Surface Water Hydrology
Professor Rajib Maity
Department of Civil Engineering
Indian Institute of Technology, Kharagpur
Lecture — 27
Basics of Hydrographs

In this sixth week, we will discuss the analysis of hydrograph. And in lecture number 27, we will

talk about some basics of hydrographs.
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Under the concept covered, we will talk about the basics of hydrographs, then there are some
time-related parameters are there, that are frequently and very importantly used in the

hydrograph analysis. And finally, we will also cover the factor that affects the runoff hydrograph

and we will see the details about it.
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The outline of this lecture goes like this first some basic introduction, then we will talk about the
components of a hydrograph and then different time-related parameters that are frequently used
in hydrograph analysis, then factors affecting the runoff hydrograph, and then finally, a

summary.

(Refer Slide Time: 01:44)

Introduction

* A hydrograph is used to show variations of total
runoff (discharge) with time, at a particular point

Precipitation over the catchment
(Input)

of measurement in a stream or in any conduit of
e

flow. Catchment arca

* Hydrographs can also be considered as an
integral expression of the physiographic,
D e —————
geomorphic and climate characteristics of the
basin that govern the rainfall-runoff relationship.
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* Runoff includes contributions  from surface | & o 3
runoff, subsurface runoff (or interflow) and |# |
ground water runoff (or base flow). e \
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Introduction

A hydrograph is used to show variations of total runoff (discharge) with time, at a particular

point of measurement in a stream or any conduit of flow.

In a catchment when some precipitation comes into it, there are different processes in this entire
catchment before it reaches different channels and after that, it goes to the outlet. Now, after the
rainfall occurs over time, the discharge gradually increases reach to some time and again it
comes down. These things bear the signature of whatever the physical property of the catchment,
physical as well as geomorphic properties there are some climate characteristics are also there
that controls how a catchment will respond to precipitation that comes as an input process

internally and that comes out at the outlet in the in terms of one hydrograph.

A hydrograph is an integral expression of the physiographic geomorphic and climate
characteristics of the basin that governs the rainfall-runoff relationship. So, the runoff is two
types one is that surface runoff and subsurface runoff which we call that interflow also. And also,
there is a delayed response through the groundwater runoff which comes as a base flow.
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Introduction i
* A basin may not produce exactly same hydrographs for f
similar storms s the factors that affect hydrograph ata place | °
(3=

are very complex and are inter-related.

Time —»

® A hydrograph may represent a single event of precipitati Single peaked hydrograph
(isolated storm) or a spell of consecutive storms (complex
storm),

* An isolated storm generally results in a single peaked

4
i
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hydrograph, whereas complex storm generates multi-peaked

e >
hydrograph. Multi s @hydrograph
® Hydrograph is also used with ‘storm’ or ‘flood’, such as 2
storm hydrograph or flood hydrograph. \
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A basin may not produce the same hydrographs for similar storms as the factors that affect the
hydrograph at a place are very complex and are interrelated. This relationship between this
rainfall and runoff is complex and various factors are interrelated and that is the reason we can

identify the relationship in terms of the hydrograph analysis.

If some storms come, whether it is in the form of an isolated storm or the complex storm, then
the response of the basin in terms of various factors can find out. So, various factors may be how
much is the peak or how many peaks can be there, or what will be the total duration over which

the high flow can occur.

A hydrograph may represent a single event of precipitation (isolated storm) or a spell of
consecutive storms (complex storm). An Isolated storm generates one single peaked hydrograph

and the complex storm generates a multi-peaked hydrograph.

Hydrograph may also know as the storm hydrograph or flood hydrograph or sometimes even the

runoff hydrograph is also referred too.

(Refer Slide Time: 07:22)

Components of a Hydrograph

There are three essential components in a hydrograph:
i. The rising limb or concentration curve
il The peak or crest segment
iii. The falling/recession limb or depletion curve
Sy

—

The rising limb or concentration curve
* It is the ascending portion (4B) of the hydrograph

corresponding to increase in discharge due to Tine () —>
gradual building up of storage in channels and over  ¢ompanents of a single peaked hydrograph
the watershed.

