60 D by, 4280 B3 100 U 3, %0 Sal 20.4_ U &9, 108 1 60, 1269 63, 12v8 U 85,119
@ 541 55 U 110,400 541 RETURN PERIOD I_ue,er :
78 GUSUE stwrgy
&0 PRI
0 INPWE © TYPE IN YOUR STARIING PUINI *;8
118 Bt1)=Rp
120 1=4¢
130 v0R 322 10 10
150 B{J)=B1J-114]
150 x| . )
b AS="D B,-5 1 15,-15 S31"+5IRS(BIIII"_ Y 4,8 0 ~158,9 -158,-5 U -135,-15 SHTISIRSBI2NN4 U 15,0 D - 34,4 -5 -3 U285, 15
SIS SIRSIB(I e gt .
279 GOSUR s .
TEG AS='-10U,8 D 458,D -450,-9 U -8J5,-15 SSLUOSTRS(RIA)I®*_ U 458,18 D -bbl Y -tk -9 U -545,-15 BHUSIRREON_ U -t o 15
B8 -738,-5 -735,-15 S SRS RIB) M _ -
265 GV e
298 A%="-750,0 D -Sen,@ -9¢e,-5 U -89S, -15 SHSIRSIBLTIIe_ v 90,8 U -1658,0 -1850,-5 -1833,-15 SHTHSIESRL5Y)40_ g -1 p
1Y -1288,-3 U -1545, - 15 S31MSIRS{RIT) 4% ‘ '

'

{ ’ z . . e L :
295 GOSUR StER | : - o . - i : A -
3 AS=-1200,8 D ~1350,0 ~1358,-5 U -1335,-15 S3I°ASTRS(BUBI " U <1430, S30 RAINALL I to1._ U 0, 009 ¢ 0-95 U Lb -1358,-% U -
11358,1) D Lb B.17 U 2,134 D L6 -1250, 134" SR Y PR B = T

® i -

319 GSUE ety ~ P O P
'

- A

320 A%="U ~1350,300 0 L6 0,308 ¥ 8,8 - - T
TTTTT 325 GsuR epoo - N |
330 FEN OFEN "B, 1, "SESULTL, 89 : : ST
375 ERASE 2 S e . : .
34B FIELD 1,08 AS Ant S . : S N
341 OF LD GOlu 359 S o L L o .
302 HOVE " IYFE 1N YOUR RELORD ty, * ;R B S . : o e -
: W&l Ler o S e - o L .
- 344 PRINI M8 s6010 T7B - & 7 o o s - s - .o oL e -
- 358 6ET 4 s T e e e R - : :
T T HRMRIM ps A L PP -
378 Sis=LEFTE(AM, ) o . PP - o Lo, .
300 IDAYS-VALIMIDS teRs, iR,2)) - - . e e, _ S e
. JH MRS (RS 220 0 T _ -
AN 14:9 T . S )
410 GET | ., . . S e e, !
A0 HOR 4221 10 78 SIEP 18 . : o Lo
38 I2=lne ’ L. _ \ )
O5B NCIZIWLNIOSIAAS T ], 81 - . S , : o B ' ].'
= RGR YUIX)IVALULNIES (AAS, U e 7, 43) o S .
455 IF 1I=NDAI 6010 450 - T

-
<
)




LR S NG
B30 (rHe &I0
496 GEI 1
4593 PRIth AAs
SEL BETA=VALILEFT3tAAS, 141)
918 VRVALIHIDI (AAT, 15, 8L
28 PIVI=VAL(MIDS(AAS,23,8))
S0 FEGRSVALIMIB (ALS,31,8))
348 PIV2=VALINIDY(AA%,39,8))
350 PIRZSVAL (HIDS (AR, 47,0))
555 PRINI FFQ, PIR?
360 AP="-500,508 SU2 STAIILN M).*+Si8+°_ U -450,508 Sk PALIFUN® ¢S IRMMDAYS ) " -DAY RAIMFALL_ U -4u, 50 o1 =5t 4 Y -354,5
BB S41 BETA="'STRE(BEIAN " |*
570 GOSUB si2ee
580 FOR IKY=1 16 ¥DAT
570 RFXUIKN)=1-XCIRIDIRE) 84, /5
02 RO KL =Y ()02
10 AS=SIRS(BFLIIKE) 6%, "sSTRE(RDZCIKL)+°D HI1* ¢ GOSUR s
630 15X 1Ky
548 RHIX={-FFGK+RRI33, 75
652 ASDY=(-PIHIIERITS, 75
455 PRIMI Riiz, ASDY
- G50 AS=BIRSIRINEN (0 (noh D° sSUR aBonp
&E5 ALSIRSIASDYI 613 U D24 U PY H 09, Sin"
b0 GUSUE H0O0R
643 ERASE X,Y,RFY,RD
&89 Shop
699 JEX) LG
T8¢ (st
110 END
000 DEF USKO=2IIEN 88
BUG1D IF AB="" [MER Rt [t
002 A3=tiitaAt
bEU3e FUR =1 10 LEMCAS)
R4S 218=HIDBLAL, 2,1}

0050 Zit=uSRArZES) ¢ . B : :

6030 MEN T - . ) e A B ,

6BR/B 118=CHR$1I2) 2 113=USRGI L18) S : T L . - PR v

GO0ED Lis=GRSUI3N:ZI=USRBCII) . .. . - - e - -

68070 118=CHRS10): 218=ysROI218) o L S

6B1BY 113=CHRHB) :Zis=USRAILIN) ) - : _ _
T GBLIG IF IISOMRSUI3) IHEN REWRY oo T, -

0120 G1u 6a1BR ' .. ‘ .




< -

“l,ﬂ|=ﬁv7“

oL ) ot o,

- ey
et P e
W I e
o L P T 7

N

‘pZX":"i/I

MOeI5, " -NAY TAINFALLY, /)

ATION NO.

