
QUANTITATIVE ANALYSIS OF RUNOFF 
PARAMETERS IN SELECTED RIVER BASINS 

OF KERALA

By

J A Y A S R E E . S

THESIS
S u b m itte d  in p a rtia l fu lf ilm e n t of 
th e  re q u ire m e n t fo r  th e  degree

faster  of Science ttt (Agricultural ‘Engineering
F acu lty  o f Agi ic u ltu ra l Engineering 

K era la  A g r ic u ltu ra l U n ive rs ity

D e p a rtm e n t o f Ir r ig a tio n  and Dra inage Engineering

Kelappaji College o f Agricultural Engineering and Technology
Tavanur M a lappuram

1990



OEC 1  ^

I hereby ceclare .h-»t tfu t i-s is  en.itleo “Qua'iti..ative Analyses 

of Runoff Parameters in "elected River t.-Sin., o f Ke<ala" is a bonafice 

•'ecoro o f research work dore by me during the course o f research and 

that the thes*s has noi previously formed the basis for the award to me 

o f any cleg diploma, c.ssociateshiD, feJlov snip or other similar title, of 

any other Univer-ity o~ Society.

Tavanui,

- !  990.

A  '

i AYASHEii, S.



CERTIFICATE

Certified that this thesis, entitled "Quantitative AnaWsis of 

Runoff Parameters in Selected River Basins of Kerala' is a recoro of  

research work done independently by .turn,, Jayasree, S. under my guidance 

and supervision and that nas not previously fo med the basis for tre 

award of any degree, fellowship, or assoc^ateshio to her.

Shri. K. John Thomas 
Chairman, Advisory Board 

Professor and . ead,
Tavanur, Department o f Irrigation and

D a'nage Engineer ng
- ' 990 .



CERTIFICATE

We, the undersigned, members of the Advisory Committee of

Kum. Jayasree, S., a candidate for the degree of Master of Science in

Agricultural Engineering with major in Soil and Water Engineering, agree 

that the thesis entitled "Quantitative Analysis of Runoff Parameters m

Selected River Basins of Kerala" may be submitted by Kum. Jayasree, S.

in partial fulfilment of the requirements for the degree.

Shri. K. John Thomas,
Professor and Head, 

Department o f Irrigation and 
Drainage Engineering, 

KCAET, Tavanur

CHAIRMAN

/

f V v T
Shri. T.P. George, Shri. M.R. Sankaranarayanan,
Dean l/c, Assistant Professor,
KCAET, Tavanur College of Horticulture,

Vellanikkara
MEMBER

MEMBER

Shri. V.K.G. Unnithan,
Associate Professor,
Dept o f Agrl Statistics, 
College o f Horticulture, 
Vellanikkara

MEMBER
External Examiner



ACKNOWLEDGEMENT

I r e c o r d  my deepes t  s e n s e  o f  g r a t i t u d e  to  S h r i .  K .  Jo h n  T h o m a s ,  

P r o f e s s o r  a n d  H ead,  D e p a r t m e n t  o f  I r r i g a t i o n  a n d  D r a i n a g e  

E n g i n e e r i n g ,  C h a i r m a n  o f  t h e  A d v i s o r y  Co mmi t te e  f o r  h i s  v a l u a b l e  

g u i d a n c e ,  m e t i c u l o u s  s u p e r v i s i o n  a n d  u n f l i n c h i n g  e n c o u r a g e m e n t  d u r i n g  

th e  c o u r s e  o f  s t u d y .

I a c k n o w l e d g e  w i t h  g r a t i t u d e  t h e  v a l u a b l e  s u g g e s t i o n s  a n d  

c r i t i c a l  comm en ts  o f f e r e d  b y  S h r i .  T . P .  George ,  D e a n - i n - c h a r a g e ,  

KCAET a n d  S h r i .  V . K . G .  U n n i t h a n ,  A s s o c i a t e  P r o f e s s o r ,  D e p a r t m e n t  o f  

A g r l .  S t a t i s t i c s .

I am e x t r e m e l y  g r a t e f u l  to S h r i .  M . R .  S a n k a r a n a r a y a n a n , 

A s s i s t a n t  P r o f e s s o r ,  C o l l e g e  o f  H o r t i c u l t u r e  f o r  h i s  v a l u a b l e  a d v i c e s  

a n d  e n c o u r a g e m e n t  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .

I r e c o r d  my r e s p e c t  a n d  g r a t i t u d e  to  D r .  M . K .  V e e r a n k u t t y ,  

P r o f e s s o r ,  ( D . P . ) ,  D i r e c t o r a t e  o f  T e c h n i c a l  E d u c a t i o n ,  T r i v a n d r u m  f o r  

a l l  h e l p s  r e n d e r e d  d u r i n g  t h i s  s t u d y .

I am i n d e b t e d  to D r  K C. George ,  P r o f e s s o r  a n d  H ea d ,  Dep t  of  

A g r l  S t a t i s t i c s  a n d  Smt .  K . P .  S a n t h a  B a i ,  J u r i o r  P r o g r a m m e r  a n d  

D r .  M o l y k u t t y  George  a n d  S h r i .  M. V i s w a n a t h a n  N a i r ,  C om p u te r  

C e n t r e ,  V e l l a n i k k a r a  f o r  a l l  t h e i r  h e l p ,  in c a r r y i n g  o u t  th e  c o m p u t e r  

a n a l y s i s  w o r k .



I e x p r e s s  m y  h e a r t f e l t  t h a n k s  to t h e  s t a f f ,  P u b l i c  W o r k s  

D e p a r t m e n t ,  T n c h u r  f o r  t h e  s e r v i c e s  r e n d e r e d  b y  t h e m ,  in  c o l l e c t i n g  

t h e  d a t a .

I a c k n o w l e d g e  w i t h  g r a t i t u d e  t h e  h e l p  a n d  e n c o u r a g e m e n t  g i v e n  

b y  Sm t .  E l i z a b e t h  T h o m a s ,  D e p u t y  D i r e c t o r  ( H y d r a u l i c s ) ,  K e r a l a  

E n g i n e e r i n g  R e s e a r c h  I n s t i t u t e ,  P e e c h i  a n d  t h e  s t a f f  o f  t h e  KERI 

I i b r a r y .

I am g r a t e f u l  to  t h e  s t a f f  a n d  s t u d e n t s  o f  A g r i c u l t u r a l  

E n g i n e e r i n g  f o r  t h e i r  h e l p  d u r i n g  t h i s  s t u d y .

JAYASREE, S.



CONTENTS

L IS T  OF TABLES v n

L IS T  OF FIGURES ix

SYMBOLS AND ABBREVIATIONS x i

I INTRODUCTION 1

I I  REVIEW OF L ITERATURE 4

I I I  MATERIALS AND METHODS 30
V

IV RESULTS AND DISCUSSION 56

V SUMMARY 110

P a g e  No.

REFERENCES 

APPEND ICES 

ABSTRACT



V I I

3.1

4 .1

4 . 2

4 . 3

4 . 4

4 . 5

4 . 6

4 . 7

4 . 8

Table

L I S T  OF TABLES

No. T i t l e Page No.

R i v e r g a u g e  s t a t i o n s  a n d  r e p r e s e n t a t i v e  r a i n g a u g e  

s t a t  i ons
48

V e r i f i c a t i o n  o f  H o r t o n ' s  law o f  s t r e a m  n u m b e r s  

C h a l i y a r  b a s i n
59

V e r i f i c a t i o n  o f  H o r t o n ' s  la w  o f  s t r e a m  n u m b e r s  

K a b b a m  b a s i n
60

L a w  o f  s t r e a m  n u m b e r s  e x p r e s s e d  as r e g r e s s i o n  

e q u a t  ions
C2

R e l a t i o n s h i p  b e tw e e n  o r d e r ,  c o n f l u e n c e  r a t i o  a n d  

d e g r e e  o f  a c c u m u l a t i o n  o f  l o w e r  o r d e r  s t r e a m s
67

C o n f l u e n c e  r a t i o  o f  t h e  s u b - b a s i n s  o b t a i n e d  b y  

d i f f e r e n t  m et hods
ce

N um ber  o f  s t r e a m  se gm en ts  e x p r e s s e d  as 

p e r c e n t a g e  o f  t o t a l  n u m b e r  o f  s t r e a m s
70

R e l a t i o n s h i p  be tw e e n  c o n f l u e n c e  r a t i o ,  m a x i m u m  

s t r a i g h t  l e n g t h  a n d  d e g r e e  o f  a c c u m u l a t i o n  o f  

l ower  o r d e r  s t r e a m s  a n d  d i s c h a r g e

71

H o r t o n ' s  la w  o f  summed s t r e a m  l e n g t h  -  C h a l i y a r  

b a s  in
tZ

H o r t o n ' s  law o f  summed s t r e a m  l e n g t h  -  K a b b a m  

b a s i n
74



T a b l e  No. T i t  le Page No.

4 .1 0  Law  o f  a v e r a g e  l e n g th  o f  s t r e a m s  -  C h a l i y a r

b a s i n
80

4.11 Law  o f  a v e r a g e  l e n g th  o f  s t r e a m s  -  K a b b a m  81

b a s i n

4 .1 2  R e l a t i o n s h i p  be tween o r d e r ,  a r e a  a n d  b a s i n  

sha pe

4 .13  R e l a t i o n s h i p  be tween o r d e r ,  a r e a ,  ma x imum 

s t r a i g h t  l e n g t h  a n d  d l s h c a r g e

4 .1 4  R e l a t i o n s h i p  be tween s t r e a m  f r e q u e n c y ,  d r a i n a g e  

d e n s i t y  a n d  d i s c h a r g e

4 .15  C on s ta n t  o f  c h a n n e l  m a i n t e n a n c e  o f  the 

s u b - b a s i n s

4 .1 6  C o r r e l a t i o n  be tween the  a n n u a l  d i s c h a r g e  a n d  

r a i n f a 11

4 .1 7  C o r r e l a t i o n  c o e f f i c i e n t s  o f  m o n t h l y  d i s c h a r g e  w i t h  

r a i n f a l l  o f  th e  same month

4 .18  C o r r e l a t i o n  c o e f f i c i e n t  o f  m o n t h l y  d i s c h a r g e  w i t h  

m o n t h l y  r a i n f a l l  o f  the  p r e v i o u s  month

85

SO

9b

100

1 0 T

103

104

4 .1 9  C o r r e l a t i o n  c o e f f i c i e n t  o f  m o n t h l y  d i s c h a r g e  w i t h  

th e  f a i n f a l l  b e fo r e  two  months

4 .20  E q u a t i o n s  f o r  m o n t h l y  d i s c h a r g e  106

4.21 V e r i f i c a t i o n  o f  th e  e q u a t i o n  f o r  a v e r a g e  m o n t h ly

monsoon d i s c h a r g e  p e r  u n i t  a r e a
108



L I S T  OF FIGURES

F ig u re  No. T i t  le Page No.

2.1 V a r i o u s  c l a s s i f i c a t i o n  s y s t e m s  f o r  r i v e r  

n e t w o r k s

2.2

2 . 3

2 . 4

H y p o t h e t i c a l  b a s i n s  o f  e x t r e m e  a n d  m o d e r a te  

b i f u r c a t i o n  r a t i o s ,  w i t h  s c h e m a t i c  

h y d r o g r a p h s

P a t t e r n s  o f  d r a i n a g e

A g e o m o r p h o l o g  i ca  I v i e w  o f  t h e  d r a i n a g e  

b a s i n

21

27

3.1

3 . 2

Map o f  C h a l i y a r  r i v e r  b a s i n  s h o w i n g

h y d r o l o g i c a l  s t a t i o n s

Map o f  K a b b a m  r i v e r  b a s i n  s h o w i n g

h y d r o l o g i c a l  s t a t i o n s

33

34

3 .3

3 . 4

S u b - b a s i n s  a n d  t h e  c l a s s i f i c a t i o n  o f  r i v e r  

n e t w o r k  in C h a l i y a r  r i v e r  b a s i n

S u b - b a s i n s  a n d  t h e  c l a s s i f i c a t i o n  o f  r i v e r  

n e t w o r k  in K a b b a m  r i v e r  b a s i n

37

38

4 .1 O r d e r  Vs n u m b e r  o f  s t r e a m s  -  C h a l i y a r  r i v e r  

b a s i n
63

4 .2 O r d e r  Vs n u m b e r  o f  s t r e a m s  -  C h a l i y a r  r i v e r  

b a s i n
64

4 . 3 O r d e r  Vs n u m b e r  o f  s t r e a m s  -  K a b b a m  r i v e r  

b a s  in
65

4 . 4 O r d e r  Vs  n u m b e r  o f  s t r e a m s  -  K a b b a m  r i v e r



76

77

78

82

83

86

87

88

89

92

93

95

98

T i t l e

O r d e r  Vs summ ed  s t r e a m  l e n g t h  -  C h a l i y a r  r i v e r  

b a s i n

O r d e r  Vs summ ed  s t r e a m  l e n g t h  -  C h a l i y a r  r i v e r  

b a s i n

O r d e r  Vs summed s t r e a m  l e n g t h  -  K a b b a m  r i v e r  

b a s  in

O r d e r  Vs summed s t r e a m  l e n g t h  -  K a b b a m  r i v e r  

b a s i n

O r d e r  Vs a v e r a g e  l e n g t h  o f  s t r e a m s  -  C h a l i y a r  

r i v e r  b a s i n

O r d e r  Vs a v e r a g e  l e n g t h  o f  s t r e a m s  -  K a b b a m  

r i v e r  b a s i n

Fo rm  f a c t o r  Vs e l o n g a t i o n  r a t i o  -  C h a l i y a r  r i v e r  

b a s i n

F o rm  f a c t o r  Vs e l o n g a t i o n  r a t i o  -  K a b b a n i  r i v e r  

b a s i n

C o n f l u e n c e  r a t i o  Vs m a x i m u m  s t r a i g h t  l e n g t h  o f  

s u b - b a s i n  -  C h a l i y a r  r i v e r  b a s i n

C o n f l u e n c e  r a t i o  Vs m a x i m u m  s t r a i g h t  l e n g t h  o f  

s u b - b a s i n  -  K a b b a n i  r i v e r  b a s i n

M a x i m u m  s t r a i g h t  l e n g t h  Vs a v e r a g e  m o n t h l y  

monsoon  d i s c h a r g e

D r a i n a g e  a r e a  Vs a v e r a g e  m o n t h l y  monsoon 

d i s c h a r g e

O r d e r  Vs d r a i n a g e  a r e a

D r a i n a g e  d e n s i t y  Vs s t r e a m  f r e q u e n c y



SYMBOLS AND ABBREVIATIONS

A

am

cm

D d
D

s
et a I .

KSEB

km

L
u

L V  L 2 ’L 3 ’L 4 & L 5

L 1 ’ L 2 ’ L 3 ’ L 4 & L 5

M

Mm^

N
u

Nu+ 1
n 1 , n 2 , n 3 , n 4 & n 5

N

P

P 1

P 2
pm

PWD

m l
Qm2

' 'ml

-  D r a i n a g e  a r e a

-  a n t e  m e r i d i a n

-  c e n t i m e t r e

-  D r a i n a g e  d e n s i t y

-  S t r e a m  f r e q u e n c y

-  A n d  o t h e r  p e o p l e

-  K e r a l a  S t a t e  E l e c t r i c i t y  B o a r d

-  k  i l o m e t r e

-  Summ ed l e n g t h  s t r e a m s  o f  o r d e r  ' u 1

-  Summed l e n g t h  o f  s t r e a m s  o f  o r d e r  1 , 2 , 3 , 4 ,  a n d  5

-  A v e r a g e  l e n g t h  o f  s t r e a m s  o f  o r d e r  ' u '

-  A v e r a g e  l e n g t h  o f  s t r e a m s  o f  o r d e r  1 , 2 , 3 , 4  a n d  5

-  T o t a l  l e n g t h  o f  s t r e a m s  o f  a l l  o r d e r s

-  M a x i m u m  s t r a i g h t  l e n g t h  o f  s u b - b a s i n

-  L e n g t h  o f  m a i n  s t r e a m

-  C o n s t a n t  o f  c h a n n e l  m a i n t e n a n c e

-  M i l l i o n  m e t r e  c u b e d

-  N u m b e r  o f  s t r e a m s  o f  o r d e r  1 u '

-  N u m b e r  o f  s t r e a m s  o f  o r d e r  u + 1

-  N u m b e r  o f  s t r e a m s  o f  o r d e r  1 u 1 1 , 2 , 3 , 4 ,  a n d  5

-  T o t a l  n u m b e r  o f  s t r e a m s  o f  a l l  o r d e r s

-  M o n t h l y  r a i n f a l l

-  M o n t h l y  r a i n f a l l  o f  t h e  same m o n t h

-  M o n t h l y  r a i n f a l l  o t  t h e  p r e v i o u s  m o n t h

-  p o s t  m e r i d i a n

-  P u b l i c  W o r k s  D e p a r t m e n t

-  A v e r a g e  m o n t h l y  monsoo n  d i s c h a r g e  d u r i n g  1 9 7 6 - ' 8 0

-  A v e r a g e  m o n t h l y  monsoo n  d i s c h a r g e  d u r i n g  198 1 - ' 85

-  A v e r a g e  m o n t h l y  m onsoon  d i s c h a r g e  p e r  u n i t  a r e a  

d u r i n g  1 9 7 6 - ' 8 0

L

L

L

L



A v e r a g e  m o n t h l y  monsoon  d i s c h a r g e  p e r  u n i t  a r e a  d u r i n g  

1981 —185

M o n t h l y  mo nsoon  d i s c h a r g e  d u r i n g  1 9 7 6 - ' 8 0

M o n t h l y  mo nsoon  d i s c h a r g e  d u r i n g  1981 —' 85

C o r r e l a t i o n  c o e f f i c i e n t

b i f u r c a t i o n  r a t i o

A v e r a g e  l e n g t h  r a t i o

C o n f l u e n c e  r a t i o

Summed l e n g t h  r a t i o

E l o n g a t  ion r a t  io

F o r m  f a c t o r

V e r s u s

P e r  c e n t

S u r f a c e  R u n o f f





INTRODUCTION

T h e  d r a i n a g e  b a s i n  a s  a w h o l e  c a n  b e  c o n s i d e r e d  as  a 

s y s t e m  u n i t  h a v i n g  p e r m a n e n t  e x c h a n g e s  o f  m a t t e r  a n d  e n e r g y  w i t h  i t s  

s u r r o u n d i n g s .  T h e  i n p u t s  o f  t h e  s y s t e m  a r e  f r o m  p r e c i p  i t a t  i o n , m a n ' s  

a c t i o n ,  u n d e r g r o u n d  s o u r c e s ,  w i n d  a n d  s o l a r  r a d i a t i o n .  T h e  o u t p u t s

a r e  r u n o f f ,  e v a p o t r a n s p  i r a t  i o n , o u t p u t  d u e  t o  m a n ' s  a c t i o n ,  w i n d  a n d  

u n d e r g r o u n d  w a t e r .  T h e  e v o l u t i o n  o f  a d r a i n a g e  b a s i n  is t h e  r e s u l t  

o f  t h e  i n t e r a c t i o n s  b e t w e e n  t h e  f l o w  o f  m a t t e r  a n d  e n e r g y  a n d  t h e

r e s i s t a n c e  o f  t h e  t o p o g r a p h i c a l  s u r f a c e .  P r e c i p i t a t i o n  is t h e  m a j o r  

s o u r c e  o f  m a t t e r  a n d  s o l a r  r a d i a t i o n ,  t h e  s o u r c e  o f  e n e r g y .

R e p e a t e d  r a i n f a l l  w i t h  e r o s i v e  e f f e c t  c r e a t e s  e m b r y o n i c  

d r a i n a g e  p a t h s .  W e l l  f o r m e d  c h a n n e l s  a r e  d e v e l o p e d  b y  t h e  m o v e m e n t  

o f  p r e c i p i t a t i o n  in s e v e r a l  s t a g e s .  F i r s t  comes  d i r e c t  a c t i o n  o f  

r a i n f a l l  on  t h e  s o i l ,  t h e n  s u r f a c e  r u n o f f  on  t h e  s l o p i n g  g r o u n d .  T h e  

t w o  d i m e n t i o n a l  s u r f a c e  f l o w  b e c o m e s  l i n e a r  w h e r e  s e v e r a l  s t r e a m l e t s  

j o i n .  T h e i r  c o m b i n e d  e n e r g y  c a r v e  t h e  t o p o g r a p h i c a l  s u r f a c e .

R e p e a t e d  c a r v i n g  o f  t h e  s u r f a c e  i n c r e a s e s  t h e  d e p t h  a n d  l e n g t h  o f  t h e  

s t r e a m .

T h e  n a t u r e  o f  s t r e a m  f l o w  in  a r e g i o n  is a  f u n c t i o n  o f  

g e o m o r p h o l o g  i c a l  a n d  h y d r o l o g i c a l  f a c t o r s  o f  t h e  r i v e r  b a s i n .  

G e o m o r p h o l o g y  is t h e  s c i e n c e  d e a l i n g  w i t h  m e a s u r e m e n t s  o f  t h e  f o r m  o f  

t h e  e a r t h ' s  c r u s t .  I n f o r m a t i o n  n e c e s s a r y  to  t h i s  e n d  c a n  be  o b t a i n e d



f r o m  t h r e e  m a i n  s o u r c e s ,  b y  t h e  m e a s u r e m e n t  a b o u t  th e  fo r m  o f  the  

l a n d  a n d  a b o u t  t h e  s p a t i a l  d i s t r i b u t i o n  o f  l a n d  f o r m s ,  f r o m  the  

i n f o r m a t i o n  a b o u t  the  p r o c e s s  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  of  

p a r t i c u l a r  t y p e s  o f  l a n d  fo rm s a n d  b y  t h e  a n a l y s i s  o f  d e p o s i t s  

i n d i c a t i n g  t h e  p ro c e s s e s  w h i c h  o c c u r r e d  in t h e  p a s t .  H y d r o l o g i c a l  

f a c t o r s  i n c l u d e  p r e c i p i t a t i o n ,  e v a p o t r a n s p  i r a t  i o n , s o l a r  e n e r g y  e tc .

S a t i s f a c t o r y  s u r f a c e  f l o w  r a t e  a n d  q u a l i t y  a r e  h i g h l y  

i m p o r t a n t  to su ch  f i e l d s  as M u n i c i p a l  a n d  i n d u s t r i a l  w a t e r  s u p p l y ,  

f l o o d  c o n t r o l ,  s t r e a m  f l o w  f o r e c a s t i n g ,  r e s e r v o i r  d e s i g n ,  n a v i g a t i o n ,  

i r r i g a t i o n ,  d r a i n a g e ,  w a t e r  q u a l i t y  c o n t r o l ,  w a t e r  b a s e d  r e c r e a t i o n  

a n d  f i s h  a n d  w i l d  l i f e  m a n a g e m e n t .  M a t h e m a t i c a l  mode l s  c a n  be used  

in th e  p l a n n i n g  a n d  d e v e l o p m e n t  o f  w a t e r  r e s o u r c e s  on a long  te rm 

bas  i s .

R i v e r s  w a r r a n t  g e o g r a p h i c a l  s t u d y  f o r  t h r e e  m a i n  r e a s o n s  

F i r s t l y ,  b e c a u s e  o f  t h e i r  e x i s t e n c e  in th e  p h y s i c a l  l a n d s c a p e  a n d  t h e i r  

s i g n i f i c a n t  r o l e  in p r o d u c i n g  f l u v i a l  l a n d  f o r m s .  S e c o n d ly  b e c a u s e  o f  

t h e i r  r e l a t i o n  to m a n y  o t h e r  g e o m o r p h o l o g  i ca  I p ro ce sse s  a n d  t h i r d l y ,  

b e c a u s e  o f  t h e i r  s i g n i f i c a n c e  f o r  h u m a n  use.

The  b a s i c  o b j e c t i v e  is to s t u d y  t h e  g e o m o r p h o l o g  i ca  I a n d  

h y d r o l o g i c a l  r e l a t i o n  a n d  to d e v e l o p  t h e  r e q u i r e d  m a t h e m a t i c a l  m o de ls .  

The  s e l e c t e d  r i v e r  b a s i n s  a r e  C h a l i y a r  a n d  K a b b a n i .  Th e  s p e c i f i c  

f a c t o r s  to  be  s t u d i e d  a r e



1 M o r p h o l o g i c a l  f a c t o r s

a .  L i n e a r  a s p e c t s

( i )  S t r e a m  o r d e r  a n d  t h e  n u m b e r  o f  s t r e a m s  o f  e a c h  o r d e r

( i i ) S t r e a m  l e n g t h s  o f  e a c h  o r d e r

( i n )  B i f u r c a t i o n  r a t i o

( i v )  L e n g t h  o f  o v e r l a n d  f l o w

b A r e a l  a s p e c t s

( l ) R i v e r  b a s i n  a r e a

( I I ) B a s i n  s h a p e

( i l l ) D r a i n a g e  d e n s i t y

( i v ) C o n s t a n t  o f  c h a n n e l  m a i n t e n a n c e

( v ) S t r e a m  f r e q u e n c y

( V I ) P a t t e r n  o f  d r a i n a g e

( v i  1 ) V e g e t a l  c o v e r

2 .  C l i m a t i c  f a c t o r  

R a i n f a l  I

3 .  A v e r a g e  a n n u a l  r u n o f f  a n d  p e a k  r u n o f f

T h e  p r e s e n t  s t u d y  g i v e s  a n  i n s i g h t  i n t o  t h e  r u n o f f  

p a r a m e t e r s  o f  t h e  b a s i n s  c o n s i d e r e d .  T h e s e  a r e  a p p l i c a b l e  to  t h e

r i v e r  b a s i n s  u n d e r  s i m i l a r  c o n d i t i o n s .  T h e  m e t h o d  h e l p s  to  q u a n t i f y  

t h e  f a c t o r s  c o n t r o l l i n g  r u n o f f .





REVIEW OF LITERATURE

To u n d e r s t a n d  t h e  m o r p h o l o g i c a l  s y s t e m s  a n d  to a n a l y s e  t h e

f o r m  p r o c e s s  r e l a t i o n s h i p s ,  i t  is n e c e s s a r y  to e x p r e s s  t h e  c h a r a c t e r  o f

t h e  d r a i n a g e  b a s i n  in  q u a n t i t a t i v e  t e r m s .  A n y  r i v e r  n e t w o r k

d e m a n d s  t h e  a d o p t i o n  o f  a c l a s s i f i c a t i o n  s y s t e m  f o r  i t s  a n a l y s i s .

2 .1  C la s s ific a tio n  o f r iv e r  netw ork

T h e  f i r s t  a t t e m p t  to c l a s s i f y  t h e  r i v e r s  w a s  m a d e  b y

G r a v e l  i u s  ( 1 9 1 4 ) .  He c o n s i d e r e d  t h e  l a r g e s t  r i v e r  to be  o f  f i r s t  

o r d e r ,  f r o m  s o u r c e  to m o u t h .  T h e  t r i b u t a r i e s  f l o w i n g  d i r e c t l y  i n t o  i t  

a r e  o f  s e c o n d  o r d e r ,  s t r e a m s  f l o w i n g  i n t o  t h e  s e c o n d  o r d e r  s t r e a m  w as  

o f  t h i r d  o r d e r  a n d  so o n .

H o r t o n  (1945)  p r o p o s e d  a c l a s s i f i c a t i o n  s y s t e m  f o r  c h a n n e l  

n e t w o r k s  in  w h i c h  f i n g e r t i p  c h a n n e l s  w e r e  d e s i g n a t e d  a s  o r d e r ,  one  

a n d  w h e r e  t w o  f i r s t  o r d e r  t r i b u t a r i e s  j o i n e d  t h e  c h a n n e l  se g m e n t  

w a s  o f  o r d e r  tw o  e t c .

S t r a h l e r  (1952)  c o n t i n u e d  t h e  t a s k  o f  c l a s s i f i c a t i o n  w i t h  t h e  

s m a l l e s t  f i n g e r t i p  t r i b u t a r y  as  t h e  b a s i c  u n i t .  He p r o p o s e d  t h e  r i v e r  

s e g m e n t  o f  s e c o n d  o r d e r  to  a p p e a r  w h e n  tw o  f i r s t  o r d e r  s e g m e n t s  j o i n  

T h e  new c o u r s e  h a d  c h a r a c t e r s t  i c s  e n t i r e l y  d i f f e r e n t  f r o m  t h e  

b r a n c h e s .  A t h i r d  o r d e r  s e g m e n t  w o u l d  a p p e a r  a t  t h e  j u n c t i o n  o f  tw o



s e c o n d  o r d e r  s t r e a m  s e g m e n t s .  T h e  t h i r d  o r d e r  s e g m e n t  m i g h t  be

r e c e i v i n g  t r i b u t a r i e s  o f  l o w e r  o r d e r s  T h e  o r d e r  o f  t h e  r i v e r  s e g m e n t

w o u l d  c h a n g e  w h e n  i t  u n i t e s  w i t h  a h i g h e r  o r d e r  o n e  a n d  so o n .

H o r t o n - S t r a h l e r  s y s t e m  o f  c l a s s i f i c a t i o n  i s  now w i d e l y  a c c e p t e d

P a n o v e  ( 196 2 )  a t t r i b u t e d  t h e  f i r s t  o r d e r  to  t h e  s m a l l e s t  

f i n g e r t i p  t r i b u t a r i e s .  T w o  s e c o n d  o r d e r  s t r e a m s  w o u l d  g i v e  o n e  o f  t h e  

t h i r d  o r d e r  a n d  so  o n  u p t o  t h e  m a i n  s t r e a m .  He f o u n d  a r e l a t i o n s h i p  

f o r  d e t e r m i n i n g  c l a s s  o f  t h e  t r i b u t a r y ,  b a s e d  on  t h e  r e g i o n a l  

p a r a m e t e r s  t o  d e t e r m i n e  r u n o f f  a n d  t h e  b a s i n  a r e a .

c l  = b + a log A

W h e r e

c l  -  c l a s s  t o  w h i c h  t h e  t r i b u t a r y  b e l o n g s

a &  b -  r e g i o n a l  p a r a m e t e r s

A -  d r a i n a g e  a r e a

S h r e v e  (1 9 6 6 )  f o u n d  o u t  a n e w  s y s t e m  o f  c l a s s i f i c a t i o n ,  

t a k i n g  i n t o  a c c o u n t  a l l  t r i b u t a r i e s  a n d  p r o v i d e d  t h e  s i z e  o f  t h e  b a s i n  

in t e r m s  o f  t h e  n u m b e r  o f  s t r e a m  s e g m e n t s .  He d e s i g n a t e d  t h e  s t r e a m s  

a s  e x t e r i o r ,  i f  t h e y  e n d  w i t h  a s p r i n g  a n d  a s  i n t e r i o r  i f  t h e i r  

u p s t r e a m  e n d  w a s  c o n n e c t e d  to  a n o t h e r  t w o  s e g m e n t s .  S h r e v e  p r o p o s e d  

to  d i v i d e  t h e  n e t w o r k  i n t o  s e p a r a t e  l i n k s  a t  e a c h  j u n c t i o n  a n d  to  

a l l o w  t h e  m a g n i t u d e  o f  e a c h  l i n k  to  r e f l e c t  t h e  n u m b e r  o f  f i r s t  o r d e r  

f i n g e r t i p s  u l t i m a t e l y  f e e d i n g  i t .



I t  h a d  b e e n  v e r i f i e d  f o r  v e r y  m a n y  c a s e s  t h a t  r i v e r s  o f  t h e  

s a m e  o r d e r  w e r e  g e n e r a l l y  s i m i l a r  i n  t e r m s  o f  d r a i n a g e  b a s i n  a r e a ,  

m e a n  l e n g t h  o f  c h a n n e l  n e t w o r k ,  m e a n  s l o p e s ,  w a t e r  d i s c h a r g e  e t c . ,  i f  

t h e y  h a d  d e v e l o p e d  u n d e r  s i m i l a r  p h y s l o g r a p h i c a I  c o n d i t i o n s .  D i f f e r e n t  

systems o f  c l a s s i f i c a t i o n  is s h o w n  in  F i g . 2 . 1 .