* The shape of rising limb is controlled by the
characteristics of basin along with the duration,
intensity and spatial variation of the storm.
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Components of a Hydrograph

There are three essential components in a hydrograph:
i.  The rising limb or concentration curve
Ii.  The peak or crest segment

iii.  The falling/recession limb or depletion curve

— D+ .
MA = Base flow recession
%‘M AB = Rising limb
s BPC = Crest segment
B, C = Point of inflection
CD = Recession curve
DN = Base flow recession

Direct Runoff’
v

Discharge (m¥s) —»

Base Flow

Time (h)y—*

Fig.1 shows the component of the hydrograph

In fig.1, the MA part is a continuous measurement of the streamflow. MA shows the base flow

recession from the previous storms or previous events.
I.  Therising limb or concentration curve

It is the ascending portion (AB) of the hydrograph corresponding to an increase in discharge due
to the gradual building up of storage in channels and over the watershed. The shape of the rising
limb is controlled by the characteristics of the basin along with the duration, intensity, and spatial

variation of the storm.

There are different physical and geomorphic characteristics of the basin that controls how it will
go up means further the slope of this rising limb will be very high or flat, which is controlled by
the characteristics of the basing as well as the type of storm. The type of the storms, how long

the storm occurs.
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Components of a Hydrograph =
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" MA = Base flow recession
il.  The peak or crest segment % n AB ~ Rising limb

BPC = Crest segment

B, C = Pont of inflection
CD = Recession curve
DN = Base flow recession

* [t is the most important part of the hydrograph that
provide the information of peak flow (at point in
the P) used in design of M@r_uc_tu&

Direct Runoff
Peak Flood

Discharge (m''s)

v

* The point of inflection (' represents the change
point of contribution of the catchment to the | BaseFlow

Time (h)

channel system.

Components of a single peaked hydrograph
» Peak can be sharp or flat depending upon the

combined rainfall-catchment characteristics.

* The inflection point ' denotes the condition of

i maximum detention storage.
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ii.  The peak or crest segment

The second part is the big component that is BPC, this curve is shown in fig.1. It is called the
crest segment and it is the most important part of the hydrograph that provides the information of

peak flow (at the point in the P) used in the design of water infrastructure.

It is very important for any analysis because it gives the peak flow of a particular rainfall event.
So, for a specific rainfall event if 1 want to know that this much maximum flow needs to pass
through a particular section. So, that information is very much important for any water
infrastructure. So, that is why the peak of this hydrograph is important in this considering this
aspect. Now, there are two points B and point C here these are called the point of inflection.
When the slope changes, B is showing the ending of this rising limb and C is showing the

starting of the falling limb. So, in between this one, the P denotes the maximum distance.

The point of inflection C represents the change point of the contribution of the catchment to the
channel system. So, earlier what happens all this contribution comes from A point to B point up
to P and C. So, it goes and the contribution comes from this overland flow and the entire
watershed. Now, this peak can be served for the flat depending upon again the combination of

the rainfall and the catchment characteristics.



And next comes that inflection point C denotes the condition of the maximum detention storage.
So, at this point in the watershed, we can say that the detention storage due to the occurrence of

the rainfall was maximum at that point after that it starts falling.
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Components of a Hydrograph

iii. The falling/recession limb or depletion curve

* The falling limb or depletion curve CD extends from | *
the second point of inflection of the crest segment | >
(€) to point D, the point of commencement of the | &
natural groundwater flow.

® |t represents the depletion of the storage, built up in

the basin during the earlier phase of the hydrograph. e ()
Components of a single peaked hydrograph

* The depletion of storage starts after the cessation of
rainfall, therefore, nature of the recession limb is 3
independent of storm _characteristics and depends "
entirely on th ‘ ‘\

|
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iii.  The falling/recession limb or depletion curve

The falling limb or depletion curve CD extends from the second point of inflection of the crest

segment (C) to point D, the point of commencement of the natural groundwater flow.

This falling limb represents the depletion of the storage that was built up in the basin in the early
phase during the rainfall has occurred. Now, gradually the depletion of the storage starts after the
cessation of rainfall therefore, the nature of the recession limb is independent of the storm

characteristics and it depends entirely on the basin characteristics.

(Refer Slide Time: 13:10)

Components of a Hydrograph

iii. The falling/recession limb or depletion curve

* The recession limb indicates the storage contribution from the surface flow (resulting from
detention and channel storage), interflow and groundwater flow.

