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ABSTRACT. Low-flow characteristics of streams are used enping and design of water supplies, analysing
environmental and economic impacts, modelling stregater quality, regulating instream uses, and avipg the
general level of understanding of natural and r@gal stream systems. Statistical modelling apjbraagolving
standard probability distributions of Box-Cox Tréarsnation, Lognormal, Log Pearson Type Ill and BearType llI
and Weibull are used to determine low-flow chanasties for different return periods for three éifént river basins,
namely, Mahanadi, Godavari and Narmada. Chi-sq@@jetest is used for comparison of low-flow charaistéas of
different stream. The paper presents that Lognbidaibull and Pearson Type Ill distributions aoeifid to be suitable
for determination of low-flow characteristics fovers Narmada, Mahanadi and Godavari respectivdlpw-flow
frequency curves are also developed and presented.

Key words— Box-Cox Transformation, Low-flow, Lognormal, dopearson, Pearson, Weibull, Chi-square,
Frequency curve.

1. Introduction involves fitting of standard probability distribatis to the
annual minimumd-day average flow and the second
Low-flow characteristics of streams are used in approach exemplifies that the catchments with estitrg
planning and design of water supplies, analysinghydrogeology and physical characteristics and niedel
environmental and economic impacts, modelling strea using several deterministic models. In this papam,
water quality, regulating instream uses, and impigvhe approach based on statistical modelling is used.
general level of understanding of natural and ratgol )
stream systems. Low-flow at a site is often charaed ~ The paper presents the methodology adopted in
by an associated, annual event based, low-flovistitats estimating the parameters of Box-Cox Transformation
Q(d,T); defined as the annual minimudiday average Lognormal, Log Pearson Type I, Pearson Type fitla

f that | ted 1o b dedTid t of Weibull distributions for determination of low-flow
ows that IS Expected 1o be exceededl X years outo characteristics in a stream using the statifd,T). The
T years (Kernell, 1994)T signifies the recurrence interval
of the corresponding low-flow event. Theoretical Methodology can be used to evaluate the frequendy a
estimation ofQ(d,T) , the estimate od-dayT-year event, magnitude of the annual minimudaday average flows at

. . . L a gauged site for different return periods. Thpepalso
requires the selection of a probability distribatidor

i o presents the methodology adopted in Chi-squgfetést
modelling the frequency of the annual minimutday and the results obtained on the study.
stream flow series.

2.  Methodology & data used
Two streams of approach are available for evalnatio

of low-flow characteristics of stream: one baseichprily 2.1. Low-flow modelling
on statistical modelling approach, and other rgyon

Analysis of low-flows of a stream pre-supposes:that
physically based modelling approach. The first apph yst W-Tiow: pre-supp

(i) the river is perennial,iij no significant withdrawals
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and diversions are in operation, anil)(the flows can  average flow andv, is the frequency factor corresponding
reasonably be considered to be natural. The datiaiwn
flows, for the entire period of record, are dividado
yearly intervals. The annual minimum average flofes,
different values ofd such as 7, 10, 14 and 30 days are
subsequently obtained. Consequently, the paramefers
selected distributions are computed by using annual

minimum d-day average flows. Number of parameter . .
S Following Vogel and Kroll (1990), MLM is used to
estimation methods such as method of moments (MOM)’estimate the parameters of the Lognormal (LN)

maximum likelihood method (MLM) and probability distribution. The MLM estimates of the LN distriian
weighted moments (PWM), etc. are commonly used forare given by :

estimating the parameters of the distributions. The '
procedures involved in estimating the parameterBoé-
Cox by Transformation method, Lognormal by MLM, . .
Log Pearson Type lll and Pearson Type Il by MOMI an Q(d,T) = EXP[uy(d)+ZTUy(d)] 4
Weibull by PWM and determining the low-flow charac-

teristics of stream is briefly described in the seduent

to probability of exceedance (with reference toumet
period) andCq (= 0.0).