2 . 1 . 2  L a w  o f  s t r e a m  n u m b e r s

H o r t o n  ( 194 5 )  s t a t e d ,  " t h e  n u m b e r  o f  s t r e a m s  o f  d i f f e r e n t  

o r d e r s  in a g i v e n  d r a i n a g e  b a s i n  t e n d  c l o s e l y  to  a p p r o x i m a t e  a n  

i n v e r s e  g e o m e t r i c  p r o g r e s s i o n  in w h i c h  t h e  f i r s t  t e r m  is u n i t y  a n d  t h e  

r a t i o  i s  t h e  B i f u r c a t i o n  r a t i o " .

T h e  n u m b e r  N o f  s t r e a m s  o f  o d e r  ' o ' ,  h a v i n g  t h e  b i f u r c a t i o n  o ’ 3
r a t i o  r ,  a n d  t h e  o r d e r ' u ' o f  t h e  m a i n  s t r e a m ,  b

T h e  t o t a l  n u m b e r  N o f  s t r e a m s  is g i v e n  b y

H i r s c h  (1 962)  d e f i n e d  t h e  t e r m  c o n f l u e n c e  r a t i o  a g a i n s t  t h e

b i f u r c a t i o n  r a t i o .  C o n f l u e n c e  r a t i o  (R ) w a s  e s t a b l i s h e d  in  v a r i o u s
c

w a y s .

H o r t o n  c o n s i d e r e d  t h e  l a s t  t e r m  o f  t h e  g e o m e t r i c  p r o g r e s s i o n  

as  u n i t y .  L a t e r ,  C h r i s t o f o I e t t i  ( 1970 )  s t u d i e d  t h e  d r a i n a g e  n e t w o r k



F ig .2 .1  VARIOUS CLASSIFICATION SYSTEMS FOR RIVER NETWORKS



i n t h e  B r a z i l i a n  P l a t e a u .  He f o u n d  t h a t  t h e  p r o g r e s s i o n  c o u l d  n o t  be

g o o d  w i t h  t h e  l a s t  t e r m  as  u n i t y .  I t  w a s  p r o v e d  t h a t  l o c a l  c o n d i t i o n s

m i g h t  c a u s e  t h e  t r a n s i t i o n  to  a h i g h e r  o r d e r  b e f o r e  t h e  a c c u m u l a t i o n

o f  a l l  s t r e a m s  o f  l o w e r  o r d e r s .  G e n e r a l l y ,  i n  e l o n g a t e d  b a s i n s ,  t h e

n u m b e r  o f  t h e  h i g h e s t  o r d e r  s t r e a m  w o u l d  n o t  b e  e q u a l  to  u n i t y  as

t h e  s t r e a m ?  w a s  n o t  f u l l y  d e v e l o p e d  u n d e r  t h e  g i v e n  p h y s l o g r a p h i c a I

c o n d i t i o n s .  A s  s u c h ,  t h e  l a w  w a s  m o d i f i e d  a s ,  " t h e  n u m b e r s  o f

s t r e a m  s e g m e n t s  o f  s u c c e s s i v e l y  h i g h e r  o r d e r s  in  a g i v e n  d r a i n a g e

b a s i n  t e n d  to  f o r m  a d e c r e a s i n g  g e o m e t r i c  p r o g r e s s i o n  in  w h i c h  t h e

f i r s t  t e r m  is t h e  n u m b e r  o f  f i r s t  o r d e r  s t r e a m s  a n d  t h e  r a t i o  is t h e

c o n f l u e n c e  r a t i o  R " •  T h e  n u m b e r  o f  s t r e a m s  o f  a g i v e n  o r d e r  x  w a s  

N 1g i v e n  b y ,  Nx  = _ T h e  v a l u e  o b t a i n e d  f i n a l l y  w a s  a n  i n d i c a t i o n

R
c

o f  t h e  e x t e n t  to  w h i c h  t h e m a i n  s t r e a m  h a d  d e v e l o p e d .

A b a s i n  c a r v e d  in  f r i a b l e  r o c k  c o u l d  h a v e  a h i g h  c o n f l u e n c e  

r a t i o  b e c a u s e  i t  w o u l d  b e  c o m p l e t e  f o r  a  c e r t a i n  o r d e r  w i t h  m o r e  

s t r e a m s  o f  l o w e r  o r d e r s  c o m p a r e d  w i t h  a b a s i n  o f  t h e  s a m e  s t a g e  in a 

p l a i n  a r e a .  B e s i d e s  i n f l u e n c i n g  t h e  l a n d s c a p e  m o r p h o m e t r y ,  t h e  

c o n f l u e n c e  r a t i o  i s  a n  i m p o r t a n t  c o n t r o l  o v e r  t h e  p e a k e d n e s s  o f  t h e  

r u n o f f  h y d r o g r a p h  ( F i g . 2 . 2 ) .

2 .2  R iv e r  len g th

T h e  l e n g t h  o f  a s t r e a m  is t h e  d i s t a n c e  m e a s u r e d  a l o n g  t h e  

s t r e a m  c h a n n e l  f r o m  t h e  s o u r c e  t o  a g i v e n  p o i n t  o r  t o  t h e  o u t l e t .  T h e  

s o u r c e  is c o n s i d e r e d  a s  t h e  l o c a t i o n  a t  w h i c h  a  s t r e a m  s t a r t s ,  w h i c h  

c o i n c i d e s  w i t h  t h e  p l a c e  w h e r e  t h e  s m a l l e s t  p e r e n n i a l  s t r e a m  a p p e a r s .
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2 2 1 H o r t o n ' s  la w  o f  s um m ed l e n g t h s

T h e  law  s t a t e d ,  " t h e  su m s  o f  t h e  l e n g t h s  o f  s t r e a m  s e g m e n t s  

o f  s u c c e s s i v e l y  h i g h e r  o r d e r s  * e n d  to  f o r m  a d e c r e a s i n g  g e o m e t r i c  

s e r i e s  in w h i c h  t h e  f i r s t  t e r m  is t h e  s u m m e d  l e n g t h  o f  f i r s t  o r d e r  

s t r e a m s  ( L ^ )  a n d  t h e  r a t i o  (R c ) o f  s u c c e s s i v e  su m m e d  l e n g t h s " .

T o t a l  s t r e a m  l e n g t h  o f  a l l  o r d e r s  c o u l d  be  c a l c u l a t e d  f r o m  

t h e  p r o g r e s s i o n  as ,

, L  (1 -R  U )L  = u c

1-R c

2 . 2 . 2  L a w  o f  a v e r a g e  s t r e a m  l e n g t h

T h e  law  s t a t e d ,  " t h e  a v e r a g e  l e n g t h s  o f  s t r e a m  s e g m e n t s  o f  

s u c c e s s i v e l y  h i g h e r  o r d e r s  in a b a s i n  t e n d  to  a p p r o x i m a t e  an  

i n c r e a s i n g  g e o m e t r i c  s e r i e s  in w h i c h  t h e  f i r s t  t e r m  1  ̂ i s t h e  a v e r a g e  

l e n g t h  o f  / i r s t  o r d e r  s e g m e n t s " .

Schu mm  (1956)  p l o t t e d  f r e q u e n c y  d i s t r i b u t i o n  h i s t o g r a m s  o f  

f i r s t  a n d  s e c o n d  o r d e r  c h a n n e l  l e n g t h s  f o r  t h e  P e r t h  A m b o y  B a d l a n d s ,  

New J e r s e y .  D i s t r i b u t i o n  o f  l e n g t h s  o f  s t r e a m s  o f  e a c h o r d e r  in a 

d r a i n a g e  b a s i n  w e r e  c h a r a c t e r  i s t  i c a  1 l y  r i g h t - s k e w e d  ( l o g  -  n o r m a l )  

M o n s a w a  (1964)  o b t a i n e d  s t r a i g h t  l i n e  p l o t s  b e t w e e n  t h e  l o g a r i t h m  o f  

m ean s t r e a m  s e g m e n t  l e n g t h  a n d  o r d e r  f o r  f o u r  d r a i n a g e  b a s i n s  in t h e  

A p p a l a c h i a n  P l a t e a u  P r o v i n c e .



2 .3  L e n g th  o f o v e r la n d  flo w

O v e r l a n d  f l o w  l e n g t h  is t h e  d i s t a n c e  f r o m  t h e  r i d g e l i n e  o r  

d r a i n a g e  d i v i d e ,  m e a s u r e d  a l o n g  t h e  p a t h  o f  s u r f a c e  f l o w  w h i c h  is n o t  

c o n f i n e d  in  a n y  d e f i n e d  c h a n n e l ,  t o  t h e  i n t e r s e c t i o n  o f  t h i s  f l o w  p a t h  

w i t h  a n  e s t a b l i s h e d  f l o w  c h a n n e l .  O v e r l a n d  f l o w  d e p e n d s  o n  t h e  

l e n g t h  o f  t h e  s l o p e ,  n a t u r e  o f  t h e  s u r f a c e ,  l a n d  u s e  p a t t e r n  a n d  t h e  

t y p e  o f  c u l t i v a t i o n ,  o v e r l a n d  f l o w  a p p e a r s  f o r  a n  i n t e r v a l  j u s t  a f t e r  

r a i n f a l l  a n d  t h e n  d i s a p p e a r s  a s  w a t e r  is a b s o r b e d  b y  t h e  s o i l ,  

r e t a i n e d  b y  t h e  p l a n t  c o v e r  o r  e v a p o r a t e d .

A c c o r d i n g  to  H o r t o n  ( 1 9 4 5 )  t h i s  p a r a m e t e r  w a s  a p p r o x i m a t e l y  

h a l f  t h e  a v e r a g e  d i s t a n c e  b e t w e e n  t h e  s t r e a m  c h a n n e l s  a n d  h e n c e  is 

a p p r o x i m a t e l y  e q u a l  t o  h a l f  t h e  r e c i p r o c a l  o f  t h e  d r a i n a g e  d e n s i t y .

2 .4  D r a in a g e  b a s in  a r e a

D r a i n a g e  b a s i n  a r e a  i s  b o u n d e d  b y  t h e  w a t e r  d i v i d e  a n d  

e x t e n d s  d o w n  t o  t h e  e n d  o f  t h e  m a i n  s t r e a m .  I n  s o m e  b a s i n s ,  a r e a s  in 

w h i c h  s u r f a c e  f l o w  c o l l e c t s  in  s i n k s  o r  l a k e s  n o t  c o n n e c t e d  b y  s u r f a c e  

c h a n n e l s  t o  o t h e r  s t r e a m s  in  t h e  b a s i n  a r e  f o u n d .  S u c h  a r e a s  a r e  

d e s i g n a t e d  a s  n o n - c o n t r i b u t m g  t o  s t r e a m  f l o w  a l t h o u g h  g r o u n d  w a t e r  

c o n n e c t i o n s  m a y  e x i s t .

O t h e r  f a c t o r s  b e i n g  e q u a l ,  t h e  a m o u n t  o f  r a i n  i n t e r c e p t e d  

a n d  t h e  p e a k  d i s c h a r g e  d e c r e a s e s  w i t h  t h e  a r e a  o f  t h e  b a s i n .  T h i s



ha s  b e e n  t h e  b a s i s  f o r  a l a r g e  n u m b e r  o f  f l o o d  f o r m u l a e  in th e  

g e n e r a l  f o r m  Q = c A n .

W here

Q -  t h e  p e a k  d i s c h a r g e  

A  -  t h e  b a s i n  a r e a

c -  a c o n s t a n t  t h a t  v a r i e s  a c c o r d i n g  to  l a n d  use  t o p o g r a p h y  

o f  t h e  b a s i n

n -  a c o n s t a n t  t h a t  ha s  a r a n g e  f r o m  0 .2 2  to 0 . 9

F o r  m a n y  y e a r s  t h e  r a t i o n a l  m e t h o d  h a s  been  u s e d  f o r  

o b t a i n i n g  t h e  p e a k  f l o o d  f l o w ,  i . e . ,  Q = k  A  i

W h e re

A -  t h e  c a t c h m e n t  a r e a  

k  -  t h e  i m p e r m e a b l e  f a c t o r  o f  a r e a  A

i -  t h e  d e s i g n  r a i n f a l l  i n t e n s i t y  on t h e  c a t c h m e n t  a v e r a g e d  

o v e r  t h e  t i m e  o f  c o n c e n t r a t i o n

L e o p o l d  a n d  M i l l e r  (1956)  b y  r e l a t i n g  c h a r a c t e r i s t i c
0 . 7 9

d i s c h a r g e  to d r a i n a g e  a r e a  o b t a i n e d  a n  e q u a t i o n  3 3  -  1 2 ^  f o r

b a s i n s  in C e n t r a l  New M e x i c o .  An  e x p o n e n t i a l  r e l a t i o n s h i p  w a s  f o u n d  

b e t w e e n  o r d e r  a n d  d i s c h a r g e .

2 4 .1  R e l a t i o n s h i p  b e t w e e n  b a s i n  a r e a  a n d  l e n g t h  o f  m a i n  s t r e a m

R i v e r  l e n g t h  a n d  d r a i n a g e  b a s i n  a r e a  a r e  d i r e c t l y  r e l a t e d .  

H a c k  (1957)  e s t a b l i s h e d  t h e  r e l a t i o n  L = 1 . 4 A ^ ' ^



( L  -  t h e  s t r e a m  l e n g t h  m e a s u r e d  in m i l e s  to t h e  d r a i n a g e  d i v i d e ,

2

A -  th e  d r a i n a g e  a r e a  in m i l e s )  f o r  t h e  s t r e a m s  o f  V i r g i n e a  a n d

M a r y l a n d .  F o r  t h e  l a r g e s t  p l a i n  r i v e r s  in t h e  USSR, t h e  Pe o p le s '

R e p u b l i c  o f  C h i n a  a n d  t h e  US, i t  w a s  L = 2 .9  A.  C h u r c h  a n d  M a r k

0 55
(1975)  f o u n d  f r o m  t h e  r e l a t i o n s h i p  I = 1.09 a ' . ( I  -  a v e r a g e

l e n g t h s  o f  s t r e a m  se gm ent s  o f  s u c c e s s i v e  o r d e r s  a n d  a -  t h e  a v e r a g e  

b a s i n  a r e a )  t h a t  t h e  s t r e a m  l e n g t h  was  p o s i t i v e l y  a l l o m e t r i c  w i t h  

r e s p e c t  to  t h e  b a s i n  a r e a  f o r 6  s i x t h  o r d e r  b a s i n s  in t h e  l a l o m i t a  

b a s i n .

2 .5  B asin  shape

A s e r i e s  o f  m o r p h o m e t r i c a I  p a r a m e t e r s  a n d  t h e  f o r m a t i o n  o f  

f l o o d s  d e p e n d  on t h e  b a s i n  s h a p e .  The  g e o m e t r y  o f  s t r e a m  n e t w o r k  is 

c o n t r o l l e d  b y  th e  b a s i n  s h a p e  w h i c h  is a f u n c t i o n  o f  g e o l o g i c a l  

s t r u c t u r e .  F lo o d s  a n d  t h e i r  e r o s i v e  p o w e r  is h i g h e r  in e l o n g a t e d  

b a s  i n s .

A n u m b e r  o f  i n d i c e s  w e re  d e v i s e d  to e x p r e s s  t h e  s h a p e  o f  

d r a i n a g e  b a s i n s .  H o r t o n  (1941) c o n c l u d e d  t h a t  a n o r m a l l y  d e v e l o p e d  

b a s i n  s h o u l d  be  p e a r - s h a p e d .  I t  w as  a s i g n  t h a t  t h e  b a s i n  h a d  

r e s u l t e d  f r o m  e r o s i o n  p ro c e s s e s  on an  i n i t i a l l y  i n c l i n e d  s u r f a c e .  He 

i n t r o d u c e d  t h e  r a t i o ,  f o r m  f a c t o r  R^ w h i c h  was  t h e  r a t i o  o f  t h e  a r e a  

o f  a d r a i n a g e  b a s i n  ( A ^ )  to t h e  s q u a r e  o f  i t s  m a x i m u m  l e n g t h  (l~m ).

Rf  = ^ b

L
m

2



Lsuchiseva (1950) ' int roduced t h e  compac tness  c o e f f i c i e n t  wh ich  was 

t h e  r a t i o  o f  t h e  a c t u a l  b a s i n  p e r i m e t e r  (P )  to  t h e  p e r i m e t e r  o f  a 

c i r c l e  o f  e q u a l  a r e a  ( P ^ ) .

P P
m = ____ = 0 282  . T h i s  c o e f f i c i e n t  e q u a l l e d  u n i t y

P 1 A

w h e n  t h e  b a s i n  s h a p e  w as  a p e r f e c t  c i r c l e ,  i n c r e a s i n g  to 1 .128 in t h e  

c a s e  o f  a s q u a r e  a n d  w o u l d  e x c e e d  3 f o r  a v e r y  e l o n g a t e d  b a s i n .

M i l l e r  (1953)  r e p r e s e n t e d  t h e  b a s i n  s h a p e  u s i n g  t h e

c i r c u l a r i t y  r a t i o .  T h e  r a t i o  w a s  t h e  q u o t i e n t  b e t w e e n  t h e  a r e a  (A)  o f

a b a s i n  a n d  t h e  a r e a  A o f  a c i r c l e  w h o s e  c i r c u m f e r e n c e  e q u a l l e d  t h e
c

b a s i n  p e r i m e t e r ,  R = ____  . T h e  r a t i o  w a s  f o u n d  to  r a n g e  b e t w e e n
c A c

one  a n d  0 . 7 8 5  f o r  a p e r f e c t  c i r c l e  a n d  f o r  a s q u a r e  i t  w o u l d  d e c r e a s e  

w i t h  t h e  e l o n g a t i o n  o f  t h e  b a s i n .  T h e  c i r c u  l a r  i t y  r a t i o  w a s  f o u n d  to 

be i n f l u e n c e d  b y  t h e  s l o p e ,  r e l i e f ,  s t r u c t u r e  a n d  t e c t o n i c s  o f  

g e o l o g i c a l  f o r m a t i o n s .

Schumm (1956)  p r o p o s e d  e l o n g a t i o n  r a t i o ,  w h i c h  w a s  t h e  r a t i o

o f  t h e  d i a m e t e r  o f  a c i r c l e  o f  a r e a  e q u a l  to t h a t  o f  t h e  b a s i n  a n d
D

t h e  m a x i m u m  b a s i n  l e n g t h  ( l_b ) ,  Rg = _ £  . T h e  r a t i o  v a r i e d  f r o m
L b

1 275 f o r  a c i r c l e ,  to  o n e  f o r  a s q u a r e  a n d  i n c r e a s e d  w i t h  e l o n g a t i o n .

C h o r l e y  et_ a I . (1957)  n o t e d  t h a t  t h e  p e a r  s h a p e d  b a s i n s

w e r e  c l o s e l y  r e s e m b l e d  w i t h  L e m n i s c a t e  c u r v e s .  B a s e d  u p o n

c o m p a r i s o n  o f  b a s i n  w i t h  l e m n i s c a t e  c u r v e ,  l e m n i s c a t e  r a t i o ,  g i v e n  b y  

L h 2K = w a s  p r o p o s e d .  T h e  r a t i o  v a r i e d  b e t w e e n  10-15 f o r  v e r y
4A



e l o n g a t e d  b a s i n s  w h e r e a s  t h e  v a l u e  e q u a l l e d  u n i t y  f o r  a c i r c l e .  T h e

s m a l l  r a n g e  o f  v a r i a t i o n  o f  t h e  l e m n i s c a t e  a n d  t h e  m o r e  c o m p l i c a t e d  

c a l c u l a t i o n s  m a d e  t h i s  i n d e x  i n a d o p t a b l e .

S i n g h  (1970)  in  a c a s e  s t u d y  o f  H o s h a r p u r  K a n g r a  t r a c t

s h o w e d  a n e g a t i v e  c o r r e l a t i o n  ( - 0 . 5 2 )  b e t w e e n  t h e  c i r c u l a r i t y  r a t i o  a n d  

s t r e a m  o c c u r r e n c e .  T h e  c i r c u l a r i t y  r a t i o  p r o v i d e d  a l i m i t e d  i n d i c a t i o n

o f  t h e  s h a p e  o f  a d r a i n a g e  b a s i n ,  s i n c e  mos t  b a s i n s  w e r e  e l o n g a t e d .

S e y h a n  (1975)  f o u n d  t h a t  r a i n f a l l  a n d  r u n o f f  w e r e  b e t t e r

c o r r e l a t e d  w i t h  t h e  e l o n g a t i o n  r a t i o  t h a n  w i t h  t h e  f o r m  f a c t o r .  F o r  a 

g i v e n  o r d e r ,  i n c r e a s e s  w e r e  n o t e d  in t h e  l e n g t h  o f  t h e  m a i n  s t r e a m ,  in 

t h e  a r e a  a n d  in o t h e r  p a r a m e t e r s  o f  e l o n g a t e d  b a s i n s ,  i n d i c a t i n g  t h e  

s i g n i f i c a n c e  f o r  t h e  f o r m  f a c t o r  in d r a i n a g e  b a s i n  e v o l u t i o n .

2 .6  D ra in a g e  d en s ity  an d  constan t of chan n el m ain tenance

D r a i n a g e  d e n s i t y  is a t e r m  w h i c h  h a d  been  d e f i n e d  in a

n u m b e r  o f  w a y s .  T h e  c o m m o n l y  a d o p t e d  f o r m  o f  t h e  d e f i n i t i o n  o f

d r a i n a g e  d e n s i t y  is t h e  r a t i o  o f  t h e  t o t a l  s t r e a m  l e n g t h  to  t h e  a r e a  o f

th e  b a s i n .  C o n s t a n t  o f  c h a n n e l  m a i n t e n a n c e  is t h e  a r e a  n e c e s s a r y  to

m a i n t a i n  one  k i l o m e t r e  o f  d r a i n a g e  c h a n n e l .  I t  is  t h e  r e c i p r o c a l  o f  

d r a i n a g e  d e n s i t y .

H o r t o n  (1945)  n o t e d  h i g h e r  d r a i n a g e  d e n s i t i e s  in  a r e a s  w i t h  

h i g h e r  p r e c i p i t a t i o n  a n d  v e r y  low d e n s i t i e s  in  b a s i n s  w i t h  g r e a t



p e r m e a b i l i t y .  He e x p l a i n e d  r e g i o n a l  v a r i a t i o n s  o f  d r a i n a g e  d e n s i t y  b y

t h e  d i f f e r e n c e s  in  i n f i l t r a t i o n  c a p a c i t y .  He d e d u c e d  t h e  f o l l o w i n g

r e l a t i o n s h i p  f o r  t h e  c a l c u l a t i o n  o f  d r a i n a g e  d e n s i t y  f r o m  t h e  l a w s  o f

D _ I •) r b u _ 1 ( f  - 1 )  • Wheres t r e a m  n u m b e r s  a n d  a v e r a g e  l e n g t h s ,

A (j> - D

-  d r a i n a g e  d e n s i t y ,  r ^  -  b i f u r c a t i o n  r a t i o ,  u -  o r d e r  o f  s t r e a m ,

l^ -  a v e r a g e  l e n g t h  o f  f i r s t  o r d e r  s t r e a m ,  ¥ -  a v e r a g e  l e n g t h  r a t i o .

He f o u n d  a n  i n v e r s e  r e l a t i o n  o f  D , w i t h  b a s i n  a r e a  w h e n  s t r e a m
d

l e n g t h  w a s  c o n s t a n t  a n d  d i r e c t  r e l a t i o n s h i p  w i t h  t h e  s t r e a m  l e n g t h  a t  

c o n s t a n t  d r a i n a g e  a r e a

C a r l s t o n  (1963)  s t u d i e d  t h i r t e e n  b a s i n s  in t h e  c e n t r a l  a n d  

e a s t e r n  U n i t e d  S t a t e s .  T h e  v a r i a t i o n  o f  d r a i n a g e  d e n s i t y  w a s  f o u n d  

to be  d u e  to  t h e  d i f f e r e n c e  in p e r m e a b i l i t y  a n d  t r a n s m i s s i b  1 1 i t y . He

e x p r e s s e d  t h e  s t r e a m  f l o w  in t e r m s  o f  d r a i n a g e  d e n s i t y  M a x i m u m
2 -2  

f l o o d  ( r e t u r n  p e r i o d  2 33 y e a r s )  Q^  3 ^ 1 -3 D_j ’ ®ase  f l ° w

A low d r a i n a g e  d e n s i t y  w a s  f o u n d  in r e g i o n s  w i t h  h i g h  r e s i s t a n c e  to

e r o s i o n  on  a h i g h l y  p e r m e a b l e  s u b s t r a t u m  f o r m i n g  a r e l i e f  w i t h  g p n t l e

s l o p e s  c o v e r e d  b y  d e n s e  v e g e t a t i o n .

S t r a h l e r  (1964)  c o n d u c t e d  s t u d i e s  f o r  s e l e c t e d  r i v e r  b a s i n s  o f  

U . S . A .  a n d  c l a s s i f i e d  t h e  a r e a s  as  low d r a i n a g e  d e n s i t y ,  m e d i u m  

d r a i n a g e  d e n s i t y ,  h i g h  d r a i n a g e  d e n s i t y  a n d  v e r y  h i g h  d r a i n a g e  

d e n s i t y .  T h e  c h a n g e s  in d r a i n a g e  d e n s i t y  w i t h  t h e  g e o m o r p h o l o g i c a l  

e v o l u t i o n  o f  a r e g i o n  w a s  a t t r i b u t e d  to c l i m a t i c  c h a n g e s  a n d  as  a 

c o n s e q u e n c e  o f  m a n ' s  a c t i o n .  M a n ,  in o r d e r  to  s a t i s f y  h i s  n e e d s ,  

h a d  d i s t u r b e d  t h e  e q u i l i b r i u m  o f  t h e  e n v i r o n m e n t .  S u ch  a c t i o n s  w o u l d  

a c c e l e r a t e  e r o s i o n



O r s b o r n  (1970)  r e l a t e d  d r a i n a g e  d e n s i t y  to  m ean  a n n u a l

f l o o d s  a n d  g r o u n d  w a t e r  f l o w ,  w i t h  t h e  same a m o u n t  o f  p r e c i p i t a t i o n ,

h i g h  d r a i n a g e  d e n s i t i e s  w e r e  a s s o c i a t e d  w i t h  l a r g e r  f l o o d s  a n d  v i c e

v e r s a .  He e x p r e s s e d  S . R . O .  as  p e r c e n t a g e  o f  t o t a l  r u n o f f  He

0 . 5
e x p r e s s e d  S . R . O .  as Q = 58 .

P e t h i c k  (1975)  f o u n d  a n  i n v e r s e  c o r r e l a t i o n  b e t w e e n  t h e  

d r a i n a g e  d e n s i t y  a n d  a r e a  o f  b a s i n .  = 6 .6 7 5 A  ®-3366 w 11 h a

c o r r e l a t i o n  c o e f f i c i e n t  o f  - 0  77 .  He c o n c l u d e d  t h a t  t h e  low c o r r e l a t i o n  

c o e f f i c i e n t  a n d  t h e  g r e a t  s c a t t e r  o f  v a l u e s  w e r e  d u e  to t h e  l e n g t h  o f  

s t r e a m s  w h i c h  w e r e  n o t  t a k e n  i n t o  a c c o u n t .

K a t e  a n d  P a t h a k  (1987)  s t u d i e d  t h e  g e o m o r p h o l o g y  o f  a n  a r e a  

u s i n g  a i r - p h o t o  i n t e r p r e t a t i o n  t e c h n i q u e .  D e n s i t y  o f  d r a i n a g e  t o w a r d s

r o c k y  a r e a  w a s  m o r e  t h a n  t h e  a r e a s  a w a y  f r o m  r o c k  o u t c r o p s .  T h u s ,

t h e  d e g r e e  o f  e r o d i b i l i t y  w a s  more  in h i g h  r e l i e f  a r e a s  t h a n  t h e  lo w e r  

r e l i e f  a r e a s  T h i s  w a s  a l s o  a n  i n d i c a t i o n  o f  t h e  n o n - u n i f o r m  

d r a i n a g e  p a t t e r n .

2 .  7 Stream  frequency

S t r e a m  f r e q u e n c y  (D ) is d e f i n e d  as t h e  r a t i o  o f  t h e  t o t a l

S ! !  n u m b e r  o f  s t r e a m s  to  t h e  d r a i n a g e  a r e a ,  D = , . S t r e a m
s A

f r e q u e n c y  c a n  be  c a l c u l a t e d  f r o m  t h e  d e c r e a s i n g  g e o m e t r i c  p r o g r e s s i o n  

o f  t h e  n u m b e r s  o f  s t r e a m  s e g m e n t s  o f  s u c c e s s i v e l y  h i g h e r  o r d e r s .



S e y h a n  (1976)  d i s c o v e r e d  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  s t r e a m  

f r e q u e n c y *  a n d  d r a i n a g e  a r e a  w a s  o b v i o u s l y  i n v e r s e  in n a t u r e  wh en  

t h e  n u m b e r  o f  s t r e a m s  r e m a i n e d  c o n s t a n t  f o r  v a r i o u s  v a l u e s  o f  a r e a s  

t h o u g h  a d i r e c t  r e l a t i o n s h i p  e x i s t s  b e t w e e n  t h e  t o t a l  n u m b e r  o f  s t r e a m  

s e g m e n t s  a n d  d r a i n a g e  a r e a s .

C h r  i s t o f o l e t t  i a n d  O k a - F  i o n  (1980)  c a r r i e d  o u t  r e s e a r c h e s  in 

t h e  P i r a c i c a b a  a n d  Sao P e d r o  a r e a s  ( B r a z i l ) .  F o r  t h e s e  r e g i o n s ,  deep  

g e o l o g i c a l  f o r m a t i o n s  h a d  no c o n t r o l  o v e r  t h e  s p a t i a l  d i s t r i b u t i o n  o f  

s t r e a m s .  S t r e a m  f r e q u e n c y  w a s  a h y d r o l o g i c a l  p h e n o m e n o n  r e l a t e d  to 

t h e  c h a r a c t e r i s t  ics o f  s u r f a c e  g e o l o g i c a l  f o r m a t i o n s .

2 7 1 R e l a t i o n s h i p  b e tw e e n  d r a i n a g e  d e n s i t y  a n d  s t r e a m  f r e q u e n c y

M e l t o n  (1957)  s t u d i e d  156 m a t u r e  d r a i n a g e  b a s i n s  a n d

e x p r e s s e d  t h e  r e l a t i o n s h i p  b e t w e e n  d r a i n a g e  d e n s i t y  a n d  s t r e a m
2  '

f r e q u e n y . Ds = 6 .6 9 4  ( c o r r e l a t i o n  c o e f f i c i e n t  + 0 . 9 7 ) .  T h e  e r r o r s

o b t a i n e d  in a p p l y i n g  t h i s  f o r m u l a  to o t h e r  b a s i n s  i n d i c a t i n g  t h a t  t h e  

v a l u e  o f  t h e  c o n s t a n t  d i f f e r s  f r o m  one  r e g i o n  to a n o t h e r  in r e l a t i o n  to 

t h e  e x t e n t  to w h i c h  t h e  b a s i n  t o p o g r a p h y  w a s  a d j u s t e d  to e n v i r o n m e n t  

c o n d  i t  i o n s .

Ion  Z a v o i a n u  (1978)  a n a l y s e d  t h e  b a s i n s  in R o m a n i a  a n d  

n o t e d  t h a t  a n  i m p o r t a n t  r o l e  in d e t e r m i n i n g  s t r e a m  f r e q u e n c y  a n d  

d r a i n a g e  d e n s i t y  w a s  p l a y e d  b y  r o c k  t y p e  a n d  in  p a r t i c u l a r  b y  

d i f f e r e n c e s  in t h e  d e g r e e  o f  c o n s o l i d a t i o n  a n d  r e s i s t a n c e  to e r o s i o n .