® The curve for the recession limb can be considered as a rate of discharge resulting from the
draining off process. Bames (1939)* expressed the equation for this curve as follows:
=0k & (12

where, Q.= discharge at any time iglerval 1(days) after the point of inflection C,
Qo= discharge at the point of inflection C (at =0), and
K= recession constant with a value less than unity. ' ¥
A

| )
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The recession limb indicates the storage contribution from the surface flow (resulting from

detention and channel storage), interflow, and groundwater flow.

The curve for the recession limb can be considered as a rate of discharge resulting from the

draining off process. Barnes (1939)* expressed the equation for this curve as follows:

Qrt = Qro (Kr)t (fa)

Where, Q= discharge at any time interval t (days) after the point of inflection C,
Qro= discharge at the point of inflection C (at t=0), and
K= recession constant with a value less than unity.

* Barnes, B. S. (1939), The structure of discharge-recession curves, Eos Trans. AGU, 20(4), 721-
725.

(Refer Slide Time: 14:26)
Components of a Hydrograph

iii. The falling/recession limb or depletion curve

* The upper portion of the recession curve receives discharge from all the three phases i.e.
surface, subsurface and groundwater flow. Therefore, for this portion the recession constant
K, is composed of all the three components, and is expressed as

Kr =i([x~ Krl~ Krg
= =

where, K. = recession constant for surface storage (value ranges from 0.05 to 0.20),
K;; = recession constant for interflow (value ranges from 0.50 to 0.85), and

Ky ¢ = recession constant for ground water flow (value ranges from0.85 to 0.99).

Note: In case of insignificant interflow K,; can be assumed to be unity. V=
)\ /

-
|
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The upper portion of the recession curve receives the discharge from all three phases i.e. surface,
subsurface, and groundwater flow. Therefore, for this portion, the recession constant K- is

composed of all the three components and is expressed as
Ky = Kis. Kyio Krg

Where, Krs = recession constant for surface storage (value ranges from 0.05 to 0.20),

Kri = recession constant for interflow (value ranges from 0.50 to 0.85), and



Krg = recession constant for groundwater flow (value ranges from 0.85 to 0.99).

It may be noted that in case of insignificant interflow K_ri can be assumed to be unity.

(Refer Slide Time: 15:14)

Components of a Hydrograph

il The falling/recession limb or depletion curve
* Eqn. (1a) can also be expressed in another form of' ﬂm:’em_lid_ecg as follows:
Q= Qra!

Let, the suffix | and 2 denote two time instants t; and

b,
— :2'-
Therefore, from Eqn. (1a),
| L (3)
and from Eqn. (1b),

e o
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Components of a Hydrograph

iii. The falling/recession limb or depletion curve

* The recession limb indicates the storage contribution from the surface flow (resulting from
detention and channel storage), interflow and groundwater flow.

= The curve for the recession limb can be considered as a rate of discharge resulting from the
draining off process. Banes (1939)* expressed the equation for this curve as follows:

Qe=0ulk) & (1a)

==

= =
where, (.= discharge at any time interval  (days) after the point of inflection C,
Qy0= discharge at the point of inflection C (at -0), and
,
K= recession constant with a value less than unity. \
oy

i B -
| *Bames, B.S: (1939), The strocture of discharge-recession curves, Fos Trans. AGU, 20(4), 721725, ' N |
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Eqn. (1a) can also be expressed in another form of exponential decay as follows:
— —at
Qrt = Qroe™* (1b)

Let, the suffix 1 and 2 denote two-time instants t1 and ¢,

Therefore, from Eqn. (1a),

t,—t
L=k (2a)

and from Eqn. (1b),

& = gralt—ty) (2b)
Q2
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Components of a Hydrograph
iii. The falling/recession limb or depletion curve

* Plot of Eqn. (la) and (1b) appears as a straight line when =
plotted on a semi-log paper with discharge on the log scale.

® Using this aforesaid property, and Eqn. (2a) ( or, 2b), the
value of K, for a basin can be estimated with the help of the
observﬁ recession data of a flood hydrograph.

