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ABSTRACT

The term low flow iz broadly used to describe stream flows
that are significantly below average or below normal flow levelg.
Reliable estimation of low stream flows is necessary to
investigate drought characteristics of the basin and to describe
the capability of a stream to supply requirements for river
navigation, municipal and for industrial supplies, liguid water
disposal, irrigation and maintenance of suitable conditions for
aguatic life. The important characteristics in the study of low
stream flow are the magnitude, frequency and duration. Regional
models are developed relating the flow characteriatice with
climatological, hydrogeclogical. and morpheleogical factor for
estimation of low flow characteristics for ungauged sites.

In the report a regicnal hydrelogical model is developed for
estimating flow characteristics at ungauged sites of Narmada
basin using climatological, hydrological and morphological
variables. The model is developed by relating the low flow

Narmada. Correlation analysig suggested that the variables like
drainage area, slope of maximum stream length and percentage clay
in goil could be the prime independent variable which could be
related to the flow characteristics. Normal monsoon and
nonmonsoon rainfall did not show the correlation with ten day
flow duration characteristics. Mean annual minimum flow
characteristice of flow indicated the correlaticn with bage flow
index and the rainfall of December month. Factor analysis
indicated the highest ranking of the independent variables in the
model are drainage area followed by slope of maximum stream
length and percentage clay in soil. The model showed the adjusted
coefficient of determination greater than 0.95. The mean annual
minimum flow model indicated the higheat ranking of base flow
index followed by rainfall of December month. The models
explains the adjusted coefficient of determination greater than
0.%1. The verification results of both the flow characteristics
are also presented.



1.0: INTRODUCTION

Hydrclogical drought in general is below normal water
availability in streams, reservoirs, lakes, tanks, aquifer and in
goil moisture. Whipple (1966) defined a drought year as one in
which the aggregate runcff is less tharnn the long term average
runof f. Yevjevich (1967) defined the term hydrological drought
as the deficiency in water aupply, or deficiency in
precipitation, effective precipitation, runoff or in accurulated
water in various storages. Linsley et. al. (1975} defined
hydrological drought as a peried during which stream flows are
inadequate to supply establisned uses under a given water
management system. Therefore, the quantification and prediction
of water availability is essential for water resource planning
and to meet the increasing demand. The deficits in surface water
resources are mainly reflected through low stream flows, which is
alsc a measure of drought. The hydrolegical drought phenomenon,
related to surface water can therefore be better studied through
low stream flows. The magnitude and the frecquency of occurrence
of low flow are the important characteristics cf low flow.
Keeping this in view an attempt has been made to formulate
regional low flow equation for Narmada Basin based on
climatological, hydrological and morphological variables of the

basgin,



2,0: REVIEW

Stream flow especially the low flow is one important
parameter which reflects the magnitude and severity of
hydrological drought. The low flow is defined as the annual
oecurring minimum flow of short duration. For defining low flow,
the parameters magnitude, frequency and areal extent are needed.
The magnitude of low flow determines the amount of water
available for specified uses over a given period. The frequency
of coccurrence of low flow events reflects the risk of failure of
availability of certain flow . Several concepts relating to low
flow, magnitude and duration of low flow ate given in Institute

of Hydrology (1980).

The low flow is defined by Institute of Hydrology (1980)
as low or no rain, absolute minimum or loweat flow, by a series
of low flow and diecharge not exceeded in certain Ffixed days
The other low flow characteristic is the flow duration, this
gives idea about the length of record. The lower end of the flow
duration curve is an expression of the low flow characteristics
of the stream. This characteristic of low flow is the rate at
which the flow is recorded in the absmence of the rain. The
frequency curve of annual low flows of a stream deacribes both
natural variation in stream flow and the wvariation due to
regularities. Weisman (1978) characterized the low flow by
defining the longest run length in a year below a given threshold
flow as an extreme value run and prepare frequency curve of

threghold flow for variocus run length,

The information needed while analysing the low flow is the

magnitude, duration and frequency of low flow. For describing a

ke



low flow, Salas (1980) defined the low flow variables as low flow
volume, discharge, stage and duration. The methodology for low
flow computation can be divided into three main groups as
deterministie, statistical and stochastic approaches. There are
variocus methods availakle in literature to analyse low flows Ffor
both gauged and ungauged catchments and catchments with adequate
and inadequate data. The deterministic models are basically
conceptual medels. These models are assumed to follow a definite
law of certainty. It may be applied to the situations, when it is
difficult tec provide a statistical description of low flow to
investigate drought, Guetli and Mayer (1978), Prakash (1981a},
and Dholakia {1985) attempted to deterministic approaches for

computing low flows for drought analysis.

Hall (1968} analysed the low flow during drought and
indicated that the hydregraph of low flow esgentially represents
the base flow. Prakash (1981B) discussed a deterministic
approach for estimating the contribution of irrigation return
flew, rainfall and upstream releases to an effluent stream under
drought conditions. Verma (1979) proposed a non linear storége
routing equation in combination with the base flow recession to

predict low fiow for effluent streams.

Various statistical approaches are available in literature
te analyse low flows both for gauged and ungauged catchments. It
include low flow duration curve, low flow frequency analysis,
study of deficit volume of stream flow. In analysing the stream
flow, the simplest technique is to construct a flow dufation

curve.

The flow duraticn curve is a cumulative frequency curve that

shows the percentage of time during which apecified discharge



were equalled or exceeded during the period of record. The
procedure of congtructing flow duration curve is given by
Institute of Hydrology (1980). Depending upon the record of data
the guidelines suggested by Institute of Hydrology (1$80) are as

follows;

1. If data are more than ten years, then these data will not
need any adjustment or standardization as these data record will

provide an accurate flow duration curve.

2. If data is between two to ten years then one have to devide
flow data by average flow over the period of record before

analysis.

3. If the period of record is less than two years, then one can

use the empirical methods to estimate the data.

The weakness of flow duration curve is that, it deals only
with discrete wvalue of flow and reveals nothing about the
sequences of low flow. Flow duration wvalue of 90, 95 and 99
percent are normally used as measure of stream low flow potential

in hydrolegical drought studien,

Stochastic models produces a synthetic record of hydrologic
data having an equal likelihood of occurrence as the historical
recerd. Stochastic modelling for stream flow generation have
been used by superimposing a random fluctuation on a
deterministic component using the basic statistics of the

historical records.

Askew et. al. (1971) cbeerved that existing synthetic stream
flow generation medels fail to accurately reproduce historiecal

critical periods. James et. al. {1981) compared the stcochastic

b=



stream flow model for drought analysis and found that ARMA-Markov
and ARMA models are the best overall models in terms of
preserving short and long term persistence of stream flow

sequences.

The low stream flow is affected by many factors. some of
the factors are classified into greoups of climatic factors,
hydrogeclogical factors, morphological factors, morphometrical

factors and gocial factors.

The climatic factors includes precipitation, evaporation,
humidity and temperature. The amount of precipitation, intensity
and ite distribution over time is reflected in beoth surface water
and ground water storage. Graphical relationships are reported
between precipitation and low flow are by McMahon and Arenas

(1382) and UNESCOC (1982).

The hydrogeclogical factors are the geology of the basin and
groundwater. The soil properties and the soil strata affects the
low flows. 'The basin which have unconsclidated sands and gravel
produce a sustained flow while on the other hand, the basin
conaist of unfractured igneous rocks and, clays produce a little
flow. The ground water storage depends upen the geological

structure and hydrogeclogical cendition of the basin.

The Morphological factors like basin relief and the presence
of lakes and swamp affects the low flow (Singh and Stall, 1974}.
The merphometrical factors like basin area, slope channel storage
affects the low flow. The social factors are the urbanization

and development of storage structures.

Estimation of low £flow at wungauged site or the



regionalization depends on hydrological knowledge of regicn. The
low flow at ungauged gite can be obtained by the relatiocnship
between the flow characteristics and one or more basin and other
characteristics. To achieve the objective, it is necessary to do
regicnal study of all possible gauged =site for flow
characteristics and variables affecting the flow. Flow duration
curves are widely used to obtain flow characteristics. Much of
the literature on flow dJuration curves concentrated upon
graphical methods for constructing a flow duration curve is by

Foster (1934) and Searcy {1959).

Regionalization cf discharge commonly uses one of three

bagic procedures as below;

a) Fit a statistical distribution or graphical methced for
constructing a flow duration curve to individual flow data.
Relate the distribution parameters to physical Dbasin

characteristics.

b) as reported in (a), but relate discharge with specified

return period to physical characteristics, and

c) ags reported in (a) using individual flow gauge data, but
transforming the discharge £c non-dimensional form by dividing by

the mean discharge and relating to physical characteristics.

Regicnalization and relating the statistical or flow
parameters for short or long series data is presented by
Dalrymple (1860), NERC (1975), Pilgrim (1989) and Riggs (1990).
Te identify objectively homogeneous hydrological regions,
multivariate techniques have heen widely applied using either
hydrological characteristics or catchment characteristics.

Cluster analysis, discriminant analysis, analysis of variance and



principal component analysis are the toole commonly used for the
investigation of regiconal floods {Mosgley, 1881; Waylen and Woo,
1584; Gottschalk, 1%85' Wiltshire, 1985). The Euclidean distance
method of clustering is most commonly used. Hence the zimilarity

between clustering variables were measured by Euclidean digtance.

The similarity measure is highly dependent upon the scale of
measurement used in the c¢luster analysis. The characteristics
that are measured in large numbers will contribute more to the
similarity measure than the c¢haracteristics recorded in smaller
number. The characteristica could be sgtandardized by uging the
eigenvalue based on the assumption that the principal components
play the same important part in grouping the clusters. Therefore,
the characteristics were standardized to have the same weight in
c¢luater analysis. Before cluster analysis is applied to group the
catchments, the clustering variable should be suitably chosen for

analysis because of its influence on the results.

3.0: STUDY AREA AND DATA

The development of regional eguations for low flow
characteristics for Narmada basin, the flow data at twelve gauge
sites; Mohgaon on Burhner river, Hridaynagar on Banjar river,
Gadarwara on Shakkar, Belkheri on Sher river, Patan on Hiran
river, Manct on main Narmada river Chhigacn on Ganjol river,
Kagon on Beda river, Chhotatawa on Ginnor river, Tikela on Hathi
river Bareli on Barna river and Maheshwar on Tindoni river is
congidered. The location of sub basins considered for analysis
are reported in Fig. 1 and Fig 2. Daily discharge data measured
at 8.00 a.m. were collected from Central Water Commission, New

Delhi. The flow data awvailability and length of records is

-1
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reported in Table 1.