F o r  c o n s o l i d a t e d  r o c k  w i t h  a g e o l o g i c a l  r e s i s t a n c e  r a n g i n g  f r o m  4 to 9 

b o t h  d r a i n a g e  d e n s i t y  a n d  s t r e a m  f r e q u e n c y  w e r e  i n v e r s e l y  r e l a t e d  to 

th e  d e g r e e  o f  r o c k  r e s i s t a n c e .  He e x p r e s s e d  t h e  r e l a t i o n s h i p  b e t w e e n  

s t r e a m  f r e q u e n c y  a n d  d r a i n a g e  d e n s i t y  a s ,

1 44
, ° s  = 1-71 D d

2 .8  B asin  slope

S lo p e  m a y  be  d e f i n e d  as t h e  t a n g e n t  o f  t h e  a n g l e  o f  

i n c l i n a t i o n  o f  a l i n e  o r  p l a n e  d e f i n e d  b y  a l a n d  s u r f a c e .  I t  is th e

" e s u l t  o f  a c o m p l e x  a n d  c o n t i n u o u s  i n t e r a c t i o n  b e t w e e n  i n t e r n a l  a n d  

e x t e r n a l  f o r c e s  a c t i n g  u p o n  t h e  e a r t h ' s  s u r f a c e .

C h o r l e y  a n d  M o r g a n  ( 1962) f o r m e d  r e g r e s s i o n  e q u a t i o n s  f o r  

mean c h a n n e l  s l o p e  a n d  o r d e r  to s t r e a m s  in t h e  U n a k a  m o u n t a i n s ,  

E n g  l a n d

E b i s e m i j u  (1979)  h a d  s h o w n  t h a t  b a s i n  m o r p h o l o g y  c o u l d  be

a l m o s t  c o m p l e t e l y  q u a n t i f i e d  a n d  s t u d i e d  b y  m e a s u r e m e n t  o f  f o u r

m o r p h o m e t r i c  p a r a m e t e r s ,  d r a i n a g e  d e n s i t y ,  s t r e a m  n u m b e r s ,  s t r e a m

l e n g t h s  a n d  r e l i e f .  T h e s e  f a c t o r s ,  t o g e t h e r  a c c o u n t  f o r  a b o u t  90% o f

t h e  i n t e r - r e l a t  i ons  o f  t h e  s e v e r a l  m o r p h o m e t r i c  p r o p e r t i e s .



2 .9  P a tte rn  of d ra in a g e

Q u a n t i t a t i v e  d e s c r i p t i o n  o f  t h e  d r a i n a g e  p a t t e r n  h a d  been  

a p p r o a c h e d  b y  t h r e e  m e t h o d s ,  b y  t h e  a n a l y s i s  o f  c o m p o n e n t  d i r e c t i o n s  

a n d  o r d e r s ,  b y  t h e  a n a l y s i s  o f  j u n c t i o n  a n g l e s  o r  b i f u r c a t i o n  r a t i o s  

a n d  b y  t h e  d e v i a t i o n  o f  g e n e r a l i s e d  p a t t e r n s .  H o w e v e r ,  d r a i n a g e  

p a t t e r n s  a r e  u s u a l l y  e x p r e s s e d  in q u a l i t a t i v e  t e r m s  a n d  c l a s s i f i ­

c a t i o n s .  T h e y  a r e  m a i n l y  d e s i g n a t e d  as D e n t n t i c ,  P a r a l l e l ^  T r e l l i s  

a n d  R e c t a n g u l a r  p a t t e r n s  ( F i g  2 . 3 ) .

2 .10  V eg eta l cover

V e g e t a t i o n  o f  t h e  b a s i n  s u r f a c e  d e p e n d s  on t h e  s o i l ,  r o c k s  

a n d  l o c a t i o n  o f  a b a s i n  a n d  i n f l u e n c e  c l i m a t i c  c o n d i t i o n s  a n d  

h y d r o l o g i c a l  p r o c e s s e s  T h e  c a n o p y  a n d  l i t t e r  o f  a f o r e s t  c a n  

d i m i n i s h  r u n o f f  a n d  i n c r e a s e  t h e  q u a n t i t y  o f  w a t e r  i n f i l t r a t i n g  i n to  

t h e  s o i l .  V e g e t a t i o n  a l s o  p l a y s  a c o n s i d e r a b l e  r o l e  in t h e  w a t e r  

b a l a n c e  o f  a r e g i o n ,  t h r o u g h  e v a p o t r a n s p  i r a t  i o n . T h u s ,  t h e  

i m p o r t a n c e  o f  v e g e t a t i o n  in t h e  t r a n s f e r  o f  mass  a n d  e n e r g y  b y  

v a r i o u s  r o u t e s  w i t h i n  a d r a i n a g e  b a s i n  is a p p a r e n t .

T h e  c l a s s i c a l  a p p r o a c h  to  s t u d y  t h e  e f f e c t  o f  v e g e t a t i o n  on 

r u n o f f  is  to  a l t e r  t h e  l a n d  u s e  on one  o f  a p a i r  o f  o t h e r w i s e  i d e n t i c a l  

b a s i n s  a f t e r  a n  i n i t i a l  c a l i b r a t i o n  p e r i o d ,  t h e n  to a s c r i b e  d i f f e r e n c e s  

in r u n o f f  p a t t e r n s  to t h e  c o n t r a s t i n g  l a n d  u s a g e .  T h e  o r i g i n a l  b a s i n  

a c t s  as a c o n t r o l ,  so t h a t  e x t r a n e o u s  i n f l u e n c e s  s u c h  as c l i m a t i c  

c h a n g e  c a n  b e  i d e n t i f i e d .
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F ig . 2 .3  PATTERNS OF DRAINAGE



B a t t s  a n d  H e n r y  (1928)  s t u d i e d  t h e  e f f e c t  o f  t h e  r e m o v a l  o f  

D o u g l a s  F i r e  t r e e s  f r o m  t h e  e a s t e r n  p a r t s  o f  C o l o r a d o  on  t h e  s t r e a m  

f l o w .  R i v e r  f l o w  r a t e  w a s  f o u n d  to  i n c r e a s e  b y  17% a n d  d u r i n g  f l o o d  

s e a s o n ,  i t  i n c r e a s e d  b y  50%. P e n y a  (1962)  f o u n d  a n  i n c r e a s e  o f  

r u n o f f  r a t e  b y  t h e  s u b s t i t u t i o n  o f  l a r g e  t r e e s  w i t h  t e a  in E a s t e r n  

A f r i c a .

W a l t e r  (1964)  d e v e l o p e d  a l i n e a r  f u n c t i o n  b e t w e e n  t h e  

p r o d u c t i v i t y  o f  g r a s s  l a n d  in r e l a t i o n  to  d r y  w e i g h t  a n d  t h e  a v e r a g e  

y e a r l y  r a i n f a l l  f o r  S o u th  West  A f r i c a .

D a n i s ,  a f o r e s t  o b s e r v a t i o n  c e n t r e ,  D e n m a r k  r e p o r t e d  a 

l o w e r i n g  o f  tw o  m e t e r s  in t h e  w a t e r  t a b l e  l e v e l  w h e n  t h e  t r e e s  w e re

d e s t r o y e d  in  t h e  c o a s t a l  a r e a  w h e n  t h e  deep  r o o t e d  t r e e s  o f  M a s s a t c h  

H i l l s ,  C u t t a k  w e r e  c u t  a n d  h e r b a c e o u s  p l a n t s  w e r e  c u l t i v a t e d ,  w a t e r  

loss b y  e v a p o t r a n s p  i r a t  ion w a s  r e d u c e d  b y  a c o n s i d e r a b l e  e x t e n t .  T h e  

s u b - s u r f a c e  w a t e r  l e v e l  w a s  r a i s e d  c o n s i d e r a b l y  a f t e r  t h a t .  On t h e  

o t h e r  h a n d ,  w h e n  t h e  t r e e s  o f  B e l g a u m  a r e a  w e r e  l a r g e l y  c u t  do w n  the  

w a t e r  t a b l e  o f  t h a t  a r e a  w a s  l o w e r e d  f o r  a n u m b e r  o f  y e a r s

I n  K e r a l a ,  d u r i n g  1960-70 f o r e s t s  w e r e  l a r g e l y  d e s t r o y e d  in

T r i v a n d r u m  a n d  P a l g h a t  d i s t r i c t s .  T h e  r a i n f a l l  o f  t h e s e  r e g i o n s  w a s

a b o v e  2100 mm, b e f o r e  1960. I t  w a s  r e d u c e d  to  900 mm in 1970.

A n n u a l  r a i n f a l l  i n c r e a s e d  to 1500 mm w h e n  r u b b e r ,  c a r d o m o m ,  c o f f e e  

a n d  t e a k  w ood  w e r e  c u l t i v a t e d  in  t h i s  r e g i o n .



B r o w n  (19 88 )  s t u d i e d  s t o r m  r u n o f f  q u a n t i t y  a n d  q u a l i t y  in

t h r e e  w a t e r  s h e d s  n e a r  St  P a u l  i n  R a n s e y  c o u n t r y  f r o m  A p r i l  15 

t h r o u g h  S e p t e m b e r  15 o f  1984,  ' 8 5  a n d  ' 8 8 . D i f f e r e n c e s  in  s t o r m

r u n o f f  q u a n t i t y  b e t w e e n  y e a r s  in  a n  u r b a n  w a t e r s h e d  t h a t  w a s  l a c k i n g

l a n d s  a p p e a r e d  to  be  r e l a t e d  to  t h e  p r e c i p i t a t i o n .  W a t e r s h e d  h a v i n g

l a r g e s t  a m o u n t  o f  i m p e r v i o u s  a r e a  a n d  s m a l l e s t  a m o u n t  o f  w e t  l a n d  

a r e a  h a d  t h e  l a r g e s t  a m o u n t  o f  s t o r m  r u n o f f  D i f f e r e n c e  in  s t o r m  r u n o f f  

q u a l i t y  w a s  r e l a t e d  to t h e  a m o u n t  o f  we t  l a n d  a n d  l a k e  a r e a .

2 .11  Com position o f ro cks  a n d  so il

R o c k s  a c t  a s  a s u p p o r t  f o r  o t h e r  m o r p h o m e t r  i c a  I e l e m e n t s .

T h e  r e s i s t a n c e  o f f e r e d  b y  t h e  r o c k s  d e t e r m i n e d  t h e  r e l i e f  o f  t h e  b a s i n .  

T h e  t y p e  o f  r o c k  i n f l u e n c e s  t h e  s o i l  l a y e r  a n d  v e g e t a t i o n  S o i l  is a n  

e l e m e n t  w h i c h  d e p e n d s  o n  t h e  t y p e  o f  r o c k ,  on  v e g e t a t i o n ,  on t h e  

s p a t i a l  p o s i t i o n  o f  a b a s i n  a n d  o n  c l i m a t i c  f a c t o r s .  T h e  p r o p e r t i e s  o f  

s o i l  a r e  d e c i s i v e  f a c t o r s  in  t h e  p r o c e s s e s  o f  r u n o f f ,  i n f i l t r a t i o n  a n d  

e r o s i o n .

B e r t r a n d  et_ aj_. (1 964)  n o t e d  t h a t  a n  i n c r e a s e  in  t h e

p e r c e n t a g e  o f  s a n d  in  a  s o i l  l o w e r s  s u r f a c e  r u n o f f .  T h e  p a r t i c l e  s i z e

d i s t r i b u t i o n  a n d  t e x t u r e  o f  s o i l s  w o u l d  p l a y  a v e r y  i m p o r t a n t  r o l e  in 

i n f i l t r a t i o n  a n d  s u r f a c e  r u n o f f  p r o c e s s e s .  T h e r e  w a s  a c l o s e  

r e l a t i o n s h i p  b e t w e e n  i n f i l t r a t i o n  a n d  r u n o f f  i e , t h e  f a c t o r s  f a v o u r i n g  

r u n o f f  h i n d e r  i n f i l t r a t i o n  a n d  v i c e  v e r s a .



2.12 Rainfa l l

T h e  m a g n i t u d e  o f  s t r e a m  f l o w  is r e l a t e d  to t h e  r a i n f a l l  t h a t  

p r o v o k e s  i t  as  w e l l  as  t h e  s t o r a g e  c a p a c i t y  o f  t h e  b a s i n .  A  n u m b e r  

o f  s t u d i e s  h a d  bee n  c o n d u c t e d  to f i n d  t h i s  r e l a t i o n s h i p  a n d  f o r m u l a e  

w e r e  d e v e l o p e d .

Benson  (1962)  d e v e l o p e d  t h e  f o l l o w i n g  e q u a t i o n  f o r  t h e  p e a k  

d i s c h a r g e  in t h e  me an  a n n u a l  f l o o d  f o r  164 b a s i n s  o f  New E n g l a n d

Q = 0 .0 0 9  A ° ‘ 8 5  R2 , 2  
m

K e r a l a  P .W  D. (1974)  p r e s e n t e d  e m p i r i c a l  f o r m u l a e  f o r  

e s t i m a t i n g  a n n u a l  r u n o f f  f o r  some r i v e r  b a s i n s  in K e r a l a .  Th e  

f o r m u l a e  w e r e  l i n e a r  i n c l u d i n g  t h e  r a i n f a l l  o f  t h e  y e a r  u n d e r  

c o n s i d e r a t i o n  a n d  t h e  r a i n f a l l  o f  t h e  p r e v i o u s  y e a r .

B a n d y o p a d h y a y  (1980)  d e v e l o p e d  a n o n - l  i n e a r  m a t h e m a t i c a l  

mo de l  to  s i m u l a t e  t h e  r e s p o n s e  o f  a n  u r b a n  c a t c h m e n t  f o r  t h e  c i t y  o f  

Ca I c u t t a .

C h i n n a m a n i  a n d  S a k t h  i v a d i v e l  (1980)  a n a l y s e d  t h e  d e c r e a s i n g  

t r e n d  in  t h e  a n n u a l  r a i n f a l l  o f  K a t e r y  r i v e r  b a s i n  d u e  to d e f o r e ­

s t a t i o n .  M a x i m u m  f l o o d  f l o w  h a d  a n  u p w a r d  t r e n d  f r o m  1966-67 a f t e r  

t h e  c o m p l e t e  o b l i t e r a t i o n  o f  t h e  s o i l  c o n s e r v a t i o n  w o r k s .



Sen ( 1 9 8 6 ) ,  q u o t e d  C h i n e s e  E n g i n e e r s  t h a t ,  t h e  r a i n f a l l

i n t e n s i t y  h a d  a p p r e c i a b l e  e f f e c t  on  r u n o f f  f o r  t h e  h u m i d  r e g i o n s  o f

t h e i r  c o u n t r y  So i l  m o i s t u r e  a t  t h e  b e g i n n i n g  o f  r a i n f a l l  c o u l d  h a v e

a m a r k e d  i n f l u e n c e  o v e r  t h e  r a  i n f a  I l - r u n o f f  c o r r e l a t i o n

2 .1 3  R unoff

R u n o f f  d e p e n d s  on a n u m b e r  o f  f a c t o r s  o f  t h e  d r a i n a g e  b a s i n  

most  o f  w h i c h  a r e  i n t e r - r e l a t e d  I t  is i m p o s s i b l e  to  i n c o r p o r a t e  a l l  

th e  v a r i a b l e s  in a s i n g l e  e q u a t i o n .  R u n o f f  p a r a m e t e r s  a r e  s t i l l ,  a

f i e l d  r e q u i r i n g  m a j o r  r e s e a r c h  w o r k s .

P 1 11 a i , N . N .  (1964)  d e v e l o p e d  a c o r r e l a t i o n  g r a p h  f o r  K a l l a d a  

B a s i n  to e s t i m a t e  t h e  m o n t h l y  r u n o f f  f r o m  t h e  c a t c h m e n t  o f  t h e  b a s i n .

L a t e r  i t  w a s  a p p l i e d  to c o m p u t e  t h e  y i e l d  o f  A c h e n c o i l  ( b a s i n  a r e

2 2 
847 k m  ) a n d  P a m b a  ( b a s i n  a r e a  1700 k m  ) w i t h i n  + 40% o f  th e

o b s e r v e d  y i e l d

S h a l l a s h  a n d  S t a r m a n s  (1969)  d e v e l o p e d  a f o r m u l a e  

3 / 2
Q = 0 00135 R W her e  R -  t o t a l  a n n u a l  r a i n f a l l  o v e r  t h e

D r\
c a t c h m e n t  ( i n c h e s ;  a n d  D -  d r a i n a g e  d e n s i t y  ( m i l e s / m i l e s  ) .  Th e

f o r m u l a e  h a d  been  b a s e d  on o b s e r v a t i o n s  in t h e  K a f u e  r i v e r  b a s i n ,

Z a m b  l a .



H a n n  a n d  R e a d  (1970)  d e v o t e d  a p a r t  o f  t h e i r  s t u d y  to 

d e v e l o p  a p r e d i c t i o n  e q u a t i o n  f o r  t h e  m ean  a n n u a l  r u n o f f  f o r  s m a l l  

w a t e r s h e d s  o f  K e n t u c k y .  T h e  p r e d i c t i o n  e a u a t i o n  w a s  

RO = - 9  65 + 0 . 4 3  P r e c  + 0 62 P + 0 010 Rr

W h e r e

RO - m e a n  a n n u a l r u n o f f  ( i n c h e s )

P r e c  - m ean  a n n u a l p r e c i p i t a t i o n  ( i n c h e s )

P - p e r i m e t e r  (m i les )

R - R e l i e f  r a t i o

R a t i o  o f  t o t a l  r e l i e f  to  l a r g e s t  d i m e n s i o n  o f  b a s  i n , g e n e r a  I ly  

p a r a l l e l  to  m a i n  s t r e a m  ( f e e t  p e r  m i l e )

G r e g o r y  a n d  W a l l i n g  (1971)  s t a t e d  t h a t  in t h e  d r a i n a g e  b a s i n  

o p e n  s y s t e m  i n p u t  o f  e n e r g y  o c c u r s  f r o m  t h e  c l i m a t e  o v e r  t h e  b a s i n  

a n d  f r o m  e n d o g e n e t i c  f o r c e s  u n d e r  t h e  b a s i n ,  t r a n s p o r t  o f  w a t e r  a n d  

s e d i m e n t  t a k e s  p l a c e  w i t h i n  t h e  s y s t e m  o v e r  s l o p e s  a n d  in  s t r e a m  

c h a n n e l s  a n d  b e l o w  t h e  s u r f a c e ,  a n d  loss t a k e s  p l a c e  p r i n c i p a l l y  b y  

e v a p o r a t i o n  a n d  t r a n s p  i r a t  ion t o  t h e  a t m o s p h e r e  a n d  b y  o u t f l o w  o f  

w a t e r  a n d  s e d i m e n t  f r o m  t h e  m o u t h  o f  t h e  b a s i n  ( F i g . 2 . 4 ) .

I r i n a  Cech a n d  K a u n  A s s a f  (1976)  a n a l y s e d  t h e  r u n o f f  

v a r i a t i o n s  d u e  to  u r b a n  d e v e l o p m e n t s .  T h e  h i g h e s t  p e a k  f l o w  w a s  

f o u n d  to  o c c u r  in r e g i o n s  o f  most  i n t e n s e  u r b a n i z a t i o n  a n d  i n d u s t r i a ­

l i z a t i o n  L o c a l  t o p o g r a p h y  a n d  p h y s i o g r a p h i c  c h a r a c t e r i s t i c s  b e i n g  

t h e  s a m e ,  t h e  a b r u p t  i n c r e a s e  in i n f  l o w  s h o u l d  be  d u e  to  m an  i n d u c e d  

c h a n g e s .
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R o b e r t  M i l h o u s  (1976)  a t t e m p t e d  to e x p r e s s  t h e  f l o o d  f l o w  a n d  

low f l o w  o f  W e s t e r n  W a s h i n g t o n  in t e r m s  o f  t h e  g e o m o r p h i c  p a r a m e t e r s  

Low  f l o w s  w o u l d  be  c o n t r o l l e d  b y  m i c r o f e a t u r e s  i n c l u d i n g  th e

v e g e t a t i o n  a n d  s p e c i f i c  g e o l o g i c a l  d e t a i l s  A r i v e r g a u g e  w o u l d  g i v e  

some i n f o r m a t i o n  a b o u t  t h e  f l o w s ,  d o w n s t r e a m  o f  t h e  g a u g e ,  i f  some

a d d i t i o n a l  f a c t s  o f  t h e  l a t t e r  w a s  a l s o  a v a i l a b l e .  H o w e v e r ,  t h e  use

o f  g e o m o r p h i c  p a r a m e t e r s  w a s  a c c e p t a b ' e  o n l y  f o r  f l o o d  f l o w s ,  not  th e

lo * f  l ows

Cech a n d  A s s a f  (1978)  e m p h a s i s e s  t h a t  t h e  h i g h e s t  p e a k  f l o w  

o c c u r s  in  r e g i o n s  o f  mos t  i n t e n s e  u r b a n i z a t i o n  a n d  i n d u s t r i a l i s a t i o n  

S u ch  an  a b r u p t  i n c r e a s e  in f l o w  in u r b a n  l o c a l i t i e s  w o u l d  be  t h e

r e s u l t  o f  m an  i n d u c e d  c h a n g e s .

K a l y a n  R u d r a  (1979)  f o u n d  t h a t  t h e  r e t a r d a t i o n  o f  t h e  f l o w  

b y  d a m s ,  d e f o r e s t a t i o n  in t h e  u p p e r  c a t c h m e n t  a r e a s  o f  t h e  t r i b u t a r i e s  

o f  B h a g i r a t h i  a n d  h u m a n  i n t e r f e r e n c e  i n c r e a s e d  t h e  p o s s i b i l i t y  o f

f l o o d  T h e  c o n s t r u c t i o n s  l i k e  e m b a n k m e n t s  a n d  d a m s ,  t o p o g r a p h y ,  

e v a p o t r a n s p  i r a t  ion a n d  u n d e r g r o u n d  w a t e r  t a b l e  w e r e  f o u n d  to  h a v e  

p r o n o u n c e d ^  e f f e c t  on t h e  f l o o d .

H a n u m a n t h a  Rao (1983)  c o m p u t e d  r u n o f f  f r o m  c a t c h m e n t s  in

S o u t h  I n d i a .  T h e  p r e d i c t i o n  o f  y i e l d s  w o u l d  d e p e n d  no t  o n l y  on

r a i n f a l l  b u t  a l s o  on b a s i n  c h a r a c t e r i s t i c s ,  e s p e c i a l l y  s o i l  c o v e r ,  

a n t i c i p a t e d  p r e c i p i t a t i o n  i n d e x  a n d  o t h e r  m e t h o d o l o g i c a l  d a t a  o f  th e  

b a s  i n



Rao (1985)  s h o w e d  a h y d r o g r a p h  p i p  a n d  a d e f i n i t e  e f f e c t  

on f l o w  h y d r o g r a p h ,  b y  i n t e r c e p t o r s .  H y d r o g r a p h  p i p  w a s  n o t i c e d  

m a i n l y  f o r  a t h i c k l y  p o p u l a t e d  s e c t o r  a r e a s  w i t h  l a r g e  op e n  s p a c e s  

a n d  lo n g  b u i l d i n g s  o r i e n t e d  t o w a r d s  t h e  o u t l e t .  T h e  r u n o f f  c o e f f i c i e n t  

a n d  t i m e  o f  c o n c e n t r a t i o n  d e p e n d  u p o n  t h e  p e r c e n t a g e  o f  i m p e r v i o u s  

a r e a  a n d  c h a r a c t e r i s t  ic i m p e r v i o u s  l e n g t h  f a c t o r .

S u b r a m a n y a m  (1986)  a s s e s s e d  t h e  d e v e l o p m e n t  o f  t h e  w a t e r  

s o u r c e s  o f  K r i s h n a  r i v e r  b a s i n  a n d  c o n c l u d e d  t h a t  t h e  W e s te r n  G h a t s  

w e re  v i t a l l y  i m p o r t a n t  in p r o v i d i n g  t h e  K r i s h n a  r i v e r  s y s t e m  w i t h  

e n o r m o u s  a m o u n t  o f  w a t e r  s u r p l u s .
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MATERIALS AND METHODS

3.1  D e fin it io n s

1 A v e r a g e  s t r e a m  l e n g t h

A v e r a g e  s t r e a m  l e n g t h  o f  a g i v e n  o r d e r  in a r i v e r  b a s i n  is t h e  

a v e r a g e  l e n g t h  o f  s t r e a m s  o f  t h a t  o r d e r ,  b e l o n g i n g  to t h e  r i v e r  b a s i n .

2 B i f u r c a t i o n  r a t i o  ( C o n f l u e n c e  r a t i o )

B i f u r c a t i o n  r a t i o  ( C o n f l u e n c e  r a t i o )  is t h e  r a t i o  o f  t h e  n u m b e r

o f  s t r e a m  s e g m e n t s  o f  a g i v e n  o r d e r  to  t h e  n u m b e r  o f  s e g m e n t s  o f  th e

n e x t  h i g h e r  o r d e r  N . .
3  u + 1

3 C o n s t a n t  o f  c h a n n e l  m a i n t e n a n c e

C o n s t a n t  o f  c h a n n e l  m a i n t e n a n c e  is t h e  d r a i n a g e  a r e a  r e q u i r e d  

to m a i n t a i n  one  k i l o m e t e r  o f  t h e  c h a n n e l .

4 .  D r a i n a g e  d e n s i t y

D r a i n a g e  d e n s i t y  is t h e  l e n g t h  o f  s t r e a m  s e g m e n t s  p e r  u n i t  

d r a i n a g e  a r e a .



5 E lo n g a t io n  r a t io

E l o n g a t i o n  r a t i o  i s  t h e  r a t i o  o f  t h e  d i a m e t e r  o f  a c i r c l e  o f  a r e a  

e q u a l  to t h a t  o f  s u b - b a s i n  a n d  t h e  m a x i m u m  s u b - b a s i n  l e n g t h .

6 . F o r m  f a c t o r

F o r m  f a c t o r  is t h e  r a t i o  o f  d r a i n a g e  a r e a  to  t h e  s q u a r e  o f  th e  

m a x i m u m  l e n g t h  o f  s u b - b a s i n .

7 .  G e o m o r p h o l o g y

G e o m o r p h o l o g y  is t h e  s c i e n c e  d e a l i n g  w i t h  t h e  m e a s u r e m e n t s  o f  

t h e  f o r m  o f  t h e  e a r t h ' s  c r u s t .

8 . O r d e r

O r d e r  o f  a s t r e a m  s e g m e n t  is t h e  n u m b e r  d e s i g n a t e d  to  i t  a f t e r  

c l a s s i f i c a t i o n  o f  r i v e r  n e t w o r k

9 .  S u b - b a s i n

S u b - b a s i n  is t h e  d r a i n a g e  a r e a  c o n t r i b u t i n g  to a g i v e n  r i v e r -  

g a u g e  s t a t i o n .

10. S t r e a m  f r e q u e n c y

S t r e a m  f r e q u e n c y  is t h e  n u m b e r  o f  s t r e a m  s e g m e n t s  p e r  u n i t  

d r a i n a g e  a r e a .



11. Summed s t r e a m  l e n g t h

Summed s t r e a m  l e n g t h  o f  a g i v e n  o r d e r  in a r i v e r  b a s i n  is th e  

t o t a l  l e n g t h  o f  s t r e a m s  o f  t h a t  o r d e r ,  b e l o n g i n g  to t h e  r i v e r  b a s i n

3 .2  O b jectives

T h e  m a i n  o b j e c t i v e  o f  t h i s  s t u d y  w a s  a q u a n t i t a t i v e  a n a l y s i s  o f  

r u n o f f  p a r a m e t e r s  f o r  C h a l i y a r  a n d  K a b b a n i  r i v e r  b a s i n s .  T h e  s p e c i f i c

o b j e c t i v e s  w e r e  to  s t u d y  t h e  i n t e r - r e l a t  l o nsh  ips  b e t w e e n  t h e  g e o m o r p h o -  

l o g i c a l  p a r a m e t e r s  a n d  t h e  e f f e c t  o f  th e s e  p a r a m e t e r s  a n d  t h e  c l i m a t i c  

f a c t o r s  ( r a i n f a l l )  on t h e  s t r e a m  f l o w .  Th e  r i v e r  b a s i n s  w e r e  d i v i d e d

i n to  s u b - b a s i n s ,  w i t h  e a c h  s u b - b a s i n  c o n t a i n i n g  a n v e r g a u g e  s t a t i o n

( F i g . 3 .1  a n d  3 . 2 ) .  Ge om or pho  log i c a  I p a r a m e t e r s  s u g g e s t e d  f o r  th e

a n a l y s i s  w e re

1. S t r e a m  o r d e r  a n d  t h e  n u m b e r  o f  s t r e a m s  o f  e a c h  o r d e r

2 Summed s t r e a m  l e n g t h  a n d  t h e  a v e r a g e  s t r e a m  l e n g t h  o f

a l l  o r d e r s

3 .  B i f u r c a t i o n  r a t i o  ( C o n f l u e n c e  r a t i o )

4 .  L e n g t h  o f  o v e r l a n d  f l o w

5 S u b - b a s i n  a r e a

6 . B a s i n  s h a p e

7 D r a i n a g e  d e n s i t y

8 . C o n s t a n t  o f  c h a n n e l  m a i n t e n a n c e

9 S t r e a m  f r e q u e n c y

10 P a t t e r n  o f  d r a i n a g e







vJd

V e g e t a l  c o v e r  a n d  t h e  c o m p o s i t i o n  o f  r o c k s  a n d  s o i l  w e r e  t h e

o t h e r  f a c t o r s  c o n s i d e r e d .  S t r e a m  o r d e r ,  s t r e a m  l e n g t h s ,  b i f u r c a t i o n  

r a t i o  a n d  t h e  l e n g t h  o f  o v e r l a n d  f l o w  w e r e  t h e  l i n e a r  a s p e c t s

S u b - b a s i n  a r e a ,  b a s i n  s h a p e ,  d r a i n a g e  d e n s i t y ,  c o n s t a n t  o f  c h a n n e l

m a i n t e n a n c e ,  s t r e a m  f r e q u e n c y  a n d  t h e  p a t t e r n  o f  d r a i n a g e  w e r e  th e  

a r e a l  a s p e c t s .  T h e s e  p a r a m e t e r s  w e r e  e x p r e s s e d  q u a n t i t a t i v e l y  a n d  

a n a l y s e d

3 .3  M orph o lo g ical fac to rs

M o r p h o l o g i c a l  f a c t o r s  w e r e  c o l l e c t e d  f r o m  t h e  t o p o g r a p h i c a l  map 

o f  t h e  r i v e r  b a s i n s .  E a c h  r i v e r  b a s i n  w a s  d i v i d e d  i n t o  s u b - b a s i n s ,  

e a c h  c o n t a i n i n g  a s t r e a m  f l o w  g a u g i n g  s t a t i o n  a n d  t h e  t r i b u t a r i e s

c o n t r i b u t i n g  to i t .  T h e  s u b - b a s i n s  w e r e  t r e a t e d  as  s e p a r a t e  b a s i n s  

M o r p h o l o g i c a l  f a c t o r s  w e r e  m e a s u r e d  f o r  e a c h  s u b - b a s i n .  O t h e r  f a c t o r s  

l i k e  v e g e t a t i o n  a n d  n a t u r e  o f  s o i l  w e r e  n o t e d  f o r  t h e  r i v e r  b a s i n s .