* The storage S, at any limggan be estimated from

§,= ,,d: = J} Qroe™dt 0)
T >==

—
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If take a logarithm of this equation 1(a) and 1(b), then on a similar paper if plot the equation 1(a),
1(b) it appears as a straight line as shown in fig.2. So, this one this property, which is
approximately straight in the appearance of the straight line on this one Using this aforesaid
property, and Eqgn. (2a) (or, 2b), the value of K for a basin can be estimated with the help of the

observed recession data of a flood hydrograph.

The storage St at any time t can be estimated from

Se=J" Qerdt = [ Qroe™tdt = 2 (3)

—

00

Discharge (m's)
)

2 .4 6 8
k iy

Fig.2 shows the storage recession curve
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Example 27.1:

The discharge in a stream measured at a gauging station on May 1, 2019 was recorded as
160 /s Later, on May 21, 2019, the discharge was measured again and recorded as 80
m's. Also, there was no rainfall in the catchment after Agril ISE 2019. Estimate the
following:

a) Recession coefficient N4

b) Expected stream discharge on 1* June, 2019 ¢

W ——
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Example 27.1:

The discharge in a stream measured at a gauging station on May 1, 2019 was recorded as 160
mq/s. Later, on May 21, 2019, the discharge was measured again and recorded as 80 m?/s. Also,
there was no rainfall in the catchment after April 15, 2019. Estimate the following:

a) Recession coefficient
b) Expected stream discharge on 1% June, 2019

(Refer Slide Time: 19:57)

Solution
Part a)

From Eqn. (1a), the equation for recession curve is
Qre = Qro(Ky)" w 3
There is no rainfall in the basin since April 15, 2019. Letus &

occurs x days after the cessation of rainfall on April 15.
Therefore, at the point C,
Qrt = Qo fort =0
= - =
Now, on May 01, fort =16,  Qye16 = @y (K;) ' = 160
I~ A
on May 21, for t = 36, Q,m = QoK) = &

Qrt1e _ (kD) (K,)lsx_
Qe (K (K)o% (K,.)

‘nsswwm‘m@
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Solution

Part a)

From Eqgn. (1a), the equation for recession curve is

Qrt = Qro (Kr) ‘

There is no rainfall in the basin since April 15, 2019. Let us assume, the point of inflection on the

recession limb (C) occurs x days after the cessation of rainfall on April 15.

Therefore, at the point C,

Qrt = Qo fort=0
Now, on May 01, for t = 16,  Qr¢16 = Qro (K )t = 160
onMay 21, for t =36, Q36 = Qro (K, )t = 80

Qrt16 _ (Kr)t'ﬁ _ (Kr)16_x — —-20 @ —_
Qrezs (Kr)Ge  (Kp)367% (Kr)™ = 50 — 2

a) So, the recession constant, Kr = 0.966 day™

47 days
_ 36 days
» 16 days
- x

Rainfall

|
|
|
I |
—_ | |
=z I I
=] | |
=
A |
2 160
= | |
2 | Lo
sl I I'r 30
“ : \ ’
| | Itja | ND\§
I I 47 , l
! ! | ! I
April 15 72 Mayl May2l Junel Time —»

Fig.3 shows the discharge hydrograph of example 27.1
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Solution
Part b)
From Eqn. (2a), considering the relation of stream +|" |
discharges between June 01 (t = 47 days) and May 01 _
(t=36days), — — — 1
i
¢

= Kr(‘a"u)
Cruie

Qrenr = 0.96647-0)-(16-2)

Qrear = Q
\

b) The expected stream discharge on 1 June, 2019 is 54.75 m¥s.
T ——

— E— <Y | -
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Part b)

From Eqn. (2a), considering the relation of stream discharges between June 01 (t= 47 days) and
May 01 (t=36 days),

M = K(t477t16)
Qrt16 "
Ql"t47
— 0_966(4—7—1')—(16—1’)
160
QTt47
——— =0.966!
160

Qrt47 = 5475 m3/s

b) The expected stream discharge on 1% June, 2019 is 54.75 m3/s.
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Different Time-related Parameters used in Hydrograph Analysis

Q Effective time duration (t,) & w2 I:\m;'?.,‘f. o oswn

effective rain BPC = Crest segment
fle

The net duration of precipitation during which

rainfall rates are higher than the infiltration rates.
Q Lag time or basin lag (t,)

The time lag between the centre of mass of | 7
effective rainfall hyetograph and the peak of the
— e
hydrograph (P).