Table 1: Daily discharge data availability of twelve sub basins
in Narmada basin.

S1. MName of Name of gauge Starting date Ending date Data

no. Sub-basin site of record of record length
(Years)

i Burhner Mohgacn 1.6.77 31.5.83 15

2 Banjar Hridaynagar 1.6.77 31.5.93 le

3 Shakkar Cadarwara 1.6.77 31.5.83 16

4. Sher Belkheri 1.6.77 31.5.93 16

5. Hiran Patan 1.6.78 31.5.93 15

6 Narmada Manot 1.6.77 31.5.83 16

7 Ganjal Chhidacn 1.6.77 31.5.93 16

8 Beda Kagon 1.6.78 31.5.83 15

9, Ginnecr Chhotatawa 1.6.71 31.5.93 22

10, Hatni Tikola 1.6.85 31.5.93 8

il. Barna Bareli 1.6.85 31.5.93 8

12. Tindoni Maheshwar 1.6.85 31.5.93 8

4.0: METHODOLOGY AND ANALYSTS

The methodology for regionalization of low flow consists of
the fecllowing eteps. The preparation of data includes the
analysis for flow duraticn curve, and flow frequency curve from
the data reported in table i and estimation of hydrological,
metecrological and soil variables of basin. For development and
verification of the regional flow model the following analysis
are carried out. First is the estimation of the correlation
analysia of all the flow characteristice and variables in order
to identify the independent correlated wvariables, in the second
step the principal component analysis and factor analysis has
been done in order to define the principle components and their
percentage of variance in the regional model for flow
characteristics, in the third step the analysis for

hydrologically homcgeneous grouping is carried by cluster

HH



analysis on flow characteristics, the forth step is the formation
of model similar to the models reported in literature and in the
fifth and final step the verification of the model is done with

available data.

4.1: Analysis for Low Flow Characteristics

In this section the flow data is subjected to different
analysis. It includes the analysis of ten daily flew duration
curve and estimated values of ten daily flow at 85, 75 and 50
percent probability. The values of ten daily mean annual minimum
are also estimated for the period from November lst to March 3lst
of each year. Yearly mean and minimum flow of all the =sites are

subjected to statistical analysis.
4.1.1: The flow duration curve

The daily flow data are analysed to develop flow duration
curve, The methodology used to analyse and develop the flow
duration curve is as described by Institute of Hydrology (1980).
A computer programme is developed with option to analyse the flow
data for 1 day, 7 daily, 10 daily and monthly mean flow. The
programme initially considers the atarting date as June 1 and
ending date as May 31, but has option tc change the starting and
ending date to avoid the period of zero flow in estimation. A ten

day flow duration curve for all the sites is shown in Fig. 3.

The statistical summary of low flow based on twelve sub
basins at 95 %, 75 % and at 50 % for different days duration is
reported in Table 2. It can be seen that standard deviation
reduces with increasing average at the same time the skewness

increases.

11
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Fig.3: Ten day low flow duration curves for different sites.




Table 2: Statistical summary of mean low flow based on the data
of twelve sub basing of Narmada.

S1. Number of Low Flow Low flow, m3/sec

No. stations MEAPUEE  —-=--——=—==--—-——--r--------c-o--o--ro-s

S 7 10 15 30
Mean
1. 1z Q95 47.81 43.09 38.41 32.67 23.45
2. 12 o275 54,31 49,06 44.02 37.89 28.10
3. 12 Q50 67.60C 61.32 BEH.66 48.89 38.36
Standard deviation
1. 12 95 33.14 31.20 28.21 21.58 13.30
2. 12 Q75 36.97 34,76 31.56 24.72 16.00
3. 12 Q50 44 .59 41.84 38.23 31.22 22.10
gkewness
1. 12 Q95 1.09 1.04 1.18 0.58 0.07
2. 12 Q75 1.06 1.00 1.14 0.59 0.12
3. 12 Q50 1.02 0.9%5 1.06 0.60 0.23

The programme calculates a straight line fitting of flow
duration curve between log of average discharge and log of
percentage of time the discharge exceeded and calculates for
0ss(1o), Q75{(10), Qs50(1c). The values of ten day flow at
different percentile for duration starting from July 1ist and
ending on March 31st is plotted in Fig. 4, Fig. 5 and Fig. & for

095(10}, Q75(10), Q50{10).

The behaviour of flow duration curve indicates a similarity
among the sites. However, variation in the wvalues of discharge,
at different percentages of time discharge exceeded almo exists
among sites at low percentage. At high percentage, the flow
duration curve has similar values. It suggests that the estimated
flow duration curves could bifurcate at low percentage and will

merge in to one at high percentage.

4,1.2: Statistical analysis by grouping
The statistical analysis of mean annual flow has also been

carried out for grouped mean, coefficient of variance,

13
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coefficient of skewness and for coefficient of Kurtosis.
Following eguations were used for the analysis of mean
coefficient of variance, coefficient of skewness and coefficient

of Kurtosis.

1 NC
Mean = Qm = --- Ei Qi - -{1
N E;l
1 NC
Standard deviation = 8D = ------ TOEL {( Qi - Qm)**2 - -(2)
N -1 i=1
Coefficient of variance = SD / Om - -(3)
WC
5. Bi ( Qi - Qm )#**3
1 i=1
Cocefficient of skewness = ----------- —-cmmmommmmmem e
{(N-1) (N-2} SD**3 - -(4)
NC
S Ei (Qi - Qm }*%4
1 i=1
Coefficient of Kurtosig = -~------------ —--muemmommommom -
(N-1) (N-2) (N-3) SD**4

- -(5)

Where; E is number of events in class Q (discharge}, NC is

the number of classes in which data is grouped. The above
programme also calculates the statistical property of grouped

data and is reported in Table 3.

Table-3: Statistical information of estimated mean annual flow.

81l. Name of Gauged Mean Coefficient of
No. basin site loW = e emmm e mmmmee oo m o ——- oo

1 Burhner Mohgaon 94,13 1.63 2.83 12.61
2 Banjar Hridaynagar 62.17 1.71 2.52 9.47
3 Shakkar Gadarwara 59.28 1.84 4.01 23.43
4. Sher Belkheri 37.50 1.78 6.15 62,05
5. Hiran Patan 68.38 1.77 3.43 17.27
6 Narmada Manot 132.62 1.60 3.09 15.84
7 Ganjal Chhidaon 49.29 2.07 5.77 45.51
8 Beda Kagon 45.61 2.08 5.12 34 .35
9. Ginnor Chhotatawa 98.31 2.00 4.59 28.08
10. Hatni Tikola 9.86 2.09 5.0% 33.51
11. Barna Bareli 29_68 2.56 10.17 123.43
12. Tindoni Maheshwar 31.75 1.98 4.80 33.17

17



The statistical analysis of groped data indicates a high
variation in the mean flow of the sub basins considered. At the
game time the values of coefficient of variance, coefficient of
skewness and coefficient of Kurtosig are high and supports the
variation.

4.1.3: Egtimation of mean annul minimum and its statistical
properties

The programme calculates minimum value of each year for
length of record considered and at the same time the programme
reports, the number of times the minimum value had occurred as
zero in order to avoid the presence of zero values in the record
and suggest for further sherting of annual duration. A subroutine
calculates the mean annual wminimum its coefficient of variance,
coefficient of skewnese and coefficient of Kurtosis report in
Table 4. The ten daily mean annual minimum for the duration
starting from November 1st to March 31st for different sites is

shown in Fig. 7.

Table 4: Statistical properties of mean annual minimum flow.

51.No Mean annual Ceefficient of No.of Mean annual
of minimum with ---------------—--—--+~-w--- vears minimum
basin with zero Variance Skewness Kurtosis record with out
values zero values
1 1.29 .67 .61 3.20 1 1.38
2 1.03 1.11 2.08% 8.76 2 1.18
3 5.37 .32 1.10 4.41 o] 5.37
4 2.76 .54 62 4.11 1 2.94
5 6.53 40 - .40 2.56 0 6.53
[ 2.96 589 97 3.54 4] 2.96
7 2.32 .33 ~-1.21 4,23 0 2.32
8 1.12 1.2% 1.22 4,69 8 2.40
G 0.47 1.47 1.93 6.91 B .74
1¢ 2.10 1.82 2.05 7.96 5 5.60
11 2.47 .73 -.08 4,24 2 3.29
12 0.55 .89 50 5.12 2 .73

i8
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For the case when a minimum value in a year is observed zero
the mean annual minimum is again calculated by skipping that zero
value. The mean annual minimum with zero values in it, its
coefficient of variance, coefficient of skewness and coefficient
of kortosis along with the mean annual minimum excluding zero

values is reported in Table 4.

4.1.4: Estimation of basa flow index

Two major hydrological characteristics identified and used
in the model are the Base Flow Index (BFI) . A number of regiocnal
low flow studies including Wright (1974), Xlaassen and Pilgrim
(1975) . Institute of Hydrology (1980) and pirt and Douglas (1982)
have highlighted the importance of base flow index for indexing
the hydrogeclogy of the catchment if flows are successfully to be

predicted at the ungauged site.

The developed. programme estimates base flow index using
smoothing and separaticn rules on the mean daily flow hydrograph.
The method is based on an idea by L'vovich {1972) and calculates
the BFI. The programme calculates the minimum of three days
consecutive period and searches for turning point in this
sequence of minima. The published geparation procedure {Institute
of Hydrology, 1980) uses five days instead of three only because

the catchments are not very fast responding.

The BFI values ranges from 0.1 to 1.0 for a very flashy
river to very stable river. In present case the wvalues of BFI
ranges from minimum 0.11 to 0.24 and therefore all the gub bagins
could be considered as flashy or fast responding (Table 3).
Regression relationships are derived relating BFI to low flow

characteristics.