2.3. Lognormal distribution

n
sections. where, i, (d) = 1/n) Y v; (d) (5)
2.2. Box-Cox Transformation =
Tasker_ (1987) sugges?ed that the Box_—Cox o, (d)= [1/(n—l)]Z[yi(d)—u'y(d)]2 (6)
transformation (BCT) method is one of the most Wide =
appreciable methods in modelling low-flow. The
generalised power transformation of Box-Cox for {ow y.(d) =Ln[q (d)] @)
flow is : ' '
N Here, g;(d) is the minimumd-day average flow in
G= % _1,x¢0 ) yeari, n is the number of days of record, a#q is the
' _ ’ standard normal random variable corresponding ¢oTth
Ln(>),2 =0 year event. Stedinger (1980) suggested that Turkey

proposed the following formula for computing; for
where A is chosen so as to magen approximately ygjues of different return periods.

normal random variable with meamg) and standard

deviation &), and x is the annual minimund-day Z; = 4.9][(1/1-)0-14 _{1_(1/1-)}0-14] (8)
average flow. The method of estimatihgs to choose\
that makes the coefficient of skewne€sg) (0f sample ofy

to zero. This is accomplished by a trial and emethod.
The value of Q(d,T) may be estimated by substituting

sample estimates o, q and S, into the following ~ The Log Pearson Type IIl (LP IIl) distribution itsa
widely used for evaluation of low-flow events for

2.4. Log Pearson type Il Distribution

equation : different return periods. Loganathaet al (1985)
U expressed that the probability distribution functiof LP
Qd,T)= [Zp *A +1] (2) 1l distribution is in the form of :
where, Z, is the standard normal deviate for F0 = (l/axl”(b))("‘x—"c)b_lexp{— (IHX-C)}
probabilityp, and is given by : a
c<Inx<wfora>0,e0<Inx<cfora<0 9

Z,=q+Y,S, 3)
where, a, b and ¢ are scale, shape and location
where, gand S, are the mean and standard deviation parameters of LP Iil distribution respectively, afi(b) is

a gamma distribution The parameters a, b andLédfl

of the transformed series of the annual minimdida
I . n 4 can be computed from the recorded data by replacing
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population statistics with sample statistics sushnaean where, K+ is the frequency factor corresponding to
(y), standard deviation) and coefficient of skewness ropapility of exceedance aref .

(C's) of log transformed series of the annual minimum
d-day average flow. The parameters are furthed fise 2.6. Weibull distribution
evaluation ofQ(d, T) for different return periods through

the Eqn. (10) and is given by : Weibull distribution, as described by D’Agostino
' ' and Stephens (1986), is also employed for modetlirg

low-flow data. The method based on PWM is used to

estimate the parameters of the distribution. The

cumulative distribution function of Weibull (WB)
where, Kt is the frequency factor corresponding to distribution is given by:

Q(d, T) =Exp(a+bKy) (10)

probability of exceedance ar(d'S .
F(X)=P(X<x)= Exp{—(x/B)“] (24)
2.5. Pearson type Il Distribution
where,a and 3 are the parameters anxd> O; q,

Bulu (1997) stated that the Pearson Type Il (P Il B> 0. Following Nathan and McMahon (1990), the PWM
distribution is a three-parameter gamma distributiad is is used to estimate the parameters of the Weibull

widely used in low-flow studies. The probability distribution. PWM provide an alternative approaghhat

distribution function of P Il is defined by : of conventional moments for summarizing the
characteristics (location, scale, skewness, kugtasi an
£(%) :(]/a*l_(b*))(x;m)b*—lex{_ (x—m)} observed data set or theoretical probability distidn.

a * The theory of PWMs parallels that of conventional

moments, but, being linear functions of the daté&/MP
(11) suffer less from the effects of sampling variapiland
data outliers. PWMs are defined for a distributionction

m< xifa >0andx< mifa<o0

where, 4 b and m are scale, shape and location ~ = F () as:
parameters of P IIl distribution respectively, ah(b") 1
is a gamma distribution. By using the recorded eslof Mors =j{x(F)pFr @a- F)s}dF (15)
annual minimumd-day average flows, the mear?()g 0
standard deviations() and co-efficient of skewnes<{) where, p, r, s are integers and(F) is the quantile
are calculated as : function, or inverse cumulative distributive furmstj ofx.