0 Time to peak (ty)

It is the time interval between the starting of the
rising limb (4) to the peak (P) of the hydrograph.

-
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Different Time-related Parameters used in Hydrograph Analysis

The rainfall hydrograph and there is a line of this infiltration curve is also shown in fig.4. Above
the infiltration curve whatever the rainfall is, call as rainfall excess and the duration of the

rainfall excess is the total duration of rainfall.

MA., DN = Base flow recession
Mt —] /End of AB = Rising limb

7 . i effective rain  BPC = Crest segment
Dy B, C = Point of inflecti
77 X oint of inflection
rﬂﬂ CD = Recession curve

P i
P 1 T
N

Infiltration P
curve

3 Direct Runoff’
Peak

Flood

Discharge (m¥s) —»

Base Flow

A4

»
ll

ry

* Time (h) —>
Fig.4 shows the elements of the flood hydrograph
Effective time duration (tre)
The net duration of precipitation during which rainfall rates are higher than the infiltration rates.
Lag time or basin lag (tL)

The time lag between the center of mass of effective rainfall hyetograph and the peak of the
hydrograph (P).

Time to peak (tp)

It is the time interval between the starting of the rising limb (A) to the peak (P) of the
hydrograph.
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Different Time-related Parameters used in Hydrograph Analysis

MA. DN = Base flow recession)

Q) Time of concentration (t.) s Bl ADRisaglmb
* eflective rain BPC ~ Crest segment
» It is the time taken by the rain water to reach the Jﬁﬂ- '

D * Recession curve

outlet of the basin from the most remote point in the
watershed. It depends on the physical and
®* On the hydrograph, it is considered as the time

from the end of the net rainfall to the point of

Discharge (m”'s)

inflection (C) of the recession limb of the

hydrograph.
Lo
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Time of concentration (tc)

It is the time taken by the rainwater to reach the outlet of the basin from the most remote point in

the watershed. It depends on the physical and geomorphological characteristics of the watershed.

On the hydrograph, it is considered as the time from the end of the net rainfall to the point of

inflection (C) of the recession limb of the hydrograph.

(Refer Slide Time: 26:22)
Different Time-related Parameters used in Hydrograph Analysis

MA. DN = Base flow recession

Q Time of concentration (t;)
Mathematically, it can be estimated by using Kirpich

ent
<

formula [T% I
e~ ot |
323 x 107577 !
e 50385
where,

Discharge (m?'s) —

t,: Time of concentration, in hours
L: Maximum length of travel of rainwater ié metres )
§: Slope of the channel = H /L

H: Difference in elevation between the most
remote point in the channel and the outlet point

e
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Time of concentration (tc)

Mathematically, it can be estimated by using the Kirpich formula



32.3x1075 977
s 0.385

t, =

Where,

tc: Time of concentration, in hours

L: Maximum length of travel of rainwater in meters

S: Slope of the channel =H/L

H: Difference in elevation between the most remote point in the channel and the outlet point

(Refer Slide Time: 27:03)
Different Time-related Parameters used in Hydrograph Analysis

MA. DN = base flow recession|

g 0 oty Endof AB * rising limb
D Recession Time (T,-) * effective i "‘,:: ‘:""""
\& it B, € = point of inflections
" . . . b g Recession curve
It s the time interval between the end of effective L @ .
rainfall and the lowest point of the recession | o [

curve (D).

Q Time base of hydrograph (T')

Discharge (m’'s)

It is the time since the starting of the runoff to the
end point of the recession limb (D).

1 .

r<m |

¢
ime (h)

-
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Recession Time (Tr)

It is the time interval between the end of effective rainfall and the lowest point of the recession

curve (D).
Time base of hydrograph (T»)

It is the time from the starting of the runoff to the endpoint of the recession limb (D).
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Factors affecting Runoff Hydrograph

It can be broadly categorized into two factors as follows:

l Factors affecting Runoff’ Hydrograph I
|

| |

ors Climate Factors
|
* Storm characteristics
et Precipitation intensity,
— duration, magnitude and
* Shape * Land use and land cover ~ * Cross section movement of storm
* Size * Soil type and geological ~ * Roughness * Evapotranspiration
* Slope conditions * Storage capacity
* Nature of the valley * Lake swamps and other | o
* Elevation A
* Drainage density \
y S 8
| =
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Factors affecting Runoff Hydrograph

There are different factors are there that affect the runoff hydrograph and this can be broadly
categorized into two parts first one is a physiographic factor second one is climatic factors. Now,
under this physiographic factor again it can be categorized into three parts basin characteristics,

infiltration characteristics, and channel characteristics.