Table 5: Selected lowflow, geographical and other characteristics and variableg of the sub basine of Narm

Bawin code B21 B20 Bl5 B17? BlE B22 B1lD B7 Bg az

Basin name Burh Banj Shalk Sher Hira M.River Ganjal Beda Ginngr Hatni
Gauge site Mchg Hriday Gadar Belkh Patan Manct Chaidg Kagon Cho.Tawa Tikola
bL, Yre 15 16 16 16 15 16 16 15 22 ]

Q95(10), m3/mac 57.43 28.81 41.78 26.93 34.28 100-43 34.05 23.17 8022 4.21
Q75(10), m3fmac 65.8B8 314.233 47.62 30.51 44.19 112.87% 39.07 27.26 890.91 5.02
050{10), mi/aec 81.38 46.11 59.61 17.78 52.84 137.23% 4%.46 16.01 112.74 6.H1
MAM ZE, & ADF 1.29 1.03 5,37 2.78 £.53 2.96 2.32 1.12 0.47 z.10
MAM, % ADF 1.38 1.18 5.37 2.94 £.513 2.96 2.32 2.40 U.74 5.60
BFI, Ratio 0.20 0.18 0.20 0.18 0.24 v.21 6.16 %.17 5,17 019
KOS, Humbers 1266.00  730.00 $83.08  514.00  §21.00 1923.00 481.00 1410.00 1402.040 €39.00
50, Kumbers 6.00 5.00 5.00 5.00 5.00 6.00 5.00 6.0D .00 5.00
MSL, cm 59.24 63.51 56.84 31.28 46.68 95.47 51.43 43.08 Ad.23 43.65
MXL . Cm 65.45 63.71 S8.02 34.15 53.96 102.12 55.08 47.298 63.24 43.65
AREA, cm2 661.07  495.87 360.87  241.7%  4B4.78 805.18 284 .00 850,53 838.92 134,39
ELOUT, L] 585.00 §01.00  §60.00  400.09 386.00 5B5.00 300.00 176.00  416.00 100,00
ELMEL, m §50.00  700.00 1099.00  641.00 505.00 1059.00 710.00  Az0.00 500.00 460.00
ELMXL, m 388.00  700.00 10%35.00 800.00 582.00 962.00 700,00  849.00 700.00 460.00
L1, Cm 64B.12 i9s.29 469.63 260.73 411.29 293.09 310.33 A45.56 799.42 432.05
L2, cm 196.27  130.02 130.73 83.40 143.15 271.60 T4.36  249.22 187.60 99.63
L3, cm 65.38 56.74 B3.B2 45.36 €5.15 100.22 a7.8s 131.53 1B2.89 57.01
L4, om 58.62 47.91 53.80 27.25 22.1%9 €9.32 68.37 36.26 42.04 29.77
L5, cm 30.49 27.30 32.71 3.18 40.33 31.63 0.18 36.03 30.08 12.67
LE, om 40.47 a.00 0.00 0.00 0.00 10.91 0.00 10.45 4.45% .00
TL, cm 1039.34  661.28  770.69  443.%2 682.11 1536.76 491.280 1313.06 1246.4%  §11.13
o1, Humbers 520.00  280.00 458.00 236.00 269.00 B38.00 228.00  £70.00  482.040 2%a.00
02, Numbers 116.00 F4.00 10¢.00 42.00 67.00 190.00 52.00 155.00 10a.0¢0 §8.00
01, Numbers  27.060 14.00 16.00 B.00 19.00 37.00 10.00 32.00 21.00 12.00
04, Numbers €.00 1.00 4.00 2-%0 5.00 10.00 209 7.00 €.00 3.00
o5, Humbers 1.00 1.00 1.00 1.a0 1.00 31.00 1.00 2.00 2.00 1.00
o6, Numbera 1.040 .00 .00 ¢.00 Q.90 1.00 0.00 1.00 1.00 0.00
™, Numbers 673.00 372.00 579.00  298.00 361.00 1879.00  253.00  8§7.00 £20.00 382.00
MBL, Km. 148.10 156.78  142.10 78.15 116.65  238.68 12B.58  107.70 110.57 109.13
WAL, Km 163.63 159.28  145.05 85.38  134.30  255.3} 137.70  118.23  158.10 109.13
SAAR, mm. 1547.76  1533.8¢ 1317.00 1353.30 1271.60¢ 1543.60 1189.20 B31.50 E60.00  828.00
SNAR, mm 198.56  186.13 172.85 181.31 142.30 207.41 112.70 91.90 54.560
ST.DIA, mm 1.51 0.73 0.¢5 9.05 0.04 1.71 0.0¢ 0.04 0.04 0.0%
CLAY, ] 15.00 23.00 30.40 30.40 10.00 11.80 316.00 30.00 10.00 io.00
BV.CH, Av.CH 7116 69.52 72.00 72.00 78.88 5. 96 65.98 74.13 74.48 82.91
FOREST. 3 0.58 0.62 0.58 Q.57 ) 0.33 0.43 0.76 0.48 0.44 0.21

Where: DL, Data length; Q85(10), Teén daily mean annual flow at 95 percentile; Q75{10}), Ten daily mean
percentile; Q50(10), Ten daily meap annual flow ar 50 percentile: MAK ZB., Mean annual  cminimum  with  zer
annual minimum Witheut zero valuas; BFI, Base flow index; NOE, Number of breaks; 80, Stream Ovder; M3k,
MXL, Maximum atream length; ARER, Area; BLOUT, Elevation at outlet of stream; BLMIL, Elevaktion of wmain
Elevation of maximum atream end; L1, Length of firet order stream; L2, Length o¢f pecend order atrEalﬁ;

order Btream; L4, Length of fourth order stream; LS, Langth of fifth order stream; L&, Length of aixrh
Total length of strsams; 0O, Number of segments in first order streams; 02, Number of segments in sacond
Humber of segments in third order streama; 04, MNumber of segments in fourth order streams; OS5, Number o
ordey gtreams; ©O6, Number of asegments {n pixth order streamp; TN, Total number of pegments; W8L, Main
Maximum stream length; SAAR, Seasonal annual normal rainfall; UONAR, Nonmonscon annual normal rainfall; 8T,

diameter; CLAY, Percent clay; AV.CH, Wetted average curve number; PMORRAT, Percent foreat area.



Here, I would 1like to indicaEg that base flow index ig not
an independent variable, but is a‘}low characteristics its self
derived from the flow data. It is therefore, the base flow index
is a flow characteristics not a variable. But in the literature

the base flow index is widely used as a variable other than the

flow characteristicsg, Institute of Hydrology (1289).

4.2: Estimation of Phyaical Variables

The possible important meteorclogical, soil, vegetation and
geomorphological variables are identified and estimated for each
catchment. The meteorological wvariable considered is the normal
rainfall, the soill wvariables considered are the soil texture and
percent clay in the scil and the vegetation variables considered
are the curve number and percent of forest in the area. A number
of geomorphological variables are selected and estimated by using
ILWIS {(Package on International Land and Water Imaging System) on

1:250,000 Scale toposheets provided by Survey of India.

4.2.1: Meteorological variables

The meteorological wvariables considered are the weighted
normal monsgcon rainfall, weighted normal non-mcnsoon rainfall and
the weighted normal rainfall of all the months. It makes a total
of 14 variables. The normal rainfall of the districts are used to
estimate the weighted normal rainfall cf sub basins based on the
weights of districts following in the sub basin. The weights of
the district falling in selected sub basginsg, normal monthly
rainfall and weighted rainfall is reported in Table &, Table 7

and Table 8 respectively.

rd
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Table 6: Weights of the districts falling in selected sub basin
of Narmada.

Basin Basin Site Numbey of districts Weights of each
code name name falling in sub basin district in subbasin
B21 Burh Mohg Mandla. Balaghat TDurg 0

B20 Banj Hriday Mandla Balaghat Durg 0

B15S Shak Gadar Chhid Nargim NIL o

B17 Sher Belkh Seoin Narsim Chhid ©o©

B18 Hira Patan Jabalpur Damch NIL 0.

B22 M.River Manot Mandla Shahdel NIL 0.85 0.15 0.00
B10 Ganjal Chhiad Betul Hoshanga NIL 0

B7 Beda Kagon West Nima NIL NIL 1

B8 Ginnor Cho.Tawa East Nima NIL NIL 1

B3 Hatni Tikola Jhabua NIL NIL 1

Bi2 Bareli Barna Raisen NIL NIL 1. . .
Bl3 Tendoni Mahseh Raisen NIL NIL 1.00 ©0.0C 0.00

Table 7: Normal monthly rainfall (mm] of the districes of selected pgub basins of Narwada.

Shahdol 19,90 35.70 24.20 18.80 15.10 1B5.30 J387.30 353.60 217.5¢ 54.50  17.50 7.40
Mandla 27.80  34.70  24.50 17.20 16.40 196.20 492.70 447.80  226.50 59,70 18.40 7.8
Durg 13,50 27.50 16.60 1B.30 1€.40 200.50 355.50 333.30 206.50 €3.70 13.50 4.20
Balaghat 17.80 29.60 18.50 16.20 11.80 211.70 557.90 445.20 23z2.80 62.70 13.3¢ 5.90
Seoni 24.20 32.50 24.40 18.90 15,70 195.00 429.20 350.20  204.70 58.60 18.86¢ 10.30
Jabalpur  26.48 23,30 13.20 &.20 6.90 135,70 424.20 38¢.00 150.80 42.70  15.70 .00
Nersimhap 13.5¢ 17.30 12.10 &.50 10.90¢ 148.30  421.20  385.00  216.50 40.80  17.60 a.70
Damoh 20.40  13.80 11.80 5.80 B.50 124.20 400,00  387.30 196.70 36.10  16.30 §.60
Chhindwar 20.20 28.30 20.80 14.80 16.40 187.10 418.70 326.30 200.60 £0.50  20.30 9,60
Hoehangab 14.10 2.40 7.20 2.50 9,50 156.20 439.50 36L.70 230.30 34.00 21.30 B.40
Berul 17.76 17.10  15.60 .09 13.10 154.70 336.40 258.70 175.50 50,50  28.50 B.10
Raisen 22.40  11.10 8.50 3.3¢0 7.80 159.20 473.10  371.10 214.1¢ 28.9¢  21.60 5,00
E. Nimar 8. 80 5.30 4.00 1.5¢ 9.30 138.20 282,60 196.60  16B.70 33,90 23.00 6.10
W. Nimar 2.50 1.7¢ 2.90 1.70 8.40 133.30 265.30 1B3.80 170.50 37,10 12.40 5.10
Jhabua 4.50 1.90 1.50 0.7 9.10 116.30 2B1.30 Z11.56 162.30 25.50 %.50 1.0
Where: SRAR, Nonmonscon annual norxmal rainfall; BAAR, Eeasonal annual normal rainfall.