The quantitiesM,,s may be used to describe and
characterize probability distributions; for examp\&, oo
- n n 2 42 p=1,2,3....,, are just the conventional momentXofAs
X= () x ;s=[2(xi -) /1-1] ; described by Greenwoodt al (1979), for a random
i=1 =1 sample of sizea from the distribution F, the quantity, o
. :[ (Xi —x)a/(n—l)(n—2)83] (12) may be estimated as foom the following equation :

.

i=1

1
b = FZ pix (16)

The parameters (a and b) of P Ill can be computed
from the recorded data by replacing_populationisﬂtass where, p is a plotting position of(x). He also
with sample statistics such as meax) (and standard expressed that the simulation experiment based omteé/
deviation §) of original series of the annual minimum Carlo trials could be found the best overall esténaf
plotting position and is given by = (j-0.35h) and

d-day average flow. By using andS, the low-flow accordingly this was adopted in this study.

statistic Q(d,T) for different return periods are

determined by using the Eqn. (13) and is given by : The inverse distribution function of the Weibull
distribution is given by :

Q(d,T) =Exp(a+bKy) (13) x (F) = p(-logF )"
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for which the PWMs may be written as :
1

Mio :J-B(—IogF)ll“F "dF
0

Substitutingu = -logF yields

)

My, o= B_[ uYeerug,
0

_prii+ @/ a)]

(17)

Using the Egn. (17), the parameterand3 may be
found explicitty by solving the following system of
simultaneous equations.

be =pr(l+ 1/ a); b, = 22 Wa) (18)
where, the term b(r = 0,1) is used to denote the
sample estimate dfl;, o, which can be computed by using
the Eqn. (18). The following equation is used ¢onpute
the low-flow statisticQ(d,T) for different return periods

and is given by:

Q(d,T) =P [vq™ (19)
where, Yr is the reduced variate and is defined by
Yr=-Ln [1-(1M)].

2.7. Chi-square test

Number of goodness of fit tests like Chi-squa® (
and Kolmogorov-Smirnov are commonly used to judge
the applicability of the selected distribution for
determining low-flow characteristics for differergturn
periods for a stream. By considering the convergesf
the series of datg?-test is used in the study. TR&test
statistic is defined as :

n _g )
=3y 05" (20)

i=1

where, O; is the frequency of observed value of
annual minimum d-day average flovis,is the frequency
of expected value of annual minimudiday average

flows and X% is the computed value gf-test statistic of

the selected distribution. Pearson and Hartley966)
expressed that the rejection regiorxdtest statistic at the

desired significance level is xé > xzn_m, 1. Table 1
gives the selected theoretical valuexbfest statistic.
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TABLE 1

Selected theoretical values of x*-test statistic

Degrees 0 D=P(X25X,2))
freedom 495 0975 0990 0995 0.999
2 5.99 7.38 9.21 10.6 13.8

If the computed value ofx?> of the selected
distribution is less than of its theoretical valae the
desired significance levehh with n-m1 degrees of
freedom, then the selected distribution is morerapate
than any other distributions for evaluation of Ifaw
characteristics. Her@, is the number of classes anmis
the number of parameters of the selected distohuti

2.8. Probability plot

Graphical methods are commonly used at various
stages of hydrologic analysis from the beginning
exploratory plots through various stages of analySuch
methods come to the aid in a various number of sagh
as estimating the magnitude of hydrologic eventstarir
corresponding probabilities of occurrence, detectin
outliers, and in evaluating the adequacy of fit. A
qualitative assessment of the goodness of fit can
advantageously be carried out by probability plbthe
low-flow estimates. An empirical probability plds
obtained by plotting the return period and probgbibf
exceedance along the horizontal axis and the low-fl
estimates of BCT, LN, LP Ill, P Illl and WB alonpet
vertical axis.

The low-flow characteristics in three differenteiv
basins have been evaluated using the low-flow s$iti
Q(d,T) for different return periods from 2 years to 50

years by adopting BCT, LN, LP Il P Ill and WB
distributions. Data in respect of river Mahanadi at
Basantpur site for the years 1965-94, river Godastar
Pathagudam site for the years 1964-93, river Naansd
Mandleshwar site for the years 1969-98 are usetthig
study.

3. Reaultsand discussions
3.1. Estimation of Q(d,T) using BCT, LN, LP I

and P Il and WB Distributions

By adopting the procedures of BCT, as described
earlier, a computer program was developed and tsed
determine the transformation constan) for different
values ofd such as 7, 10 14 and 30 days from
the computed annual minimum d-day average floBs.
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TABLE 2