TIAXyF6el})

- - T e

Ll =Rl s T & RY ol ]|

F‘.(li:?'l\ll[ZIvAZGI?.hA.‘IIZ)-AﬁIl2|'.'\5”?.lv'\6‘ll?!la

Hy M

N

3
€3U+3004,40045004609,7001,13

oT T

T
¥
Y

oy

VDN HAD N g =

[P 3= - W g L] ) e ]
L 0 P s UL et g O

ST W T et Y N e ey
el e wp.m
£ L U ) o e e
-z D

Lo DM D O3
o I e - oY O
L=
=
2 -
-
X
[=]-%
3
Tow

-
-
o~
—
-
QO
L4
-
~y
-
-~
'y
<
-
-
~
-
-~
-
-
-
~
—
—
~
-l
-
-
(%4
-—
—
Y
-
-
-—
O
—
-
-
<
-
-
~
-
-
x
>
Z
—
sl
-

+¥160 10 150

oH}

RIK)
E

e - AN TRV TR Y., T

DIEAEUEURUETRTUDDUBU
UDAURFRFHDRARAEFUD

g e e b e T
IS CIFLILVODCETOD

109



'uT‘l'URUER'.?K.'RF'OQ“'
M

210
pIX3 "RATHFAL

TXv*RED VAR, /)
J/ZFLDATILBIK

"‘l-ﬂ'

i
1
J

ie
\

1 1t
{r
Py

30
Y3
EAR®

— et —m
Ll S I htn B NPV
TEQC MAXDI It T -4
ZEZm i et L e 3T wify Ve UDOT iUk ™ oW NN

HA D M et ol 11 2209 1 MeR0WT HA s N D AT M e O
T ! e DDmeimT ¢ DT D AT L -

Ed s MUt QUAZ 12 1 =] F L ™D
..—‘ﬂl.\.lw.l:.):lﬂﬂﬁu...l:.lvn.l«;.luulrub
“HN Ny Ty TS TZOAW N - > Mo
UP[Z&V‘UUUUUUHSUSUT“URUR..J.UU.IV
DQCCCRJFESDSCKSUSCSVVHFHFCGSE

Y}

o )

e I d W W] f B
VT e X B )| 7
- D Lm0
A“OU.-ﬁLN\"l‘ﬂ-“.IM-II.l-.IMl [LNE4
[LEHE Ao TR TT) - N mE Y w ey =
WAL T o ey N D Sy =y
MIL e I =2 S sl N

-
~
-
. -
. [
- @
LTS
- -
L=
—i
w T
-
- e
n I
= -
-
= >
o e
- -
e w .
X o~
- -~ -
S>m <
478 > .
- - =
-_ - -
=0 »
al e o -
- -
[N ] g H
N-4-< -
"L c
L —_ T
k4 [T
wes - .
— ot - -l
re: o= I
-l - (] <
- Lk - L.
hndiad L 4] [>T -
- - o
2 - = < &
-—- < - W
<y L Ll Deex
-a = [ =T VS| =
-5 - » — s
TS = 1 Pk I S § 4
LR -~ — —t T ) e
o — b8 Pl SN §aa TV
A= o] L FEOES SR )
LI » - . - I De A -
- T d T Dl
LD = vy LT -4 N e AN =X DD
Do - - N, T LA e P OS
S BT DN e .

! o 4 A
”ey w It m om

111

e g W e aniyeeae

vAS030),

—— -

=D e

o Y PN i o sy iy
Y mor A
S e N )
DL eSS
CEIZM aNOUL D -
- —— e By LY [[ e
R P D a3 ot g g T
(D AT DY g P g £ e Py
Drt 200 peety moem

N o e ) ot e ek e Y et s T2 s ok (P e e () b e bt
A= S D0 =W gl o0
-)D.I.»IH-.I.I....I.I!AI...IHT“[Z

CT O Tl e T Mo
TLIMACDN Ty
“-H.lvn..lﬂ!.l.nq_..\. -
ﬂleALUREﬂUETJUJHUUU
oSO vwd DIl On

+ -

- ebd

B R

[

.

t
i

i
VATNEALL 3/}

{
¥

=V 2X ¢ 10,/

100, 2001

i
1

TATION ND.

}

Uni g IS5, -pay

51¢135
T

Nytl

lla).AlttZl.AZIin.harzzl.nqltzi.psrle.A6(121.
AUV 4004500600700, 3

DNV aD
MO I D= MM Ory
b TN vt s ot i Y et e g altO—=

—-XoEnom
T AD S EL XL Y

It M I



13)
STH
Lu(il}

1Y)

0 10 717

JI.EU:JI...(U:JI.:._D iF 3 =]
== MM O - A O * e ) o,
N e e e -

e bl B R BT N
ek L [ =TT ¥ Y o e Tl Y

IGO0 TO 11

(SIS
!

«H)

e TVEMA e e e A - . -
MiMet @M gmmr—

i . ol
. / .
e - \
- .
. “‘ \ v
: x ; )
. ——— .
o Lo .
u -
S ’ o7
~ : ' ‘
e .
L] e r
- : P x
x4 Mg M
b fw - ! i
o k4 '
o -
=] &
- > -
- Wwry
- ' 14 -
-~ e . ~ -er
P S L —
.‘J.r...r. e
' - - T e
. -t N ey . e y O "
< e 2o 44 . T "
SN - CHEIT ) O <+
Ay = - -
' - e em * — -
L s ey < -~
: LT .R.MJK? o=
o . e Myren . |- >
PR e . *  Llep < X,
™~y oL e . | AH
M~ NE-o - - ,
= Ll S TP - L |
— - 2™ - — a2 [ ‘.
' £2 * S [ - .
< < e S T o . 4
[ 5] o e | > . Ce— - 1 0
- ! >Z=DZ>r Zar I e = 4
> e e s ey L B S .
= o NeMO =P e N min A o
- = TEO MMM Lo LDUT
-4 N TR T STV e B e Y s N,

b T e I W D g NIIMaedl ) kg o A L T TV L
DT el 03w | || = pm e apim T g pme b 3 T T

NP 2T WA
-] W 5 xlrl\ll..l.l—ll.uN
e~ P T Y Yy

11 2 31 U 12 L e Y e B () 7
W N W e T A

NI S
HOZ g D AL e T
Tl PF >

1000
150

Uil - R “ i et S Ty =>mn
v-_..lalfu..._..ltrUUUR&JUP.FRDUUDU.JM-UUUDI. '
HlA.N.I.ANL...C.HF.DRFHFCSDS_LISDS__.5 ‘e R )

. i - ! Lo R L. .