4.2.2: 8Soll variables

The major soil greups in Madhya Pradesh specially the area
following in Narmada basin is Skeletol goila, Red and Yellow
soils and Black soils (deep black scils, medium black soils,
shallow black soils). Soil texture and average presence of clay
content is extracted from Alexander (1985) and reported in

Tabled.



‘Table 8: Weighted normal monthly rainfall (mm} of pelected aub basing of Narmada .

Basin Jan Feb Max Apr May June July Aug Bapt oot Nov Dac SHAR 8

17.15 ?.1¢ 1398.56 1547
15.12 6.23 186.13 1533
19.49 .33 17%.85 1317
15.13 9.75 181.31 1353
15.72 8.98 142.30 1271
18.26 7.66 207.41 1543

1 24.90 8.2%8 132.70 118%

2 8.40 133.19 265.30 183.80 170.50 37.10 15.40 5.1¢ 78.80 B31
BR - 14 5.30 4.00 1.50 9. .30 138.20 282.60 1596.60 168.70 11.90 23.00 a.190 93 .50 L1

1 L]

:]

-]

.40 5.25 11.50 185.45 387.95 310.20 202.90

210 116.30 283.130 211.50 162,30 25.50 &.50 1.90 54 .50 a8
S0 158.20 473.30 371.1¢ 23i4.10 29.%0 21.60 B.00 112.79 1330
.80 159.20 473.30 a71.10 2l4.10 2%.90 i1.60 8.00 112.70 1310

Where: ENAR, Nonmonaoen annual pormal rainfall; EARR, Seasonal annual noermal rainfall.

Table ©: Soil type, percent clay and weighted geometric mesan diameter of the raspective Boils in rhe
districts of Narmada basin.

Bame of soil % clay Sail type ¥ Clay ¥ Silc * Sand Weigh
in soil G. M
diame

Mandla Skeletal agil < 10 Hard mass of sand stone - - - 2.00
Balaghat Red and yellow moils = 30 Silty Loam, 8ilty <lay Loam 30.00 60.00 149.00 0.03
Durg Red and yellow Boils = 30 Silty Loam, Silty Clay Loam 30.00 60.00 J.n.uu‘ n.0a
Chhindwar Shallow black acil 15-30 Sandy Clay Loam, Silty Clay Loam 22.00 E5.00 13.00 0.04
Narelm Deep hlack poil 40-60 Claysy to Silty Clay 50.600 40.00 16.00 0.03
Seoin Shallow black soil 15-30 Sandy Clay Loam, $ilty Clay Loam 22.00 55.00 13.00 0.04
Jabalpuzr Medium black soil 20-49 Bilty coarse in texture 30.00 60 .00 10.00 0.03
Damoh Medium black soil 20-40 Silty coarse in vexture 39.00 60.90 10.08 0.03
Shahdol Medium black moii 20-40 Sandy Clay Loam, 5ilty Clay Loam 22.00 55.00 13.00 D.04
Hoshanga Deep hlack soil 40-60 Clayey to Bilty Clay 50.00 40.00 1¢.o00 0.03
Betul Shallow black asoil 15-30 Sandy Clay Loam, Silty Clay Loam 22.00 55.60 13.00 0.04
West Nima Medium black aoil 20-40 8ilty coarse in texture ig.o00 £0.00 10.00 0.02
Eagt Nima Medium black moil 20-40 9ilty coarse in texturs 10.00 £0.00 10.00 0.03
Sahore Medium black moil 20-40 9ilty coaree in texturae 3g.c0 £0.00 10.00 €.03
Raisen Medium black woil 20-40 Silty coarse in textura Jo.00 E0.0D 10.00 0.03
Jabua Medium black soil 20-40 Silty coaree in texture 3o.oo ED.Q0 10.00 0.03
D Medium black aoil 20-490 Silty coarse in texturs 0,00 ED.00 10.900 9.03
Borada Medium black acil 20-40 8iliy codree in texture 30.08 60.00 10.00 °.02

Information extracted from Alaxander {1985).
Mean diameter of clay, ailt and sand respectively  0.0010 mm, 0.0260 wm and 1.0250 mm.

From the texture class and average clay content, of the soil, the

gilt and clay content has been extracted. BAlsco from the



information of texture class and nature of soil, the mean
particle diameter of scil has been extracted. The mean particle
diameter has been used to estimate weighted geometric mean
diameter basged on the weights of districts following in the
basin. Weighted percentage clay and weighted mean particular

diameter are use as the variablea of soil in the model.

4.2.3: Vegetation variables

In vegetation group, the variables considered are the
percentage of forest in the area combining reserve forest,
protected and unclassified forest. Another variable is weighted
curve number based on classifying the vegetation under reserve
forest, protected and unclassified forest tegether, and in to the
crop land and grass land (Forest Atlas of India 1972). The area
under each class of vegetation was measured and reported in Table
10. The estimated variables like total forest, weighted curve

nurber of each sub basin is also reported in Table 10.

Table 10: Percent vegetation, weighted curve number of each sub
basin of Narmada,

Basin Basin Percent of area under Weighted

sl no. code RF PF Cro Gra RF+PF CHN
1 B21 0.53 6.05 0.42 c.00 0.58 71.16
2 B2D 0.45 0.17 0.37 ¢.00 0.63 69.92
3 E1l5 0.07 0.51 0.42 .00 0.58 72.00
4 B17 0,30 0.2¢ 0.43 0,00 0.87 72.00
5 Bls 0.12 0.22 0.65 0.02 0.33 78.88
6 B22 0.31 0.12 0.57 0.00 0.43 75.96
7 B1O 0.50 0.26 0.24 0.00 0.76 65.98
8 B7 0.47 0.0l 0.52 0.00 0.48 74,13
9 B8 0.37 0.cB 0.46 0.10 0.44 74 .48
10 B3 0.00 0.21 0.7% 0.00 0.21 82.391
11 Bl12 0.51 0.05 0.44 0.00 0.56 71,74
12 B13 0.09 0.11 0.80 0.00 0.20 83.02

Where: CN, Curve number; RF, Reserve forest (CN=58);

PF, Protected forest (CN=60); Cro, Crop land (CN=89);
Gra, Grass land (CN=79}.



The allocated curve number for different type of wvegetation
like regerve forest is 58, for protected and unclassified forest
is 60, for crop land is 89 and for gross land is 79. These wvalues

are used in estimation of weighted curve number of the basin.

Table 11: Measured/ eatimated characteristics and variablea of the sub basine of Narmada for first correla

Basin code a2l B20 B15 B17 B1B B2Z BLO B7 B B3

Basin name Burh Banj Bhak Sher Hira M.River Ganjal Beda Ginnor Hatni

Gauge site Mohg Hriday Gadar Belkh Patan Manot Chaidg Fagon Cho.Tawa  Tikola
DL, Yra 1s 1€ 16 1s 15 18 16 15 22 8

095{10}. m3/sec 57.43 28.91 41.78 26.93 34.26 100,43 14,05 23.17 6,23 4.21
Q75(10), md/sec €5.88 34.33 49,62 30.51 40.19 112.67 32.07 27.26 90,93 5.02
Qs50(1¢), mi/aec 83.38 46.11 59.61 37.78 52.84 137.23 45.46 36.01 112.74 6.61
MAM ZE, % ADF 1.2¢ 1.03% 5.37 2.76 €.53 2.96 z.32 1.12 6.47 2.10
MAM, % ADF 1.38 1.18 5.37 2.9 §.51 2.96 2.32 2.40 0.74 5.60
BFI, Ratilo 06.20 0.18 0.20 0.18 0.24 9.21 .18 0.17 0.17 2.19
NOE, Humbers 1266.00 730.00 981,00 514.00 €21.00 1923.0¢ 481.0¢ 1410.00 1002.00 £39.00
TL, Km 2598.36  1653.20 1926.73  1109.80  1705.26  3841.90 1228.20  3282.64  31i€.21  1577.83
Lo, Km 1300.00 700.00 1145.00 595.00 £72.50  2095.00 570.0¢  1675.0¢  1205.00 745.00
™, Numbsra  673.00 372,00 579.00 2985.00 3161.00  1069.00 293.00 867.00 520.00 £20.00
RRER, Km2 4144.19  3097.54  2255.44  1511.1% 302%.BB  5032.25 1775.00  4065.81  5243.25  2093.06
oD, Emz/m 0.6 0.53 .85 0.73 0.56 0.76 0.65 0.81 0.59% 0.75
bR1o, Bm2/m 0.31 0.23 6.51 ¢.39 D.22 0.42 0.32 0.41 9.23 9.34
aMSL, ] 0.25 6.13 0.17 0.31 0.19 0.20 0.32 0.§0 g.08 0.15
BMXL, ¥ 0.19 0.12 0.16 0.47 0.15 0.15 0.29 0.57 a.18 ©.18
SF, Nu/Em2 0.16 0.32 6.26 6.20 0.12 0.21 0.17 0.21 0.12 6.18
WL, Km 2.05 2.26 1.96 2.1% 2.75 z.00 2.55 2.33 2.1 2.47
SAAR, wm 1547.70  1533.80 1317.00 1353.30 1271.60 1543.60 1189.20 ¥31.50 BE0.00 §28.00
SNAR, mm 196.56 186.13 172.85 181.31 142.30 207.41 122.70 78.80 93.90 5440
ST.DIA om 1.51 0.73 0.05 0,08 G.04 1.71 0.04 0.04 0.04 0.04
CLAY, x 15.00 z31.40- 30.40 30.40 30.00 11.80 36.00 30.900Q 30.00 inp.ao
AV.ON, Av.CR 71.16 £9.92 72.00 72.00 78.88 75.96 65.98 74.13 74.48 82.91
FOREST, % 0.58 0.6 0.58 0.57 9.23 0.43 0.76 0.48 044 0.21

Where: TL, Toral length of streams; LO1l, Length of firar qrder arreama; TN, Total number of segments; A
oo, Drainage density; DDLO, Drainage density of firat order stzeams: BHSL, Average slepe of main a2
Average slope of meaximum stream length; &F, Stream frequency; MLC, Mean length of stream channels.