Parameters of BCT for different valuesof d

Site

Parameters and S; in ms) of BCT for :

d=7 d=10 d=14 d =30
q Sy q Sy q Sy q Sy
Basantpur 15.302 7.867 13.962 7.080 13.491 6.768 .3212 6.002
Pathagudam 2.270 0.371 2.759 0.497 4.870 1.208 6545 1.344
Mandleshwar 12.321 3.515 13.007 3.661 13.734 3.831 14.309 3.930
TABLE 3
Parametersof LN distribution for different valuesof d
Parameters;(ty‘ and Uy' in m*s) of LN distribution for :
Site d=7 d=10 d=14 d=30
My' Gy‘ l’ly‘ Gy‘ l‘ly‘ cy‘ l‘ly‘ cy‘
Basantpur 1.732 0.411 1.767 0.425 1.803 0.439 1.825 0.431
Pathagudam 2.232 0.359 2.278 0.345 2.351 0.345 2.496 0.349
Mandleshwar  3.479 0.453 3.505 0.439 3.534 0.428 3.585 0.419
TABLE 4
Parametersof P |11 distribution for different values of d
Parameters;( andS; in m’/s) of P Ill distribution for :
Site da=7 d=10 d=14 d=30
X S X S X S X S
Basantpur 6.040 1.893 6.280 2.023 6.540 2.152 6.670 2.188
Pathagudam 9.910 3.606 10.333 3.574 11.083 3.598 12.833 4.235
Mandleshwar 35.456 14.305 36.190 14.187 37.190 14.263 38.963 14.780
TABLES
Parameters of WB distribution for different valuesof d
Parameterso( andp in m?/s) of WB distribution for :
Site d=7 d=10 d=14 d=30
a B a B a B a B
Basantpur 3.969 6.040 3.827 6.280 3.725 6.540 3.734 6.670
Pathagudam 3.348 9.910 3.558 10.333 3.770 11.083 3.665 12.833
Mandleshwar 3.033 35.456 3.138 36.190 3.215 37.190 3.284 38.963
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TABLE 6

Estimates of annual minimum d-day average low-flow eventsfor different return periods using Box-Cox Transfor mation, L ognormal,
Log Pearson Typelll, Pearson Typelll and Weibull distributionsfor river Mahanadi at Basantpur site

Return Q (d, T) [m¥s]

period d=7 d =10 d=14 d =30

T (yrs) BCT LN LPIII Pl WB BCT LN LP Il PIII WB BCT LN LPIIl Pl WB BCT LN LPIIl Pl WB
2 6.27 5.65 6.31 6.24 551 6.515.85 6.55 6.48 5.71 6.77 6.07 6.83 6.755.93 6.87 6.20 6.94 6.86 6.05
5 4.67 4.00 430 454 4.14 4794.09 4.41 4.66 4.24 494 420 454 4.824.37 5.01 4.32 4.65 4.91 4.46
10 3.62 3.33 3.28 3.52 3.43 3.68 3.39 3.33 3.59 3.49 3.79 3.46 3.39 3.683.57 3.86 3.57 3.50 3.77 3.65
25 2.07 274 2.30 2.34 2.70 2.142.78 2.32 2.36 2.72 2.22 2.81 2.33 2.382.77 2.37 291 2.44 2.48 2.83
50 1.68 2.42 1.77 151 2.261.762.44 1.78 1.53 2.27 1.90 2.46 1.82 1.562.29 2.19 256 1.86 1.59 2.35

BCT: Box-Cox Transformation; LN: ¢poormal; LP Ill Log Pearson Type lll; P Ill: Peans®ype Ill; WB: Weibull

TABLE7

Estimates of annual minimum d-day average low-flow eventsfor different return periods using Box-Cox Transfor mation, L ognormal,
Log Pearson Typelll, Pearson Typelll and Weibull distributionsfor river Godavari at Pathagudam site

Return Q (d, T) [m¥s]

period d=7 d =10 d=14 d =30

TOT™S) BCT LN LPII Pl WB BCT LN LPIIl P1Il WB BCT LN LP Il Pl WB BCT LN LP Il P Il WB
2 9.32 9.31 9.31 9.43 8.88 9.859.76 9.84 9.88 9.3210.8210.50 10.8510.8210.082.5212.1312.4512.58 11.61

5 6.88 6.89 6.88 6.82 6.33 7.317.30 7.31 7.27 6.78 8.00 7.86 7.96 8.007.45 9.20 9.05 9.14 9.22 8.52
10 5.87 5.88 5.88 5.71 5.06 6.22 6.26 6.23 6.14 5.49 6.68 6.75 6.64 6.686.10 7.65 7.76 7.65 7.59 6.94
25 496 496 4.97 4.70 3.81 5.21 5.31 5.23 5.10 4.21 5.39 5.73 5.39 5.364.74 6.14 6.58 6.26 5.96 5.36
50 4.44 445 445 4.14 3.09 4.64 4.78 4.66 4.52 3.45 4.63 5.16 4.67 4.573.94 524 592 5.46 4.96 4.43