- m - =
.ot - M mi [5a] «

foaea — . L ame ap -

T I e a T o TErpe et ey FITTRIRA e aenaeen e R L o ST e e e

-
+




X1

22Xyt Tz

¥

-
-
-
c
—
—
(=
=
=
u
-
-
-
("2
-
-
-
>
-
-
>
~
-
“w
.
~
-
L]

¥
o
3
~
c

.
—

NUM= 3 F15.0,/,2

LT A, X014

«5y /
VNI fL.00/3.0)

e SUMODD

STD) =22
Y /KHE AN
"H-1.0)
UME y1)

Lt L -l ¥

UReIN+ED.TKIGD T1) oA

1<

K"
:I-I‘LIJAT( KH)

HI{TAALPH

{

7}
L5Xe * TABLE DF x AND Fl‘l(cu""o/vl."(|3ﬂ|""|'//|
ils300,10

1D0J+FXLIN)Z4.D

K

e e
——l AN g M el ey
S LY e
FANA e e
vt et |8 7T Y s ol ek
e St S S U N

W r el qO om0

L
0
D
L
F\
L

B L L o N
T e O AT U P iy gl
MUV e W DD T i)

el arG OIS
ot b cmy
L NTR - TR N ok Py
o et e e 4

DV Vot o et L L T g ot )
oy {1t 121 g 07 e )

E«Z00.006n 7O 214
U

E U RN e YL
Frmm = L3 0 v

D

LuXzarlamsr
T ol (D T w Ty,
St N o )
TEDOW Ko
T ELL AL il

FIThemTmaums
e P riw T

WO 1L Z 0w TN
-

214

Lt
B Yo B
- - .
- LI - e =
- T )
- - O
= & - ’ ’
m> -
i ' * -
. -
[ gl T el v
- A Ve .
—— I s | ri
[ - —— e
~e e
. | - S -
el -~ - N -
T e R
i [T - - '
o ‘. - ' *
e e e’ o
E e & ‘
-y £ T | e e
or - LT e L
- - O S
LS4, [T .ai.
= [N w' o -
e L . e S
N T T w D
-t - <. - .
attT 5 L P e
ol Y -t
X e ot — U TN \ .
Zoun . ] 5w,
e . - o e T - " “
e o - - o - = -
L ~ -
ecm — L = ol
-— = & . .
e = i e L oT . D
" MoK O . T
L ey e so0m
P —— ¥ e
R § & T P Uy e - '
T el ey =, . . v
D D - TN - !
TOM e e N e gm |
o P P T 4 - e e , B
e mC STem - g
Tl & T g '
R % PN T Y | = f Py
- I ZMANND e - Ectaniatla Vot

e A T Y T B,
Ot Momin » Ll =d=1=T !
B - S NPETIV Y s L LR VN TR
Vo O V) o 1T s Pl gt e e s e
T e ) ol o et b e e g — N e
CDZOM QW CT s e & ot o o o
T A e I T e e T ' O
L“‘Lrﬂ!lsﬂlallﬂ:{llll -
e D AU DY D U ST X o
T ¥MOCDDEU RUL UL Dru D mS
. - - - T LT
. - )

w
M =t D

PIe] . - o L
.

' N .
’ . . E . [

L] .
T D s e e v vy e e e e

) a




- .
— h .
o e mmm - .
— =TT -
M s -
. . .
’
b -
o~ B !
-
-— '
i Y
<
-
-
— -
< e
-
- ~
r -
-— -
~ ~ e
< o
rs [ T, H -
. S T
— c -
— -
9 -
< o
- c
— - [Ta)
N - - -
- - = e L
- . [ =g Sy
- 2 - P
< w - 2] o — BT N
- - o land Ly - -
- = C ] - =i PR = }
N - m . _ T
— -— - . ~ o =
— ~ o - . b— L ]
R P Lol T o Sl = i > vt - - oo B
DO DI . N R iy mem - - . — - - -y oy - = - | —
L L LT LY N P — b L ST T, A PN e I Lt a2 ih 1) - £ D=
(A ™ =1 J._JU:JU:JJ:JU:JU:JU_..JR.. e T - — _— ey ¥ -
DoS oD y—- X3LLU.lr.UZIU3(0&.(U..:(05IO7I.UI TP KR e »>T i e o -
LU LI T I T R TR TR YRy E..cl.lll...l..I.UJ,.cDJ.JUJrlUJPJUJ.aDJ.l 1 — S we T v AUT S T
Ty e o, g - T e Hor Qo o S g Tl e LIy =S - 4 7 ) " md™=NZ P

90!23453['“119' L ] 1)

- 0 . .
” O Ot Dt D oy Ot Dt O= O o - =}
” e S0 32 23 on 55 oD 99 o - -
mm TS NN MM TF N B0 e - ~ A '

1 .

SRrm meapr ot n e o R LTS T R e R T oL

- & . . ,

....e..........:...).-ﬂ.......ll-;hﬁ..l.«.h 4... - .a..f..m..lm.lu..ﬂﬂ...

i
# )
i

- + 4 . .
- X . . .

.
s -
+ Ll
- L]
e S
G !
. r,
r .
- . .
J}...f.....l.r. o R
: 3 RN *
, g )
- 4
pasy
- .=
_ . &
b
- >
= 1 !
- L ! e,
e = T -
< x® W, t
B T e - I .
T o Fa o .
- Cea L e (A
p-23 A kT Y v
3= ED L= S-=NTE
T e 1) iy bt = L P-o TSP

I X w13 od o = | I D = *M ATy
=T (M e S -1 NZwm >

G EERRTR TR e e .