4.2.4: Geomdrphological variables

The geomorphological characteristics used as independent
variable in the regression were obtained from the 1:250,000
toposheeta. The drainage map including the basin boundary were
digitized on computer with the help of ILWIS ({(International Land

and Water Imaging System} software. The digitized map of sub



basins considered in the analysis are reported in Fig. 8 through
Fig. 18. The selected geomorphological and other characteristics
and ite estimated values are reported in Table 5. The selected
physical characteristics and its estimated values are reported in
Table 11. This table also includes other variables and the
characteristics.
4.3: Correlation Analysis of Selected Characteristics and
Variables

In first step twenty three characteristics and variables are
subject to correlation analysis. This includes the flow
characteristics, CGeomorpheclogical variables, rainfall wvariables,
s#0il variables and vegetation variables. The correlation analysis
provides the interrelation and the cross correlation between the
characteristics and the variables. Correlation matrix of the

characteristica and the variables is reported in Table 12.

From the correlation matrix only those variables are
selected which are interrelated with flow characteristics and are
not cross correlated with any other variable selected in the
model. Thus, cnly three variables namely basin area (AREA}, slope
of maximum stream length (SMXL) and percentage clay in seil
{CLAY) are found independent to each other and related to flow
characteristics. The mean annual minimum flow characteristics is

found related with only base filow index (BFI}.

The other wvariables like total number of streams {NOS},
total length of stream (TL), length of first order stream (LOl)},
total number of segments (TN}, drainage density (DD), drainage
density of first ordered streams (DD10), slope of main channel

length (8MSL), stream fregquency (SF), mean channel length (MLC),

[¥)
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* Outlet of sub-basin.

Fig. 9 : Sub-basin Banjar of Narmada and its river system.
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¢ Outlet of sub—basin.

Fig.10: Sub-basin Shakkar of Narmads and its river system.



FIGURE NOT TQ SCALE

Fig.11l: Sub-basin Sher of Narmada and its river zystem.
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Fig.l4: Sub-basin Ganjal of Narmada and its river system.



EIGURE NOT TO SCALE & Outlet of sub-basin.

Fig. }5 : Sub-basin Beda of Narmada and its river system.



FIGURE NOT TQ SCALE Outlet of sub-basin.

Fig. ¥6 : Sub-basin Chhotatawa of Narmada and its river system.
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EIGURE NQT TO SCALE

« Outlet of sub-basin.

: Sub-basin Tikola of Narmada and its river systemn.

Fig. |7
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Table 12: cCorrelarien matrix of the measured/ eatimated characteristica and variablee of sub baein

Charactaristice VARL WARZ VAR3 VARG VRRS VARRE VART VARS VARY VAR1C VAR11 VARI1Z2

Qss{i0) VAR1 1.00 ©0.89 0.99 -$.01 -0.10 0.48 0.75 0.78 0.73 0.52 0.30 ¢.04
Q75 (100 VAR2 D.5% 1.00 Q.99 -0.01 -0.10 0.48 Q.75 .78 0.7 0.52 0.81 ¢.03
Q50(10) VAR 0.5% 0.9% 1.00 -0.01 -0.10 0.49 .75 Q.78 ¢.73 .51 0.82 0.01
HRM ZE VAR4 -6.01 -0.01 -0.01 1.00 .97 0.5% -0.04 -¢.14 -0.04 -0.22 -0.21 n.22
MAM VARS -¢.10 -0.1¢0 -0.10 0.57 1.00 0.51 -0.03 -0.12 -0.02 -0.15 -0.21 9.30
BFI VARE 0.48 0.48 0.49 0.59 Q.51 1.¢00 0.48 0.42 0.44 0.01 D.45 -0.03
Hos VART 0.75 0.75 0.75 -0.04 -0.03 0.48 1.00 0.94 0.99 0.79 0.83 0.37
TL VARB 0.78 Q.78 n.79 -0.14 -0.12 0.42 0.54 1.900 0.96 0.77 0.84 9.23
LO1 YARD 0.73 0.73 0. -0.04 -0.02 0.44 0.%9 0.9%6 1.00 0.81 0.82 0. 44
™ VAR1O 0.52 0.52 0.51 -0.22 -0.15 -0 61 0.79 0.77 ¢.81 1.00 0.61 &.42
AREA VER11 0.80 0.81 0.82 -0.21 -0.21 0.45 0.83 0.54 .82 0.81 1.00 -0.08
oD VARIZ 0.04 0.03 0.01 0.22 Q.30 -0.03 ©.37 0.23 0.44 0.42 -0.0B 1.00
Dol VAR1) 0.14 0.13 0.1l .25 a.33 ¢.15 045 §.27 q.50 .36 -0.02 0.55
EMSL VAR14 -0.55 -0.55 -¢.56 -0.23 -0.08 -0.44 -D.05 -0.0% -0.00 0.22 -0.29 q.43
SMXL VAR1S -0.56 -0.57 -0.53 -0.31 -0.17 -0.54 -0.2% -0.1% -0.14 0.05 -0.37% 0.41
8F VARLE 0.12 0.11 a.18 0.30 0.34 0.14 0.46 0.27 0.50 0.39 -0.03 0.58
MLC VARL? -0.20 -0.20 -0.20 -0.25 -0.22 -0.42 -0.52 -9.27 -0.48 -0.21 -0.0% -9.52
SARR VARLA 0.09 0.03 Q.09 0.18 0.06 0.21 0.01 -0.22 -0.09 -0.05 -0.1% -0.17
SNAR VAR1S 0.237 0.37 6.37% 0.28 0.15 0.53 0.3g 0.06 0.290 -0.02 0.06 0.01
ST.DIA VARZO 0.64 0.64 0.65 -0.14 -0.21 4.8 0.69 0.54 0.8C 0.52 0.55 -8.05
CLAY VARZ1 -0.83 -0.63 -0.684 0.12 0.18 -0.39 -0.71 -0.58 -0.63 -D.60 -0.59 0.06
AV.CON VAR22 0.03 0.03 0.0z 0.06 .07 .12 0.01 0.0% 0.03 0.2 ¢.10 -0.14
FOREST VARZY -G.06 -0.06 -0.08 -g.02 -0.03 -0.10 -0.02 -0.13 -0.05 ~D.3a -0.186 .18

VAR13 VARL4 VAR1S VAR1E VAR17 VAR1E VAR1S VRRZO VAR21 VARZZ VRRZ

VAR 0.14 -0.55 -0.56 0.12 -0.20 .09 0.37 0.64 -0.863 -0.14 .03
VARZ 0.13 -0.55 -0.57 €.11 -0.20 0.08 0.37 0.84 -0.63 -0.15 0.04
VAR @.11 -0.56 -¢.59 e.10 -0.29 Q.08 0.37 0.€5 -0.64 0.15 ¢.05
VARA 0.29 -0.23 -0.31 0.30 -0.25 a.1a a.28 -0.14 0-12 Q.97 -0.11
VARS 0.323 -g.08 -0.17 0.34  -0.23 4.06 0.15 -0.21 0.18 @.13 -D.18
VARG 0.15 -0.44 -0.54 0.14 -0.43 0.21 9.53 a.38 -0.39 -0.21 0.17
VART 0.48 -0.05 -g0.21 0.46 -0.53 0.41 a.30 0.65% -0.71 ~0.1% .08
VAR2 0.27 -0.0% 9.19 0.27 -0.27 -0.22 0.06 0.54 -0.58 -D.0& -0.01

VAR1O .36 6.22 0.405 0.35 -0.21 -0.0% -b.02 0.52 -D.60Q ©.213 -0.40
VAR11 -0.02 -0.29 -0.37 -g.03 -0.08 -0.19 C.06 ¢.55 -0.59 -0.08 Q.01
VAR12 D.35 0.43 0.41 .98 -¢.53 -0.17 0.01 -0.0% 9.06 -0.12 -0.02
VAR13 1.90 0.26 0.23 0.88 -0.73 0.1 0.27 u.1¢ -0.09 -0.26 .13
VAR 0.36 1.00 0.as 0.268 0.00 -0.35 -0.45 -0.27 ©.27 v.18 -0.25
VARLS 0.33 0.89 1.008 0.24 0.10 -0.46 -0.53 -0.45 .42 0.15 -0.23
VAR1E 0.5% 0.28 0.24 1.00 -0.72 0.01 C.25 ¢-11 -0.10 ~0.23 0.11
VAR17 -0.73 0.08 0.10 -0.72 1.00 -0.50 -0.75 -0.56 ¢.52 0.50 -0.48
VARLE 9.01 ~0.35 ~0.46 .01 -0.50 1.00 0.86 .64 -0.61 -0.02 0.17
VAR1S 9,27 -0.49 -0.53° ¢.25 -0.7% Q.86 1.00 0.71  -0.867 -0.3§ 0.41
VAR2O 9.10 -0.27 -0.48 0.11 -0.56 G.64 0.71 1.00 -0.87 -0.18 0.17
VAR2ZL -0.09 8.27 G.43 -0.10 0.52 -0.81 -0.67 -0.37 1.00 -¢.01 -0.03

VAR22 -0.23 o.07 0.08 -0.21 0.41 -0.08 -0.23 -0.07 -g.08 1.00 -£.9%
VAR22 c.28 -0.06 -0.05 0.26 -0.47 6.11 0.28 0.07 Q.08 -0.9% 1.00
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mean monsoon rainfall (SAAR), mean non-monsoon rainfall {SNAR) ,
weighted mean particle diameter (ST. Dia), weighted average curve
number (AV.CN) and weighted forest percentage (FOREST) were found
interrelated to each other or independent to Elow

characteristics.

It was observed that the weighted monscon and non-monsoon
rainfall does not show any correlation with the flew
characteristice. Therefore, the correlation analysis was again
carried out between the flow characteristics, selected variables
(on the basis of first correlation) and the normal weighted
rainfall of all the months. The estimated correlation coefficient
are shown in Table 13. It can be geen that the rainfall of the
month of December is related to mean annual minimum flow in
addition to earlier selected variable. The finally selected
characteristice and variables are reported in Table 14 and its

correlaticn matrix is reported in Table 15.