Under the basin characteristics, the shape of the basin size of the basin slope, their nature of the
valley means in terms of its land use land cover, elevation, drainage density, these are the some

of the things that influence this one.

Under the infiltration characteristics, it comes to the land use land cover over the entire basin soil
type geological conditions, and then Lake Swamps and other stores are there. So, those causes an
effect on the runoff hydrograph under the channel characteristic, the cross-sections of the
channels the roughness, and the storage capacity of the channels, these are the controlling

factors, then coming up to the climate factors, this is the storm characteristics.

Now, under the climatic factors the precipitation, intensity, duration, and, magnitude and even
the movement of the storm whether it is moving from the downstream to upstream or upstream

to downstream, evapotranspiration also affects the shape of the hydrograph.
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Factors Affecting Runoff Hydrograph

(0 Shape of the Basin ; a =
» [t influences the time taken for rainwater from | :
the remote part of the catchment to reach at

Time ~» Tine —»
the outlet - thereby affecting the time to peak ““““@. et |
B ~Z |8

(tp) in the hydrograph.

P P
i i
* The nature of the hydrograph for various g/\ i /\/\

shapes of the basin are illustrated for four T —»

Duscharge

hypothetical conditions.
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Basin Characteristics
i. The shape of the Basin

It influences the time taken for rainwater from the remote part of the catchment to reach the

outlet - thereby affecting the time to peak (tp) in the hydrograph.

The nature of the hydrograph for various shapes of the basin is illustrated for four hypothetical
conditions which are shown in fig.5. So, when the watershed is wider towards the end or it can
be narrower towards the end. So, depending on these two the peak may be earlier or the peak

may be delayed.

Basin-A Basin-B
= -

AN

Time —» Time —»

Basin-C Basin-D
(=t .
A

Time —» Time —»

—

Discharge —»
Discharge

Discharge —»
Discharge —»

Fig.5 shows the effect of catchment shape on the hydrograph



For a basin where the circularity ratio is less compact, then it is the early pick can be observed,
and then if there are some, it may two times that peak may arrive at the end so, that can result in
a multi-peak hydrograph at the outlet. So, it the controls by the time that takes from the remote
place to the outlet. So, thereby it is affecting the time to the peak to the hydrograph.

(Refer Slide Time: 31:09)

Factors Affecting Runoff Hydrograph

Q Size

* Small basins and large basins behave differently in terms of various phases of the runoff
phenomenon.

* In case of gmall catchments, the overland flow is predominant over the channel flow, thus

land use and intensity of rainfall have major role on the peak flood.

* In case of large basins. channel flow is more predominant than the overland flow. The peak
discharge is found to vary as A™ where 4 is the catchment area and » is an exponent whose

value is less than unity. It is of the order of magnitude of 0.2,
* In case of larger basins the time base of the hydrograph is larger.

|
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ii. Size

Small basins and large basins behave differently in terms of various phases of the runoff
phenomenon. In the case of small catchments, the overland flow is predominant over the channel

flow, thus land use and intensity of rainfall have a major role in the peak flood.

In the case of large basins, channel flow is more predominant than the overland flow. The peak
discharge is found to vary as A" where A is the catchment area and n is an exponent whose value
is less than unity. It is of the order of magnitude of 0.2. In the case of larger basins, the time base

of the hydrograph is larger.

(Refer Slide Time: 32:03)
Factors Affecting Runoff Hydrograph

Q Slope

* The main stream slope controls the velocity of flow in the channel.

® The stream channel slope has a pronounced impact on the recession limb of the
hydrograph since it represents the depletion of storage.

* Large stream slopes will result in steeper recession limbs due to quick storage depletion.
This will obviously result in a smaller time base of the hydrograph.