LOAT (LR ¥ )y

DELINJ)

NISVDETA

AN

SO N
— ey
gt fu TN
D FMINy

2l

143Ea G100

JRI011-G0

Mt T af e b ey
[ N T Iy
TN S | YTy
Ll A A TR ST L T e
bttt X 4 LI I

NI N Mmooy
O oD -
rhrJllI.l._ul.ch
e ot ] | o] [} 0]

T - P e (1 — g, g, o,
I NI O et 3 e L1} A
bad ATE A g g b NI T QS
i LN T L
frage Yo VW RTRE SN
b = T- B TE Y

A oty ) e
nJ..lJrnllllu... -0,
TN ey =y
E-UQJFU.'\.URD.U"
DU D U BL. Oy

129
1t

T e et

VALIIE CHanT

3

Y1/ 42
MAX T
P e T Xy

EEYARIENERE]

~

Xe"CRITICAI

'
.-

=
-
=
[
Ex]
-
™
no=
I TS
e
L B I T Y

Ol
THU DN oam B N et Y
=Y P e P e e

N T U e e e =l -y
NN W S LT .

H\l!ln'l.lll!llll!‘('".lﬂ-lrl

ZheAGUIZ) 0 AS(I2) 4a0t12)

»
ot

‘o.Joo,qon.snn.600.700|.13

YREDZ)yALLI200A2012) +A30]

Kibag T0iXeFou1])

o7
e 30

1
t

Mo D=l Dity
)A..Ll.l.ln.l.JlLUJ./_nan..JJ
* oI -y Y o= T - - et oL —

-
3.
- =
b L A B, Ty R
TNONTIBDUuSmuSDy
AP e U e DO

—_—D N
e L Tt S

R R

.

e R L .

e

Do e

—
=

-
-




L] o
— -
- . N
-
A rn M =
! - &
= D
- n.- — w Ll
— = - H .
= | W~ T
. <= o . &
[~ D - o vt
— — o . b e
~ i | = [N ]
P i - & - 08 < ar Lt
~ - - o —_~ = < W - O .
[ . —_ — E LemD am o [ ™
o =2 = - & — = NO» O g QX wn,
- - — > o - = T T ¢ e D
oo [&] - - - Ve NI s
- -l o c - - - D > 0 e TN i i< a8
B e = [E] - 19 »- - . - U Wy S T e o SgTy
MU . T e gy - - - - = -y = N =Y Agy D T e
—_r ey R M w am Il = 7 o - TIO g N oy WD IS T g
AT~ - S = Y wALLT Ty T u‘uif:...l._JFlor. MA LT e i L P Il ey
Lt g T L - T LI W™ o> r.l.u..!LI._LY......ZJK__JUU(HUSOKSJRKSI(KASJAICU
o oty - or Ui IR O s SH=A T T =) D uan L o (=4 TR TR
ADm o mma M LR AR Y = T T i ...n"f.r.:WIINNJIPJ‘IUSSIMUQUIS: HT ZAOTF T
T e P ..I_.l(l:K.l..ul..l..l.lluun.a.u-.ou.‘ﬁl_nuu.l.rnHan“.ll.?_ﬂnrl.:5:.l.l..\_.u..\.l.:a.l.ﬂlbb.?.l
- - JA«:«KI.&.O.!-\D\JJ\ F Zun (L 2 NI oo o e P oy > Y Ty F Ol - >
lUUIUJ::Y:F:Y&IY(YUUJ:NXY:FVHTFIYB‘YBUUDPFUJUUUHUUUUILEAHUAAU

©
o= o5 o =]
2D o [Ta} b .l - S [Tyl -
and ol & 1 RN [oad N ol N [ L
!
LR - 1.l..I'J....|1 -y ..l...m..ﬂa..n....l[ﬁdl..m e ....llﬂlnn.‘u.iﬂ\.f..u SN L el ptes ey I,..w..... .

rev—— R ’

i T

h
..\

=
z
= .
LR N
-
(=
.
‘-
4

....ﬂ:..ﬁ..aw..l TR e Sl

!

1.




SUMT LU DR SUAF VIDIZ L . N/ 3, 0)

FXOLK)

UHUJ)‘FRlINI34.0
'KIIV}

P2 O Dryrrs

.33

12

-
L e
4
c. -
L] =
o e o
- -
e -l
- [
- | =
< - "
o - (=g
L ] =
L — -
[ I I
< - [
(K- g *5 .
— o
T | L3 ]
W e ) [N

= I =] 1 -

C e L =

ETH \...75:.0 S L i e e S e WL e R
Pl Lt L L T e e e T T T S L R
el R i ol T B i T, S by T
b T Y DD VLA st et 2B TP g N PO g ) g et Sy e (T g o LY PN LD bt 0t ot L T O
e T o s TP Ut o o B ] H o Y b e e T B
= g HerZ QL >0
LD DDLU S D L O K= U I L S S S S
SO IMOL EZ IS D Qe =D M D ) WS DU AW

—c T ey MDD

JHII11-30

129

+ AST301).

L e oy " 0]
—OlL AT -
T NV e
R N L R
[t o PP N P

Tt VD Y Nt YA - Y
Dent oM owr we. - Y

T WL A T
lIbIAEJL(Uh?JJJJUJJIJJ‘JJIU
:UQFURFRFJQh:FDOLGUASJﬂGUAuUAGUASUAS)hSJ(K

-t

Y
)
X
1
(12) o ALTTZIPAZUTR) JAMIZD 0 AGLTZ ) ASLER) JABTIZ]

DU+ 30U 400,500,600, 700),13

TUAXaFbal))

T

=

Z
v
]

B L T n T T
2UmBNmo =D E=mO N T
X3LL0[|U?tUJ'UG'USIUbIUT‘.l
TNt i e T ok A D = A D ™I DA D™ A M 1]

o

i mem
D P
PR N Tl e TN S

Lol Lot Lol gl S T g Z™
Y Y i o o o e o ) W T8 el (o el |y
NZ D e CamO 00 m R el Ot O Do DD - J
.E3PAJ|UHJLlr“ll[llllzgr]3'46'55|5brr?'7

e em 5T T Al e L

n— e ar

S Dot Do
22 oo 05
MM e N

[=T-Ea=F.1

(=)
01 Qe O
=]
O, P o

LR B e i e LI R PR I

-t ) - -

- -y JA
lJJliJlJJIJJ::

e
=]
['a]
-l

3




T7
11

«HY}30 10 210
MSQeLATKA ) -XMEAN) 2%

[31 ) B 10

LGl I POTIT L TR
IIWILK:LY':ZU(:JUU(HUSJKSU
SZT o 8y ™ =

£ Yy B oD e N [T, -y

A CT T I LT e

G1.MIGL 10

P P A O 1L e T LA O LA e

F wwZF FTFRUT e A d I g
UTLE!HJAAUQ&AYN
el e LI ST - P e

e

R T G e rw g

[] LY ”_
!