TABLE 8

Estimates of annual minimum d-day aver age low-flow eventsfor different return periods using Box-Cox Transfor mation, L ognor mal,
Log Pearson Typelll, Pearson Typelll and Weibull distributionsfor river Narmada at Mandleshwar site

Return Q(d, T) [ms]

period d=7 d =10 d=14 d =30

T(yrs) BCT LN LPIIIl Pl WB BCT LN LPIIl PIll WB BCT LN LPIll Pl WB BCT LN LPIl Pl WB
2 34.3032.44 34.3434.1331.4235.1233.28 35.1534.9732.2036.18 34.32 36.18 36.04 33.18 38.72 36.06 37.86 37.64 34.85

5 23.1222.18 22.7523.2021.6223.9623.02 23.5924.0422.44 24.90 23.96 24.52 24.98 23.32 26.73 25.38 25.91 26.30 24.68
10 18.0018.16 17.7218.1916.8818.8018.97 18.5318.9817.67 19.65 19.83 19.38 19.81 18.47 21.14 21.10 20.64 21.08 19.64
25 13.1114.67 13.2113.3612.3513.8315.4213.9514.0613.06 14.56 16.20 14.71 14.74 13.75 15.73 17.31 15.83 16.03 14.71
50 10.2812.78 10.76 10.50 9.79 10.9413.5011.4411.1310.4411.5814.2312.1411.71 11.05 12.56 15.25 13.16 13.03 11.88

BCT: Box-Cox Transformation; LN: Lognormal; L Log Pearson Type llI; P 1ll: Pearson Type NYB: Weibull

TABLE9

Computed values of X for different valuesof d for BCT, LN, LP 111, P11l and WB distributionsfor riversMahanadi at Basantpur,
Godavari at Pathagudam and Narmada at Mandleshwar sites

Computed values of for :
Site d=7 d =10 d=14 d =30
BCT LN LPIII Pl WB BCT LN LPIIIl Pl WB BCT LN LPII Pl WB BCT LN LPIIl PII WB
Basantpur  3.472.6513.2393.9092.3943.5732.8803.5914.0232.625 3.436 2.962 3.734 4.0132.646 3.0062.703 3.429 3.6982.514
Pathagudam 0.561.5720.5740.3430.8440.3870.4990.4020.326 0.856 0.462 0.527 0.410 0.4411.249 1.0740.666 0.874 1.4752.441

Mandleshwar6.5693.6435.6335.9899.8806.2343.1725.2055.7899.322 6.262 2.917 5.062 5.9959.290 6.0172.888 4.984 5.1689.675
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Fig. 1. Low-flow frequency curves using BCT, LN, LP IIl,IP and WB estimates for different return periddsriver Mahanadi at Basantpur site

Q(14, T) (m%s)

o

w

Return Period (yr) Return Period (yr)
B 3 10 » U 2 5 10 25 50
r T " o 12 : :
[¢BCT 4 LP Il xPIll ¢ WB m OBSERVED W LN | [¢BCT aLPII xPIIl « WB_ s OBSERVED ® LN | }
s 2 :
= g "
£ 6
g
‘ T3t
\
. . , J 0 . . . . |
0.5 0.8 0.9 0.96 0.98 0.5 0.8 09 0.96 0.98
P(Q<Q(7,T)) P(Q<Q(10,T))
Return Period (yr) Return Period (yr)
2 5 10 25 50 2 5 10 25 50
. . ,‘ 15 . )
[¢BCT aLPII xPIIl « WB_mOBSERVED ®LN| | [¢ BCT aLPIIl xPIIl « WB m OBSERVED ®LN
i 12
%
e
8' 6
e
| 3t
|
. . k . - 0 - ‘ j
0.5 0.8 09 0.96 0.98 0.5 038 0.9 0.96 0.98
P(Q<Q(14,T)) P(Q<Q(30,T))

Fig. 2. Low-flow frequency curves using BCT, LN, LP IIl,IP and WB estimates for different return periddsriver Godavari at Pathagudam site
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Fig. 3. Low-flow frequency curves using BCT,

using the Eqn. (1)A was determined in such a way that
the coefficient of skewness of the transformedesenf
the annual minimund-day average flow becomes zero.
Table 2 gives the parameters of BCT for differealues
of d.