The s u b - b a s i n s  o f C ha  I t y a r b a s i n  w e r e

1 . Ch a  I l y a r 2 . M a r u t h a p u z h a

3. P u n n a p u z h a 4 . K a r i m p u z h a

5. K a n h  i r a p u z h a 6 . M u k k o m

7. K o o d a t h a i 8 . K u t h  i r a p u z h a

9. A r e c o d e



T h e  s u b - b a s i n s  o f  K a b b a m  b a s i n  w e re

1 T h o n d a r 2 Th i r u n e l  11

3 M a n a n t o d d y 4. C h o o r a n i

5. P a n a m a r a m 6 . V a z h a v a t t a

7 M u t h a n g a 8 M a n j  a t

9 K a k k a v a y a I 1 0 . B a v e 1 1

3 3 .1  L i n e a r  a s p e c t s

H o r t o n - S t r a h  le r  s y s t e m  o f  c l a s s i f i c a t i o n  o f  r i v e r  n e t w o r k  w as  

a d o p t e d .  T h e  f i n g e r t i p  t r i b u t a r i e s  w e r e  d e s i g n a t e d  as a f i r s t  o r d e r ,

tw o  f i r s t  o r d e r  s t r e a m  s e g m e n t s  meet  to  f o r m  a s e c o n d  o r d e r  on e  a n d  so 

on L o w e r  o r d e r  t r i b u t a r i e s  j o i n i n g  t h e  s t r e a m  do  n o t  c h a n g e  t h e  o r d e r  

T h e  h i g h e s t  o r d e r  w h i c h  d e s i g n a t e s  t h e  m a i n  s t r e a m  w as  c o n s i d e r e d  as 

t h e  o r d e r  o f  t h e  s u b - b a s i n .  T h e  s u b - b a s i n s  w i t h  t h e  o r d e r e d  s t r e a m  

s e g m e n t s  a r e  s h o w n  in F i g . 3.3 a n d  3 . 4 .  T h e  n u m b e r  o f  s t r e a m  s e g m e n t s  

o f  e a c h  o r d e r  w a s  f o u n d  f r o m  t h e  m a p ,  f o r  a l l  s u b - b a s i n s .

C o n f l u e n c e  r a t i o  w a s  c a l c u l a t e d  u s i n g  t h e  r e l a t i o n s h i p

R = Nu   3 1c ---------
Nu + 1

I t  w a s  c a l c u l a t e d  b y  t h r e e  m e t h o d s ,  v i z . ,  t h e  m e t h o d  o f  w e i g h t e d  

m e a n s ,  f r o m  r e g r e s s i o n  e q u a t i o n  a n d  f r o m  t h e  g r a p h .
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a M e t h o d  o f  w e i g h t e d  means

I f  , N2 , ---------  a r e  t h e  n u m b e r  o f  s t r e a m s  o f  o r d e r

1, 2 ,  3 ,  ----------------u ,  R , = N 1> 7 > 7 cl  ____
N2

R 2  = N2 r c 3  = ------------------- R , = N
c2 '------  . C3 Na cl

N 3  N i +1

N, + n 2 = a , , N2 + N3 = a 2 ------------------  N ( + N | + 1 = a,

N 1 N N !
—  = b 1 - = b . ----------------------------------------  _ ! _  = b (

n 2 n 3 N i+1

Rc = a l b 1 + 2 b 2  + a 3b 3 + -----------------  a ,b ,  3 2

a 1 + a2 +

C o n f l u e n c e  r a t i o  i s  g i v e n  b y ,

D  _  <  a  b
c ( A p p e n d i x  I )

c  a ,

b .  M e t h o d  o f  r e g r e s s i o n  e q u a t i o n s

A c c o r d i n g  to H o r t o n ' s  l a w ,  t h e  n u m b e r  o f  s t r e a m  s e g m e n t s  o f  

e a c h  o r d e r  f o r m  a d e c r e a s i n g  g e o m e t r i c  p r o g r e s s i o n .  O r d e r  a n d  s t r e a m  

n u m b e r s  o f  e a c h  o r d e r  w e r e  t h u s  p l o t t e d  on a sem 1 l o g a r  i th m ic g r a p h  

T h e  r e g r e s s i o n  e q u a t i o n s  f o r  t h e  b e s t  f i t  r e g r e s s i o n  l i n e s  w e r e  f o u n d  

T h e  a n t  1 - l o g a r  i t h m  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t  w a s  c a l c u l a t e d ,  as  t h e  

c o n f l u e n c e  r a t i o .  T h e  r e g r e s s i o n  e q u a t i o n s  w e r e  o f  t h e  f o r m  Nu = a - b u  

A n t  1- l o g a r  i t hm  o f  b w a s  t h e  c o n f l u e n c e  r a t i o .  H o w e v e r ,  d u e  to  l a c k  of  

d a t a  t h i s  m e t h o d  w a s  not  u s e d  f o r  f u r t h e r  c a l c u l a t i o n s .



c G r a p h i c a l  m e th od

I t  is a l s o  b a s e d  on H o r t o n ' s  l a w  o f  s t r e a m  n u m b e r s  T h e  o r d e r  

a n d  t h e  n u m b e r  o f  s t r e a m s  o f  e a c h  o r d e r  w a s  p l o t t e d  on a s e m i -  

l o g a r i t h m i c  g r a p h .  T h e  s l o p e  o f  t h e  l i n e  o f  b e s t  f i t  w a s  c a l c u l a t e d  f o r  

e ach  s u b - b a s i n .  T h e  a n t i - l o g a r i t h m  o f  t h i s  s l o p e  r e p r e s e n t e d  c o n f l u e n c e  

r a t  1 0 .

C o n f l u e n c e  r a t i o  b y  t h e  m e t h o d  o f  w e i g h t e d  me an s  w a s  u s e d  f o r

f u r t h e r  c a l c u l a t i o n s  a n d  t h e  v e r i f i c a t i o n  o f  t h e  l a w  o f  s t r e a m  n u m b e r s

T h e  n u m b e r  o f  s t r e a m s  o f  o r d e r  u w a s  c a l c u l a t e d  u s i n g  t h e  e q u a t i o n ,

N
, N = 1 .......................................3 .3u --------------

R U_1 
c

S i n c e  t h e  n u m b e r  o f  s t r e a m s  o f  s u c c e s s i v e  o r d e r s  f o r m  a g e o m e t r i c

p r o g r e s s i o n ,  Nu d e n o t e s  t h e  g e n e r a l  t e r m  o f  t h e  p r o g r e s s i o n  w i t h  as

t h e  f i r s t  t e r m  a n d  R as t h e  common r a t i o .  T h e  v a l u e  o b t a i n e d  f o r  t h e
c

h i g h e s t  o r d e r  is a n  i n d i c a t i o n  o f  t h e  d e g r e e  o f  a c c u m u l a t i o n  o f  l o w e r

o r d e r  s t r e a m s .  I t  g i v e s  a n  a c c o u n t  o f  t h e  d e v e l o p m e n t  o f  t h e  s u b - b a s i n  

w i t h  r e f e r e n c e  to  t h e  o r d e r  a s s i g n e d  to i t .  T o t a l  n u m b e r  o f  s t r e a m s  w as  

o b t a i n e d  f r o m  t h e  r e l a t i o n s h i p ,

N -  Nu  <’ - Rc U > ........................... 3 . 4

1- R c

I t  h a s  be e n  i l l u s t r a t e d  in A p p e n d i x  I I .



The  n u m b e r  o f  s t r e a m s  w e re  c a l c u l a t e d  u s i n g  e q u a t i o n s  3 . 3  a n d  3 .4  to

v e r i f y  H o r t o n ' s  law  o f  s t r e a m  n u m b e r s .  The  n u m b e r  o f  s t r e a m s  o f  each

o r d e r  a n d  t h e  t o t a l  n u m b e r  o f  s t r e a m s  o f  a l l  o r d e r s  w e r e ,  t h u s  o b t a i n e d .

N u m b e r  o f  s t r e a m s  o f  each  o r d e r  fo r m  a c e r t a i n  f r a c t i o n  o f  th e  t o t a l

n u m b e r  o f  s t r e a m s .  Th e  p e r c e n t a g e  n u m b e r  o f  s t r e a m s  o f  each  o r d e r  was

c a l c u l a t e d  f o r  each  s u b - b a s i n  as e q u a l  to  ^ u  x  iqq 3  3

N-  .....................

O r d e r  a n d  l o g a r i t h m  o f  t h e  n u m b e r  o f  s t r e a m s  w ere  p l o t t e d  

g r a p h i c a l l y .  R e g r e s s i o n  e q u a t i o n s  w e r e  o b t a i n e d  f o r  each  s u b - b a s i n  

w i t h  t h e  n u m b e r  o f  s t r e a m s  o f  o r d e r  ' u '  as t h e  d e p e n d e n t  v a r i a b l e  a n d  

th e  o r d e r  o f  s t r e a m s  as  t h e  i n d e p e n d e n t  v a r i a b l e .  C o n f l u e n c e  r a t i o s  

o b t a i n e d  b y  t h e  t h r e e  m e th ods  w ere  c o m p a r e d .

L e n g t h  o f  s t r e a m s  w e r e  m e a s u r e d  f r o m  t h e  t o p o g r a p h i c  map o f  

t h e  r i v e r  b a s i n s  u s i n g  a t h r e a d .  T h e  l e n g t h ,  m u l t i p l i e d  w i t h  th e  s c a l e  

w as  t h e  a c t u a l  l e n g t h .  T h e  t o t a l  l e n g t h  o f  s t r e a m s  o f  ea ch  o r d e r ,  

w h i c h  g i v e s  t h e  summed s t r e a m  l e n g t h  w as  c a l c u l a t e d  f o r  each  

s u b - b a s i n .  Th e  a v e r a g e  s t r e a m  l e n g t h  w as  o b t a i n e d  b y  d i v i d i n g  th e  

summ ed  s t r e a m  l e n g t h  w i t h  t h e  n u m b e r  o f  s t r e a m s  o f  ea ch  o r d e r .  The  

l e n g t h  r a t i o  is t h e  r a t i o  o f  th e  summed l e n g t h  o f  s t r e a m s  o f  a g i v e n  

o r d e r  to  t h a t  o f  t h e  s t r e a m s  o f  s u c c e s s i v e  o r d e r .  The  r a t i o  was  

o b t a i n e d  as t h e  w e i g h t e d  mean o f  t h e  m e a s u r e d  r a t i o s .



“1 L

L 1 + L2 "  P 1 L 2 + L3 _ p 2 L3 + L4 "  p 3  L u-1 + L u Pu-1

Rl  = ( p 1 q 1 + p 2q 2 + P3 q3 + ----------------------+ P u - 1 q u - 1 )

P 1 + P2 + P3 + ------------------------+ P u-1

= l P u-1 % - 1 .............. ................................... 3 . 6

1  pu - 1

Summed l e n g th  o f  s t r ea m s  o f  o r d e r  ' u '  is

L u =     3 .7
r l u _ 1

T o ta l  l e n g t h  o f  s t r eam s o f  a l l  o r d e r s  in a s u b - b a s i n

L = L u (1 -  Rl U) .........................  3 .8
1 -  R l

S i m i l a r l y ,  the  a v e r a g e  le n g th  o f  s t r e a m s  was  a ls o  c a l c u l a t e d .  A v e r a g e  

le n g t h  r a t i o  r j  was  g i v e n  b y

r ,  = Rc   3 .9

RL

A v e r a g e  l e n g th  o f  s t r eams  o f  o r d e r  ' u '  is

i = L u   3 .10
U _______

Nu

I f  l^ is th e  a v e r a g e  le n g th  o f  f i r s t  o r d e r  s t r e a m s ,  a v e r a g e  l e n g th  of  

s t r eam s o f  o r d e r  ' u '  is

'u = '1 r i u _ 1  ................................  3.11



T h e  g e o m e t r i c  p r o g r e s s i o n  o f  a v e r a g e  l e n g t h  is 1^, l ^ r ^ l ^ r
u -1

T h e  su m m e d  l e n g t h  r a t i o  a n d  t h e  a v e r a g e  l e n g t h  r a t i o  r ( w e re

c a l c u l a t e d  b y  t h e  m e t h o d  o f  w e i g h t e d  m e a n s .  T h e  su m m e d  l e n g t h s  w e r e  

c a l c u l a t e d  u s i n g  e q u a t i o n s  3 . 7  a n d  3 . 8 .  T h e  a v e r a g e  l e n g t h s  w e re  

c a l c u l a t e d  u s i n g  e q u a t i o n s  3 . 1 0  a n d  3 .1 1  ( A p p e n d i x  I I I  &  I V ) .  H o r t o n ' s  

la w  o f  s um m ed  s t r e a m  l e n g t h  as  w e l l  as  t h e  l a w  o f  a v e r a g e  s t r e a m  

l e n g t h  w a s  s t u d i e d  f o r  t h e  s u b - b a s i n s .

3 . 3 . 2  A r e a l  a s p e c t s

A r e a ,  b e i n g  one  o f  t h e  most  i m p o r t a n t  m o r p h o l o g i c a l  f a c t o r s ,  

w a s  r e l a t e d  to  mos t  o f  t h e  o t h e r  p a r a m e t e r s .  T h e  r e l a t i o n s h i p  o f  a r e a  

w i t h  t h e  l e n g t h  o f  t h e  m a i n  s t r e a m  a n d  t h e  m a x i m u m  l e n g t h  o f  th e  

s u b - b a s i n g  w a s  e x a m i n e d .  L e n g t h  o f  m a i n  s t r e a m  ( L s ) w a s  m e a s u r e d  

f r o m  t h e  s t a r t i n g  o f  t h e  s t r e a m  to t h e  r i v e r g a u g e  s t a t i o n .  T h e  p a t h  

w h i c h  h a s  t h e  m a x i m u m  a n g l e  o f  d e v i a t i o n  w a s  f o l l o w e d .  S i n c e  t h e  tw o  

f a c t o r s  a r e  r e l a t e d  in a n  e x p o n e n t i a l  f u n c t i o n  w i t h  o r d e r ,  t h e  

r e l a t i o n s h i p  w a s  s t u d i e d  u s i n g  a p o w e r  f u n c t i o n ,  w i t h  t h e  a r e a  as  t h e  

d e p e n d e n t  v a r i a b l e  a n d  log ( L g ) as t h e  i n d e p e n d e n t  v a r i a b l e .

t h e  m a x i m u m  s t r a i g h t  l e n g t h  o f  s u b - b a s i n  a n d  t h e  l e n g t h  o f  m a m  

s t r e a m .  F o r m  f a c t o r  a n d  e l o n g a t i o n  r a t i o  w e r e  c a l c u l a t e d  f r o m  t h e  

f o r m u  I a e ,

B a s i n  s h a p e  w a s  e x p r e s s e d  u s i n g  e l o n g a t i o n  r a t i o ,  f o r m  f a c t o r ,

A  3 .1 2F o r m  f a c t o r  R f



6  LIm

i . e . ,  R = 1.129 A   3.13e ______
Lm

E lo n g a t io n  r a t i o  R =

The max imum s t r a i g h t  leng th  of  the s u b - b a s i n s  were  measured  f rom the 

t o p o g r a p h i c a l  maps and  m u l t i p l i e d  w i t h  the  sca le .  I t  was a n a l y s e d  w i t h  

respec t  to the o th e r  p a ra m e te rs .

S tream f r e q u e n c y  is the  number of  s t r eam segments p e r  u n i t  

a re a  o f  the  d r a i n a g e  b a s i n .  I t  was o b t a i n e d  as the r a t i o  o f  the to t a l  

number of  s t ream segments of  a l l  o r d e r s  to the d r a i n a g e  a re a  of  the 

s u b - b a s  i n .

D = N   3.14
s ~ 7 T

D r a i n a g e  d e n s i t y  is the  s t r eam le ng th  pe r  u n i t  a re a  o f  the  s u b - b a s i n .

The t o t a l  l eng th  o f  the s t reams o f  a l l  o r d e r s  ( £  L) was f o u n d  and

d r a i n a g e  d e n s i t y  was c a l c u l a t e d  as th e  r a t i o  o f  the  t o t a l  l en g th  to the

d r a i n a g e  a rea  of the  s u b - b a s i n .

L   3.15
Dd =

Co ns tan t  o f  ch a n n e l  m a i n te na nce  (M) is the r e c i p r o c a l  of  

d r a i n a g e  d e n s i t y .  I t  is the  a re a  r e q u i r e d  to m a i n t a i n  one k i lo m e t r e

len g th  o f  the  s t re am .  Co ns tan t  of  ch a n n e l  m a i n te n a n c e ,  s t ream 

f r e q u e n c y  an d  d r a i n a g e  d e n s i t y  were  s t u d i e d  f o r  t h e i r  i n t e r - r e l a t  lonsh ip 

as wel l  as t h e i r  r e l a t i o n s h i p  w i t h  the  m o r p h o lo g i c a l  fa c t o r s  a n d  s t ream 

f l o w ,  u s i n g  re g re ss i on  a n a l y s i s .
t



C o r r e la t i o n  a n d  re g r e s s io n  s tu d ie s  made f o r  the  m o rp h o lo g ic a l

p a r a m e t e r s  a r e  as f o l l o w s

1. C o n f lu e n ce  r a t i o  a n d  m ax im um  s t r a i g h t  le n g th  o f  the  s u b - b a s i n

2. C o n f lu en ce  r a t i o  a n d  th e  a v e ra g e  m o n th ly  monsoon d i s c h a r g e  f o r  

the  p e r i o d s  1976-1980, 1981-1985 a n d  1976-1985

3. C o n f lu e n ce  r a t i o  a n d  th e  a v e r a g e  a n n u a l  d i s c h a r g e  d u r i n g  1976-80, 

1981-85 a n d  1976- '85

4. M ax im um  s t r a i g h t  le n g th  o f  the  s u b - b a s i n  a n d  the  a v e r a g e  a n n u a l  

d i s c h a r g e  o f  each s u b - b a s i n

5. Form  f a c t o r  a n d  the  a v e r a g e  m o n th ly  monsoon d i s c h a r g e  f o r  the  

p e r i o d s  1976-1980, 1981-1985 a n d  1976-1965

6. Form  f a c t o r  a n d  the  a v e r a g e  a n n u a l  d i s c h a r g e  f o r  the  p e r i o d  

1976 - '80 ,  1981- '85  a n d  1976- '85

7. E lo n g a t io n  r a t i o  a n d  the  a v e r a g e  m o n th ly  monsoon d is c h a r g e  fo r  

the  p e r i o d s  1976-1980, 1981-1985 a n d  1976-1985

8. E lo n g a t io n  r a t i o  a n d  the  a v e r a g e  a n n u a l  d i s c h a r g e  f o r  the  p e r i o d  

1 97 6 - '80 ,  1981- '85  a n d  1976- '85

9. A re a  o f  s u b - b a s i n  a n d  d r a i n a g e  d e n s i t y

10. A re a  o f  the  s u b - b a s i n  a n d  s t re a m  f re q u e n c y



11. A v e r a g e  a n n u a l  monsoon d i s c h a r g e  a n d  d r a i n a g e  d e n s i t y

12 A v e r a g e  a n n u a l  monsoon d i s c h a r g e  a n d  s t re a m  f re q u e n c y

13. A v e r a g e  m o n th ly  monsoon d i s c h a r g e  a n d  d r a i n a g e  d e n s i t y

14. A v e r a g e  m o n th ly  monsoon d i s c h a r g e  a n d  s t re a m  f re q u e n c y

15. Number o f  s t re a m  segments  a n d  o r d e r ,  f o r  each  s u b - b a s i n

16. C o n f lu e n c e  r a t i o  a n d  the  a v e ra g e  a n n u a l  d i s c h a r g e  p e r  u n i t  a re a

17 C o n f lu e n ce  r a t i o  a n d  th e  a v e r a g e  m o n th ly  monsoon d i s c h a r g e  p e r

u n i t  a re a  d u r i n g  1976-1980, 1981-1985 a n d  1976-1985

18. M a x im um  s t r a i g h t  le n g th  o f  the  s u b - b a s i n  a n d  the  a v e r a g e  m o n th ly

monsoon d i s c h a r g e  f o r  the  p e r io d s  1976-1980, 1981-1985 a n d

1976-1985

19. M ax im um  s t r a i g h t  le n g th  a n d  the  a v e r a g e  m o n th ly  monsoon 

d i s c h a r g e  p e r  u n i t  a re a  f o r  the  t h re e  p e r i o d s

20. M a x im u m  s t r a i g h t  le n g th  a n d  d r a i n a g e  a re a  o f  the  s u b - b a s i n

21. L e n g th  o f  m a in  s t re a m  a n d  d r a i n a g e  a re a  o f  the  s u b - b a s i n

22. C o n f lu e n c e  r a t i o  a n d  the  a v e r a g e  m o n th ly  monsoon d i s c h a r g e  p e r

u n i t  a r e a ,  d u r i n g  the  p e r i o d s  1976-1980, 1981-1985 a n d  1976-1985

23. D r a in a g e  d e n s i t y  a n d  the  a v e r a g e  m o n th ly  monsoon d i s c h a r g e  p e r

u n i t  a re a



24. Form fa c to r  and  the a ve ra g e  m on th ly  monsoon d is c h a rg e  per  u n i t  

a rea  f o r  the th ree  p e r io d s

25. E lo n g a t io n  r a t i o  and  the  a v e ra g e  m on th ly  monsoon d is c h a rg e  per  

u n i t  a rea  fo r  the th ree  p e r io d s

26. D ra fn a g e  d e n s i ty  and  s t ream  f req uency

27. A ve ra g e  a n n u a l  monsoon d is c h a rg e  and  m on th ly  monsoon d isch a rg e  

w i t h  s lope Rela t  ions f rom N o .13 to 21 had  been co n s id e re d  f o r  the  

f i n a l  a n a l y s i s  as they were found  s i g n i f i c a n t

3 .3 .3  C l im a t ic  f a c to r

P r e c ip i t a t i o n  is the  m a jo r  in p u t  o f  a d r a in a g e  b a s in .  As such ,

r a i n f a l l  d a ta  was co l lec ted  fo r  the a n a l y s i s .  R a in f a l l  records  from a l l

the r a in g a u g e  s ta t io n s  w i t h i n  the  l im i t s  o f  each s u b -b a s in  were

co l lec ted  fo r  a p e r io d  1976- '85.  A r i t h m e t i c a l  a ve ra g e  of the r a i n f a l l  

was cons id e re d  to be the a ve ra g e  r a i n f a l l  of the s u b - b a s in .  The

r a in g a u g e  s ta t io n s  fo r  each s u b -b a s in  a re  g iv e n  in T a b le  3 .1 .  The

r e la t i o n s h ip  o f  r a i n f a l l  w i th  s t ream  f low  was s tu d ie d  u s in g  l i n e a r  and  

e x p o n e n t ia l  models However,  l i n e a r  models were used fo r  f i n a l

a n a l y s i s ,  as the  o the r  forms were found  i n s i g n i f i c a n t .

3 .3 .4  Stream f low

The p o s i t io n  o f  r a i n g a u g e  s ta t io n s  and  r i v e r g a u g e  s ta t io n s  of

C h a l i y a r  and  K a b b a n t  r i v e r  b a s in s  a re  g iv e n  in F i g . 3.1 an d  3 2 .  Da ta



T a b l e  3.1 R i v e r g a u g e  s t a t i o n s  a n d  r e p r e s e n t a t i v e  r a i n g a u g e  s t a t i o n s

R i v e r  b a s i n  S I . N o .  S u b - b a s i n R a i n g a u g e  s t a t i o n

Cha I ly  a r

1 C h a l i y a r

2 K o o d a t h a i

3 M u k k o m

4 A re co d e

5 K a n h i r a p u z h a

E l a m b a l a r i ,  P u t h u m a l a ,  K a l l a d i ,

K a l l a d i  T h e e v a n t h a p a r a , M u n d a k a i ,

C h o o r a l m a l a ,  A r a n a p u z h a .

P u d u p a d y  -  S .S .  F a r m

T a g a r a p a d y ,  K a l l a d i  T h e e v a n t h a p a r a ,  

M u n d a k a i .

M a n j e r i ,  N i l a m b u r ,  N e l l i c u t h a ,

N e d u m k a y a m ,  P u l l a n g o d e  r u b b e r

e s t a t e ,  P a l u n d a ,  A n a m a r i ,  C h o k k a d ,  

K a d u v a k u n n u ,  P u d u p a d y ,  E l a m b a l a r i ,

P u t h u m a l a ,  K a l l a d i ,  K a l l a d i  T h e e v a n ­

t h a p a r a ,  M u n d a k a i ,  C h o o r a l m a l a ,

O l i k k a t h o d u ,  P u n n a p u z h a  -  KSEB, 

C h u m a t h a r a ,  Vel  l a k k a t t a , A r a n a p u z h a ,  

P u n n a p u z h a  -  A g r l .

N i l

6  P u m a p u z h a

7 K u t h i r a p u z h a

8  K a r i m p u z h a

9 M a r u t h a p u z h a

A n a m a r i ,  K a d u v a k u n n u ,  P u n n a p u z h a  -  

A g r l . ,  P a l u n d a ,  N e l l i c u t h a ,

O l i k k a t h o d u ,  P u n n a p u z h a  -  KSEB.

P u l l a n g o d e  r u b b e r  e s t a t e ,  C h o k k a d  

Seed F a r m .

N e l l i c u t h a ,  N e d u m k a y a m ,  P a l u n d a ,  

A n a m a r i ,  K a d u v a k u n n u ,  O l i k k a t h o d u ,  

P u n n a p u z h a  -  KSEB, C h u n g a t h a r a ,  

P u m a p u z h a  -  A g r l . ,  Vel  l a k k  a t t a . 

A n a m a r i ,  K a d u v a k u n n u ,  V e l l a k k a t t a .



T a b l e  3 .1  ( C o n t d . )

R i v e r  b a s i n S I . N o . S u b - b a s  in R a i n g a u g e  s t a t i o n

1 M a n a n t o d d y K o r o t h ,  M a n a n t o d d y  TO, M a n a n t o d d y  -  

KSEB, M a k k i y a d  M o n a s t r y ,  M u k k  i , 

P e r i y a  KSEB, V a l a t .

2 P a n a m a r a m N i l

3 B a v e l  i N i l

4 M u t h a n g a Ni l

K a b b a n i 5 T h i r u n e l  11 Ko t t  l y o o r

6 C h o o r a n i T h a n o d e  e s t a t e ,  T h a r i o d e  KSEB.

7 V a z h a v a t t a N i l

8 K a k k a v a y a l N i l

9 M a n j a t N i l

1 0 T h o n d a r N i l



r e g a r d i n g  the  r a i n f a l l  a t  v a r i o u s  r a i n g a u g e  s t a t i o n s  a n d  the  s t re a m f lo w  

at  d i f f e r e n t  r i v e r g a u g e  s t a t i o n s  were  c o l le c te d  f ro m  the  W ate r  Resources 

D i v i s i o n a l  O f f i c e ,  K e r a la  P W .D . ,  T r i c h u r .  Records  were  a v a i l a b l e  fo r  

d a i l y  a v e r a g e  d i s c h a r g e  a n d  the  w e ig h te d  m o n th ly  d i s c h a r g e s .  The 

c o m p u ta t io n  o f  w e ig h te d  d i s c h a r g e s  is shown in A p p e n d ix  V & V I .  

A n n u a l  monsoon, non-monsoon a n d  t o t a l  d i s c h a r g e s  were  c om pu te d .  A l l  

the  q u a n t i t a t i v e  p a ra m e te rs  were  s t u d ie d  w i t h  re fe re n c e  to the  m o n th ly  

d i s c h a r g e ,  a n n u a l  d i s c h a r g e  a n d  the  d i s c h a r g e  c o n t r i b u t e d  b y  u n i t  a rea  

o f  the  s u b - b a s i n .

R u n o f f  -  r a i n f a l l  r e l a t i o n s h i p  was assessed in 19 s ta g e s .  

C o r r e la t i o n  a n d  re g re s s io n  s tu d ie s  were  made f o r  the  f o l l o w i n g .

1. M o n th ly  d i s c h a r g e  an d  m o n th ly  r a i n f a l l  o f  the  same month a n d

the  p r e c e d in g  two m onths  f o r  th e  p e r i o d  1976-85, f o r  a l l  the  

s u b - b a s i n s ,  w i t h  each y e a r  t a k e n  s e p a r a t e l y .

2. M o n th ly  d i s c h a r g e  a n d  the  m o n th ly  r a i n f a l l  o f  the  same month

a n d  the  p r e v i o u s  m o n th ,  w i t h  each y e a r  t a k e n  s e p a r a t e l y .

3.  M o n th ly  d i s c h a r g e  a n d  m o n th ly  r a i n f a l l  o f  th e  same month  a n d

th e  p r e c e d in g  two m o n th s ,  f o r  f i v e  y e a r s ,  i . e . ,  1976-1980 a n d

1981-1985 f o r  each s u b - b a s i n .

A. M o n th ly  d i s c h a r g e  a n d  m o n th ly  r a i n f a l l  o f  the  same month and

the  p r e c e d in g  two m onths  f o r  10 y e a r s ,  1976-1985 fo r  each 

s u b - b a s  i n .



5 M o n th ly  d i s c h a r g e  a nd  m o n th ly  r a i n f a l l  o f  the  same month a nd

th e  p r e v i o u s  month  f o r  f i v e  y e a r s ,  i . e . ,  1976- '80  a n d  1981 ~ 185 fo r  

each  s u b - b a s i n .

6 .  M o n th ly  d i s c h a r g e  a n d  m o n th ly  r a i n f a l l  o f  the  same month  a n d

the  p r e v i o u s  month  f o r  ten y e a r s ,  1976-85 f o r  s u b - b a s i n .

7. M o n th ly  monsoon d i s c h a r g e  a n d  m o n th ly  monsoon r a i n f a l l  f o r  the

p e r i o d s  1 97 6 - '80 ,  1981- '85  a n d  1976-1985, f o r  each s u b - b a s i n .

8. A v e ra g e  m o n th ly  monsoon d i s c h a r g e  w i t h  a v e r a g e  m o n th ly  monsoon

r a i n f a l l  a n d  a re a  f o r  the  p e r i o d s  1976- '80  a n d  1981- '85  f o r  a l l  

the  s u b - b a s i n s  o f  C h a l i y a r ,  t a k e n  t o g e th e r .

9. A v e r a g e  m o n th ly  monsoon d i s c h a r g e  w i t h  a v e ra g e  m o n th ly  monsoon

r a i n f a l l  f o r  a l l  the  s u b - b a s in s  o f  C h a l i y a r  a n d  t a k e n  to g e th e r  fo r  

the  p e r i o d s  1976- '80  a n d  1 98 1 - '85 .

10.  A v e ra g e  m o n th ly  monsoon d i s c h a r g e  w i t h  a v e r a g e  m o n th ly  monsoon

r a i n f a l l  a n d  a re a  f o r  th e  p e r i o d  1976- '85  f o r  a l l  s u b - b a s i n s  o f  

C h a l i y a r ,  t a k e n  t o g e th e r .

11. A v e r a g e  m o n th ly  monsoon d i s c h a r g e  w i t h  the  a v e ra g e  m o n th ly

monsoon r a i n f a l l  f o r  th e  p e r i o o  1976-1985 f o r  a l l  s u b - b a s i n s  of  

Cha I ly a r .

12. A v e r a g e  m o n th ly  monsoon d i s c h a r g e  p e r  u n i t  a re a  w i t h  the

a v e r a g e  m o n th ly  monsoon r a i n f a l l  a n d  a r e a  f o r  a l l  s u b - b a s in s ,  

f o r  th e  p e r i o d s  1976- '80  a n d  1981 —' 85.



13. A v e ra g e  m o n th ly  monsoon d i s c h a r g e  p e r  u n i t  a re a  w i t h  the

d r a i n a g e  a re a  a n d  th e  a v e ra g e  m o n th ly  monsoon r a i n f a l l  f o r  a l l  

the  s u b - b a s in s  o f  C h a l i y a r  t a k e n  to g e th e r  f o r  1976- '80 ,  1981 —185

a n d  1976- '85 .