X
= i
= v, R .
< - ’ : -
- =]
- [
c . !
. ~
- [=]
) c,
bogdll [ pd . L ]
e o~ . o ~
-0 It . e -y
=8 oo .. 1
- full et 3 -~ . i .
[T T Ly e
- = = "
== LA [} oo PNTS)
< T - - U | = .
BT, oy e Lt B =
S ¥ S - N = Vv
[ ST o] . [ Y -
| o TR ’ (=] 2 D
e o TR~ Y= =]
¢mo O = MR c . B
~ 0 i) - .= LI =
=0 - B — fee | LR TH = €,
< s o O b 1o+ = e -
i * n » e - 0O > e ¥
- O - - > D), e o - :
G nd =2 -e W O - 3 /s
0D N et DOedm N W T e oA
=] L T T N ITD D W e
- e W W DO N WA & 11 1
I3 bt ] 1 L7 {10 g Oy
O e 4 aD -z S DT Ny MY
-VKN‘VIBDDV?J:IIVUUUSII
CYL TSI ™ LN i) b e 1)
lomne il Hur» S YT - eT Y T
NXFNNPVUUJUJFIIFJJJUUJF
ANF.IQMI‘.USSSD..III.I.SGSGSCF
<>
- L --1 -
L] ' e oo
. O
§
I
PRSI LRz st L ...{w-unw.(m-.m.n.uww. S e e e - -~

3 . -
——— ) ) . .
T




« G AN
3160

<024 AND
0

« 22151
U e ARD
0
J

i

Jir2e«l.0

L TRTE I 5T

NI3+1.0

...l'..rltll'M

po R R R Y e N T Y Lo B B
LA L B SRV

[ R=1=Fe Yo ¥y PRR NI

JMT5¢1,.0

AT e A M Ny
u1|-rr.l.-|..l.|..|rrr|
o T R L

TOODDMNOOL LWL .
g™ T YO PR NS P L pe iy

121
122
123
124
251

[N -9 T
WU

(]S JELE [T I

R e S

o e s
NN ST
sty
L I I

—— i e PO

fde. Lo ol

P Jidlai2iaud

e U S PO W PR o ]
L I I R B IV
ettt Lo B R gl
- — )
—_TTITT T e
g e b b PO
P et e J il J Al MY S YT e e
AL LA Dy LR N By 1= PO T R TR TE Y LT WY

IO T ol et v v i ] et 18 P
r-l..TUfn...TJ.lU.IlFl'l.llﬂ-(lEﬂJ
FrfFHlNlililWI::::::SQIIWTP
P e R e N T DPA NPT gy M
.rJUUUD..UJ.J..JU.LJ..HHJ.HH.LURUU.I“
bl e L L L L TR S TN TR PRI S PR P T s Iy

T R T

1.7}

Titg (XCHULTY) o1 Y

3
324X+ TFB &)

111

-
[ =] -

—p > p_— .

O = .

m> - - ! -

-t . -t -

[T At Y Te o

< - " ’

- -

-~ -" -
) - ..

4
L]
L]

PAIUT2 o AGUTZ) ASIIZ) 4 AB{T2) o

- .-

mo. . ¥ .

<> Ly © ‘

Z e ) oo- . ~ *
e w < e " - L]
-0 ~ e ",

bl - o - .

g P v A B

—Ng — LI ’ = b
< n o e ~

o = — o e TS

[E—— — LN ~ N O, N
L1 O, - - ] .. < v
- -— - — i : ot T e
O e - L - ~ . e :

—_D - ry-— « T o s, - -
-~ — Wama - to. R = A .
L W% De | - - M TeY
[- A - T - - N e .

O - ot - -t -]
e b= =0 - W f=1
(S & - v =T =TT -~

CO e e ‘.- < T fm e
L =m - bt 4 - - ] i
O = - M i - x . .o .

& Jop | - [ L= Y N e ] :

—r, ) e - e - - - -

(7 TN e = e — - 0D |

Wetem MU ¢ Ml e L lanlaa B « -t 4 > - 7,
—— LN [Ha g - T e e Y e - - -

TEMY NI D wr ST — St g T e L e ey
L R et ol s b Y ] ®H.H DEDIN=mD oINS
PP =L MDY A e - KA Sd Dt Dyt DN e O P e Dy e B33
T NN T A N ey WA et Y D= DM DS DA .y

Tt et e M LT p S - Homw el alvd g oesl o e o -
DAt Jmlmarim o e )t P it g -y -} -

NZTO = waTiud .I(AB(Z[&I...ULUU]JU'JU....UUI.JO'.UU

| MO T DR e T T DD ) ot o 3 il et 4t e ol el e P ol e 7 Y e = b VY e Y

T N X Y bt L s>y - -~

- -
”I.br.-\.tUJ..US‘F..JU...]UUDJH—.U.UI.U.JI.UJ.IUJ.(JU.(U\J
LIDExw . Tile o RFDJ.ACFDDL.;DAGUAGUﬂ.aJA.gDﬂ_;ﬂ .