For BCT, the annual minimum-day average flows
for different values ofl such as 7, 10, 14 and 30 days for
river Mahanadi at Basantpur site were transformgd b
using transformation constark)(of 1.835, 1.718, 1.644
and 1.560 respectively. Likewise, the differenues ofd
computed from annual minimuokday average flows for
river Godavari at Pathagudam sites were transforimed
0.015, 0.159, 0.543 and 0.547 respectively. Foerriv
Narmada at Mandleshwar site, the valuea afere found
to be 0.603, 0.619, 0.633 and 0.635 respectivety tha
same was used to transform the annual mininckday
average flows.
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LN, LP III,IP and WB estimates for different return peridds river Narmada at Mandleshwar site

as : 7, 10, 14 and 30 days from the computed annual
minimum d-day average flows. Table 3 gives the
parameters of LN distribution for different valusfsd.

The parameters of LP Il distribution for different
values ofd such as 7, 10, 14 and 30 days were determined

by using the sample statistics of mea}l)(and standard
deviation §) of the log-transformed series of annual
minimum d-day average flow and are given in Table 3 as

uy' andgy' respectively. Likewise, the parameters of P

Il distribution were determined by Eqn. (12) frotine
recorded value of annual minimudaday average flows.
Table 4 gives the parameters of P Il distributifom
different values o#l.

By adopting the procedures of PWM, as described
earlier, the parameters of the WB distribution were
determined. Initially, the first two moments, @ndb;) by

A computer program was developed and used toysing the annual minimurd-day average discharges for

determine the annual minimudiday average flows for
periods of time of : 7, 10, 14 and 30 days. Thampeters

(py' and gy') of LN distribution were deter-mined by

using the set of Egns. (5-7) for different valuésisuch

different values ofd such as 7, 10, 14 and 30 were
determined by using the Eqn. (16) and further used
determine the parametera @nd () of WB distribution
through the Eqgn. (18). Table 5 gives the parametktise
WB distribution for different values af
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Further, the parameters of the BCT, LN, LP lILIP |  that the computed values qf for different values of
and WB distributions for different values dfsuch as 7, d such as 7, 10, 14 and 30 days obtained from BQIT an
10, 14 and 30 days were used to deternfj(d,T) for WB distributions for rivers Mahanadi and Godavati a

different return periods of 2, 5, 10, 25 and 50ryear ~ Basantpur and Pathagudam sites respectively aéHas
rivers Mahanadi at Basantpur, Godavari at Pathaguda the theoretical value of?, 0.es and are not significant at
and Narmada at Mandleshwar sites by using the5 percent level of significance.

corresponding equation of)(d,T), as defined earlier.

The estimates of annual minimwivday average low-flow
events for different return periods obtained frooxBCox
Transformation, Lognormal, Log Pearson Type |Ill, L . ;
Pearson Type I gnd Weibull %istributions fgf five LN, LP Il and P Il distributions for rivers Mahadi at
Mahanadi at Basantpur site are given in Table B@$ Basantpur, Go_davarl at Pathagudam and .Narmada at
LN. LP Ill. P Il and WB values. Likewise. the asthte,s Mandleshwar sites are less than the theoreticalevaf

of annual minimumd-day average low-flow events for X,ZZ, o095 and are not significant at 5 percent level of
different return periods obtained from the above- Significance.

mentioned distributions for rivers Godavari at

From the results of the data analysis, it may be
further noted that the computed valuesgdfior different
values ofd such as 7, 10, 14 and 30 days obtained from

Pathagudam and Narmada at Mandleshwar sites aga giv By considering the variation in the magnitudexbf
in Tables 7 and 8 respectively. test statistic values for different valuesdo$uch as 7, 10,
14 and 30 days, two-parameter Lognormal distrilbut®

3.2. Low-flow frequency curves found to be better suited for determination of Ifhow

characteristics for river Narmada at Mandleshwae. si
Likewise, Weibull and Pearson Type Il distributsoare
found to be suitable for determination of low-flow
characteristics for rivers Mahanadi and Godavari at
Basantpur and Pathagudam sites respectively.