14 A v e ra g e  m o n th ly  monsoon d i s c h a r g e  p e r  u n i t  a re a  w i t h  the

a v e ra g e  m o n th ly  monsoon r a i n f a l l  f o r  a l l  the  s u b - b a s i n s  of  

C h a l i y a r ,  f o r  1970—1 80, 1981 —1 85 a n d  1976—1 85.

15 A n n u a l  monsoon d i s c h a r g e  a n d  a n n u a l  monsoon r a i n f a l l  f o r

1976- '85 to each s u b - b a s i n

16. A n n u a l  monsoon d i s c h a r g e  w i t h  a n n u a l  non-monsoon a n d  t o ta l

r a i n f a l l  o f  1976- '85  f o r  each s u b - b a s i n .

17 A n n u a l  non-monsoon d i s c h a r g e  a n d  a n n u a l  non -m onsoon ,  monsoon

a n d  t o t a l  r a i n f a l l  o f  1976- ’ 85 f o r  each s u b - b a s i n .

18. T o ta l  a n n u a l  d i s c h a r g e  to a n n u a l  monsoon, non-m onsoon a nd  t o t a l  

d i s c h a r g e s  o f  1976- ’ 85 f o r  each s u b - b a s i n .

19. A n n u a l  monsoon d i s c h a r g e  to  a n n u a l  monsoon, non-m onsoon  a n d  

t o t a l  r a i n f a l l  o f  the  p r e v i o u s  y e a r .

Non-monsoon d i s c h a r g e  c o n t r i b u t e d  o n ly  a s m a l l  f r a c t i o n  o f  the  

t o t a l  d i s c h a r g e  a n d  it was fo u n d  to h a v e  no s i g n i f i c a n t  c o r r e l a t i o n s  

Non-monsoon d i s c h a r g e  were  t h u s ,  not t a k e n  in to  a c c o u n t  f o r  f i n a l  

a n a l y s i s .  In  the  case  o f  K a b b a n i  b a s in  th e  d i s c h a r g e  a n d  r a i n f a l l  

d a ta  were o b t a in e d  o n ly  f o r  t h re e  s u b - b a s i n s ,  M a n a n to d d y ,  T h i r u n e l h



a n d  C h o o r a n i .  A c o m p a r a t i v e  s t u d y  o f  t h e  p a r a m e t e r s  o f  th e s e

s u b - b a s i n s  h a d  been  m a d e .  T h e  d a t a  o f  1986-1987 a n d  1988 w as  

a v a i l a b l e  f o r  e x a m i n i n g  t h e  f i n a l  e q u a t i o n .

G r a p h s  w e r e  p l o t t e d  c o n n e c t i n g ,

1. O r d e r  a n d  n u m b e r  o f  s t r e a m s

2.  O r d e r  a n d  s um m ed  l e n g t h  o f  s t r e a m s

3.  O r d e r  a n d  a v e r a g e  l e n g t h  o f  s t r e a m s

4 .  O r d e r  a n d  a v e r a g e  d r a i n a g e  a r e a

5 .  O r d e r  a n d  m a x i m u m  s t r a i g h t  l e n g t h

6 . O r d e r  a n d  a v e r a g e  m o n t h l y  monsoo n  d i s c h a r g e  o f  1 9 7 6 - ' 8 0  a n d

1981 —' 85 f o r  C h a l i y a r  b a s i n

7.  C o n f l u e n c e  r a t i o  a n d  t h e  m a x i m u m  s t r a i g h t  l e n g t h

8 . D r a i n a g e  a r e a  a n d  a v e r a g e  m o n t h l y  mo nsoon  d i s c h a r g e  f o r

C h a l i y a r  r i v e r  b a s i n

9 .  E l o n g a t i o n  r a t i o  a n d  f o r m  f a c t o r

10. S t r e a m  f r e q u e n c y  a n d  d r a i n a g e  d e n s i t y

11. L e n g t h  o f  m a i n  s t r e a m  a n d  t h e  a v e r a g e  m o n t h l y  monsoo n  d i s c h a r g e

o f  1 9 7 6 - ' 8 0  a n d  1981 — ' 85 f o r  C h a l i y a r  r i v e r  b a s i n

Lim ita t  ions

L i m i t a t i o n s  o f  t h e  s t u d y  a r e  g i v e n  b e l o w .

H o r t o n - S t r a h  I e r  s y s t e m  o f  c l a s s i f i c a t i o n  o f  s t r e a m  w a s  a d o p t e d .  

F i n g e r t i p  t r i b u t a r i e s  w e r e  d e s i g n a t e d  as  o f  f i r s t  o r d e r  s t r e a m ,  s e c o n d  

o r d e r  s t r e a m s  w e r e  f o r m e d  w h e n  t w o  f i r s t  o r d e r  s t r e a m s  j o i n  a n d  so o n .



B u t  t h e  s e c o n d  o r d e r  s t r e a m s  o r  f i r s t  o r d e r  s t r e a m s  j o i n i n g  a t h i r d

o r d e r  s t r e a m  w e r e  n o t  t a k e n  i n t o  a c c o u n t .  T h u s  t h e  l o w e r  o r d e r  s t r e a m s  

j o i n i n g  a h i g h e r  o r d e r  s t r e a m  w e r e  n e g l e c t e d .  D r a i n a g e  a r e a  o f  s t r e a m s  

o f  s u c c e s s i v e  o r d e r  in a s u b - b a s i n  w a s  n o t  c o n s i d e r e d  d u e  to  l a c k  o f  

c o n t o u r  m a p s .  A s  s u c h  t h e  d r a i n a g e  a r e a  o f  l o w e r  o r d e r  s t r e a m s  w a s  

n o t  a v a i l a b l e  in  a s u b - b a s i n .  T h e  h i g h e s t  o r d e r  o f  t h e  s t r e a m  w a s  

c o n s i d e r e d  as  t h e  o r d e r  o f  t h e  s u b - b a s i n .  H e n c e ,  t h e  r e l a t i o n s h i p  

b e t w e e n  t h e  d r a i n a g e  a r e a  o f  l o w e r  o r d e r  s t r e a m s  a n d  t h e  o t h e r

p a r a m e t e r s  h a v e  n o t  b e e n  s t u d i e d  f o r  e a c h  s u b - b a s i n .

S l o p e  w a s  f o u n d  to  h a v e  v e r y  low c o r r e l a t i o n  w i t h  t h e  

d i s c h a r g e ,  u n l e s s  a s s o c i a t e d  w i t h  a r e a .  A n  e x a c t  m e a s u r e m e n t  o f  s l o p e  

a n d  t h e  l e n g t h  o f  o v e r l a n d  f l o w  w e r e  n o t  p o s s i b l e  d u e  to  l a c k  o f  c o n t o u r  

m a p  D r a i n a g e  d e n s i t y  a n d  s t r e a m  f r e q u e n c y  o f  e a c h  o r d e r  a l s o ,  w e r e  

n o t  c a l c u l a t e d  f o r  t h e  s a m e  r e a s o n .  D r a i n a g e  d e n s i t y  w a s  c a l c u l a t e d  

f r o m  t h e  s u m m e d  l e n g t h  o f  s t r e a m s  o f  a l l  o r d e r s  a n d  s t r e a m  f r e q u e n c y  

f r o m  t h e  t o t a l  n u m b e r  o f  s t r e a m s  o f  a l l  o r d e r s .  Some o f  t h e  s t r e a m s ,  

e s p e c i a l l y  f i r s t  o r d e r  s t r e a m s  g e t  d r i e d  u p  d u r i n g  n o n - m o n s o o n  p e r i o d .  

T h i s  e f f e c t  w a s  n o t  t a k e n  i n t o  a c c o u n t .

S t r e a m  f l o w  d a t a  f r o m  n i n e  r i v e r  g a u g e  s t a t i o n s  o f  C h a l i y a r  

b a s i n  w a s  c o l l e c t e d .  G a u g i n g  s t a t i o n  a t  C h e r u p u z h a  w a s  e v e n t u a l l y

s t o p p e d  a f t e r  1979 a n d  t h e  d a t a  >«as n o t  o b t a i n e d .  R a i n f a l l  r e a d i n g s  

f r o m  m a n y  o f  t h e  r a i n g a u g e  s t a t i o n s  w e r e  n o t  a v a i l a b l e .  A l s o  

r e p r e s e n t a t  i v e  r a i n g a u g e  s t a t i o n s  w e r e  n o t  s u f f i c i e n t  f o r  some o f  t h e

s u b - b a s i n s .  T h e r e  a r e  no  r a i n g a u g e  s t a t i o n s  w i t h i n  t n e  l i m i t s  o f  t h e



r i v e r g a u g e  s t a t i o n  o f  K a n h  i r a p u z h a  a n d  r i v e r g a u g e  r e a d i n g s  w e r e  no t  

a v a i l a b l e  f o r  t h e  e n t i r e  p e r i o d .  R a i n g a u g e  s t a t i o n s  o f  C h a l i y a r  a n d  

M u k k o m  a r e  s i t u a t e d  n e a r  t h e  b o u n d a r i e s  o f  t h e  s u b - b a s i n s .  K o o d a t h a i  

h a s  o n l y  one  r a i n g a u g e  s t a t i o n ,  P u d u p a d y  -  S .S .  F a r m .  M a n y  o f  th e  

r a i n g a u g e  s t a t i o n s  w e re  o u t  o f  o r d e r  a n d  w e r e  n o t  r e c o r d i n g .

R a i n g a u g e  s t a t i o n s  h a v e  n o t  b e e n  e s t a b l i s h e d  w i t h i n  t h e  

d r a i n a g e  a r e a  o f  t h e  s u b - b a s i n s  o f  K a b b a m ,  e x c e p t  f o r  M a n a n t o d d y ,  

T h i r u n e l l i  a n d  C h o o r a n i .  K o t t i y u r  is t h e  o n l y  r a i n g a u g e  s t a t i o n  

a v a i l a b l e  w i t h i n  t h e  s t a t i o n  a t  T h i r u n e l l i .  T h e  t w o  r a i n g a u g e  s t a t i o n s  

a v a i l a b l e  f o r  B a v e l i  a n d  P a n a m a r a m  w e r e  n o t  r e p r e s e n t a t i v e  to  i t  a n d  

a l s o ,  t h e  d a t a  f o r  t h e  ten  y e a r s  o f  s t u d y  w a s  n o t  a v a i l a b l e .  S t r e a m  

f l o w  r e c o r d s  o f  C h o o r a n i  a f t e r  1982 w a s  n o t  a v a i l a b l e .  H o w e v e r ,  

K a b b a m  b a s i n  h a s  g o t  s i g n i f i c a n c e  as i t  is e a s t  f l o w i n g .  B a s e f l o w  ha s  

n o t  be e n  s e p a r a t e d  in f i n d i n g  t h e  d i s c h a r g e .

T h e  e q u a t i o n  o f  d i s c h a r g e  w a s  d e v e l o p e d  f r o m  th e  d a t a  

c o r r e s p o n d i n g  to  t h e  e i g h t  s u b - b a s i n s  o f  C h a l i y a r .  T h e  n u m b e r  o f  

o b s e r v a t i o n s  a r e  a fe w  a n d  h e n c e  t h e  e q u a t i o n  m u s t  be  u s e d  w i t h  

c a u t i o n .  T h e  d a t a  f o r  c h e c k i n g  t h e  e q u a t i o n  w a s  a v a i l a b l e  o n l y  f o r  

1 9 8 6 - ' 8 7  a n d  1988. T h e  r a i n f a l l  r e a d i n g s  o f  1988 is a r o u g h  e s t i m a t e .
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RESULTS AND DISCUSSION

T h e  r e s u l t s  o f  t h e  s t u d y  o f  r u n o f f  p a r a m e t e r s  o f  C h a l i y a r  

a n d  K a b b a m  b a s i n s  a r e  d i s c u s s e d  in t h e  f o l l o w i n g  s e c t i o n s .

4 .1  P h y s ic a l fe a tu re s

C h a l i y a r  ( B e y p o r e )  r i v e r  f l o w s  t o w a r d s  t h e  we s t  a a n d  

K a b b a m ,  t o w a r d s  t h e  e a s t .  T h e  p h y s i c a l  f e a t u r e s  o f  th e  tw o  b a s i n s

a r e  d e s c r i b e d  b e l o w

4 . 1 . 1  C h a l i y a r  r i v e r  b a s i n

T h e  c h a l i y a r  r i v e r  is on e  o f  t h e  m a j o r  r i v e r s  in t h e  s t a t e .  

T h e  m a i n  r i v e r  s t a r t s  f r o m  t h e  E l a m b a l a r i  H i l l s  a t  a n  a l t i t u d e  o f

26 ,0 00  m e t e r s  a b o v e  M S . L  T h i s  r i v e r  is f o r m e d  b y  t h e  c o n f l u e n c e  o f  

n u m e r o u s  s t r e a m s  a n d  r i v e r s .  T h e  i m p o r t a n t  t r i b u t a r i e s  a r e  

C h e r u p u z h a ,  I r i n g a p u z h a ,  K a r u m b a n p u z h a , K a n h  i r a p u z h a , P u n n a p u z h a ,  

K a r i m p u z h a ,  Cha  I ly  a r p u z h a  a n d  V a d a p u r a m p u z h a . T h e  p a r e n t  r i v e r  

f l o w s  t h r o u g h  C h o l a m a l a  E s t a t e ,  K a n t h a p a r a ,  K u r u m b a n m a l a ,

M a n n a t h  l a m b a l a m ,  M a m b a d ,  E d a v a n m a l a ,  A r e c o d e ,  V a z h a k a d e ,  F e r o k e  

a n d  f i n a l l y  j o i n s  t h e  sea  a t  B e y p o r e .  E x c e p t  f o r  a n a r r o w  b e l t  o f

a r e n a c e o u s  s o i l  on t h e  se a  c o a s t ,  t h e  s o i l s  in t h e  p l a i n s  a r e  f o r  th e  

most  p a r t  c o m p o s e d  o f  a n  a d m i x t u r e  o f  c l a y  a n d  s a n d .  T h e  s o i l  i n th e  

b a s i n  c a n  b e  b r o a d l y  c l a s s i f i e d  as r e d  c l a y ,  l oam a n d  r e d  s a n d  Th e



c l i m a t e  in th e  b a s i n  is n e v e r  u n i f o r m  a n d  v a r i e s  f r o m  i n t e n s e  c o l d  

n e a r  th e  s o u r c e  to t r o p i c a l  c l i m a t e  in t h e  p l a i n s  a n d  m i d l a n d s .  The 

two  monsoons  c o n t r o l  th e  c l i m a t e  o f  th e  b a s i n .

T h e  u p p e r  re a c h e s  o f  th e  b a s i n  a r e  v e r y  fa m o u s  f o r  t h e i r  

t i m b e r  r e s o u r c e s .  T e a k ,  E b o n y ,  B l a c k w o o d  e tc .  a r e  g r o w n  in 

a b u n d a n c e  in t h i s  a r e a .  T h e  r i v e r  b a s i n  is no te d  f o r  i t s  t i l e  f a c t o r y  

a t  i t s  lowe r  r e a c h e s .  S t o n e w a r e ,  c e r a m i c ,  p l y w o o d ,  m a t c h  f a c t o r i e s  

e t c .  a l s o  e x i s t  in t h i s  r i v e r  b a s i n .  P a d d y  is t h e  i m p o r t a n t  we t  c ro p  

in t h i s  v a l l e y  t h o u g h  c o c o n u t ,  c a s h e w n u t ,  g i n g e r ,  t a p i o c a ,  a r e c a n u t  

e t c .  a r e  g r o w n  in l a r g e  a r e a s  as c a s h  c r o p s .  In  t h e  u p p e r  r e a c h e s  o f  

th e  v a l l e y  p l a n t a t i o n  c r o p s  s u c h  as c o f f e e ,  t e a ,  p e p p e r ,  r u b b e r  e tc .  

a r e  c u l t i v a t e d  on a l a r g e  s c a l e .  T h e r e  a r e  a b o u t  17,500 h e c t a r e s  o f  

wet  l a n d s ,  18,000 h e c t a r e s  o f  d r y  l a n d  a n d  2 ,4 6 , 2 0 0  h e c t a r e s  o f  g a r d e n  

l a n d s  in t h e  b a s i n .  G e n e r a l l y  t h r e e  c r o p s  o f  p a d d y  a r e  g r o w n .  The  

f i r s t  c r o p  d e p e n d s  m a i n l y  on s o u t h - w e s t  monsoon f o r  i t s  w a t e r  

r e q u  i r e m e n t s ,  w h i c h  f o r  t h e  s m a l l  a r e a s  o f  seco nd  a n d  t h i r d  c r o p s ,  

w a t e r  is s u p p l i e d  f r o m  n e a r b y  p o n d s ,  w e l l s  o r  s t r e a m s .  Th e  r i v e r  

b a s i n  is c o n n e c t e d  b y  go od  m o t o r a b l e  r o a d s .

4 . 1 . 2  K a b b a m  r i v e r  b a s i n

K a b b a m  r i v e r ,  one  o f  t h e  i m p o r t a n t  t r i b u t a r i e s  o f  C a u v e r y  

r i v e r ,  h a s  i t s  o r i g i n  in th e  W y n a d  t a l u k  o f  K e r a l a  S ta t e  a n d  f l o w s  

t o w a r d s  e a s t  o f  w e s t e r n  g h a t s  to  j o i n  t h e  m a i n  r i v e r .  T h i s  r i v e r  is



f o r m e d  b y  t h e  c o n f l u e n c e  o f  tw o  m a i n  t r i b u t a r i e s ,  P a n a m a r a m  a n d

M a n a n t o d d y .  P a n a m a r a m  r i v e r  h a s  i t s  s o u r c e  in t h e  w e s t e r n  g h a t s  

n e a r  L a k k t d i  a t  a n  a l t i t u d e  o f  a b o u t  1,370 m e t r e s  a b o v e  M S L .

M a n a n t o d d y  r i v e r  t a k e s  i t s  o r i g i n  in t h e  T o n d a r m u d i  m a l a i  a t  an  

e l e v a t i o n  o f  a b o u t  1,500 m e t r e .  T h e s e  tw o  r i v e r s  j o i n  t o g e t h e r  a b o u t  

6 . 5  k i l o m e t r e  n o r t h  o f  P a n a m a r a m .  F r o m  t h i s  c o n f l u e n c e  p o i n t ,  t h e  

c o m b i n e d  r i v e r  k n o w n  as  K a b b a m  f l o w s  f o r  a d i s t a n c e  o f  a b o u t  

8  k i l o m e t r e s  t h r o u g h  K e r a l a  S t a t e  a n d  f o r  a n o t h e r  11 k i l o m e t r e s  a l o n g  

t h e  b o u n d a r y  l i m i t s  o f  K e r a l a  a n d  M y s o r e .  A t  K a l v a l l i ,  t h e  r i v e r

t a k e s  a n o r t h e r n  d i r e c t i o n  a n d  f l o w s  t h r o u g h  M y s o r e  S t a t e .

A b o u t  16,200 h e c t a r e s  o f  p a d d y  l a n d s  a r e  a v a i l a b l e  in t h i s

b a s i n  in W y n a d  t a l u k .  O n l y  s i n g l e  c r o p  c u l t i v a t i o n  is p r a c t i s e d  in 

m or e  t h a n  75% o f  t h e  a b o v e  m e n t i o n e d  l a n d s  f o r  w a n t  o f  i r r i g a t i o n  

f a c i l i t i e s .  I n  a d d i t i o n  to  t h e s e  we t  l a n d s ,  a b o u t  81 ,0 0 0  h e c t a r e s  o f  

d r y  l a n d s  a n d  40 ,5 00  h e c t a r e s  o f  p o r a m b o k e  l a n d s  a r e  a v a i l a b l e  in

t h i s  b a s i n

4 .2  Law of s tream  num bers

A c c o r d i n g  to t h e  law  o f  s t r e a m  n u m b e r s  t h e  n u m b e r  o f  s t r e a m

s e g m e n t s  o f  s u c c e s s i v e  o r d e r s  f o l l o w  a g e o m e t r i c  p r o g r e s s i o n .  T h e

n u m b e r  o f  s t r e a m  s e g m e n t s  o f  s u c c e s s i v e  o r d e r s  a n d  t h e  t o t a l  n u m b e r  o f  

s t r e a m s  o f  t h e  s u b - b a s i n s  b e l o n g i n g  to  C h a l i y a r  a n d  K a b b a m  r i v e r  

b a s i n s  a r e  g i v e n  in T a b l e  4 .1  a n d  4 . 2  r e s p e c t i v e l y  T h e  c a l c u l a t e d  

a n d  o b s e r v e d  n u m b e r  o f  s t r e a m s  v e r i f i e s  H o r t o n ' s  law  o f  s t r e a m



T a b l e  4 1 V e r i f i c a t i o n  o f  H o r t o n  s l a w  o f  s t r e a m  n u m b e r s  C h a l i y a r  b a s  n

SI No S u b  b a s i n O r d e r N u m b e r  o f s t r e a m  s e g m e n t s T o t a l  n u m b e r o f  s e g e m e n t s

O b s e r v e d C a l c u  l a t e d O b s e r v e d Ca leu  l a t e d

1 K a n h  I r a p u z h a 1 7 7 00

2 3 2 24 1 0 9 96

3 1 0 72

2 K u t h  i r a p u z h a 1 1 1 12 32

2 3 3 15 15 15 11

3 1 7 00

3 M u k k o m 1 2 0 2 0  0 0

2 3 3 30 23 23 02

3 1 0 53

4 M a r u t h a p u z h a 1 18 18 0 0

2 4 4 03 23 23 09

3 1 0 93

5 C h a  1 l y a r 1 59 59 00

2 14 13 92 77 76 97

3 3 3 28

4 1 0 77

6 K o o d a t h a  i 1 14 14 00

2 5 5 82 23 23 22

3 2 1 99

4 1 1 0 1

7 P u n n a p u z h a 1 6 6 6 6  0 2
C

2 17 15 76 87 8 6  50

3 3 3 78

4 1 0 90

8 A r e c o d e 1 228 226 95

2 57 55 63

3 5 13 63 304 300 37

4 3 3 34

5 1 0  82

9 K a r  m p u z h a 1 115 114 50

2 32 29 14

3 7 7 41 155 153 42

4 2 1 89

5 1 0 48



T a b l e  4 2 V er  f  c a t i o n  o f  Hor ton  s law o f  s t r e a m  n u m b e r s  K a b b a n  b a s i n

SI No S u b - b a s i n O r d e r
Nu mbe r  o f  s t r e a m segements T o t a l  nu m b e r  o f  s t r ea ms

O b s e r v e d Ca I c u l a t e d O b s e r v e d C a l c u l a t e d

1 Manj  a t 1 3 3 00 4 4 00

2 1 1 0 0

2 V a z h a v a t t a 1 3 3 00 4 4 00

2 1 1 0 0

3 K a k k a v a y a I 1 13 13 00

2 5 4 06 18 18 33

3 1 1 27

4 M u t h a n g a 1 5 5 00

2 2 2 13 8 2 03

3 1 0 91

5 Th i r u n e l  I 1 17 17 00

2 3 3 12 2 1 20 69

3 1 0 57

6 T h o n d a r 1 16 16 0 0

2 3 3 24 2 0 19 90

3 1 0  6 6

7 Ba ve  I 1 57 57 00

2 9 10 04 6 6 69 11

3 2 1 77

4 1 0 31

8 C h o o r a n i 1 17 17 00

2 6 6  07 26 26 0 1

3 2 2 17

4 1 0 77

9 M a n a n t o d d y 1 81 81 0 0

2 2 0 2 1  26

3 6 5 58 1 1 0 109 69

4 2 1 47

5 1 0 38

1 0 P a n a m a r a m 1 91 91 00

2 25 23 83

3 5 6  24 124 123 12

4 2 1 63

5 1 0 43



n u m b e r s ,  h a v i n g  t h e  f i r s t  t e r m  o£ t h e  g e o m e t r i c  p r o g r e s s i o n  as  t h e  

n u m b e r  o f  f i r s t  o r d e r  s t r e a m s  a n d  t h e  r a t i o  as t h e  c o n f l u e n c e  r a t i o
f

T h e  l a s t  t e r m  o f  t h e  p r o g r e s s i o n ,  in most  o f  t h e  s u b - b a s i n s  is less 

t h a n  o n e ,  w h i c h  m e a n s  t h a t  u n d e r  t h e  p h y s  l o g r a p h  i c a  I c o n d i t i o n s  o f  

t h e  b a s i n  a n d  f o r  t h e  e x i s t i n g  c o n f l u e n c e  r a t i o ,  t h e  n u m b e r  o f  s t r e a m s  

o f  l o w e r  o r d e r s  s h o u l d  be  m u c h  l a r g e r  f o r  t h e  b a s i n  to be  c o n s i d e r e d  

as o f  t h e  g i v e n  o r d e r .  T h e  la w  is e x p r e s s e d  u s i n g  r e g r e s s i o n

e q u a t i o n s  in  T a b l e  4 . 3  a n d  g r a p h i c a l l y  in F i g . 4 .1  to  4 . 4 .  T h e  

n u m b e r  o f  o b s e r v a t i o n s  u s e d  f o r  t h e  r e g r e s s i o n  e q u a t i o n s  is so s m a l l  

t h a t  t h e s e  e q u a t i o n s  h a v e  not  been  u s e d  f o r  c a l c u l a t i o n s .

T a b l e  4 . 4  s h o w s  t h a t  t h e  d e g r e e  o f  a c c u m u l a t i o n  o f  l o w e r  

o r d e r  s t r e a m s  is n o t  s u f f i c i e n t  i n  mos t  o f  t h e  s u b - b a s i n s  f o r  t h e  o r d e r  

a s s i g n e d  to  i t .  K o o d a t h a i ,  V a z h a v a t t a  a n d  M a n j a t  a r e  c o m p l e t e l y

d e v e l o p e d  (100%) K a r i m p u z h a ,  M a n a n t o d d y ,  P a n a m a r a m  a n d  B a v e l i  

r e q u i r e  m or e  s t r e a m s  to  be  c o n s i d e r e d  as o f  f o u r t h  o r  f i f t h  o r d e r  

( d e g r e e  o f  a c c u m u l a t i o n  o f  l o w e r  o r d e r  s t r e a m s  is less t h a n  

50 p e r  c e n t ) .  M u k k o m  h a s  t h e  l o w es t  d e g r e e  o f  a c c u m u l a t i o n  o f  f i r s t  

a n d  s e c o n d  o r d e r  s t r e a m s  to be  c o n s i d e r e d  as o f  a t h i r d  o r d e r

s u b - b a s i n  ( 2 4 . 5 % ) .  As  a w h o l e ,  t h e  e v o l u t i o n  o f  most  o f  t h e

s u b - b a s i n s  o f  C h a l i y a r  r i v e r  b a s i n  is m o r e  a d v a n c e d  as c o m p a r e d  to 

s u b - b a s i n s  o f  K a b b a m  r i v e r  b a s i n .

T h e  c o n f l u e n c e  r a t i o  c o m p u t e d  f r o m  t h e  r e g r e s s i o n  e q u a t i o n ,  

b y  t h e  m e t h o d  o f  w e i g h t e d  m e a n s  a n d  g r a p h i c a l l y  a r e  c o m p a r e d  in 

T a b l e  4 . 5 .  T h e  t h r e e  m e t h o d s  g i v e  m o r e  o r  less t h e  same v a l u e s .  T h e



T a b l e  4 . 3  Law o f  s t r e a m  nu m b e r s  e x p r e s s e d  as r e g r e s s i o n  e q u a t i o n s

R i v e r  b a s i n  S I . No .  S u b - b a s i n  R eg re ss i on  e q u a t i o n

C ha l  ly a r

K a b b a n I

1 K u t h i r a p u z h a Nu
= 1.289 - 0.423 u

2 K u t h  i r a p u z h a Nu
= 1.547 - 0.521 u

3 Mukkom Nu
= 1.894 - 0.651 u

4 M a r u t h a p u z h a Nu = 1.874 - 0.628 u

5 Cha 1 l y a r Nu = 2.342 - 0 .598 u

6 K o o d a th a  i Nu
= 1.761 - 0.573 u

7 P u n n a p u z h a Nu
= 2.435 - 0.621 u

8 Arecode Nu = 2.952 - 0.560 u

9 K a r  i mp uzha Nu 2.540 - 0.533 u

1 M a n j a t

2 V a z h a v a t t a

3 K a k k a v a y a  1 Nu = 1.718 - 0.557 u

4 M u t h a n g a Nu = 1.032 - 0.350 u

5 T h i r u n e  111 Nu = 1.800 - 0.615 u

6 T h o n d a r Nu = 1.764 - 0.602 u

7 Ba ve l  i Nu = 2.233 - 0.592 u

8 C h o o ra n i Nu = 1.620 - 0.417 u

9 M a n a n t o d d y Nu
= 2.303 - 0.482 u

1 0 P a n a m a ra m N 2.376 _ 0.502 u
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T a b l e  4 . 4  R e l a t i o n s h i p  b e tw e e n  o r d e r ,  c o n f l u e n c e  r a t i o  a n d  de g re e  of  

a c c u m u l a t i o n  o f  l o w e r  o r d e r  s t r e a m s

R i v e r  b a s i n SI .No. S u b - b a s i n O r d e r C o n f l u e n c e  
r a t  io

Degree  o f  
ac cu m u  I a t  ion 
o f  l o we r  o r d e r  
s t r e a m s  (%)

1 K n h i r a p u z h a 3 3 . 1 3 71 .68

2 K u t h  i r a p u z h a 3 3.51 89 .80

3 M u k k o m 3 6 . 1 2 24.50

4 M a r u t h a p u z h a 3 4 .41 93 .00

Cha 1 l y a r 5 Cha 1 l y a r 4 4 .2 4 77 .40

6 K o o d a t h a i 4 2.41 100.55

7 P u n n a p u z h a 4 4 . 1 8 90 .40

8 Are co d e 5 4 .0 8 81 .90

9 K n m p u z h a 5 3 .9 3 48 .00

1 M a n j  at 2 3 .0 0 1 0 0 . 0 0

2 V a z h a v a t t a 2 3.00 1 0 0 . 0 0

3 K a k k a v a y a 1 3 3 .20 126.55

4 M u t h a n g a 3 2 .35 90 .54

K a b b a n i 5 Th  i r u n e  111 3 5 .4 5 57 .23

6 Thon d a r 3 4 .9 3 6 5 .8 0

7 B a v e l  i 4 5 .6 8 31. 11

8 C h o o r a n i 4 2 .8 0 77 .44

9 M a n a n t o d d y 5 3.81 38 44

1 0 P a n a m a r a m 5 3 .8 2 42 .7 4



u o

T a b l e  4 .5  C o n f l u en c e  r a t i o  o f  th e  s u b - b a s i n s  o b t a i n e d  b y  d i f f e r e n t  

methods

R i v e r  b a s i n  S I . N o .  S u b - b a s i n C o n f l uen ce  r a t i o  o b t a i n e d  f rom

w e i g h t e d  R eg re ss i on  G ra ph  
means  e q u a t i o n

1 K a n h i r a p u z h a 3 .13 2.65 3.24

2 K u t h  i r a p u z h a 3.51 3 .32 3 .16

3 Mukkom 6 . 1 2 4.47 3 .80

4 M a r u t h a p u z h a 4.41 4 .2 4 4 .08

5 Cha I ly a r 4.24 3.96 4 17

6 K o o d a th a i 2.41 3 .74 2.61

7 P u n n a p u z h a 4 .18 4 .18 3.89

8 Arecode 4 .08 3 .98 3 .98

9 K a r  impuzha 3 .93 4 .18 3 .98

1 Manj  at 3 .00 — —

2 V a z h a v a t t a 3.00 — —

3 K a k k a v a y a I 3 .20 3.61 2.56

4 M u t h a n g a 2 35 2.24 2 19

5 Th i r u n e  111 5.25 4 .12 4 .69

6 T h o n d a r 4 .93 4 .00 4 .69

7 B a v e 11 5.90 3.91 4 .20

8 C h o o ra n i 2.80 2.61 2.82

9 M a n a n t o d d y 3.81 3 .03 3.31

1 0 P a n a m a ra m 3.82 3.17 3.40

Cha I ly a r

K a b b a n i



c o n f l u e n c e  r a t i o  r a n g e s  b e t w e e n  2 4 - 4  8  f o r  C h a l i y a r  a n d  2 . 3 - 5  7 f o r  

K a b b a n i  T h e  p e r c e n t a g e  n u m b e r  o f  s t r e a m s  o f  s u c c e s s i v e  o r d e r s  a r e  

s h o w n  in  T a b l e  4 5 F i r s t  o r d e r  s t r e a m s  c o n s t i t u t e  t h e  l a r g e s t  p o r t i o n  

o f  t h e  s t r e a m  s e g m e n t s .  F o r  t h e  s u b - b a s i n s  o f  C h a l i y a r  i t  c o m p r i s e s  

a b o u t  75 p e r  c e n t  o f  t h e  t o t a l  n u m b e r  o f  s t r e a m .  P e r c e n t a g e  n u m b e r  o f  

s e c o n d  o r d e r  s t r e a m s  is a b o u t  2 0  a n d  f o r  t h e  t h i r d  o r d e r ,  i t  is a b o u t  

4% I n  t h e  c a s e  o f  t h e  s u b - b a s i n s  o f  K a b b a n i  r i v e r  b a s i n ,  f i r s t  o r d e r  

s t r e a m  s e g m e n t s  f o r m  t h e  m a j o r  p o r t i o n  b u t  t h e  p e r c e n t a g e  v a r i e s  f r o m  

62 5 - 8 6 . 4 ,  t h e  s e c o n d  o r d e r  s t r e a m s  come to  20*7-25% a n d  t h e  t h i r d  

o r d e r  s t r e a m s  n e a r  t o  5%.