- - . ‘

- % + 4

O Dl Ot D,

° ~”
s - o ] Qoo DD 0D
o - " [+ N I vl e AT M0

P

o

)

e L T LA P

w - - o

Y e



{L3KI )

150
010 210
N+1}/FLODAT

v o
1 Tu 1
3
i
P(RJI)=1.0)

i)
Y15
M5
)
4l
TaHY)
N .
{AatKM)-XMEAN) &2

T-NJGO TU 17

Al J)

T’HILK:LYI:ZU(:KU/:U
BT el a M= ) T
YY:M'JNVUI?JPL-Jlﬂs
T T Pt P i U W T a3 e ] U 1)
H ol il ae T W e TP v >
ntettatad—rIu LIl S FTET NS o T T Y= 1= TN
IQNﬂNGCD”LK\W[!LQ!AVLANLSEUR

2

D D W
T T e 0T D m—
A N ] M e b i nd TP Y e et
I MO vegmawmE P i)

e DO
1Y e Y = @ e Y
CE T
LR - o TUT L e T T
ADIOTAMMD=1DD
LA AMAL X AS AL AR D

e TI r DA WL
LA Lk 47, b FV-EV- TV

150

Tt Ay e Ly,

t

1
.....!.:Lti L.L..z?rz.. L PN
; i

.

i

¢

=0.47J60 T
=047+ AND.

V:Q:ISAHITTTTIJJJI#TUIUIJ
T T PN L A Y F P e P e o P o I} 1}
I e e T T e T T2 W
RS ST AIRTRIR b b o T Fo b P Ya T TR
LI NLN G D) vt o e e et g L% BIDRI T A Dy 3L D

|

2)/cer

~JBTe AN,
1

5
5

Tl s s ey
ol U ) e
— NN
11 9 ¢ 0 ¢

JYNT2+1.0
JUTSel.0

relbeg i ™y




e e
(SIS [E1E [y
[ &1 NS J 30 S
e
—— ——
MNP AT
ol o
LERTIEE I S
o —

:;sm.{xcudi 1Y)Y.1¥=1,T9
] .

-

-
1AL MY DM e

v 1 g TP e

—— Y — - L
hoin -.S..I-'[HII.J
AT Nag TP ey ™D
EETISTODX DM
LN LI IR I WA

-
-
-

te

.l."i)l. 7':’3-.‘l

-
-
-
=
~N -
. - - 0
- — - e vmer=n T ,
- - ad - N
- - -—
< ™ - - ® !
S R e " [ [
- < o .
- - - — -
< - -~ 2
[ [¥] W e
(= 2] b [ ~E—
- - -
- =) [Te8 = -
Lo < ™ o X
[ AN - = o~
S - -— - -
_ o~ ~n - -
[ - & -
-— -— . -
[~ ~r L
- - - L o L
ol e—- - e -
—_lr— oD -— - ~ - X
[ W W ~ — L -
[l =L o ¥ V) — - ~ -
bl P Lk LN — — LA
bl T T TT ~ = Lol
LTy & Do - = - el
Ml oy . - - I
Tl e e - - o . S
T e e ~ o] 2 - ¢ -
i 1 I L e . — [+ - 3
= oMy D= - o - o
DO e Uy ~ - L
N e el -— <5 o . -
i U D - o G-
WL = N e - - Zz i
L e N D ~ - . - -—
L =D~z - - o = o - 1\!........___.
MO . el - r & C e - R '
D OD = ® - O W - =, - T D o
L g « = .- e :
i it @7 Wy - - D < oD
C L et - - o - -
. L R Y <] L2t Ll ) N -
= ~"HAGNDYE e — - - - -
b Te B T R - ) - ~ o T e e =
idas & w1 ey =0T =W e e T = 4 - > [ad
e s a0 - . g St B R T Y (>4 - - - - -— -
O O TN AN m—m e b Rl i T VY S , = e DY e
Cdim o ® S - TP T e mm g m T g iR Y N
MDD Treldemi, sl KDt PIT M e O e DM e (3 o+ o D11 e 4 e 2 o e -
WL AT St WU - 1 et ok !l.'HJ.IJJZUJJDJQ.UJ_JUJ.UUJT

ATt BN L S Ve e Vi M Tid g o o e

L T L ot e ot e 7 o T e emd AL v b o b 1, -t

-l D (A|A3|Zl_ﬂ-...UDI.......A..LA.!JUJUO'JUI.JO.I.JU])
MmN AT AN Y vl ot e T o T e 10 B e N e T b U b DD

e T e €0 AW T VY Y —

JII...bQA....LUEU.UET.DUJJJI.RUR?I.KJJ.!U.I.I.JJ.I
= it h = =Y T e YL T ) WL XL DAD LIS DT
-

- -
-
~y (=21 )
o m 2D - o =Y
el Ll <2l "] Ll o] e MM N

e M Asueunas . P L L FTC I -

Lndli} | - ) =in

- - - -

e Dal Dt Dot
o2 OO0 O oo
MM S D O

-ty

ST TFuae
M= e 0D NN D DX A=
ACTNACIDSNCADNK D LIV D ™ X 5w xL

Do
[
[

=X
L34
——
[EI -4
[

o
=
o
-

e

~
o
L4
=z
-
-
fu—
<t
-
-4 =
[T
., —
=
LD

"))
n

Ve gy -

[

YU TALRM)-XMEA

N

e b et

.