4.3.1: Principal component and factor analysis

The multivariate technigues like principal component and
factor analysis also predicts the variables which could be
principal component in the regression equation being developed.
The principal component analysis results into the percentage of
variance explained in the model by each variable. Based on the
variance of varijable in the model, the principal variables could
be selected. The factor analysis yields the results of principal
component analysis and the eigen values. Higher the eigen value,
higher is the contribution of variable in the model. The results

of analysis are reported in Table 16 and Table 17,

e



Table 13: Correlation matrix of the gelected characteristics and variasbles and welghted

normal monthly rainfall of different montha for sub basine of Warmada.

VARLD
ossiio} VARL 1.00 0.99 0.59 -0.01 0.48 Q.59 -0.56 -0.863 . 0.3
Qr5110) VAR2 0.53% 1.00 0.9% -0.01 0.48 0.81 -0.57 -0.63 0.16 0.4
Q50 (10) VAR 0.2% 2.99 1.00 -0.01 0.49 0.82 -0.59 -0.64 0.16 0.3%
MAM ZE VAR4 -0.01 -0.01 =0.01 1.00 0.5% -0.21 -0.31 0.12 Q.40 0.33
BPI VARS a.48 0.438 0.49 0.55 1.00 u.45 -0.54 -0.3% 0.29 0.58
AREA VARE 0.80 0.81 ¢.82 -0.21 0.45 1.00 -8.37 -0.5%9 -0.1% 0.08
EMXL VART -0.56 -0.57 -0.59 -0.21 -0.54 -0.37 1.00 9.43 -0.49 -0.56
CLAY VARE -0.63 -0.§3 -0.64 6.1z -0.3% -9.59 0.43 1.00 -0.51 -0.48
JAN VARY 0.1% g.16 0.16 0.40 0.29 -0.19 -0.49 -0.51 1.00 0.76
FEB VARLD 0.34 0.34 0.35 0.33 .53 0.08 ~0.56 -0.69 0.76 1,99
MAR VARL1 .34 0.34 0.34 Q.23 .52 0.04 ~0.49 -0.67 0.73 0.96
APR VAR12 0.35 0.315 4.35% 0.14 0.4% 0.13  -0.44 -0.71 Q.59 4.95
MAY VARL3 0.48 4.45 0.45 Q.01 .37 e.18 -0.35 -0.60 Q.36 o.80
JUNE YARL4 0.24 0.24 0.24 -8.11 .15 0.01 -4.38 -0.65 Q.58 0.B4
JULY VARLS -0.07 -0.07 -0.07 0.15 0.03 -9.35 -0.38 -D.48 0.B5 £.72
RUG VARLE ¢.07 0.07 o.07 0.25 0.25 -0.20 -0.47 -0.59 0.9 0.84
SEPT VAR17 0.01 0.02 9.00 0.00 -0.01 -0.28 -0.32 -0.56 Q.80 £.75

.38 Q.39 0.1% 0.61 Q.24 -0.48 -0.64 0.42 0.90

VARE 0.94 0.13 .18 0.01 -0.35 -0.30 -0.28 0.2¢ -0.24 0.4l
VART -0.4% -0.44 -0.35 -4.18 -0.38 -0.47 -0.22 -0.48 0.35 -0.19
VARS -0.87 -0.71 -0.60 -D.6% -0.48 -0.59 -0.66 -0.64 Q.55 0.30
VARG 0.73 0.59 0.36 a.58 Q.89 0.%3 0.BU 0.42 -0.41 0.431
VARLIO 0.98 0.55 0.80 0.84 0.72 0.B4 9.75 ¢.%0 -0.66 ¢.232
VAR11 1.00 Q.87 °.897 0.8 Q.71 °.82 ¢.78 0.91 -4.57 0.23
VAR12 0.97 1.00 0.9 0.92 v.63 0.73 0.72 0.95 -D.62 0,07
VAR13 0.8%7 9.91 1.00 ¢.86 0.40 0,50 0.59 0.91 -0.31 o.as
VARL4 0.B8 o.92 0.85 1.00 0.74 0.7% 0.86 0.82 -D.44 -0.02
VARLS 0.71 0.63 0.48 0. 1.00 0.97 0.95 0.44 -0.41 9.320
WVARLE .82 0.73 0.50 0.76 0.97 1.00 ¢.93 0.56 -0.53 0.21
YAR17 0.78 0.72 ¢.5% 0. .36 Q.85 0.93 1.00 0.5& -0.11 0.09
VARLE 0.91 Q.95 0.91 0.82 0.4% 0.58 0.56 1.00 -0.63 -0.o0b
VAR19 -0.57 -0.62 -0.31 -0.44 -0.41 ~0.53 -0.23 -0.463 1.00 0.20
YARZO 2.23 0.97 0.09 -0.92 0.2% Q.31 2.09 -0.00 Q.20 i.00
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Table L4: Finally wselected variable for development o¢f the modal .

Bagin Basin g95(10} Q?5(10} QE0(10) ARER SMEL CLAY MAM ZE
8l no. code mifsec mdfeec m3/eec Em2 t % mi/eec
1 B21 87.43 65.889 B3.38 4144.19 0.13 15.0 1.2%
2 B2¢ 24.91 34,33 46.11 I097.54 0.12 231.0 1.02
E] B15 4L.78 47.62 59.61 2255.44 0.16 30.4 5.37
a B17 26.93 30.51 37.78  1511.1% 0.47 30.4 2.78
5 B16 34.2% 40.1% 52.84 3029.86 0.15 30.0 6.53
6 B3I2 100.423 113.67 137.23 5032.35 Q.15 11.8 2.96
7 Bld 34.05 3%.07 49.46 1775.00 0.29 6.0 2.32
8 B7 23.17 27.24 3§.01 4065.81 0.57 . 1.12
L] Be 80.22 90.83 112.74 5241.25 0.18  20.0 .47
10 B12 12.01 14.33 1%.19 i411.69 0.37 0.0 2.47
11 B13 17.58 20.47 26.60 1603.98 0.38 30.0 0.55

0.17

0.11
¢.14

Table 15: Correlation matrix of finally salected Characteristice
and variables

Qa5{1D0) VAR 1.00 9.99 0.%3% O0,80 -0.56 -0.63 -0.01 0.48 0.02
QIS (10) VhARZ 0.9% 1.00 0.9% 90.81 -0.57 -0.63 -¢.01 0.48 0.D2
Q50(10) VAR? Q.93 0.9% 1.00 0.82 -0.55 -0.64 -0.01 0.49% 0.0D

AREA VARG .80 0.81 4.82 1.00 -0.37 -0.5% -0.21 0.,45-0.44
XL VARS -{.56 -0.57 -0.8§% -0.37 1.00 0.43 -0.31 -0.54-0.1%
CLAY VARG -0.63 -0.61 -0.64 -0.59 9.4 1.00 0.1% -0.3% 0.30
MAM ZE VAR7 -0.01 -0.0F <0.01 -0.21 -0.31 0.12 1.00 0.59 0.58
BFI VARB o.48 .48 0.49 Q.45 -0.54 -0,39 0.59 1.00 0.16
DBC VAR 0,02 0.0z 0.00 -0.44 -0.19 0.30 0.58 0.16 1.00

Table 16: Results of the factor analysis for ten day low flow.

Variable Figen Percent Cumalative

nama valus wariance parcent

Table 17: Results of the factur anmlysis for mesn annual winimum
flow.

Variable Figan Pexcant Curmlative
name value wvariance parcent
BFL 1.163 5B.2 EE.2
DEC .836 41.8 0.0

7.10
6.22
5.33
8.75
B.53
.66
B8.25
5.19
8.10
8.00
a.00



For the characteristics of flow duration, the three
variables identified are the basin area, the alope of maximum
stream length and the percentage clay in the scil based on the
principal component and factor analysis. For the characteristics
of flow frequency, the identified wvariables are base flow index
and the normal mwonthly rainfall of the month of December. The
similar results are indicated by the correlation analysis.

4.4, Identification of Hydrological Homogeneous Region and
Clustering

To define objectively homegeneous hydrological region, the
multivariate techniques iike correlation analysis between groups,
cluster analysis and the discrimination analysis have widely been
used. The correlation analysis is carried out between the eleven
data groups reported in table 15. The results of correlation
matrix is reported in Table 18. It can be seen that each grouped
data was highly correlated to the data of any other group
congidered in the analysis. It suggest for a homogeneity in
between the data groups and support that the data is coming from
the same population.

Table 18: Correlation matrix between the groups of finally
selected variables.

Basin VARL VAR2 VAR3 VAR4 VARS VARG VAR7 VARS8 VARY VARLOVARI1
B21 VARL 1.00 %1,00 1.00 0.99 1.00 ©.99 0.9% 0.9% 1.00 0.99 0,99
B20 VARZ 1.00 1.00 ¢.99 0.99 1.00 0.99 0.59% 1.00 0.99 0.93% 0.9%
B15 VAR3 1.00 0.99 1.00 1.00 0.59 0.99 1.00 0.99 1.00 C.99 0.9%
Bl7 VAR4 0.99 0.99 1.00 1.00 0.99 0.9% 1.00 0.99 0.99 0.99 0.S9
B18 VAR5 1.00 1.00 0.9 0.59 1.00 0.99 $.99 1.00 1.00 0.99 1.00
B22 VARG 0.9% 0.99 0.%9 0.99 0.99 1.00 0.99 0.99 1.00 0.99 0.S%
B10O VAR7 0,99 0.59 1.00 1,00 0.%9 0.99 1.00 0.99 0.99 0.99 0.9%
B7 VARS8 0,99 1.00 0.99 0,99 1.00 0.99 0,99 1.00 0.%9 0.99 ©.99
B VARZ 1.00 0.5% 1.00 0.99 1.00 1.00 0.99 0.99 1.006 0.29 ©.99
B1l2 VAR1O 0.99 0.%5 0.99 0.99 0.59 0.99 0.99 0.99 0.59 1.00 1.00
B13 VAR11 €.9% 0.99 0.99 0.99 1.00 0.99 0.9% 0.99 0.9% 1.00 1.00
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Further values of Q95(10) and MAM (10) are reduced to their
specific values ih order to have equal weights of the variables
controlling the flow characteristices YU({1996). The specific

values are cobtained as below;

Specific Q35(10) = (Q85(10) * SLOPE / AREA * CLAY --(6)
Specific MAM(10) = MAM(10) / BFI * DEC (Rainfall)  --(7}
Cluster analysis was applied to specific Q95(10), and

specific MAM{10) with there coefficient of wvariations. Specific
values, coefficient of variation and similarity matrix cof
clustering specific Q95(10) is reported below in Table 19. It can
be seen that the estimated distance between the groups are
gimilar and is equal to one in all cases. It suggests that the
clustering based on the variable 095(10) makes one single cluster
of all the samples considered.