T a b l e  4 . 7  g i v e s  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  c o n f l u e n c e  r a t i o ,  

m a x i m u m  s t r a i g h t  l e n g t h  o f  t h e  s u b - b a s i n ,  d e g r e e  o f  a c c u m u l a t i o n  o f  

l o w e r  o r d e r  s t r e a m s  a n d  a n n u a l  m o n s o o n  d i s c h a r g e  p e r  a r e a .  T h e  

c o n f l u e n c e  r a t i o  b e a r s  a d i r e c t  r e l a t i o n s h i p  w i t h  t h e  m a x i m u m  s t r a i g h t  

l e n g t h  o f  t h e  s u b - b a s i n  ( C o r r e l a t i o n  0 . 4 8  f o r  C h a l i y a r  a n d  0 . 2 7  f o r  

K a b b a n i ) .  T h e  m o r e  e l o n g a t e d  f o r m  o f  t h e  s u b - b a s i n s  o f  C h a l i y a r  

h e l p s  to  a c c u m u l a t e  m o r e  n u m b e r  o f  l o w e r  o r d e r  s t r e a m s .  T h e  

s u b - b a s i n s  o f  C h a l i y a r  a r e  t h u s ,  m o r e  d e v e l o p e d  t h a n  t h a t  o f  K a b b a n i  

b a s i n .  H e n c e ,  t h e  c o n f l u e n c e  r a t i o  is c o m p a r a t i v e l y  h i g h  f o r  t h e  

s u b - b a s i n s  f o r  C h a l i y a r .  C o n f l u e n c e  r a t i o  is r e l a t e d  to  t h e  a n n u a l  

m o n s o o n  d i s c h a r g e  o f  t h e  s u b - b a s i n s .  T h e  c o r r e l a t i o n < ~ o e f f i c l e n ts  a r e  

- 0  77 a n d  - 0 . 7 8  w i t h  t h e  a v e r a g e  a n n u a l  m o n s o o n  d i s c h a r g e  p e r  u n i t  

a r e a  o f  t h e  s u b - b a s i n s  o f  C h a l i y a r  d u r i n g  1976—180 a n d  1981 —' 85 .  

A v e r a g e  a n n u a l  m o n s o o n  d i s c h a r g e  p e r  u n i t  a r e a  h a s  a c o r r e l a t i o n



T a b l e  4 . 6  N um be r  o f  s t r e a m  segme nt s  e x p r e s s e d  as p e r c e n t a g e  o f  t o t a l  

n u m b e r  o f  s t r e a m s

S I . N o . S u b - b a s i n Number o f  s t r e a m se gm en ts  o f  o r d e r  (%)

1 2 3 4 5

1 K a n h i r a p u z h a 70 00 2 0 . 0 0 1 0  0 0

2 K u t h  i r a p u z h a 73 .00 2  0 . 0 0 6 .7 0

3 M u k k o m 83.00 12 50 4 .2 0

4 M a r u t h a p u z h a 78 00 27 .40 4. 00

5 Cha 1 l y a r 77 00 18.00 4 .0 0 1.30

6 Kood a t h a  i 64 .00 23.00 4 . 5 0

7 P u n n a p u z h a 76 00 19 50 3 .50 1 . 2 0

8 Are co d e 75 .00 18 80 4 90 0 .9 9 0 .33

9 K a r  i m p u z h a 73.00 2 0 . 0 0 4 .5 0 1 30 0 64

1 Ma nj  at 75 00 25 .00

2 V a z h a v a t t a 75.00 25 00

3 K a k k a v a y a 1 6 8  40 26 30 5 .30

4 M u t h n a g a 62 .5 0 25 .00 12.50

5 Th i r u n e l  II 81 .00 14.00 4 80

6 T h o n d a r 80 .00 15 00 5 .0 0

7 B a v e l  i 8 6  40 14 00 3 .00 6 . 1 0

8 C h o o r a n  i 65.00 23 .0 0 7 .60 3 .80

9 M a n a n t o d d y 74 .00 18.20 5 .50 1.80 0. 91

1 0 P a n a m a r a m 73.00 2 0 . 2 0 4.00 1.60 0.81

Cha I l y a r

K a b b a n i



T a b l e  4 7 R e l a t i o n s h i p  b e t w e e n  c o n f l u e n c e  r a t i o ,  m a x i m u m  s t r a i g h t  l e n g t h ,  d e g r e e  o f  a c c u m u l a t i o n  o f  l o w e r  o r d e r  s t r e a m s  

a n d  d i s c h a r g e

R i v e r  b a s i n

C h a  I l y a r

K a b b a n

C o n f l u e n c e  M a x i m u m  s t r a i g h t  D e g r e e  o f  a c c u m u l a t i o n  A n n u a l  m o n soo n
SI No S u b - b a s i n  r a t i o  l e n g t h  o f  s u b - b a s i n  o f  l o w e r  o r d e r  s t r e a m s  d i s c h a r g e  p e r  a r e a

( k m )  (%) (M m 3 / k m 2 )

1976-  60 1 9 8 1 - ' 8 5

1 K a n h  Pap  u z h a

2 K u t h i r a p u z h a

3 M u k k o m

4 M a r u t h a p u z h a

5 C h a l i y a r

6  K o o d a t h a i

7 P u n n a p u z h a

8  A r e c o d e

9 K a r  m p u z h a

3 13

3 51 

6 12

4 41 

4 24

2 45 

4 18 

4 08

3 93

18 80 

27 60 

29 60 

20 40 

42 40 

20 00 

40 80 

76 00 

45 20

71 68

89 80 

2 4 . 5 0  

93 00 

77 40

100 55

90 40 

81 90 

48  00

2 68

2 58 

5 57 

1 77

3 09 

7 27 

1 82

1 92

2 11

2 25

2 53 

4  38 

1 12 

1 71

3 54 

1 53 

1 74 

1 83

1

2

3

4

5

6

7

8 

9

10

M a n j  a t

V / a z h a v a t t a

K a k k a v a y a I

M u t h a n g a

T h  i r u n e  111

T h o n d a r

B a v e l

C h o o r a n  i

M a n a n t o d d y

P a n a m a r a m

3 00 

3 00

3 20

2 35 

5 45

4 93

5 6 8  

2  80

3 81 

3 82

1 0  80 

21 20 

18 40

14 00 

18 80 

36 80

15 60 

38 80 

42 00

100 00 

100 00 

126 95 

90 54 

57 23 

65 80 

31 11 

77 44 

38 44 

42 74

0 98

1 80 

1 08 

1 10 

5 73 

4 95 

1 42 

9 69 

3 33 

0 19

0 68

0 78

1 87 

1 12 

3 58

3 59 

1 09

4 30 

0 91 

0 17



o f  - 0 . 7 5  w i t h  t h e  c o n f l u e n c e  r a t i o  f o r  t h e  p e r i o d  1 9 7 6 - ' 8 5  B u t  t h e  

r e l a t i o n s h i p  is no t  s i g n i f i c a n t  f o r  t h e  K a b b a n i  b a s i n .  T h e  d i s c h a r g e  

p e r  a r e a  m a i n l y  d e p e n d s  on h i g h e r  o r d e r  s t r e a m s  w h i c h  a r e  l a r g e r  

t h a n  t h e  l o w e r  o r d e r  s t r e a m s .  T h e  o r d e r  a n d  t h e  n u m b e r  o f  l a r g e r  

s t r e a m s  a r e  more  s i g n i f i c a n t  t h a n  t h e  n u m b e r  o f  s m a l l  t r i b u t a r i e s

F o r  a g i v e n  o r d e r ,  t h e  p e a k  d i s c h a r a g e  is l o w e r  f o r  a h i g h e r

1
c o n f l u e n c e  r a t i o .

4 . 3  L a w  o f  su m m e d  l e n g t h s

A c c o r d i n g  to  t h e  la w  o f  s u m m e d  l e n g t h s ,  t h e  l e n g t h  o f

s t r e a m s  o f  s u c c e s s i v e  o r d e r s  f o l l o w  a d e c r e a s i n g  g e o m e t r i c  

p r o g r e s s i o n  T h e  s um m ed  l e n g t h s  o f  s t r e a m s  o f  s u c c e s s i v e  o r d e r s  a r e

e x p r e s s e d  in T a b l e  4 . 8  a n d  4 . 9 .  T h e  la w  d e v i a t e s  f o r  h i g h e r  o r d e r  

s t r e a m s ,  t h e  v a l u e  b e i n g  h i g h e r  t h a n  th o s e  p r e d i c t e d  b y  t h e  l e n g t h

r a t i o  ( R ^ ) .  As  a s t r e a m  e n t e r s  f l a t  l a n d ,  l a t e r a l  e r o s i o n  p r e v a i l s  d u e  

to t h e  d e c r e a s e  o f  s l o p e ,  f o l l o w e d  b y  b r a i d i n g  a n d  m e a n d e r i n g  o f  th e  

w a t e r  c o u r s e  a n d  t h u s ,  t h e  l e n g t h  o f  s t r e a m s  i n c r e a s e s  c o n s i d e r a b l y  

Most  o f  t h e  s t r e a m s  a c q u i r e  a h i g h e r  o r d e r  in t h i s  c o u r s e  o f  f l o w  An  

i n c r e a s e  o f  s t r e a m  l e n g t h  r e s u l t s  f o r  t h e s e  o r d e r s ,  d e v i a t i n g  t h e  law 

e s t a b l i s h e d  f o r  t h e  d r a i n a g e  s y s t e m  in t h e  m o u n t a i n o u s  a n d  h i l l y  

a r e a s  I t  c a n  be  seen  f r o m  F i g . 4 . 5  to 4 . 8  t h a t  t h e  g r a p h i c a l  p l o t  o f  

o r d e r  a n d  s um m ed s t r e a m  l e n g t h  h a s  t w o  s t r a i g h t  l i n e  p o r t i o n s .  Th e  

l a w  d e v i a t e  f o r  t h e  h i g h e r  o r d e r s  o f  P u n n a p u z h a ,  K a r i m p u z h a ,  

K o o d a t h a i ,  M u t h a n g a .



Table 4.8 Morton's law of summed stream length - Chaliyar basin

SI. No. Sub-basin

Summed

length
ratio

Observed iength of streams (kg)
Calculated length of streams (km)

h 4 s 4 4 L
4 ^2 4 4 4 L

1 Kanhirapuzha 10.45 31.20 19.60 0.60 51.40 31.20 2.99 0.29 34.47
2 Kuthirapuzha 2.73 82.80 23.60 24.00 -  ■

- 130.40 82.80 30.35 11.13 124.28
3 Mukkom 3.21 100.40 39.40 7.60

-
- 147.40 100.40 31.26 9.73 141.42

4 Maruthapuzha 2.91 64.60 35.20 6.40
-

- .  106.20 64.60 22.17 7.60 94.39
5 Cha 1 iy ar 3.20 262.60 67.00 33.20 26.80

- 389.60 262.60 82.04 25.63 8.01 378.28
6 Koodatha i 5.00 67.52 17.40 7.60 10.00

- 93.44 67.52 13.51 2.71 0.54 82.77
7 Punnapuzha 2.75 237.80 102.72 20.00 44.00

- 404.52 237.80 86.61 31.50 11.49 367.M
8 Arecode 2.72 953.20 304.67 122.00 80.00 56.00 1515.87 953.20 350.32 128.75 44.32 17.39 1497.26
9 Kar Impuzha 2.89 433.00 181.00 39.60 50.00 10.00 713.60 433.00 149.68 51.71 17.87 6.17 658.36



L

18 AO

31 2 0

96 17

20 86

58 80

79 99

231 02

82 34

372 75

478 06

law of summed stream length -  Kabbani basin

;mmed
ngth
it IO

lL

Ob se r ve d leng th o f  s t r eams (km) Ca leu 1a ted  length of  s t reams (km)

L 1 L 2 L3 L4 L5 L
h L 2 1 3 L4 L5

1 30 10 40 8  0 0 18 40 10 40 8  0 0

3 59 24 40 6  80 - - 31 2 0 24 40 6  80 - - -

2 69 63 64 20 84 1 2  0 0 - - 96 48 63 64 23 70 8  83 - -

1 41 9 44 4 8 8 6  0 0 - 2 0 32 9 44 6  69 4 74 - -

3 15 41 48 14 00 4 60 - 60 08 41 48 13 15 4 17 - -

2 32 49 44 10 40 - 79 84 49 44 21 34 9 20 - - -

3 91 172 72 49 60 8  0 0 6  0 0 - 236 32 172 72 44 40 1 1  28 2  8 8 -

3 11 56 48 19 44 8  56 1 2 0 - 85 6 8 56 48 18 15 5 83 1 87 -

2 45 222 96 98 6 8 23 40 28 0 0 25 6 8 398 72 222 96 91 11 37 24 15 22 6  2 2

3 57 363 09 70 64 67 56 36 92 11 40 531 08 363 09 96 65 27 11 9 04 2 13
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U n l i k e  t h e  la w  o f  s t r e a m  n u m b e r s  o f  s u c c e s s i v e  o r d e r s ,  th e  

l a w  o f  s u m m e d  s t r e a m  l e n g t h  f o r m  a d e c r e a s i n g  p r o g r e s s i o n .  Th e  

l e n g t h  r a t i o  R , t h e r e f o r e ,  is a l w a y s  less t h a n  t h e  c o n f l u e n c e  r a t i o

4 . 4  L a w  o f  a v e r a g e  s t r e a m  l e n g t h

A c c o r d i n g  to  t h e  l a w ,  t h e  a v e r a g e  l e n g t h s  o f  s t r e a m s  f o r m  a 

g e o m e t r i c  p r o g r e s s i o n .  T h e  a v e r a g e  l e n g t h  o f  s t r e a m s  o f  s u c c e s s i v e  

o r d e r s  a r e  s h o w n  in T a b l e  4 . 1 0  a n d  4 . 1 1 .  T h e  la w  does  n o t  h o l d  

g o o d ,  f o r  h i g h e r  o r d e r s .  T h e  g r a p h i c a l  r e p r e s e n t a t  ion o f  t h e  l a w  is 

s h o w n  in F i g . 4 . 9  a n d  4 . 1 0 .

The  g r a p h i c a l  r e p r e s e n t a t  i ons  o f  t h e  l a w  o f  su m m e d  l e n g t h  o f  

s t r e a m s  a n d  t h e  l a w  o f  a v e r a g e  l e n g t h  o f  s t r e a m s  h a v e  t w o  s t r a i g h t  

l i n e  p o r t i o n s ,  v i z . ,  f o r  t h e  lo w e r  o r d e r s  a n d  f o r  t h e  h i g h e r  o r d e r .  

Mos t  o f  t h e  s u b - b a s i n s  e x t e n d  o v e r  t w o  m a j o r  r e l i e f  u n i t s ,  t h e  h i g h

l a n d  a n d  t h e  m i d l a n d ,  h a v i n g  t h e  r o c k s  o f  d i f f e r e n t  c h a r a c t e r s  

o f f e r i n g  r e s i s t a n c e  o f  e r o s i o n .  Two  r e g r e s s i o n  l i n e s  m a y  a l s o  o c c u r  

o w i n g  to  a c h a n g e  in t h e  r a t e  o f  e v o l u t i o n  o f  t h e  s u b - b a s i n ,  e i t h e r  b y  

h u m a n  i n t e r v e n t i o n  l i k e  d e f o r e s t a t i o n  a n d  u r b a n i z a t i o n  o r  b y  t e c t o n i c  

m o v e m e n t s .  M a r u t h a p u z h a , K a n m p u z h a ,  M u k k o m  a n d  P a n a m a r a m  

v i o l a t e  t h e  l a w  f o r  t h e  h i g h e s t  o r d e r .

T h e  t o t a l  l e n g t h  o f  s t r e a m s  o f  a l l  o r d e r s  ( i .  L )  is c a l c u l a t e d

f r o m  t h e  g e o m e t r i c  p r o g r e s s i o n  o f  su m m e d  s t r e a m  l e n g t h  t h a t  i s ,



T a b l e  4 10 Law  o f  a v e r a g e  l e n g t h  o f  s t r e a m s  -  C h a l i y a r  b a s i n

il  No
Conf  li

c. .u r a t o
uence Summed

l e n g t h
A v e r a g e  
l e n g t h  
r a t  1 0  

( r |)

O b s e r v e d  a v e r a g e  leng th o f  s t r e a m s  (k m ) Ca leu l a te d a v e r a g e l e n g t h o f  s t r e a m s ( k m )
w i_>ao »i 1 .

(R c> r a t  1 0

( r l ) L 1 L 2 L 3 L4 L 5 * " 2 " 4 T 4 T 5

1 Ka nh i r a p u z h a 3 13 10 45 0 30 4 46 9 80 0  60 4 46 1 33 0 40

2 K u t h  r a p u z h a 3 52 2 73 1 29 7 53 7 87 24 00 - - 7 53 9 70 1 2 50 - -

3 Mukkom 6 1 2 3 21 1 91 5 02 13 13 7 60 - 5 02 9 50 18 27 -

4 M a r u t h a p u z h a 4 41 2 91 1 51 3 59 8  80 6  40 - - 3 59 5 40 8 2 2 - -

5 Ch a l  y a r 4 24 3 20 1 41 4 45 4 79 1 07 26 80 - 4 45 6  28 8 8 6 12 50 -

6 K o o d a th a  i 2 41 5 00 0 44 4 82 1 6 6 3 80 1 0  0 0 - 4 82 2  1 1 0 93 0 41 -

7 P u n n a p u z h a 4 18 2 75 1 52 3 60 6  04 6  67 4 40 - 3 60 5 48 8 34 1 2  6 8 -

8 Arecode 4 08 2 72 1 28 4 18 5 35 8  13 26 67 56 00 4 18 5 34 6 83 8  73 1 1  16

9 K a r  mp uzh a 3 76 2 89 1 30 3 77 5 6 6 5 6 6 25 00 1 0  0 0 3 77 4 89 6 35 8  24 10 75

CO
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Table 4.11 Law of average length of streams - Kabbani basin

Confluence Summed Average Observed
falio lenath Ipnnth

• 1 • l^w • ouu-oas in (Rc) rat io

(R^)
ratio

(rp 4 4 4 4 4 4 ""3

1 Manjat 3.00 1.30 2.30 3.47 8.0
3.47~

— 8.01 _

2 Vazhavatta 3.00 3.59 0.84 8.13 6.80
8.13"" 6.80 -

3 Kakkavayal 3.20 2.69 1.19 4.50 4.17 12.00 - _ 4.50 5.83 6.95
4 Muthanga 2.35 1.41 1.66 1.89 2.44 6.00 - — 1.89 3.15 5.24
5 Thirunell i 5.25 3.15 1.73 2.44 4.67 4.60 - _ 2.44 4.22 7.28
6 Thondar 4.93 2.32 2.13 3.09 6.60 10.40 - _ 3.09 6.58 13.79
7 Bavell 5.68 3.91 1.45 3.03 5.51 4.00 6.00 _ 3.03 4.40 6.39
8 ChooranI 2.80 3.11 0.90 3.32 3.24 4.28 1.20 - 3.32 2.99 2.69

9 Manantoddy 3.81 2.45 1.56 2.75 4.93 3.90 14.00 25.68 2.75 4.28 6.67

10 Panamaram 3.82 3.57 1.07 3.99 2.83 13.50 18.46 11.40 3.99 4.27 4.58

L -«-
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4 .5  B asin  shape

T h e  s h a p e  o f  t h e  s u b - b a s i n s  a r e  r e p r e s e n t e d  b y  f o u r  

p a r a m e t e r s ,  (1 )  t h e  m a x i m u m  s t r a i g h t  l e n g t h  o f  t h e  s u b - b a s i n  ( L  ) 

(2 )  l e n g t h  o f  t h e  m a i n  s t r e a m  ( L s ) ,  (3 )  f o r m  f a c t o r  ( R f ) a n d  (4 )

e l o n g a t i o n  r a t i o  ( R g ) -  T a b l e  4 . 1 2  g i v e s  a n  a c c o u n t  o f  th e  b a s i n

s h a p e .  T h e  r e l a t i o n s h i p  b e t w e e n  f o r m  f a c t o r  a n d  e l o n g a t i o n  r a t i o  is 

e x p r e s s e d  in F i g . 4 .  11 a n d  4 . 1 2 .  E l o n g a t i o n  r a t i o  is less  t h a n  t h a t  f o r  

a s q u a r e  ( 1 . 1 2 8 )  a n d  g r e a t e r  t h a n  t h e  m i n i m u m  v a l u e  ( 0 . 2 )  o f  t h e  

c i r c l e  T h e  f o r m  f a c t o r  a n d  e l o n g a t i o n  r a t i o  i n d i c a t e  t h a t  t h e  

s u b - b a s i n s  r e s e m b l e  a r e c t a n g l e  t h a n  a c i r c l e .  F o r m  f a c t o r  i n c r e a s e s  

w i t h  t h e  o r d e r  o f  t h e  s u b - b a s i n ,  i n d i c a t i n g  t h e  t e n d e n c y  o f  t h e

s u b - b a s i n s  to  become e l o n g a t e d  w i t h  i n c r e a s i n g  o r d e r .  Th e

r e l a t i o n s h i p  c a n n o t  be  p r e d i c t e d  f o r  h i g h e r  o r d e r s  b e c a u s e  t h e  h i g h e s t  

o r d e r  o f  s t r e a m s  a v a i l a b l e  is o n l y  f i v e .  F i g .  4 . 1 3  a n d  4 . 1 4  s h o w  t h e  

r e l a t i o n s h i p  b e t w e e n  c o n f l u e n c e  r a t i o  a n d  t h e  m a x i m u m  s t r a i g h t  l e n g t h  

o f  t h e  s u b - b a s i n .  a ,  b ,  a n d  c  r e p r e s e n t  t h e  s u b - b a s i n s  o f  t h i r d  

o r d e r ,  d ,  e a n d  f  a r e  o f  f o u r t h  o r d e r  a n d  g a n d  h g i v e  t h e  f i f t h

o r d e r  s u b - b a s i n s .  I n  F i g . 4 . 1 4 , j  d e n o t e s  t h e  s e c o n d  o r d e r  s u b - b a s i n .  

I t  is c l e a r  t h a t  t h e  m a x i m u m  s t r a i g h t  l e n g t h  o f  t h e  s u b - b a s i n  i n c r e a s e s  

w i t h  t h e  o r d e r .  F i g  4 . 1 4  v e r i f i e s  t h e  i n c r e a s e  in s u b - b a s i n  l e n g t h

w i t h  t h e  o r d e r .  A n  i n c r e a s e  in  t h e  a r e a  a n d  m a x i m u m  s t r a i g h t  l e n g t h

o f  t h e  s u b - b a s i n s  w i t h  t h e  o r d e r  is s jnown in T a b l e  4 13

T h e  m a x i m u m  s t r a i g h t  l e n g t h  L h a s  a d i r e c t  r e l a t i o n s h i pm K
w i t h  t h e  a v e r a g e  m o n t h l y  mo nsoon  d i s c h a r g e  ( c o r r e l a t i o n  0 . 9 3  f o r  

b o t h  t h e  p e r i o d s  1 9 7 6 - ' 8 0  a n d  1981 —185) , f o r  t h e  s u b - b a s i n s o f  C h a l i y a r



Table 4.12 Relationship between order
,  area and basin shape

River basin SI.No.
Sub-basin Order Form factor

E longat ion
ratio

Maximum straight
length of sub-tjasin

(km)

Lenth of main stream
(km)

Cha I iy ar

Kabban i

Kanh irapuzha

Kuthirapuzha

Mukkom

Maruthpuzha

Cha I iyar

Koodathai

Punnapuzha

Arecode

Karimpuzha

Manj at

Vazhavatta

KakkavayaI

Muthanga

Thirunelli

Thondar

Bavel i

Chooran i

Manantoddy

Panamaram

3 68 0.201 0.506
3 284 0.384 0.700
3 221 0.252 0.567
3 144 0.391 0.751
4 386.69 0.224 0.534
4 103 0.258 0.573
4 344 0.203 0.508
5 1841 0.322 0.641

5 670.35 0.311 0.630

2 47.50 _

2 57.50 0.493 0.793
3 90 0.200 0.905

3 192 0.567 0.850

3 38 0.194 0.497

3 30 0.085 0.329
4 190 0.140 0.423

4 35 0.144 0.428

5 398 0.264 0.581

5 460 0.261 0.577

18.80

27.60

29.60

•  20.40

42.40

20.00

40.80

76.00

45.20

10.80

21.20

18.40

14.00

18.80

36.80

15.60

38.8

42.00

■  18.80

36.60

32.84

19.60

51.44

19.68

33.80

98.64

48.80

11.00

17.80

19.20

14.00

12.40

41.20

16.40

49.20

58.20
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Scale:

X axis : 1 cm = 0.04 units

Y axis : 1 cm = 0.01 units

6  6 0 ° ° ° ° 0 6
ELONGATION RATIO

rM factor Vs elongation RATIO - KA
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T a b l e  4 13 R e l a t i o n s h i p  b e t w e e n  o r d e r ,  a r e a  m a x i m u m  s t r a i g h t  l e n g t h  a n d  d i s c h a r g e

R i v e r  b a s  n SI No S u b - b a s  in O r d e r A r e a

( k m 2 )

M a x i m u m  s t r a i g h t  
l e n g t h  o f  s u b  b a s i n  ( k m )

A v e r a g e  m o n t h l y  mo nsoon
. 3 ,

d i s c h a r g e  (M m )

1976- 80 1981-  85

1 K a n h i r a p u z h a 3 68 18 80 38 22 j U 87

2 K u t h  i r a p u z p h a 3 284 27 60 122 00 119 78

3 M u k k o n 3 221 29 60 205 01 161 45

4 M a r u t h a p u z h a 3 144 20 40 42 47 26 94

C h a l  y a r 5 C h a  I l y  a r 4 386 69 42 40 198 89 109 98

6 K o o d a t h a  i 4 103 20 00 124 85 60 71

7 P u n n a p u z h a 4 344 40 80 104 28 87  78

8 A r e c o d e 5 1841 76 00 589 64 532 48

9 K a n m p u z h a 5 670 35 45 20 235 83 203 98

1 M a n j  a t 2 47  50 7 73 5 42

2 V a z h a v a t t a 2 57 50 10 80 17 26 7 50

3 K a k k a v a y a  I 3 90 21 20 16 25 28 05

4 M u t h a n g a 3 192 18 40 35 26 35 94

K a b b a n i 5 T h  i r u n e l  11 3 38 14 0 0 " 36 31 22 66

6 T h o n d a r 3 30 18 80 24 77 17 96

7 B a v e  11 4 190 36 80 44 94 34 52

8 C h o o r a n i 4 35 15 60 56 50 25 07

9 m a n a n t o d d d y 5 398 38 80 221 02 60  03

10 P a n a m a r a m 5 460 42 00 14 87 12 96

CD
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T h e  c o r r e l a t i o n  i s  m u c h  l o w e r  f o r  t h e  s u b - b a s i n s  o f  K a b b a n i  ( 0 . 4 4  f o r  

t h e  t w o  p e r i o d s ) .  I n  F i g . 4 . 1 5  K o o d a t h a i ,  M u k k o m ,  B a v e l i  a n d

P a n a m a r a m  a r e  m o r e  d e v i a t e d  f r o m  t h e  s t r a i g h t  l i n e  ( a ^ ,  b ^ ,  b ^ ) .

S i n c e  t h e  d i s c h a r g e  i n c r e a s e s  w i t h  t h e  o r d e r  o f  t h e  s t r e a m  w h i c h  

c o n t r o l s  t h e  l e n g t h  o f  t h e  s u b - b a s i n ,  t h e  r e l a t i o n s h i p  b e t w e e n  

d i s c h a r g e  a n d  t h e  m a x i m u m  s t r a i g h t  l e n g t h  o f  t h e  s u b - b a s i n  is q u i t e  

a g r e e a b l e .  T h e  p r o p o r t i o n a l  i n c r e a s e  in  t h e  a v e r a g e  m o n t h l y  m o n s o o n

d i s c h a r g e  w i t h  r e s p e c t  to  t h e  m a x i m u m  s t r a i g h t  l e n g t h  o f  t h e

s u b - b a s i n s  o f  K a b b a n i  b a s i n  is n o t e d  m  T a b l e  4 . 1 3 .

4 .6  A re a

T h e  r e l a t i o n s h i p  o f  a r e a  w i t h  t h e  m a x i m u m  s t r a i g h t  l e n g t h

a n d  w i t h  t h e  l e n g t h  o f  t h e  m a i n  s t r e a m  is  i n d i c a t e d  in  T a b l e  4 13

I t  i s  c l e a r  t h a t  f o r  a  g i v e n  o r d e r  t h e  l e n g t h  o f  t h e  m a i n  s t r e a m  is

l a r g e r  f o r  e l o n g a t e d  s u b - b a s i n s .  T h e  a r e a  is h i g h l y  c o r r e l a t e d  w i t h

t h e  m a x i m u m  s t r a i g h t  l e n g t h  o f  t h e  s u b - b a s i n s  ( 0 . 9 5  a n d  0 . 8 9  f o r  

C h a l i y a r  a n d  k a b b a n i ) .  T h e  l e n g t h  o f  t h e  m a i n  s t r e a m  is  c l o s e l y  

r e l a t e d  t o  t h e  a r e a  T h e  r e g r e s s i o n  e q u a t i o n s  a r e

A = 1 76 l_s ( C h a l i y a r ,  r  = 0 97)

A  = 1 .6  l_s ° ’ 56 ( K a b b a n i ,  r  = 0 . 9 7 )

T h e  c o e f f i c i e n t s  a r e  m o r e  o r  l e ss  t h e  s a m e  f o r  b o t h  t h e  r i v e r  b a s i n s .  