The low-flow values ofQ(d,T) for different values

of d such as 7, 10, 14 and 30 for different returnqubsi
from 2 to 50 years obtained by BCT, LN, LP IIl,IPdnd
WB distributions were used to develop low-flow
frequency curves. Figs. (1-3) give the low-flowduency
curves using BCT, LN, LP Ill, P lll and WB estimatfor
rivers Mahanadi at Basantpur, Godavari at Pathaguda
and Narmada at Mandleshwar sites respectively.

5. Concluding remarks

The paper described a procedure for fitting various
frequency distributions such as Box-Cox by
transformation method, Lognormal by MLM, Log Pearso
Type lll and Pearson Type Ill by MOM and Weibull by
PWM distributions for low-flow stream flow data. &h
_ i ; aper also described the methodolo involved in
events for different return periods obtained fror@TB gvgluating the frequency and magnit%)(/je of annual

LN, LP Il P Il and WB distributions for rivers pinm d-day average low-flows at a gauged site for

Mahanadi at Basantpur, quavari at Pathaquam an(éiifferent recurrence intervals witth taking the values 7,
Narmada at Mandleshwar sites are quite distinctnfro 10, 14 and 30 days. From this paper, it is olebihat

each other. Xz'teSt_Wf"‘S carried out to judge the |, Normal, Weibull and Pearson Il distributionsea
applicability of the distribution for estimation &(d,T) found to be suitable for determination of low-fleiveam

for different return periods for rivers Mahanadi at data for rivers Narmada, Mahanadi and Godavari
Basantpur, Godavari at Pathagudam and Narmada atespectively. It is also observed that no uniforegfiency
Mandleshwar sites. Table 9 gives the computedegabf distribution fits to all types of stream flow buiffdrent

x? for different values ofl such as 7, 10, 14 and 30 days distributions fits to various stream flows. The kiow

for BCT, LN, LP IlI, P Il and WB distributions forivers frequency curves are developed and presented & thi
Mahanadi at Basantpur, Godavari at Pathagudam angaper.

Narmada at Mandleshwar sites.

4. Discussions

It may be noticed from the Tables (6-8) that the
estimates of annual minimurd-day average low-flow

From the Table 9, it can be seen that the computed
values ofy? for different values ofl such as 7, 10, 14 and References
30 days obtained from BCT and WB distributionsriger
Narmada at Mandleshwar site is greater than theBUIu’ A., 1997, “Statistical Analysis of Low-flowsith Zero Discharges,
. Report of Flow Regimes from International Experittarand
theoretical value o)’(ZZ, o.gsand are significant at 5 percent O Oy edimes oM emnationa’ Expentaan

Al Vel ! Network Data, International Hydrology Programme d&és |V
level of significance. On the other hand, it mayrioted & V)", UNESCO, 167-170.



300

D’Agostino, B. Ralph and Stephens A. Michael, 19&€69odness-of-Fit
Techniques”, M/s Marcel Dekkar Inc., 270 MadisoneAue,
New York 10016, USA.

Greenwood, J. A., Landwehr, J. M., Matalas, N. ad &vallis, J. R.,
1979, “Probability Weighted Moments; Definition aRelation
to Parameters of Several Distributions Expressibl&everse
Form”, Water Resources Reseaycts, 1049-1054.

Kernell, G. Ries Ill, 1994, “Estimation of Low-flo®uration Discharges
in Massachusetts”, United States Geological SurVéster
Supply Paper, 2418.

Loganathan, G. V., Kuo, C. Y. and McCormick, T. £985, “Frequency
Analysis of Low Flows”Nordic Hydrology 16, 105-128.

MAUSAM7, 2 (April 2006)

Nathan, R. J. and McMahon, T. A., 1990, “Practidapects of Low-
flow Frequency Analysis”Water Resources Researc6, 9,
2135-2141.

Pearson, E. S. and Hartley, H.O., 1966, “BiomeTrables for Statisti-
cians”,l, Table 8, 137-138.

Stedinger, J. R., 1980, “Fitting of Log-normal Diktition to Hydro-
logical Data”,Water Resources Researdh, 481-490.

Tasker, Gary, D., 1987, “A Comparison of Methods Estimating Low
Flow Characteristics of Stream&¥ater Resources Bulleti@3,
1077-1084.

Vogel, R. M. and Kroll, C. N., 1990, “Generalisedv:-flow Freg-uency
Relationships for Un-gauged Sites in Massachusétiater Re-
sources Bulletin26, 241-253.