Table 19: Clustering variable {specific Q95(10)}, coefficient of
variation and the results of clustering analysis.

51. no. specific Coefficient of Clustering Digtance
of group 095{10) variation groups level
1 ols8 .873
2 005 .965 1 5 1.00
3 010 .929 2 [ 1.00
4 028 .800 1 7 1.00
5 00e .959 1 2 1.00
6 025 816 1 3 1.00
7 015 288 1 4 1.00
8 011 922 1 a8 1.00
9 009 933 1 9 1.00
10 010 .924 1 11 1.00
11 014 .899 1 10 1.00

The specific value, coefficient of variation and similarity
of distance matrix of specific mean annual minimum flow of ten
day duration is reported in Table 20. From the distance matrix,

it can be seen that the observation number nine and eleven fall
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in one group with value of distance criteria as -1.0. However the
rest of the observations fall in another group. The sample No. 9
is sub basin Chhota Tawa located on the left bank of river
Narmada and the sample No.12 is sub basin Tendoni and falls on
the right bank of river Narmada. The specific physical reasoning
for this clear cut distinction of the group could not be
suggested, but it could be because of the presence of zerco
minimum flows, improper identificaticon of proper principal
compeonents, improper estimation of flow variables and other
reagons, It needs further research on the clustering of flow
frequency curve.

Table 20: Clustering variable {specific MAM(10)}}, coefficient of
variation and the results of clustering analysis.

S1. no. Specific Coefficient of Clustering Distance
of group Q85 (10) variation groups level
1 208 440
2 . 518 .434 1 3 1.00
3 2.878 775 2 6 1.00
4 1.573 030 g 11 1.00
5 3.030 869 1 4 1.00
[ 1.840 135 1 2 1.00
7 1,758 0B84 1 7 1.00
B 1.292 203 1 5 1.00
9 341 789 8 10 1.00
10 2.807 731 1 g 1.00
11 431 €97 1 3 -1.00

4.4.1: Clustering analysis of flow duration curve

The clustering analysis was also applied to flow duration
curve, For this, the estimated wvalues of ten day flow duration
curve at 95%, 75% and 50% were used. The values are normalized to
specific values and the coefficient of variation is estimated as
discussed earlier and aubjected to the clustering analysis. The

similarity matrix (distance) is reported in Table 21.

-
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Table 21: Coefficient of variation of specific Q95(10}), Q75(10},
Q50(10), and the results of clustering analysis.

Sl. no. Coefficient of variation Clustering Distance

of group Q95(10} Q75{10} Q50{10)} groups level
1 018 020 025
2 Q05 006 oos b 8 1.00
3 010 .011 014 2 10 1.00
4 028 .031 039 3 6 1.00
5 ooe 007 [¢1¢1°) 4 11 1.00
[ 025 029 035 1 7 1.00
7 01% 018 022 4 9 1.00
8 011 013 017 1 2 .99
-] 009 010 013 3 4 .99
10 g10 013 017 1 5 .99
11 0l4 016 021 i 3 .99

The distance between the possible grouping is hardly 0.01
percent and therefore suggests for one gingle group or cluster.
It ias, therefore, the ten day flow duration curve in the range of
050 to Q95 cculd be represented by single estimated curve.
Further analysis is needed in the range of Ql0 to Q50 for

development of syntactic flow duration curves for the region.
4.5: Reglonal Equations

Multiple regression analysis ia carried out to develop
regional flow equation between flow characteristics and mutually
independent variables highly correlated to flow characteristics.
The form of the equation selected similar to.equation proposed by

Institute of Hydrology and is as below;
Q = AVl + BV2 + CV3 -- (8}

where; Q is the low flow characteristics, V1, V2 and V3 are
the variables {mutually independent and highly correlated to Q)
A, B and C are coefficient of wvariables in the regressicn
equation. In order to have a better fitting of the model, the

values are transformed by applying root transformation as
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suggested by Institute of Hydrology (1989). The square root
transformed characteristics and variables are reported in Table

22.

Table 22: Root transformed values of the variable selected for the model deve lopment .

Basin Bagin Q95(10) Q75(10} Qs0(10) AREA EMKL. CLAY MAM ZE ©BFI DEC
8l no. code

z B20 5.38 5.86 6.7% 55.86 €.35 4.80 1.02 0.42 2.5
3 B1s 6.46 &.90 7.2 47.49 Q.41 5.51 2,32 0.45 1.05
L] B17 5.1% 5.52 &.15 36.87 0.6E 5.51 1.66 Q.42 2.12
5 B18 5.85 6.34 T.27 55.04 Q.38 5.48 2.55 Q.49 3.00
6 na2z2 10.02 i1g.6l 1i.71 70.94 0.38 d.44 1.72 0.4€ 2.77
7 Blo 5.84 .25 7.03 42.13 0.54 .00 1.52 0.40 2.87
8 B7 4.81 5.32 €.00 61.76 0.75 5.48 1.086 0.41 2.26
9 BB 4.96 9.64 10.62 T2.41 0.42 5.48 0.69 0.41 2.85
1¢ Blz E 3.79 4.40 37.57 .61 5.48 1.57 ¢.33 2.B3

4.5.1;: Regional low flow equation

The sgquare root transformed values of the table 22 as
percentage of average discharge at different percentage of
exceedence is related to square root of variables by a multiple

regresaion equation of the following form;
Qr*]1/2 = A(AREA)**1/2 + B(SMXL)**1/2 + C(CLAY)**1/2 - -9

Where; Q is the low flow charadferistics and A,B and C are
fitted coefficients and @ is replaced by 095{10) or Q75(10) or
Q50(10) . The results of multiple *egression analysis including
the constants and their statistics are reported in Table 23, The
multiplicative power equations thus could be written as below;

{Q95(10)}**1/2=0.123(AREA)**1/2-3.241(SMXL)**1/2+0.223(CLAY)*:%Q?

{Q75(10)}**1/2=o.130(AREA)**1/2~3.503(SMXL)**1/2+0.251(CLAY)**lfz
- -(11)

{QSO(IO)}**1/2=0.143(AREA)**1/2—4.006(SMXL)**1/2+0.336(CLAY)**1/2
- -{12)



Table 23: Model fitting of significant variable in the multiple
regression for the regional low flow equation.

Independent Constants Coefficient 8td. errocr t-value sig.

variable level
ARE2Z A 0.12348 0.028167 4.3841 0.0046
SMXL B -3.24118 3.855403 -0.8407 0.4327
CLAY c 0.22394 0.482777 0.4639 0.6591
R-S8Q. {ADJ.) = 0.9548
AREA A 0.13060 0.028782 4.5379 0.0039
SMXL B -3.503486 3.935548 -0.8893 0.4081
CLAY c 0.26167 0.493314 0.5304 0.6149
R-8Q. (ADJ.) = 0.9587
AREA A 0.1437%9 0.029711 4.8359 0.00238
SMXIL B -4.00610 4.06€6699 -0.9851 0.3626
CLAY c 0.33650 0.50923¢ 0.6608 0.5333
R-SQ. {ADJ.) = 0.9652

Bquations 10, 11 and 12 could be used for the estimaticn of
low flows at particular probability for ungauged sites in Narmada

basin.

4.5.2: Regional minimum flow equation

For the realization of minimum flow, the regression analysis
between the flow characteristics as ten day mean annual minimum
flow and the wvariables the base flow index (BFI} and normal
rainfall of December is carried ocut. The multiple regression of
the sguare root transformed values considered the equation as
below;

M**1/2 = E(BFI)**1/2 + F(DEC)**1/2 - -(13)

Where; M is the low flow characteristics as the ten day mean
annual minimum, MAM(10), The results of multiple regressicn is

reported in Table 24.

M**1/2 = (.9968(BFI}**1/2 + 0.4166(DEC)**1/2 - -{14)
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Table 24: Model fitting of significant variabkle in the multiple
regresaion for the regional minimum flow egquation.

Independent Constants Coefficient Std. error t-value sig.

variable level
BFI E 0.99681 3.651751 0.2730 0.7928
DEC F 0.41655 0.550079 0.7574 C.4735
R-SQ. (ADJ.} = 0.9012

It can be seen from the table that the -variables has
relatively low significance level in the model at the same time
the correlation coefficient is 0.90 . A low significance is
probability because the rivers are not perineal and dries up vary
fast in the non-monscon season. To have a better information
regarding the ten day mean annual minimum, the period of series
for estimating the ten day mean annual minimum be reduced at the
same time cluster analysis of ten day flow frequency curve is

required.

4.5.3: Verification of regional flow equaticn

The developed regional flow egquations for the low flow and
the minimum flow are subject to verification for two randomly
selected sub basin, Burhner and Tindori. The verification results
are reported in Table 26 and Table 27 separately for low flow and
mean annual minimum flow.

Table 25: Verification results of the developed regional models

for low flow.

Basin Flow Transformed variables Obgerved Estimated Percent
code Variable AREA SMXL %¥Clay m3/sec m3/sec error
B21 Q55 (10) 64,375 0.436 3.873 57.43 54,813 4,557
Q75(10) 64.375 0.43€ 5.4717 £5.88 69.122 -4,922
Q50(10) 64.375 0.436 5,477 83.38 87.491 -4.930

B13 Q95 (10) 40.048 0.616 5.477 17.58 17.420 0.909
Q7s5(10) 40.048 0Q.61l6 5.477 20.47 20.287 0.893
Q50(10)y 40.048 O0.616 5.477 26.60 26,340 0.977

o
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Table 26: Verification results of the develecped regiocnal models
for mean annual minimum flow.