A

e B S 4

—lY ) e D
o e b TP e e L )
Tt At Fmd CDUEEDIV NI A L3201
¢ \TIHO MTIOoONwWw

L
-2

[

[ RIRNTIN-

R el N L Ly

[ -




- - - X , . :
[~ om : . N *
™ - D - : P
- = O - . . v I ’
oo -~ - P Tt
- L ne U e T e . .
- v on @ S L T ‘. 4 Jp——
(=} -4 -y - = . .
[Fo I - o . - - ’ - v
O - (=Lt -
bl = SOt (I
= — - {
-y P - v =
— - e~ —— ‘L
e |l s+ R .
=g I S ——— - -~ v
i * - e — aR N -
are- o & -t —_— [ .
LTI B ~ou — -—
L myse=3 oy -— - . i
-_———TNN e e . #- —— 1 o
QeI et - - N
D T e —— (LY -
T i A iy P o
LRI Y — -
Ve o 00 (cow _— ——
e e~ 1y - ~— =)
Il M o T N - - »
[l = - ST L AT A - [ ] ot
[T ST N N ATl = o [+]
——— s R Dy —_—— - -
Lged Pl et e LN o] el L S -l = - - * I
€] ="l & % 0 e o o - — : — o
- ' e LTI S Y- L = -~ - - 2 -
- DEm o mANDIOo - My — e CT-%
n AT et M P e ot —— ~ o o . [y — .
— LPTE Y Y e — -— = 1 e, .
- O e G e DU e fIN, el - Z ax -l )
- WD e = ANNIAY ™Mo —— - —— -
- L o™y A i e — ] c —
[ el TP - N IR SR Y - [ NN o -
— O = OF N & N e [5a] et et .
it VI D™ ol HNN o gy, - - -~y !
- NS el ol e mim -, —— = PRV ol |
LAY bVl Rad o BN Y g TN b — o IR B -~
— ] WISN T a0 aF= & | e o S S of L Fi A
-k WX aMDICONT sy iy 8 o - . i =
) T o mdiN T ot i N S emne 48 N B e o h -
- A= D e e D —— - ew ] - [ -
— OL=raDDOS™ o wll L el ~ . . ) ——
N W a3 e e N DM o R D rwes AU L= AT Z on = v = N Ton Ay’ ")
el 0 T AN i TN LT e e wefd s mAIon ;o - T > on Z - DALl N E-+ T T2
-t m TLODSoEN et eeny s’ NSd NodX e O emifion e o= o= aem g T R mam R mem [T vy -
Ll LY T AT TININDNT v e ) F-4 L R L B T R T R I PR W L R T ) - - -]
v o- e - B R R B L ey |..'._Jlﬂﬁu:J:KU:J:&U_.Jrr\..u:J:KU:J:K vt £ ] "
Lath ) AT P I DN D A el N memtomm et 338 i P I g AT () vt Bt N ot e £ Yttt e T A il e 2D 11 4 e oot s £ L) e e e WO - - —
LT IV Rl NN S D ) et LUR - L M e AUV A TN Y AN T T Y = A AN NG = O D - S T WY wid ) -
A== Xt mm N T L AT N e e T S et (] e et WLt ) = R e R L md L P W W e ot g Y P e TR T -
- S CRKMTI AN & i P e o U e ] W =y =dmll mijitntl =g oY —_—rT 4 4T Z 2] !
UL & Foe] Foun lZ]ﬁiEAAl(EABBGlUO’?lUUl?JUUlJIUUl?'QUl?lﬂO!?' WP T D bt D ) el -]
v T AU P S .-..J?_U.lu-qfD.l.-lUl......_...:l.l.l..’I..l..CZ..lI..,Il.,l;EI.I.i:HJI.rurJ..D-1|..l...._5.3|.l.1|.1t._ Bl gy e o o e e P i S
Lt el A e b b S B AT Y P T i e - W - W - v e TR R T V4 - W b - - AT
XAT V== HIQ..._“AR“I.B-GJERUJUF.R UuJ..LN...Uﬂ_.I..|..|u..|.JJ'J.!.UJI.J.\UJI.J'J..UI.U..‘"JJ.l..l._.l.vcl_.d.uI.V.JV:LUJ.GC..U -
(YN TLYY WY L A AL DS N N Y TW L T tal =Tl Yol N TNE T8 S GUTJFU_JYDF;DYUF,QUYDFIIOJCECIIEC““D .
- - + > . .
: 2>
-— = Om= 0 Sl O Dt o D O O O .
O 22 C o 20 00 22 o> 0D & DO a2 DD 0 OD 6D m e -
LY Cm, : N WA @ e NN = MM N rS M RN DG e " -
"
- e 1., SR eadFE ST RUNE | PP LI e O ...S?.hc»..n -y R T ) ey vy s e i feria e, ca
- b -

——

q.

/

=F




e e ]
. —r b 4
WG ug di)Dm
e F e e T P =
il il S ] =
PSS DT e
T L T T FT AW

588

R....v2495397.."8..)1)853{'.31!7].(!523&-1!16.12909156596603710423(”30804
TT-Q..T()TIR.-IT.B.H.HS.N.:U.U..I:QQ.93.&6{071!5...)117.“.r:)?TaTl?-t\_.D-UrJSTl,D.W.rJSS?lﬁ.fubf\..’u...ut-
nto-..-0-0..-.-.0.-.-..;.-cn--00-0'0.-.u.-.0-o-.o..on
ﬂUO..JUUUn.uﬂn"nuﬂﬂ.ﬂ”.l.UUUODOﬂUOﬂDOUDOUUUUUUDﬂUUUUUU.JUODQ..:J»JU»JO
=t < - [ =C (=S cc <C : c c LcC
. .
Jllr..n-16.\..0".._375;!?7u:rs.?"...a.r‘.?.....:b‘).-..ﬂ.ﬂa_._._l_lln,UER.ﬁSlﬁ.TTZH_ZCQJZUT O
P i el S D@ LSS P C oL ey el n..c.ﬂTT.Gﬂnr:r)TKr‘.._ﬁ..nr)T,n P R I AN
.-..o—--lou-o-o-.--..o-o--.---n-!o-.tqccooc-
nUﬂlnoun.mﬁwn.u.ﬁ.nuonﬂ.ulﬂnﬂ.oonUnnmnnoonﬂﬂonﬂnnnnnﬂ,ﬂﬂﬂno oococoo >
oo o == c o

al.ru.:.. . n.
‘ 7o -

.l/.....)?_:._.7-1..ﬁ?n...f.).)l.nv2.....90:!!!:{93340!!62!9139249.51:.75233352201 €7 e OV PP,