T h e  e l o n g a t i o n  o f  t h e  b a s i n ,  t h u s  h a s  a  s i g n i f i c a n t  r o l e  m  d r a i n a g e  

b a s i n  e v o l u t i o n .  D i s c h a r g e  d e p e n d s  n o t  o n l y  on  d r a i n a g e  a r e a ,  b u t  

a l s o  o n  t h e  o r d e r  o f  t h e  m a i n  s t r e a m  ( F i g . 4 . 1 6 ) .  D i s c h a r g e  i n c r e a s e s
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w i t h  t h e  o r d e r  a n d  d r a i n a g e  a r e a .  T h e  r e l a t i o n s h i p  b e tw e e n  o r d e r  

a n d  b a s i n  a r e a  is s h o w n  in F i g  4 . 1 7  T h e  h i g h e r  t h e  o r d e r ,  th e  

g r e a t e r  is t h e  a r e a  o f  t h e  s u b - b a s i n  T h e  i n c r e a s e  in  a r e a  is r a t h e r  

a b r u p t  f o r  f i f t h  o r d e r  T h i s  a g r e e s  w i t h  t h e  h i g h  c o r r e l a t i o n s  o f  t h e  

m a x i m u m  s t r a i g h t  l e n g t h  o f  t h e  s u b - b a s i n s  w i t h  t h e  o r d e r  a n d  a r e a

A r e a  is one  o f  t h e  most  i m p o r t a n t  p a r a m e t e r s  a f f e c t i n g  

d i s c h a r g e  C o r r e l a t i o n s  w i t h  t h e  a v e r a g e  m o n t h l y  monsoon  d i s c h a r g e  o f  

t h e  s u b - b a s i n s  o f  C h a l i y a r  a r e  0 . 9 6  a n d  0 . 9 7  a n d  0 . 4 9  a n d  0 45 f o r

K a b b a n i ,  d u r i n g  t h e  1 9 7 6 - ' 8 0  a n d  1981 —185 r e s p e c t i v e l y .  A v e r a g e

m o n t h l y  m onsoon  d i s c h a r g e  a n d  a r e a  a r e  g i v e n  in T a b l e  4 . 1 3 .  T h e

f l o o d  d i s c h a r g e  p e r  u n i t  a r e  is u n i v e r s e l y  p r o p o r t i o n a l  to  s i z e  b e c a u s e  

t h e  m o r e  i n t e n s e  s t o r m s  a r e  u s u a l l y  o f  t h e  s m a l l e r  s i z e .  T h e  

c o r r e l a t i o n s  o f  a r e a  w i t h  t h e  a v e r a g e  m o n t h l y  monsoon  d i s c h a r g e  p e r  

u n i t  a r e a  a r e  - 0 . 4 1  a n d  - 0 . 4 9 ,  d u r i n g  1 9 7 6 - ' 8 0  a n d  - 0 . 3 1  a n d  - 0  62 

d u r i n g  1981 —' 85 f o r  C h a l i y a r  a n d  K a b b a n i  r i v e r  b a s i n s .  T h e  d i s c h a r g e  

c o n t r i b u t e d  b y  u n i t  a r e a  is o b v i o u s l y  d u e  to t h e  r a i n f a l l  ( c o r r e l a t i o n  

0 . 8 7  f o r  C h a l i y a r  b a s i n  d u r i n g  t h e  t w o  p e r i o d s ) .  A c o m p a r a t i v e  

i n c r e a s e  in t h e  d i s c h a r a g e  p e r  u n i t  a r e a  w i t h  t h e  i n c r e a s e  o f  r a i n f a l l  

is n o t e d  f o r  t h e  t h r e e  s u b - b a s i n s ,  M a n a n t o d d y ,  C h o o r a n i  a n d  T h i r u n e l l i  

o f  K a b b a n i  r i v e r  b a s i n ,  in w h i c h  t h e  c o r r e l a t i o n  a n d  r e g r e s s i o n

s t u d i e s  w e r e  no t  p o s s i b l e  d u e  to  l a c k  o f  d a t a

4 .7  D r a in a g e  d e n s ity  a n d  s tr e a m  f r e q u e n c y

D r a i n a g e  d e n s i t i e s  a n d  s t r e a m  f r e q u e n c i e s  o f  t h e  s u b - b a s i n s  
*

a r e  g i v e n  in  T a b l e  4 . 1 4 .  T h e  r e l a t i o n s h i p  is e x p r e s s e d  g r a p h i c a l l y  in
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T a b l e  4 . 1 4  R e l a t i o n s h i p  b e t w e e n  s t r e a m  f r e q u e n c y ,  d r a i n a g e  d e n s i t y  a n d  
d i s c h a r g e

R i v e r  b a s i n S I .
No.

S u b - b a s i n
S t r e a m
f r e q u e n c y

( ° s )

D r a  i n a g e
d e n s i t '
k m / k m 2

( D d )

M o n t h l y  monsoon
d i s c h a r g e  p e r  u n i t  a r e a

3 /, 2 pnm / k m

1 9 7 6 - 180 198 1 - ' 8 5

1 K a n h i r a p u z h a 0 .1 47 0 .7 5 6 0 .5 6 2 0 . 4 5 4

2 K u t h i r a p u z h a 0 .0 5 3 0 .4 5 9 0 .4 3 0 0 .4 22

3 M u k k o m 0.1 09 0 .6 6 7 0 . 9 2 8 0.731

4 M a r u t h a p u z h a 0 .1 6 0 0 .7 3 8 0 .3 0 0 0 187

Cha  I l y a r 5 Cha  1 ly  a r 0.  199 1.008 0 .5 14 0 .2 8 4

6 K o o d a t h  la 0 . 2 1 4 0 .9 0 7 1.212 0 .5 8 9

7 P u n n a p u z h a 0 .25 3 1.176 0 .3 0 3 0 .2 55

8 A r e c o d e 0 .1 6 5 0 .8 2 3 0 .3 2 0 0 289

9 K a r  i m p u z h a 0 .23 4 1.065 0.351 0 .304

1 M a n j  at 0 .0 8 4 0 .3 8 7 0 .1 6 3 0 1U

2 V a z h a v a t t a 0 .070 0 .5 4 3 0 .3 00 0 .131

3 K a k k a v a y a 1 0 .211 1.072 0.181 0 .3 12

4 M u t h a n g a 0 .042 0 . 1 0 6 0 . 1 8 4 0 . 1 8 7

K a b b a n  i 5 T h  i r u n e  111 0 .5 5 3 1.581 0 .9 5 6 0 .5 96

6 T h o n d a r 0 . 667 2 . 6 5 5 0 .8 2 6 0 .5 99

7 B a v e l  i 0 .3 6 3 1.243 0 . 2 3 7 0 .1 82

8 C h o o r a n  i 0 .7 4 3 2 .4 48 1.615 0 .7 16

9 M a n a n t o d d y 0 .2 7 6 1.001 0 .5 5 5 0.151

10 P a n a m a r a m 0. 27 0 1.155 0 .0 3 2 0 . 0 2 8



F i g . 4 . 1 8  ( c o r r e l a t i o n  0 . 9 7  f o r  b o t h  t h e  b a s i n s ) .  T h e  r e g r e s s i o n  

e q u a t i o n s  a r e

D , = 2 .3 63  D °  ( C h a l i y a r )d  s 3

D . = 0 . 5 0 7  D 0 , 9 1 8  ( K a b b a m )d  s

T h e  d r a i n a g e  d e n s i t y  c a n  be  c o m p u t e d  f r o m  t h e  s t r e a m  f r e q u e n c y  u s i n g  

t h e  a b o v e  e q u a t i o n  u n d e r  t h e  p r e v a i l i n g  g e o m o r p h o l o g  ic c o n d i t i o n s .  A 

w e l l - d e f i n e d  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  a r e a  a n d  t h e  tw o  f a c t o r s  is 

no t  p o s s i b l e  s i n c e  t h e  n u m b e r  a n d  l e n g t h  o f  s t r e a m  s e g m e n t s  a r e  not

c o n s t a n t  f o r  d i f f e r e n t  a r e a s .  T h e  a v e r a g e  s t r e a m  f r e q u e n c y  o f  the

s u b - b a s i n s  o f  C h a l i y a r  is 0 .171  a n d  t h a t  o f  K a b b a n i  is 0 .3 2 8  Th e

a v e r a g e  d r a i n a g e  d e n s i t i e s  o f  t h e  t w o  b a s i n s  a r e  0 . 8 4 4  a n d  1 .2 2 .  An  

i n c r e a s e  in  d r a i n a g e  d e n s i t y  a n d  s t r e a m  f r e q u e n c y  is n o t e d  u p t o  t h e  

f o u r t h  o r d e r  s u b - b a s i n s .  T h e  v a l u e  d e c r e a s e s  f o r  t h e  f i f t h  o r d e r  

s u b - b a s i n s  d u e  to  t h e  m uc h  h i g h e r  a r e a  w h i c h  r e d u c e s  t h e  d r a i n a g e

d e n s i t y  o f  s t r e a m  s e g m e n t s  to  a c o n s i d e r a b l e  e x t e n t  H o w e v e r ,  t h e

r e l a t i o n s h i p  c a n n o t  b e  p r e d i c t e d  s i n c e  t h e r e  a r e  no h i g h e r  o r d e r

s t r e a m s

D r a i n a g e  d e n s i t y  a f f e c t s  r u n o f f  p a t t e r n .  A h i g h  d r a i n a g e

d e n s i t y  r e m o v e s  s u r f a c e  r u n o f f  r a p i d l y ,  d e c r e a s i n g  l a g  t i m e  a n d  

i n c r e a s i n g  t h e  p e a k  o f  h y d r o g r a p h .

T h e  s p a t i a l  d i s t r i b u t i o n  o f  s t r e a m  s e g m e n t s  d e p e n d s  on a

n u m b e r  o f  f a c t o r s ,  p e r m e a b i l i t y ,  t y p e  o f  r o c k s  a n d  s o i l ,  r e s i s t a n c e  to 

e r o s i o n ,  v e g e t a l  c o v e r  a n d  c l i m a t i c  f a c t o r s .  C h a l i y a r  b a s i n  ha s  l a r g e r
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99

a r e a  u n d e r  c u l t i v a t i o n .  T h i s ,  t o g e t h e r  w i t h  t h e  u r b a n i z a t i o n  e x p l a i n s  

t h e  l o w e r  s t r e a m  f r e q u e n c y  a n d  d r a i n a g e  d e n s i t y  ( 0 . 8 4 4  as a g a i n s t  

1 .22 o f  K a b b a n i  b a s i n )  o f  C h a l i y a r  r i v e r  b a s i n  S i n g l e  c r o p

c u l t i v a t i o n  is p r a c t i s e d  in  t h e  l a n d s  o f  K a b b a n i  b a s i n  a n d  a b o u t  

1 ,2 1 ,5 0 0  h e c t a r e s  o f  l a n d  is l e f t  as  d r y  l a n d  T h e  l a r g e r  v a r i a t i o n  in 

t h e  d r a i n a g e  d e n s i t y  v a l u e s  o f  t h e  b a s i n  m a y  be  d u e  to t h e s e  f a c t o r s  

A q u a n t i t a t i v e  a s s e s s m e n t  o f  a l l  f a c t o r s  l i k e  m a n ' s  i n f l u e n c i n g  

i n t e r v e n t i o n  a n d  p a s s a g e  o f  t i m e  is no t  p o s s i b l e .

T a b l e  4 . 1 5  s h o w s  t h e  c o n s t a n t  o f  c h a n n e l  m a i n t e n a n c e  (M) 

T h e  a r e a  r e q u i r e d  to m a i n t a i n  1 km  o f  t h e  c h a n n e l  is d i f f e r e n t  f o r  

e a c h  s u b - b a s i n  B e i n g  t h e  r e c i p r o c a l  o f  t h e  d r a i n a g e  d e s n i t y ,  t h e  

r e l a t i o n s h i p  w i t h  t h e  d i s c h a r g e  p e r  a r e a  is  o f  i n v e r s e  n a t u r e  I t  is 

c l e a r  t h a t ,  as t h e  a r e a  r e q u i r e d  to m a i n t a i n  1 km  o f  t h e  c h a n n e l  

s e g m e n t  i n c r e a s e s  t h e  d i s c h a r g e  c o n t r i b u t e d  b y  u n i t  a r e a  d e c r e a s e s .

4 . 8  R a i n f a l l

C o r r e l a t i o n  a n d  r e g r e s s i o n  s t u d i e s  h a v e  been  c o n d u c t e d  to 

f i n d  t h e  r e l a t i o n s h i p  b e t w e e n  r u n o f f  a n d  r a i n f a l l  o f  t h e  s u b - b a s i n s .  

P r e d i c t i o n  e q u a t i o n s  h a s  no t  b e e n  c a l c u l a t e d  f o r  K a b b a n i  b a s i n  d u e  to 

t h e  l a c k  o f  d a t a .

A n n u a l  a v e r a g e  m onsoon  d i s c h a r g e  a n d  t o t a l  d i s c h a r g e  h a v e  

g o o d  c o r r e l a t i o n s  w i t h  t h e  a v e r a g e  m onsoon  a n d  t h e  t o t a l  r a i n f a l l s  

( T a b l e  4 . 1 6 )  T h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  m onsoon  a n d  t o t a l



J-UU

T a b l e  4 .15 C o n s t a n t  o f  c h a n n e l m a i n t e n a n c e  o f  the s u b - b a s i n s

R i v e r  b a s i n S I .  No. S u b - b a s i n C o n s t a n t  o f  c h a n n e l  
ma i n t e n a n c e

1 K a n h  i r a p u z h a 1.323

2 K u t h  I r a p u z h a 2.179

3 M ukk om 1.499

4 M a r u t h a p u z h a 1.355

Cha 1 l y  a r 5 Cha 1 l y  a r 0.992

6 K o o d a t h a  i 1.025

7 P u n n a p u z h a 0 .850

8 A re c o d e 1.215

9 K a r  im p u z h a 0.939

1 Ma n j  at 0 .387

2 V a z h a v a t t a 0.543

3 K a k k a v a y a  1 1.072

4 M u t h a n g a 0 .106

K a b b a n i 5 Th  i r u n e  111 1.581

6 Thon d a r 2.655

7 B a v e 11 2.655

8 C h o o r a n  I 2 .448

9 M a n a n t o d d y 1.001

10 P a n a m a r a m 1.155



T a b l e  4 16 C o r r e l a t i o n  b e t w e e n  t h e  a n n u a l  d i s c h a r g e  aij
IS4

S u b - b a s i n D i s c h a r g e
R a i n f a l l  o f  t h e  s a m e N Ra i n f a  11 o f  t h e  p r e v i o u s y e a r

M o n s o o n N o n - m o n s o o n T o t a  I M o n s o o n N o n - m o n s o o n T o t a  I

M u k k o m M o n s o o n 0 52 0 33 0 53 0 61 - 0  01 0 06

N o n - m o n s o o n 0 31 0 07 0 31 0 37 - 0  18 0 14

T o t a  I 0 50 0 31 0 52 - 0  03 0 59 0 14

K a r  i m p u z h a M o n s o o n 0 36 - 0  10 0 32 - 0  12 - 0  003 0 12

N o n - m o n s o o n 0 15 0 07 0 15 - 0  33 0 06 0 30

T o t a  I 0 34 - 0  08 0 31 - 0  15 0 004 0 14

P u n n a p u z h a M o n s o o n 0 16 0 24 0 09 0 47 0 59 0 52

Non mo ns oon 0 08 0 07 0 06 0 22 - 0  43 0 60

T o t a  1 0 13 - 0  21 0 07 0 52 0 028 - 0  52

A r e c o d e M o n s o o n 0 65 - 0  10 0 59 0 26 0 19 0 28

N o n - m o n s o o n 0 83 0 43 0 86 0 06 0 65 0 18

T o t a  1 0 69 - 0  06 0 64 0 25 0 23 0 28

K u t h  i r a p u z h a M o n s o o n 0 52 0 11 0 50 0 36 0 04 0 33

Non m o n soo n - 0  11 - 0  25 0 16 0 07 - 0  13 0 03

T o t a  1 0 51 0 09 0 48 0 35 0 03 0 33

C h a  I l y a r M o n s o o n 0 68 0 56 0 71 0 67 0 27 0 36

N o n - m o n s o o n 0 52 0 59 0 56 0 33 0 28 0 40

T o t a l 0 66 0 58 0 69 0 73 0 28 0 38

M a r u t h a p u z h a M o n s o o n 0 49 0 46 0 52 0 27 0 16 0 27

N o n - m o n s o o n 0 30 - 0  28 0 11 0 17 0 05 0 13

T o t a  1 0 51 0 2 0 46 0 23 0 16 0 23

K o o d a t h a  i M o n so o 0 80 0 10 0 74 0 65 0 22 0 62

N o n - m o n s o o n 0 55 0 02 0 49 0 52 0 07 0 45

T o t a l 0 79 0 09 0 73 0 63 0 001 0 57

M a n a n t o d d y M o n s o o n 0 77 0 39 0 47 0 47 - 0  08 0 02

N o n - m o n s o o n 0 06 0 60 0 14 0 38 0 24 0 34

T o t a  1 0 78 0 38 0 46 0 46 - 0  09 0 03

C h o o r a n i M o n s o o n 0 55 0 49 0 55 - 0  30 - 0  11 - 0  29

Non m o n s o o n 0 45 0 42 0 45 - 0  18 0 007 - 0  16

T o t a  1 0 55 0 49 0 55 - 0  30 - 0  11 - 0  28

T h  i r u n e l  l i M o n s o o n 0 53 - 0 . 2 1 0 54 - 0  40 0 31 - 0  41

N o n - m o n s o o n 0 30 0 04 0 32 0 001 - 0  13 0 02

T o t a  1 0 41 0 20 0 42 0 05 - 0  16 0 07



r a i n f a l l s  a re  more o r  less the  same The r a i n f a l l  o f  the  same y e a r  is

more i n f l u e n t i a l  th a n  th a t  o f  the  p r e v i o u s  y e a r  Non-monsoon

d is c h a r g e  do not fo rm  a s i g n i f i c a n t  f r a c t i o n  o f  the  t o t a l  d i s c h a r g e  a nd  

has low c o r r e l a t i o n s  w i t h  the  r a i n f a l l .

T a b le s  4 17 to 4 19 g i v e  th e  r e l a t i o n s h i p  be tween the  m o n th ly  

d i s c h a r g e  a n d  the  r a i n f a l l  o f  th e  c o r r e s p o n d in g  month  a n d  t h a t  o f  the  

p r e v i o u s  two m o n ths .  The c o r r e l a t i o n  c o e f f i c i e n t  is th e  h ig h e s t  w i t h  

the  r a i n f a l l  o f  th e  same month  a n d  decreases  f o r  p r e v i o u s  months 

Abou t  80-90 p e r  cen t  o f  the  m o n th ly  d i s c h a r g e  is c o n t r i b u t e d  b y  the 

r a i n f a l l  o f  the  c o r re s p o n d  i ng month  a n d  th e  p r e v i o u s  month  The 

r u n o f f  r e s u l t i n g  f rom  the  r a i n f a l l  o f  the  e a r l i e r  months  is not much 

e f f e c t i v e .  Hence i t  is not in c lu d e d  in the  e q u a t io n s  f o r  the  m o n th ly  

monsoon d i s c h a r g e .  T a b le  4 .20 g i v e s  m o n th ly  monsoon d i s c h a r g e  

d u r i n g  the  p e r io d s  1976-1980 a n d  1981-1985 in te rms o f  the  r a i n f a l l  o f  

the  same month a n d  the  p r e v i o u s  m on th .  E q u a t io n s  f o r  th e  m o n th ly  

monsoon d i s c h a r g e  f o r  a l l  th e  s u b - b a s i n s  o f  C h a l i y a r  d u r i n g  1976- 80 

a n d  1981 —' 85, in te rms o f  a v e r a g e  m o n th ly  monsoon r a i n f a l l  (P) a n d
9

a re a  (A)  a r e  g i v e n  b e lo w .  The d is c h a r g e  is h i g h l y  c o r r e l a t e d  w i t h  

the  a r e a  t h a n  w i t h  the  r a i n f a l l  ( c o r r e l a t i o n  0 .97  w i t h  the  a re a  in 

a l l  c a s e s ) .

Qml = 0.001395 P -  0.00009854 A -  0.14688

Qm2 = 0 0008212 p "  0 00°25415 A -  0.02674

Where, Qm  ̂ -  A v e r a g e  m o n th ly  monsoon d i s c h a r g e  d u r i n g  1976- 80

Qm2 -  A v e r a g e  m o n th ly  monsoon d i s c h a r g e  d u r i n g  1981 —' 85



T a b l e  4 17 C o r r e l a t i o n  c o e f f i c i e n t s  o f  m o n t h l y  d i s c h a r g e  w i t h  r i a n f a l l  o f  t h e  s a m e  m o nt h

S u b - b a s i n
C o r r e l a t i o n c o e f f i c i e n t

1976 1977 1978 , 1979 1980 1981 1982 1983 1984 1985

M u k k o m 0.93 0 .9 0 0 . 8 6 0 . 8 2 0 . 9 6 0 .9 7 0 .9 0 0 86 0 .9 6 0 99

K a r i m p u z h a 0 .87 0 .7 9 0 .9 5 0.81 0 . 9 4 0 .9 2 0 91 0 . 9 4 0 .9 3 0 . 9 8

P u n n a p u z h a 0 .79 0 .7 4 0 . 7 4 0 .81 0 .8 8 0 .8 2 0 .8 4 0 . 7 6 0 . 7 9 0 . 5 4

A r e c o d e 0 .66 0 . 8 0 0.81 0 . 8 5 0 . 9 3 0 .9 2 0 .85 0 .8 6 0 90 0 . 9 9

K u t h  i r a p u z h a 0 .87 0 . 7 5 0 92 0 . 8 2 0 . 9 6 0 .8 7 0.81 0 .7 5 0 .91 0 . 9 7

Cha 1 l y  a r 0 .90 0 87 0 .88 0 . 8 7 0 .8 5 0 .9 3 0 . 8 7 0 . 8 4 0.91 0 95

M a r u t h a p u z h a 0 .75 0 . 79 0 .8 3 0 .7 3 0 .81 0 .7 3 0 .8 6 0 79 0 . 79 0 . 9 3

K o o d a t h a  i 0 .85 0 .8 9 0 .9 8 0 .8 5 0 .8 5 0 .9 0 0 96 0 . 9 0 0 80 0 . 9 4

M a n a n t o d d y 0 .95 0 94 0 95 0 .8 5 0 . 8 9 0 .92 0 .71 0 .91 0 .8 0 1.00

C h o o r a n  i 0 .9 2 0 .9 6 0 .8 4 0 . 8 4 0 . 9 4 0.91 0 .80 - - -

Th  i r u n e l  11 0.83 0 .8 7 0 . 8 2 0 .8 8 0 .9 0 0 . 7 4 0 . 8 7 0 90 0 . 8 7 0 . 6 7

t—» 
CD 
CO



T a b l e  4 .1 8  C o r r e l a t i o n  c o e f f i c i e n t  o f  m o n t h l y  d i s c h a r g e  w i t h  m o n t h l y  r a i n f a l l  o f  t h e  p r e v i o u s  m o n t h

S I .N o . S u b - b a s  in
C o r r e l a t  ion c o e f f i c i e n t

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1. Mu kkom 0.65 0 . 7 4 0 . 6 9 0 96 0 .70 0 . 6 0 0 85 0 87 0 . 6 7 0 14

2. K a n m p u z h a 0 .4 0 0 .61 0 70 0 81 0 72 0 .6 8 0 83 0 87 0 . 6 0 0 .4 9

3 P u n n a p u z h a 0 .7 9 0 .7 7 0 69 0 .8 7 0 .8 2 0 .71 0 77 0 95 0 .7 0 0 84

4 . A re co de 0 .7 5 0 . 8 0 0 .81 0.81 0 .74 0 . 7 6 0 . 8 3 0 .8 5 0 . 6 9 0 .4 0

5. K u t h  i r a p u z h a 0 .4 8 0 .6 5 0 77 0 .8 0 0 .7 0 0 .6 3 0 87 0 . 8 9 0 . 5 7 0 . 3 3

6 . Cha 1 l y a r 0 77 0 . 7 9 0 76 0 .80 0 83 0 76 0 . 8 9 0 91 0 .6 8 0 . 4 7

7. M a r u t h a p u z h a 0 .74 0 . 6 7 0 . 6 4 0 79 0 .9 0 0 . 5 9 0 . 7 5 0 .9 7 0 . 7 6 0 . 5 9

8 K o o d a t h a i 0 .6 6 0.71 0 73 0 .5 5 0 86 0 .5 8 0 .6 8 0 . 8 4 0 . 4 7 0 . 7 3

9. M a n a n t o d d y 0 71 0 . 7 3 0 78 0 77 0 73 0 70 0 .2 4 0 . 9 0 0 . 8 0 0 . 3 9

10. C h o o r a n i 0 .7 5 0 . 4 7 0 54 0 66 0 .5 4 0 . 6 5 0 62 - - -

11. Th  i r u n e l  11 0 .8 5 0 . 8 2 0 . 9 0 0 79 0 .8 3 0 . 8 4 - 0 .8 7 0 . 8 4 0 . 5 4

a



T a b l e  4 .1 9  C o r r e l a t i o n  c o e f f i c i e n t  o f  m o n t h l y  d i s c h a r g e  w i t h  th e  r a i n f a l l  b e f o r e  two  m o n t h s

SI .No S u b - b a s i n
C o r r e l a t  ion c o e f f  ic l en t

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 Mukkom 0.069 0 . 2 4 0 .2 4 0 . 3 9 0 002 0 .31 0 .33 0 46 0 002 0 19

2 K a r  i mp uzha 0 31 0 . 3 5 0 . 4 2 0 . 3 7 0 .1 0 0 .4 6 0 30 0 .41 - 0  005 0 23

3. P u n n a p u z h a 0 51 0 . 6 7 0 .71 0 .39 0 .30 0 .5 5 0 .3 8 0 .6 9 0 .0 6 0 71

4 Arec ode 0 37 0 . 4 4 0 .4 5 0 .3 2 0 .05 0 .4 9 0 30 0 .4 8 0 006 0 15

5 K u t h i r a p u z h a 0 .33 0 . 3 2 0 . 2 3 0 .3 0 0 .0 2 0 . 5 7 0 .3 5 0 59 0 13 0 11

6 Cha I ly  a r 0 .0 9 0 . 3 7 0 . 4 7 0.41 0 .1 0 0 . 5 2 0 .3 3 0 . 5 3 0 . 0 7 0 41

7 M a r u t h a p u z h a 0 .4 3 0 . 5 0 0 .5 3 0 53 0 .39 0 .55 0 50 0 42 0 . 0 5 0 54

8 K o o d a t h a i 0 23 0 . 4 3 0 . 1 7 0 .5 5 0 .4 7 0 .5 8 0 25 0 50 0 14 0 29

9. M a n a n t o d d y 0 14 0 . 3 2 0 .31 0 .24 0 03 0 .2 3 0 .2 8 0 .35 - 0  19 0 29

10. C h o o r a m 0 .0 3 - 0 . 0 9 0 .0 8 0 .0 5 - 0 . 1 9 0 . 1 6 0 .3 4 - - -

11. T h i r u n e l  li - 0 . 1 3 0 . 4 8 0 .4 3 0 04 0 .2 0 0 . 5 2 - 0 . 4 3 0 23 0 70

C P
cn



T a b le  4 20 E q u a t i o n s  f o r  m o n th ly  d i s c h a r g e
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Sub b a s i n  P e r i o d  C o r r e l a t i o n

Mukkom 1976- 80 0 75

1981 85 0 91

K a n m p u z h a  1976- 80 0 73

1981- 85 0 88

P u n n a p u z h a  1976 80 0 79

1981- 85 0 64

Arecode  1976- 80 0 79

1981- 85 0 87

Ku th  r a p u z h a  1976- 80 0 88

1981 85 0 77

C h a l i y a r  1976- '80 0 83

1981- 85 0 84

M a r u t h a p u z h a  1976- 80 0 75

1981- 85 0 77

Koodatha  i 1976- 80 0 89

1981 85 0 74

M a n a n t o d d y  1976- 80 0 83

1981 85 0 79

C hoora n i  1976- 82 0 64

Th i r u n e  111 1976 80 0 82

1981 85 0 07

Equat  ions

Q1 0 14 P 1 + 0 113 P2 -  1 578

Q2 0 134 P 1 + 0 044 P2 + 3 180

Q1 0 468 P 1 + 0 263 P2 -  27 580

Q2 0 396 P 1 + o 140 P2 -  22 I V

Q1 0 197 P 1 + 0 180 P2 -  9 410

Q2 0 112 P 1 + 0 106 P2 + 5 376

Q1 0 859 P 1 + 0 710 P2 -  99 500

Q2 0 511 P 1 + 1 034 P2 101 417

Q] -  0 202 P ] + 0 090 P2 -  20 700

Q2 0 205 P ] + 0 120 P2 24 020

Qj 0 159 P 1 + 0 121 P2 + 1 596

Q2 -  0 101 P 1 + 0 069 P2 + 2 261

Q1 = 0 082 P 1 + 0 074 ? 2 -  7 174 

□2 0 053 P 1 + 0 042 P2 0 913

Q1 0 098 P 1 + 0 064 P2 -  9 909

Q2 0 820 P 1 + 0 033 P2 -  0 277

Q1 = 0 227 P + 0 120 ? 2 -  34 590

Q2 3 380 P 1 + 0 070 P2 -  0 002

Q 0 103 P 1 + 0 017 P2 -  22 610

Q1 0 040 P 1 -  0 012 P2 + 5 947

Q2 0 012 P <| + 0 029 P2 + 14 776

w i t h

P2

0 69

0 65

0 60

0 64

0 77

0 63

0 74

0 71

0 71

0 63

0 76

0 74

0 73

0 73

0 80

0 60

0 71

0 42

0 44

0 30

0 26
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T h e  e x p r e s s i o n  f o r  a v e r a g e  m o n t h l y  m o n s o o n  d i s c h a r g e  p e r  

u n i t  a r e a  o f  C h a l i y a r  b a s i n  a r e  e x p r e s s e d  h e r e

q m1 *= 0 0 0 1 4 7 07  P -  0 . 2 3 6 0 5  ( r  = 0 . 9 0  w i t h  P )

qm2 = 0 0 0 0 8 4 0 9 5  P -  0 0 4 9 5 7 3 7  ( r  = 0 . 8 7  w i t h  P )

W h e r e ,

q m -| = A v e r a g e  m o n t h l y  m o n s o o n  d i s c h a r g e  p e r  u n i t  a r e a

d u r i n g  1 9 7 6 - ' 8 0

q m 2  “  A v e r a g e  m o n t h l y  m o n s o o n  d i s c h a r g e  p e r  u n i t  a r e a

d u r i n g  1 9 8 1 - '  85

T h e  r e s u l t s  h a v e  b e e n  v e r i f i e d  f o r  1 986 ,  1987 a n d  1988 a n d

s h o w n  in  T a b l e  4 21 C h a l i y a r  a n d  M u k k o m  h a v e  n o  r e p r e s e n t a t  i v e

r a i n g a u g e  s t a t i o n s  a n d  h e n c e ,  s h o w  s o m e  d e v i a t i o n s .  T h e  e q u a t i o n s  

d e v e l o p e d  f o r  1 9 8 1 - '  85 s e e m s  t o  b e  m o r e  a d a p t a b l e .  H e n c e ,  t h e

a v e r a g e  a n n u a l  d i s c h a r g e  p e r  u n i t  a r e a  o f  C h a l i y a r  b a s i n  c a n  b e  

c o m p u t e d  f r o m  t h e  e q u a t i o n ,

q „  = 0 . 0 0 0 8 4 0 9 5  P -  0 0 495 7 3 7  
Mm 2

W h e r e ,

q m 2  = A v e r a g e  m o n t h l y  m o n s o o n  d i s c h a r g e  p e r  u n i t  a r e a  

( M m 3/ k m 2 )

P = A v e r a g e  m o n t h l y  m o n s o o n  ( m m )



1 0 8

T a b l e  4 .2 1  V e r i f i c a t i o n  o f  t h e  e q u a t i o n  f o r  a v e r a g e  m o n t h l y  monsoon  d i s c h a r g e  

p e r  u n i t  a r e a

S I .  No. Y e a r S u b - b a s i n

M o n t h l y  monsoo n d i s c h a r g e  p e r  a r e a

O b s e r v e d  

( m m ^ / k m ^ )

C a l c u l a t e d

( p i m ^ / k m ^ )

1 K u t h i r a p u z h a 0 .1 9 0 0 . 1 9 3

2 M u k k o m 0.39 4 0 . 2 6 9

3 M a r u t h a p u z h a 0 .1 8 7 0 .1 3 4

4 1986 C h a  I ly a r 0 .1 1 4 0 . 1 8 9

5 K o o d a t h a  i 0 .3 4 9 0 .3 2 7

6 P u n n a p u z h a 0 . 18 0 0 . 1 8 5

7 A r e c o d e 0 .2 29 0 .2 2 9

8 K a r  i m p u z h a 0 .1 48 0 .1 4 5

1 K u t h i r a p u z h a 0 .2 06 0 .1 99

2 M u k k o m 0 .2 0 2 0 .2 4 2

3 M a r u t h a p u z h a 0 .170 0 . 1 5 8

4 1987 C ha  I l y a r 0 .1 19 0 .2 0 9

5 K o o d a t h a i 0 .5 1 2 0 . 5 2 3

6 P u n n a p u z h a 0 .1 0 2 0 .1 1 2

7 A r e c o d e 0 .1 70 0 . 1 7 4

8 K a r  i m p u z h a 0 .1 5 2 0 .1 5 5

1 K u t h i r a p u z h a 0 .5 53 0 .6 55

2 M u k k o m 0 .2 4 0 0 .2 5 0

3 M a r u t h a p u z h a 0 .4 1 8 0.441

4 1988 C ha 1 l y  a r 0 .2 3 5 0 .251

5 K o o d a t h a  i 0 .2 7 9 0 . 3 1 4

6 P u n n a p u z h a 0 .3 6 5 0 . 3 6 5

7 A r e c o d e 0 .55 3 0 . 5 5 4

8 K a r  i m p u z h a 0 .2 3 5 0 .251

R a i n f a l l  d a t a  a v a i l a b l e  f r o m  one  o f  t h e  r e p r e s e n t a t  i v e  r a i n g a u g e  s t a t i o n s  
is u s e d .
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A r e a ,  l e n g t h  o f  s u b - b a s i n ,  l e n g t h  o f  m a i n  s t r e a m ,  o r d e r  a n d  

t h e  c o n f l u e n c e  r a t i o  a r e  t h e  m o r p h o l o g i c a l  p a r a m e t e r s  c o n t r o l l i n g  t h e  

s t r e a m  f l o w  L e n g t h  o f  t h e  s u b - b a s i n ,  l e n g t h  o f  t h e  m a i n  s t r e a m  a n d  

o r d e r  a r e  c l o s e l y  r e l a t e d  to  t h e  a r e a  H ence ,  f a c t o r s  o t h e r  t h a n  t h e  

a r e a  a r e  n o t  i n c o r p o r a t e d  in t h e  f i n a l  e q u a t i o n .  T h e  e q u a t i o n s  a r e  

b a s e d  on t h e  d i s c h a r g e  m e a s u r e d  a t  t h r e e  s t a t i o n s  o f  C h a l i y a r .  It was  

n o t  a  s u f f i c i e n t l y  l a r g e  s a m p l e .





m i s  s i u u y  w a s  c o n a u c i e u  1 0  a n a l y s e  ; n e  i r i u i p r i u i u y i c c i i  

p a r a m e t e r s  a n d  t h e  e f f e c t  o f  g e o m o r p h o l o g y  as  w e l l  as  t h e  e f f e c t  o f

r a i n f a l l  on t h e  s t r e a m  f l o w  a n d  to  a r r i v e  a t  a r e l a t i o n s h i p  b e tw e e n  

t h e  p a r a m e t e r s  a n d  t h e  s t r e a m  f l o w .  T h e  d a t a  f o r  t h e  a n a l y s i s ,  

c o v e r e d  t h e  p e r i o d  f r o m  1 9 7 6 - ' 8 5 .