Basin Flow Transformed Observed Estimated Percent
code Variable variables m3/sec m3/sec error
BFI DEC
B21 MaM. ZE 0.447 2.665 1.290 2.421 -87.681
Bl3 MaM. ZE 0.374 2.828 0.550 2.407 -337.628

The low flow indicated a very low percent error between
observed and estimated wvalve. The verification of mean annual
minimum is not good and indicates a very high percent error at
the order of 337.6 percent between observed and estimated. It is
possibly because the flows in the river because to low in the
month of March end. It may be possibly because the flow during
this period is not the low flow but is the irrigation return flow
and suggests that the duration of series be reduced to have
effective equations. Further it needs to study the

regionalization of the flew frequency curve and its clustering.

5.0: RESULTS AND DISCUSSION

The percentage of time the diacharge exceeded is cbserved to
be varying among the sites selected for the study. At low percent
the variation in the value is high and at high percentage the

variation is low (Fig.3.).

The low flow duration curves are reported in Fig. 3 and

indicates a similar behaviour among the aites.

The estimated values of flow of every ten day mean at 95
percent and 75 percent for the duration from November 18t to
March 31st are normally flat except for cne or two cases. It
suggests that most of the basin congidered are fast responding

and the low flow beyond 75 percent becomes negligible Fig 4 and



Fig. 5. At 50 percent the curves are not flat and response of the
variable could be batter assumed and es-imated for this

probability Fig. 5.

The statical analysis ten day mean low flow at Q85, Q75 and
Q50 alsc suggest for variability from year to year and average

flow reduces with increasing average days Table 2.

Ten day mean annual minimum as a percentage of ADF indicates
the variability in flow duration from November lst toc March 31lst.
In some cases, the flow is seen increasing onwards form November.
It indicated the possibility of return flow from the irrigation.
This low flow can not be modeled and regionalized. In some cases
the curves are almeost flat and suggests for the possibility of no

response of the variables on the flow Fig. 7.

The correlation analysis indicated that the low flow is
interrelated tc basin area, slope of maximum stream length and of
percentage clay in the soil. Rest all the wvariable are not
needed to be incorporated in the regional model Table 12. The
correlation analysis for ten day mean annual minimum is related
to base flow index and the normal rainfall of December month

Table 13.

The principal component and factor analysis supports the
above interrelation and indicates the priority level of
independent variable in the model as AREA, SMXL and CLAY for the
low flow {Table 16) and BFI and DEC for annual minimum flow

(Table 17).

The correlation analysiz of the group data (Table 18) and

the cluster analysis of sgpecific low flow (Table 19} indicates

N
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one single cluster of all the sites. The clusters of mean annual
minimum (Table 20) indicated the possibility of two groups and
suggests for the cluster analysis of flow fregquency curves and

possible reduction of annual period.

The clustering analysis of flow duration curve in the range
of Q95 to Q50 indicated one single cluster and suggest for one

single estimated flow duration curve for all the sites (Table

21} .

The regicnal low flow eguation selects the variables of
basin area (AREA), s8lcpe of maximum stream length (SMXL) and
percentage clay in the scil (CLAY). A high level of cecorrelation

is obtained between the square root transformed character and
variable. The mean annual minimum also indicated high
correlation with variables of base flow index (BFI) and the

normal rainfall of the meonth of December (DEC).

6.0: CONCLUSION

1. The percentage of average discharge is cbserved to be
varying among the sites considered possibly due to effect of

other controlling variables.

2. Correlation, principal component and factor analysis suggest
that low flow could be the function of basin area, slope of
maximum stream length and percentage clay in the soil. The
cluster analysis suggested on single cluster of all the sites
considered in the analysis. Developed regional flow equation are
well established and show a high correlation and works well while

verification on two known sub basing.

3. The mean annual minimum flow could be related with base flow



index and the normal rainfall of December meonth. The cluster
analysis suggest two main group among the sites considered for
analysis. Developed regional flow equation shows a high

correlation. But files on verification grounds.
7.0: SUGGESTION FOR FURTHER STUDY

The failure of regional mean annual minimum flow equation
during wverification suggests further development on falling

grounds.

1. The length of data considered in the analysis is up to March
31st. This is the period when the flow is either very low or
there is no flow. This condition of flew could be due to
irrigation return flow and does not exhibit any relaticn with the
variable considered for model formation. The analysis is

required for shorter annual duration.

2. Regional equations for flow duration curve and flow
frequency curve for full range should be developed. It will also
yield in the annual duration to be considered in such type of

studies.

3. The clustering analysis of regional flow duration curve and
regional flow frequency curve will yield in to the estimated

regional flow duration and regional flow frequency curves.

‘m
da



8.0: REFERENCES

1. Alexander, T.M. (1985). Soils of India and their Management.
The Fertilizer Association of India, New Delhi. 1985. pp.225-233.

2. Agkew, A.J., Yeh, W.W.G., and Hall, W.A. (1971). A
comparative study of critical drought simulation. Water Resources
Research. wol. 7 (i), pp 52-62.

3. Dalrymple, T.E. {1960). Flocd Frequency Analysis, USGS, Paper
1543 -4,

4. Dholokia R.M. (1985). Low Flow analysis of Britarani river.
An M.E. Dissertation, School of Hydrology, Roorkee.

5. Gottschalk, L. (1985). Hydrological regionalization of Sweden.
Hydreological Science Journal. Vol. 30, pp. 65-84.

6. Foster, H.A. {(1%34). Duration curves. Trans., ASCE, 299,
1213-1267.
7. Hall R., {1968). Base Flow recessions - A review. J. Water

Resources Res., Vol. 4, p. 973.

8. Institute of Hydrology (1980). Low flow studies. Regearch
report, Wallingford, Oxon.

9. Institute of Hydrology (1989). Flow regimes from
experimental and net work data (FRENDS). Research report,
Wallingford, Oxon.

10. James, W. Robert, Bowles S. David and Kottegsda T. Nath
{1981). Model choices an operational comparison of stochastic
atream flow models for drought. Water Reso. Planning Series
UWRL/P-81/03, Utah State Univ., Legan, Utah.

11. Klaassen, B.E. and Pilgrim, D.H. (1575). Hydrograph recession
constants for New South Wales Streams. The Institution of
Engineers, Australia, Civil Engineering Transactions, 1%75, pp.
43-49,

12. L' vovich, M.I. {1972). Hydrologic budget of continents and
estimate of the balance of global fresh water resources. Sov.
Hydrology, No. 4, pp 349-360.

13. Linsley, R.K., Kohler, M.A. and Paulhus, J.L.H. (1975).
Hydrology for Engineers. McGraw Hill, New York.

14. McMahoﬁ, T.A. and Arenas, A.D. (1982) Methods of
computation of low stream flow. Paris, UNESCO report No. 36.

15. Mosley, M.P.(1981). Delimitation of New Zealand hvdrological
regions. Journal of Hydrology. vol. 43, pp. 173-192.

16. NERC {1975). Flecd Studies Report. Institute of Hydrology.
Wallingford, U.K,



17. Prakash Anand (1981A). A deterministic model to eatimate
low stream flow. Proc. Int. Symp. on Hydrel. Aspects of drought.
New Delhi, pp. 131-142.

18. Prakash Anand (1981B). Statistical determination of design
low flow. Journal of Hydrelogy. vol. 51, pp 109 - 119,

19. Pilgrim, D.H. (1989%). Regicnal methods for estimation of
design fleods for small to medium drainage basins in Australia.
In: New Directions for Surface Water Medelling, (Proc. Baltimore
Symp., May 1989), 247-260, IAHS Publ. no. 1381.

20. Pirt, J. and Douglas, J.R, (1%82}. A study of low flows using
data from the Severn and Trent Catchments. J. Inst. Engnr.
Scient. Vol.36(4), pp 289-309,

21. Riggs {1990). Estimating flow characteristice at ungauged
sites. In: Regionalization in Hydrology, (Proc. Ljuibjana Suymp.,
April, 1990), 159-170. IAHS Publ. no. 151.

22. Singh K.P. and Stall J.B. (1874}. Hydrology of 7-day 10-
year low flows. Journal of Hydraulics Division. ASCE. Vol. 100,
No. HY 12, Proc. Paper 11C13, pp. 1733-1771.

23, Searcy J.K. (19%9). Flow duration curve. United State
Geolegical Survey Water Supply paper 1542-A.

24, Salas J.D. (1980). Analysis of mean flows and low flows.
Hydrolegy for transpertation Engineers, U.S5. Department of
Transportation Federal highway administration office of research
and development implementation division (HDV-21), January.

25, TASK COMMITTEE ON LOW FLOW EVALUATION {1980) .
Characteristics of low flow. Journal of Hydraul. Div. ASCE. vol.
106 (HYS), pp. 71 - 731.

26. UNESCO (1982). Methods of computation of low stream flow.
Report No. 1089.

27. Verma R.D. (1979). Prediction of low stream flows during
droughts. Proc. Int. Symp. Hydrol. on Aspects of drought. New
Delhi. pp. 112-119.

28. Vogel, R.M. and Kroll, C.N. (1980). Generalized low flow
frequency relationships for ungauged sites. Water Rescur. Bull.

29. Waylen, P.R. and WOO, M.K. (1984). Regionalization and
prediction of floods in the Fraser River catchment. Water
Resources Bulletin. Vol.20, pp. 941-249.

30. Whipple, W. Jr. (1966). Regicnal drought frequency analysis.
ASCE, Jour. of Irri. and Drain, Div., Vol. %2, No. IR 2, pp. 1l-
31.

31. Weisman R.N. (1978). Characterizing low flow using threshold
level. Journal of Irrigation and drainage Div. ASCE {IR2), pp.
231-235.

‘n
<N



.

32. Wiltshire, S.E. (1985). Grouping basins for regional flood
frequency analysis. Hydrolegical Science Journal. Vol.3o0, pp.
151-160.

33. Wright, C.E. (1974} . The influence of catchment
characteristics upon low flows in South East England. Water
Services. July 1974. pp.227-230.

34. Yevievich, V. (1%67). An objective approach to definitions
and investigations of continental hydrologic drought. Hydrelogy
Paper 23, {olorado State Univ., Fort Collins.

35. YU, PAC-Skan and Yang Tao-Chang. (1996). Synthetic regional

flow duration curve for Southern Taiwan. Hydrclogical Processes,
Vol.19, pp 373-391. :

-



DIRECTCR Dr, K. S. Ramasastri

Head, Drought Studies Division Dr. B. Soni

STUDY GROUP
Avinash Agarwal, Sc.*'C?

Drought Studies Division