O A MV e o Y e P ) 5 i e D P e U?H666777_..:.l?u.3057766r350375_355576 LGN D D

..b..l...l...IOl.l..-‘..IDl.ll..'.'.....lll.l.l...‘i'l.i

OOUUGUOUOOOUUOUUUOlUﬂUOﬂﬂUOHDUUOUODGUOOHMUODUOUOOOUUUOH
= =3 . c

Cee
7....355.0927Olcmr):JlU(!TI.DISJB‘J:_}OarJna?_f..rI.b?IZQSOﬁ.nJZLABJQ.:)I-.LOJQ.I.?l
n..BR.RTr:Bﬂ.B?EHﬁ?T??.TU?86.b5775-....7.1.53677766.35.1.7.53:..:..5766&r..556
onnc....o-.-tac...n--.ol-ln‘.....ic-.to-a'-l-cl-l-.
nouooongoouojunﬂ.UD.I.‘.UOUO.U.JU»J?009009030000900999000000990
o (=] - . v N

"

31[6..4.0.ﬁoUn»?._..(_w...h.,..(I:..l?l.l.o.bs29201856‘237350?239377?73BSUlal.Tnu_-th
LRV DV AR Do S QAP M pa A 3 g SN BN AL AN A e
--c--o-..-oonq-.o-a--o-oo-.-..-.-oo-o-ovo.cooo-
.JUUO,UUOUUDUUUQUUUUI.HUUUUUUCOU\UUUUUUUUUJ"UUUJQOUDUOUU.JUUU

DA A =3 " N I TR A Y e AR P AL O e 1 635153.bha.f,+3_33r.+5.b.l......i26I._I..
il s - L S N S St Oh P @A DO NN R g .o555“.9355.3556.)55.3 !

LR T R e - LR T, 2L e s R T R T ] w P TT T

0 THE DATA ORTAINGD BY
(
*
Y

LS e o
AT
MOt

B e S e

- T LY -
— Ay o o Y

L e e s

)
T LD .

TRt .

L4 . SRS T

e amemag e




— -—
- ——
[ od and ~ .
P~ - -
- ot -
- -
H - ——
-—- ——
- -
— A g
— - -
- [Vl o]
o Lot d
> - - —
A~ — p—
A qu— L
bt R -
b L el
v > ~ .
> - -
- -
—— —
—— —
- -
o > -
> - - —
- —
—— ——
—— —
- -~y
Ll ~
> - -
-— -
—— —
s -
- LR
Coud " -
o2 -
- ———
-y .

A g — v —

— ]~ M -_—
-y 2w -
> '2 — e o —
momm et AP -
g e 8 e
ot P mmeee WD, M
- il W et 3t

— ] DS D
LB L oo S |
) g (] ™ e L
S — i v 1]
o A TF Y A D)
fon s gl P - - T

A o S am e ]

0012064

-
[Ye)
-
[ ]
—_ >
s ¥
4
L+ — -
5" - [=]
N - =
= n [~
%] w o
§ . =
— it o
» [ 1]
b -4 s
= - [}
v * k=]
< > ) n
- S -_ I
= - - r~ [
- ~ - r-
[ - ~ - -
—— &) - — rd
— . — S 1] =]
= | ¥ Lo o ] S -t (2%
— [ Py — L] - oy —
- - e [- — - - [=]
-— b3 "S- § - - - - - =]
o —— -~ - - - (LT m
[=] taLy 0 1 ~ 2 . -
[l oD T > - - ] ]
- . - T - - — -1 (=]
= € L X - — 1 <y (V]
o L (I | o > L™ O >
wn W e [*al L] et - [%4]
- ——— T - 5] - [T
2 ——niad DD =N 1 - jm F N}
fes e I T OW — -~ — [T
= SN | - - w e S ]
- ——_ I Dl e 8 e - d "
= ———— Wm BN T eei) —_— D e— =
o W% T et AN [y N e | )
- eIy MIIT WL 4y e -_— = # —
- ™~ - - b4 b OO A= Te nLAG 0 . AN o
Q= 7 - o= = - =z = - MOEE e WD idem S <
2T =T - - - -— e e - P o ] W Ll -4 -l 200, o — ol -l (S
ot it g I e ) Tl T et e o wmd e ™ )t T TNy T e ey . LT, | (¥, )
- el O UNN OO NGNS v T A e W wer ) w0 — - ] -
WY e 3O T et D ™t e ) P e T e D e N D 0w D e oo Du LT by e N BT e [C e N —
MDA TINY NI TNV AIOTS X TITHNMADTAXYO00 ¢ T TG ENU AR I DU S SN e 1
e NV A Meaw A med nd et N et W e 8 8D IDTIAAD A D et v v o T e e ™ e —
— ) 1] " - i)™ A - -— ] -l B -k HODH N HAN N Z o eermim o BT i it g o <
=)D DD Y e Y D N D e DD P ) N N s M QLB e WS x
e ot ot [ e N P ot £ B Y P P o AT ) 2 e U T Y e D LY L DN D O O N D D D b e o b T T D P b e e T e X e QL Y
- W - W - W - - W - wTEEE TEFEIN Uy e Z T e X 3D

AU SNl DM DA e DM Ve M e Dl “) e Mo ™S e M M N e M DDA DD 00D T LN 2 MDD 0y A DN M

B DX T DN T RO (3D AN SN IR RO IS ONOA RS AU ANV DANANUI X T B Mo NI TLe TL Sl nd

aMB 1 I

Do Dt 2 Dew O Dl P D O D DD
DO MM a2 O DD o DD > S5O0 * DD D ~ "ot - N
A L B e Y TR, VI R T AT . e I Y ~N - Freld S & 3
.
i
-1 — b A i




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170
	00000171
	00000172
	00000173
	00000174
	00000175
	00000176
	00000177
	00000178
	00000179
	00000180
	00000181
	00000182
	00000183
	00000184
	00000185
	00000186
	00000187
	00000188
	00000189
	00000190
	00000191
	00000192
	00000193
	00000194
	00000195
	00000196
	00000197
	00000198
	00000199
	00000200
	00000201
	00000202
	00000203
	00000204
	00000205
	00000206
	00000207
	00000208
	00000209
	00000210
	00000211
	00000212
	00000213
	00000214
	00000215
	00000216
	00000217
	00000218
	00000219
	00000220
	00000221
	00000222
	00000223
	00000224