T h e  r i v e r  b a i n s  w e r e  d i v i d e d  i n t o  s u b - b a s i n s ,  e a c h  w i t h  a

r i v e r  g a u g i n g  s t a t i o n .  T h e  m o r p h o l o g i c a l  f a c t o r s  c o n s i d e r e d  w e r e  t h e  

n u m b e r  o f  s t r e a m  s e g m e n t s  o t  e a c h  o r d e r ,  t h e  l e n g t h  o f  s t r e a m  

s e g m e n t s  o f  e a c h  o r d e r ,  b a s i n  s h a p e ,  a r e a ,  d r a i n a g e  d e n s i t y  a n d

s t r e a m  f r e q u e n c y .  H o r t o n - S t r a h  l e r  s y s t e m  o f  c l a s s i f i c a t i o n  w a s  u s e d  to 

d e s i g n a t e  t h e  o r d e r  o f  t h e  s e g m e n t s .  T h e  g e o l o g i c a l  c o m p o s i t i o n  a n d  

t h e  l a n d  u s e  o f  t h e  b a s i n s  as a w h o l e ,  w e r e  d e s c r i b e d .  A r i t h r q e t  i c a I  

a v e r a g e  o f  t h e  r a i n f a l l  o f  t h e  r a i n g a u g e  s t a t i o n s  w i t h i n  t h e  l i m i t s  o f  

e a c h  s u b - b a s i n  w a s  c o m p u t e d .  W e i g h t e d  m o n t h l y  d i s c h a r g e  o f  ea c h  

g a u g i n g  s t a t i o n  w a s  r e c o r d e d .

T h e  a n n u a l  d i s c h a r g e  f o r  e a c h  y e a r  a n d  i t s  c o r r e l a t i o n s  w i t h  

r a i n f a l l  o f  t h e  same y e a r  a n d  p r e v i o u s  y e a r  w e r e  s t u d i e d .  A n n u a l  

m o n s o o n ,  n o n - m o n s o o n  a n d  t o t a l  d i s c h a r g e s  w e r e  s t u d i e d  to  f i n d  t h e  

e f f e c t  o f  r a i n f a l l .  T h e  e x p r e s s i o n s  w e r e  d e r i v e d  f o r  t h e  a v e r a g e

m o n t h l y  monsoon  d i s c h a r g e  o f  t h e  s u b - b a s i n s  in t e r m s  o f  t h e  a r e a  a n d

r a i n f a 1 1 .



Ill

H o r t o n ' s  l a w  o f  s t r e a m  n u m b e r s  a n d  t h e  l a w  o f  s t r e a m  

l e n g t h s  h a v e  be e n  v e r i f i e d .  T h e  e v o l u t i o n  o f  t h e  b a s i n s  is n o t  

c o m p l e t e  a n d  as  s u c h  o r d e r  a n d  l e n g t h  o f  s t r e a m  s e g m e n t s  w i l l

c o n s i d e r a b l y  b e  a l t e r e d  in  d u e  c o u r s e  o f  t i m e ,  e s p e c i a l l y  f o r  K a b b a n i  

b a s i n .  T h e  f i r s t  o r d e r  s t r e a m s ,  t h a t  is  t h e  f i n g e r t i p  t r i b u t a r i e s  

c o n s t i t u t e d  t h e  m a j o r  p o r t i o n  o f  t h e  s t r e a m  s e g m e n t s .  T h e  i n v e r s e

r e l a t i o n s h i p  o f  c o n f l u e n c e  r a t i o  w i t h  t h e  a n n u a l  m o n s o o n  d i s c h a r g e  p e r  

u n i t  a r e a  v e r i f i e s  t h a t  l a r g e r  s t r e a m s  o f  h i g h e r  o r d e r s  a r e  m or e

p o w e r f u l  i n  c o n t r o l l i n g  t h e  s t r e a m  f l o w  T h e  d e s t r u c t i o n  o f  t h e s e

s t r e a m s  b y  h u m a n  i n t e r v e n t i o n  a f f e c t s  t h e  d i s c h a r g e  to  a g r e a t  e x t e n t .

T h e  d e v i a t i o n  o f  t h e  l a w  o f  s t r e a m  l e n g t h s  is d u e  t o  t h e  

e r o s i o n  a n d  m e a n d e r i n g  in  t h e  f l a t  l a n d  w h i c h  i n d i c a t e s  t h e  e v o l u t i o n  

t a k i n g  p l a c e  in  t h e  b a s i n .  A r e a  is o n e  o f  t h e  mos t  i m p o r t a n t  

p a r a m e t e r s  i n f l u e n c i n g  d i s c h a r g e  T h e  d i s c h a r g e  c o n t r i b u t e d  b y  u n i t  

a r e a  is h i g h l y  c o r r e l a t e d  w i t h  t h e  r a i n f a l l .  M a s s i v e  d e f o r e s t a t i o n
t V

i n c r e a s e s  t h e  r u n o f f  r e a c h i n g  t h e  s t r e a m .  D i s c h a r g e  is a l s o  a f f e c t e d  

b y  t h e  m a x i m u m  s t r a i g h t  l e n g t h  a n d  t h e  l e n g t h  o f  t h e  m a m  s t r e a m

w h i c h  in  t u r n  is r e l a t e d  to  t h e  a r e a  o f  t h e  s u b - b a s i n s .  T h e  d r a i n a g e  

a r e a  c a n  b e  c a l c u l a t e d  f r o m  t h e  l e n g t h  o f  t h e  m a i n  s t r e a m  u s i n g  

e x p o n e n t i a l  e q u a t i o n s .  S t r e a m  f r e q u e n c y  b e i n g  k n o w n ,  d r a i n a g e

d e n s i t y  c a n  b e  c a l c u l a t e d  f r o m  t h e  c o m p u t e d  e q u a t i o n s .  G e n e r a l l y ,

s t r e a m  f r e q u e n c y  a n d  d r a i n a g e  d e n s i t y  a r e  l o w e r  in c u l t i v a t e d  l a n d s .  

T h e  s t r e a m  s e g m e n t s  o f  h i g h e r  o r d e r s  i n c r e a s e s  w i t h  t h e  d e f o r e s t a t i o n  

o r  u r b a n i z a t i o n  a n d  h e n c e  r u n o f f  i n c r e a s e s  s u d d e n l y  in  s u c h  a r e a s .



The a n n u a l  monsoon disc1T^cg©^Tias good c o r r e l a t i o n s  w i t h  the 

c o r r e s p o n d in g  r a i n f a l l  o f  the  same y e a r  a n d  the  p r e v i o u s  y e a r  The 

c o r r e l a t i o n  is m ax imum  w i t h  the  m o n th ly  d i s c h a r g e  a n d  the  

c o r r e s p o n d in g  m o n th ly  r a i n f a l l .  The  c o r r e l a t i o n  is s i g n i f i c a n t  o n ly  

f o r  the  c o r r e s p o n d in g  month  a n d  the  p r e v i o u s  month  a n d  it  becomes 

i n s i g n i f i c a n t  f o r  the  e a r l i e r  m on th s .  The  e q u a t io n s  d e v e lo p e d  f o r  

a v e r a g e  m o n th ly  d i s c h a r g e  p e r  u n i t  a re a  fo r  monsoon p e r i o d  in te rms 

o f  a v e ra g e  m o n th ly  r a i n f a l l  f o r  the  p e r i o d  (1981 —185) ca n  be used fo r  

p r o j e c t i n g  the  monsoon d is c h a r g e  o f  the  b a s i n .

S tream  f lo w  is c lo s e ly  r e l a t e d  to the  g e o m o rp h o lo g y  a n d  the  

r a i n f a l l  o f  the  r i v e r  b a s i n .  I f  the  m o rp h o lo g ic a l  b a la n c e  o f  the  r i v e r  

b a s in  is d i s t u r b e d ,  the  t r i b u t a r i e s  o f  a l l  o r d e r s  a r e  a f f e c te d .  When 

the  i n te r c e p te d  p a r t  o f  th e  r a i n f a l l  d e c re a ses ,  the  r u n o f f  becomes 

f l a s h y  in the  s t re a m s .  Most o f  the  m o r p h o lo g ic a l  p a ra m e te rs  a re  i n t e r ­

r e l a t e d  Hence, a re a  has o n l y  been c o n s id e r e d  f o r  th e  f i n a l  e q u a t i o n ,  

as a l l  o th e r  p a ra m e te rs  i n f l u e n c i n g  the  d i s c h a r g e  a re  r e l a t e d  to 

d r a i n a g e  a r e a .  The p r e d i c t i o n  e q u a t io n  i n v o lv e s  two f a c t o r s ,  a re a  

a n d  r a i n f a l l .  I t  can  be used  f o r  the  p r e d i c t i o n  o f  d i s c h a r g e  f o r  the  

com ing  y e a r s  The a c c u r a c y  o f  the  e q u a t io n  ca n  be im p ro v e d  b y  the 

d a ta  f ro m  more g a u g in g  s t a t i o n s
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A p p e n d ix  I

Con f luence r a t i o  by  the method o f  w e i g h t e d  means 

I C h a l i y a r  r i v e r  b a s i n

No S u b -b a s in N1 N2 N3 N4 N5 a 1 a 2 a3 a4 b 1 b 2 b 3 b 4 Rc

1 K a n h i r a p u z h a 7 2 1 _ _ 9 3 _ 3 50 2 00 _ 3 13

2 Ku th  i r a p u z h a 11 3 1 - - 14 4 - - 3 67 3 00 - - 3 51

3 Mukkom 20 3 1 - - 23 4 - - 6 67 3 00 - - 6 13

4 M a r u th a p u z h a 18 4 1 - - 22 5 - 4 50 4 00 - - 4 41

5 Chal  l y a r 59 14 3 1 - 73 17 4 - 4 21 4 67 3 00 - 4 24

6 Ko odath a i 14 5 2 1 - 19 7 3 - 2 80 2 50 2 00 - 2 41

7 Pun n a p u z h a 66 17 3 1 - 83 20 4 - 3 88 5 67 3 00 - 4 18

8 Arecode 228 57 15 3 1 285 72 18 4 4 00 3 80 5 00 3 00 4 08

9 k a r i m p u z h a 115 32 7 2 1 147 39 9 3 3 59 4 57 3 50 2 00 3 93

I I  Kabbanl r iv e r  basin

1 M a n ja t 3 1 - - - 4 - 3 00 - - - 3 00

2 V a z h a v a t t a 3 1 - - - 4 - 3 00 - - - 3 00

3 K a k k a v a y a I 13 5 1 - - 18 6 - 2 60 5 00 - - 3 20

4 M u t h a n g a 5 2 1 - - 7 3 2 50 2 00 - - 2 35

5 T h l r u n e l  li 17 3 1 - - 20 4 - - 5 67 3 00 - - 5 45
6 T h o n d a r 16 3 1 - - 19 4 - 5 33 3 00 - - 4 93

7 B a v e l i 57 9 2 1 - 63 11 3 - 6 33 4 50 2 00 - 5 68

8 C h o o r a n 1 17 6 2 1 23 8 3 2 83 3 00 2 00 2 80

9 M an a n t o d d y 81 20 6 2 1 101 26 8 3 4 05 3 33 3 00 2 00 3 81

10 P anam ara m 91 25 5 2 1 116 30 7 3 3 64 5 00 2 50 2 00 3 82

a ,  = N, + N2

N2

N2 + N3

b 2 -  ^

n 3 + n4

N3

n 4 + n 5

a b

a a a2 3 4

R43 c
4

3



C o m p u t a t i o n  o f  n u m b e r  o f  s t r e a m s  u s i n g  t h e  c o n f l u e n c e  r a t i o  

I C h a l i y a r  r i v e r  b a s i n

A p p e n d i x  I I

S I . No. S u b - b a s i n Rc N 1 N2 N3 N4 N5 N

1 K a n h i r a p u z h a 3 .13 7 2 .2 4 0 .7 2 - - 9 96

2 K u t h  i r a p u z h a 3 .51 11 3 .1 5 0 .90 - - 15 11

3 M u k k o m 6.13 20 3 .3 0 0 .5 3 - - 23 02

4 M a r u t h a p u z h a 4 .41 18 4 .0 3 0 .9 3 - - 23 09

5 Cha I ly a r 4 .24 59 13.92 3 .2 8 0 .77 - 76..97

6 K o o d a t h a i 2 .65 14 5 28 1 .99 0 .75 - 22 02

7 P u n n a p u z h a 4 .18 66 15.76 3 .7 8 0 . 90 - 86 50

8 A r e c o d e 4 .0 8 228 55 .63 13.63 3 . 3 4 0 .8 2 300 37

9 K a r  i m p u z h a 3 .93 115 29 .1 4 7.41 1-89 0 .4 8 153 42

1 1

1

K a b b a m  r i v e r  b a s i n  

M a n j a t  3 .00 3 1 .00 4 OC

2 V a z h a v a t t a 3 .0 0 3 1 .00 - - - 4 oc

3 K a k k a v a y a I 3 .20 13 4 .0 6 1.27 - - 18 33

4 M u t h a n g a 2 .3 5 5 2 .13 0.91 - - 8 02

5 Th i r u n e  111 5 .4 5 17 3 12 0 . 5 7 - - 20 69

6 T h o n d a r 4 .9 3 16 3 .2 4 0 .66 - - 19 90

7 B a v e l  i 5 .6 8 57 10.04 1.77 0 .31 - 69 11

8 C h o o r a n i 2 .8 17 6 . 0 7 2 .1 7 0 .7 7 - 26 01

9 M a n a n t o d d y 3.81 81 21.26 5 .5 8 1 .47 0 .3 8 109 69

10 P a n a m a r a m 3 .8 2 91 23 .8 3 6 .2 4 1 .63 0 .4 3 123 12

Nu "  N ’  N
R c U " 1

=
N ( 1- 

u

1-

-RCU )

- Rc



A p p e n d  i x  11 I

L e n g t h  r a t i o  b y  the  method  o f  w e i g h t e d  means  

I C h a liy a r  r iv e r  basin

No Sub b a s i n h L 2 L 3 L4 L 5 P 1 P 2 P 3 P4 q 1 q 2 q 3 q 4 Rl

1 Ka nh  i r a p u z h a 31 20 19 60 0 60 _ _ 50 80 20 20 _ _ 1 59 32 67 _ - 10 45

2 K u t h  i r a p u z h a 82 80 23 60 24 00 - - 106 40 47 60 - - 3 51 0 98 - - 2 73

3 Mukkom 100 40 39 40 7 60 - 139 80 47 00 - 2 55 5 18 - - 3 21

4 M a r u t h a p u z h a 64 60 35 20 6 50 » - 99 80 41 60 - - 1 84 5 50 - - 2 91

5 Cha 1 ly a r 262 60 67 00 33 20 26 80 - 329 60 100 20 60 00 - 3 92 2 02 1 24 - 3 20

6 K o o da th a  i 67 52 17 40 7 60 10 00 - 84 92 25 00 17 60 - 3 88 2 29 0 76 - 5 00

7 P u n n a p u z h a 237 80 102 72 20 00 44 00 - 340 52 122 72 64 00 - 2 32 5 14 0 45 - 2 75

8 Arecode 953 20 304 67 122 00 80 00 56 00 1257 87 426 67 202 00 - 3 13 2 50 1 53 1 43 2 72

9 K r  impuzha 433 00 181 00 39 60 50 00 10 00 614 00 220 60 89 60 10 00 2 39 4 57 0 79 5 00 2 89

I I  Kabbani r iv e r  basin

1 M a n j a t 10 40 8 00 - 18 40 - - 1 30 -  1 30

2 V a z h a v a t t a 24 40 6 80 - 31 20 - 3 59 -  3 59

3 K a k k a v a y a l 63 64 20 84 12 00 - 84 48 32 84 - 3 05 1 74 -  2 69

4 M u t h a n g a 9 44 4 88 6 00 - 14 32 10 88 - 1 95 0 81 -  1 41

5 Th i r u n e  111 41 48 14 00 4 60 - 55 48 18 60 - 2 96 3 04 -  3 15

6 T h o n d a r 49 44 19 80 10 40 - 69 24 30 20 - 2 50 1 90 2 32

7 B ave 1 1 172 72 49 60 8 00 6 00 - 222 32 57 60 14 00 - 3 48 6 20 1 33 -  3 91

8 C h oor an i 56 48 19 44 8 56 1 20 - 75 92 28 00 9 76 - 2 91 2 27 7 13 -  3 11

9 M a n a n t o d d y 222 96 98 68 23 40 28 00 25 68 321 64 122 08 51 40 53 68 2 26 4 22 0 84 1 09 2 45

10 P a n a m a ra m 363 09 70 64 67 56 36 92 11 40 433 73 138 20 104 48 48 32 5 14 1 05 1 83 3 24 3 57

p 1 L 1 + L 2 p 2 1-2 + L 3 P3 I“ 3 + L4 P4 L 4 + L 5

q 1 L 1

L 2
q 2 L 2

L 3

q
3 L 3

L4

q
4 L4

L 5

r l i P u 1

1  PU 1

u-1



A p p e n d i x  IV

Computation of summed stream length and average  stream length from length ra tio  

I C h a liy a r  r iv e r  basin

No S u b - b a s  in
r l L 1 L 2 L 3 L4 L5 r 1 L 1 L2 L 3 L4 L 5

1 K a n h  i r a p u z h a 10 45 31 20 2 99 0 29 _ 34 47 0 30 4 46 1 33 0 4 _ —

2 K u t h l r a p u z h a 2 73 82 80 30 35 11 13 - 124 28 1 29 7 53 9 70 12 5 - -

3 Mu kkom 3 21 100 40 31 26 9 73 - 141 42 1 91 5 02 9 58 18 27 -

4 M a r u t h a p u z h a 2 91 64 60 22 17 7 60 94 39 1 51 3 59 5 40 8 22 - “

5 Cha 1 l y a r 3 20 262 60 82 04 25 63 8 01 - 378 28 1 41 4 45 6 28 8 86 12 c 0 -

6 K o o d a t h a  i 5 00 67 50 13 51 2 71 0 54 - 82 77 0 44 4 82 2 11 0 93 0 41 “

7 P u n n a p u z h a 2 75 237 80 86 61 31 50 11 49 367 42 1 52 3 60 5 48 8 34 12 68 -

8 Arecode 2 72 953 20 350 32 128 75 47 32 17 39 1497 26 1 28 4 18 5 34 6 83 8 73 11 16

9 K r i m p u z h a 2 91 64 60 22 17 7 60 - 94 39 1 30 3 77 4 89 6 35 8 24 10 75

K a b b a n I  r i v e r  b a s i n

1 M a n j a t 1 30 10 40 8 00 _ _ 18 40 2 30 3 47 8 01 _ _

2 V a z h a v a t t a 3 59 24 40 6 80 - - - 31 20 0 84 8 13 6 80 - - -

3 K a k k a v a y a 1 2 69 63 64 23 70 8 83 - 96 17 1 19 4 50 5 83 6 95 - -

4 M u t h a n g a 1 41 9 44 6 69 4 74 - - 20 86 1 66 1 89 3 15 5 24 - -

5 T h i r u n e l  li 3 15 41 48 13 15 4 17 - 58 80 1 73 2 44 4 22 7 28 - -

6 T h o n d a r 2 32 49 44 21 34 9 20 - 79 99 2 13 3 09 6 58 13 79 -

7 B a v e l i 3 91 172 72 44 40 11 28 2 88 - 231 02 1 45 3 03 4 40 6 39 9 27 -

8 C h o o ra n I 3 11 56 48 18 15 5 83 1 87 82 34 0 90 3 32 2 99 2 69 2 40 -

9 M a n a n t o d d y 2 45 222 96 91 11 37 24 15 22 6 22 372 75 1 56 2 75 4 28 6 67 10 34 16 20

0 P a n a m a r a m 3 57 363 09 96 65 27 11 9 04 21 33 478 06 1 07 3 99 4 27 4 58 4 90 5 25

L u
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A p p e n d i x  - V

C o m p u t a t i o n  o f  d i s c h a r g e  a t  t h e  n v e r g a u c j p  s t a t i o n s

G a u g e  r e a d i n g  

A r e a  

V e I o c  11 y  

D i s c h a r g e  ( Q )

G m e t r e s

. 2 A m

V m / s

A V m 3/ s

01
c
*o

<D01
(0o

F i g  1 G a u g e  r e a d i n g  V s  A r e a F i g .  2 G a u g e  r e a d i n g  Vs

U)
c
T3
to

O)
3(H

F ig 3 G a u g e  r e a d i n g  V s  d i s c h a r g e

V e l o c  11



A p p e n d i x  V I

C o m p u t a t i o n  o f  w e i g h t e d  d i s c h a r g e  a t  t h e  r i v e r  g a u g e  s t a t i o n s

G a u g e  r e a d i n g s  a r e  t a k e n  a t  8 a m ,  12 p m ,  a n d  4  p m .  T h e  c o r r e s p o n d i n g  

d i s c h a r g e s  a r e  m e a s u r e d  as  in A p p e n d i x

D i c h a r g e  a t  8 am = m ^ / s

D i s c h a r g e  a t  12 pm = m / s

2
D i s c h a r g e  a t  4  pm = m / s

is a s s u m e d  a s  t h e  d i s c h a r g e  d u r i n g  t h e  f i r s t  t e n  h o u r  ( f r o m  m i d n i g h t  to

10 a m ) ,  is t h e  d i s c h a r g e  d u r i n g  t h e  f o u r  h o u r s ,  i . e . ,  f r o m  10 a m to 2 pm

a n d  is t h e  d i s c h a r g e  d u r i n g  t h e  t e n  h o u r s  f r om  2 pm to t h e  m i d n i g h t .

W e i g h t e d  d i s c h a r g e s  c a n  b e  c o m p u t e d  f r o m  Q^,  a n d  Q^ .

W e i g h t e d  d i s c h a r g e s  d u r i n g  t e n  h o u r s  p e r i o d

= Q (Q ) x  10 x  60 x  60  x  106

= 0 . 0 3 6  Q (Q ) njm3

W e i g h t e d  d i s c h a r g e s  d u r i n g  f o u r  h o u r s  p e r i o d

= Q2 x  4  x  60  x  60  X 106 

= 0 . 0 1 4 4

I f  t h e  g a u g e  r e a d i n g s  a r e  t h e  s a m e  t h r o u g h o u t  t h e  d a y ,

W e i g h t e d  d i s c h a r g e  = Q x  24 x  60  x  60  10^

= 0 . 0 8 6 4  Q rr)m3
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ABSTRACT

T h e  e v o l u t i o n  o f  a d r a i n a g e  b a s i n  is t h e  r e s u l t  o f  t h e  f l o w  

o f  m as s  a n d  e n e r g y  a n d  t h e  r e s i s t a n c e  o f  t o p o g r a p h i c a l  s u r f a c e  

P r e c i p i t a t i o n  is t h e  m a j o r  s o u r c e  o f  m a t t e r  a n d  s o l a r  r a d i a t i o n ,  t h e  

s o u r c e  o f  e n e r g y  T h e  s t r e a m  f l o w  is a f u n c t i o n  o f  g e o m o r p h o  log i ca  I 

a n d  h y d r o l o g i c a l  f a c t o r s  o f  t h e  r i v e r  b a s i n

T h e  o b j e c t i v e s  o f  t h i s  s t u d y  w e r e  to m a k e  a q u a n t i t a t i v e  

a n a l y s i s  o f  t h e  e f f e c t s  o f  g e o m o r p h o  log i ca  I a n d  c l i m a t i c  f a c t o r s  on t h e  

s t r e a m  f l o w  a n d  to s t u d y  t h e  i n t e r - r e l a t  l o n s h  ip s  b e t w e e n  t h e s e  f a c t o r s  

T h e  s e l e c t e d  r i v e r  b a s i n s  w e r e  C h a l i y a r  a n d  K a b b a n i  T h e  s p e c i f i c  

o b j e c t i v e  w a s  to  e x p r e s s  s t r e a m  f l o w  in t e r m s  o f  m o r p h o l o g i c a l  f a c t o r s  

a n d  r a i n f a l l

T h e  r i v e r  b a s i n  w a s  d i v i d e d  i n t o  s u b  b a s i n ,  e a c h  o f  w h i c h  

c o n t a i n s  a r i v e r g a u g e  s t a t i o n .  M o r p h o l o g i c a l  f a c t o r s  w e r e  m e a s u r e d  

f r o m  t h e  m a p .  M o n t h l y  r a i n f a l l  f r o m  a l l  t h e  r a i n g a u g e  s t a t i o n s  w e re  

c o l l e c t e d  a n d  t h e  a r i t h m e t i c a l  a v e r a g e  f o r  e a c h  s u b - b a s i n  w a s  

c o m p u t e d .  T h e  m o n t h l y  s t r e a m  f l o w  w a s  a l s o  c o l l e c t e d

I t  w a s  f o u n d  t h a t  t h e  m o r p h o l o g i c a l  f a c t o r s  w e r e  i n t e r ­

r e l a t e d .  T h e  n u m b e r  o f  s t r e a m  s e g m e n t s  o f  s u c c e s s i v e  o r d e r  f o r m  a 

d e c r e a s i n g  g e o m e t r i c  p r o g r e s s i o n  w h e r e a s  t h e  l e n g t h  o f  s t r e a m  

s e g m e n t s  o f  s u c c e s s i v e  o r d e r s  f o r m  a n  i n c r e a s i n g  g e o m e t r i c



p r o g r e s s i o n .  C o n f l u e n c e  r a t i o  i s  i n v e r s e l y  r e l a t e d  to  s t r e a m  f l o w  

E l o n g a t i o n  a n d  d r a i n a g e  a r e a  a r e  h i g h l y  c o r r e l a t e d  A l a r g e r  v a l u e  

f o r  t h e  c o n f l u e n c e  r a t i o  i n d i c a t e s  a  m o r e  e l o n g a t e d  b a s i n  a n d  a l o w e r  

f l o o d  p e a k  T h e  s u b - b a s i n s  a r e  s i m i l a r  t o  t h e  f o r m  o f  a r e c t a n g l e  

A r e a  a n d  e l o n g a t i o n  a r e  t h e  m o r p h o l o g i c a l  p a r a m e t e r s  s t r o n g l y  

i n f l u e n c i n g  t h e  s t r e a m  f l o w  D r a i n a g e  d e n s i t y  a n d  s t r e a m  f r e q u e n c y  

a r e  h i g h l y  c o r r e l a t e d .  D r a i n a g e  d e n s i t y  g e t s  a l t e r e d  b y  t h e  l a n d  

u s e ,  v e g e t a l  c o v e r ,  d e f o r e s t a t i o n  a n d  u r b a n i z a t i o n .  D r a i n a g e  d e n s i t y  

a l s o  a f f e c t  s t r e a m  f l o w .  F i n a l l y ,  t h e  e x p r e s s i o n s  f o r  d r a i n a g e  a r e a  

in  t e r m s  o f  t h e  m a i n  s t r e a m  l e n g t h ,  d r a i n a g e  d e n s i t y  in  t e r m s  o f  

s t r e a m  f r e q u e n c y  a n d  a v e r a g e  m o n t h l y  s t r e a m  f l o w  c o n t r i b u t e d  b y  u n i t  

a r e a  i n  t e r m s  o f  t h e  a v e r a g e  m o n t h l y  r a i n f a l l  w e r e  o b t a i n e d

T h e  d a t a  u s e d  f o r  t h e  f i n a l  e q u a t i o n  w a s  i n a d e q u a t e .  T h e  

e q u a t i o n  m a y  b e  i m p r o v e d ,  b y  i n c r e a s i n g  t h e  n u m b e r  o f  r i v e r g a u g e  

s t a t i o n s  a n d  p r o v i d i n g  m o r e  r e p r e s e n t a t  i v e  r a i n g a u g e  s t a t i o n s