* In case of smaller basins, steeper slopes will result in larger peak
discharge as overland flow is relatively more dominating than the k

channel flow. / <P
| \
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iii. Slope

Then come slope from the mainstream slope controls the velocity of the channel as it can be
understood clearly. So, if the slope is more the velocity is more so, it will drain out quickly. So,
the stream channel slope has a pronounced impact on the recession limb of this. So, how quickly
it drains out. So, a large stream slope will result in the steeper recession limb due to the quick
storage depletion and this will result in a smaller time base in the hydrograph. In the case of the
smaller basin, the steeper slope will result in the larger peak discharge as overland flow is

relatively more dominating than the channel flow.

(Refer Slide Time: 32:43)
Factors Affecting Runoff Hydrograph
U Drainage density

* |t is the ratio of the total channel length to the total
drainage area.

* High drainage density (Basin A) means quick disposal
of runoff down the channels. This fast response is
reflected in a high peak discharge.

Discharge

Time —»

* In case of basins with smaller drainage densities
(Basin B), the resulting hydrograph is squat with a
slowly rising limb since overland flow is more

dominating; /
' &
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iv. Drainage density

In fig.6 drainage density for basin A is more than basin B and here the basin B is peak will be
less and for basin A the peak will be high. And peak will be the time to peak will be quicker in
case of basin A and the time to peak will be less for the basin B. Simply because here it will be
more dominated by the channel flow which is which helps to drain out the basin quickly and in
case of the second one it is the drainage density is less. So, other processes that prevent bass flow

will dominate. So, it will take more time to reach the peak.



v
0

B-Low density
_— .(/

Discharge

"~ A-High density

Time ——

Fig.6 shows the role of drainage density on the hydrograph

(Refer Slide Time: 33:27)
Factors Affecting Runoff Hydrograph

0 Land Use Land Cover
* Land covered with vegetation and forest increases infiltration and storage capacity of the

soil. In addition, the overland flow is considerably delayed. Thus, the vegetal cover
reduces the peak flow.
N—

® In general, the peak discharge will be higher in the basin having the lower density of
P —
forest cover, keeping all other factors identical.
~’

* Among the several factors that control the peak
discharge, land use is the only practical way to control
the flood hydrograph for a catchment in the long term.

|
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v. Land Use Land Cover

Land covered with vegetation and forest increases the infiltration and storage capacity of the soil.
In addition, the overland flow is considerably delayed. Thus, the vegetal cover reduces the peak
flow. In general, the peak discharge will be higher in the basin having the lower density of forest

cover, keeping all other factors identical.

Among the several factors that control the peak discharge, land use is the only practical way to

control the flood hydrograph for a catchment in the long term.



(Refer Slide Time: 34:27)

Factors Affecting Runoff Hydrograph

Q Urbanization

Inflation before

* Urbanisation increases the extent of impervious surface

Ramfall lntcasity

areas such as roofing on built up areas, concrete and

asphalt road surfaces, parking lots and is a major factor

that would inhibit infiltration and surface retention.

® Thus, due to urbanization, the amount of surface runoff’
would be more as the extent of impervious surface will 23
increase and the drainage of the rural catchment will be

\ upgraded. an ‘
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vi. urbanization

Urbanization increases the extent of impervious surface areas such as roofing on built-up areas,
concrete and asphalt road surfaces, and parking lots and is a major factor that would inhibit

infiltration and surface retention.

Thus, due to urbanization, the amount of surface runoff would be more as the extent of

impervious surface will increase and the drainage of the rural catchment will be upgraded.

(Refer Slide Time: 35:53)

Factors Affecting Runoff Hydrograph

Q Urbanization

* Also, there will be a superposition of man-made
artificial surface drainage system consisting of |
impervious conduits.

» There will no longer be a relatively slow

interflow process of small lets feeding
larger drainage.
|
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There will be a superposition of manmade artificial surface drainage system also consisting of
impervious conduits and there will be no longer be a relatively slow interflow process of the
small streamlets feeding the large drainage. So, the overall effect will be that after the
urbanization the peak will be very high and quick whereas, before the urbanization, it was
delayed and less.



(Refer Slide Time: 36:19)

Factors Affecting Runoff Hydrograph
Storm Characteristics
* Intensity, duration and direction of storm movement are the three important climatic
factors under storm characteristics that affects the shape of the flood hydrograph.

» Peak and volume of the surface runoff are proportional to the intensity of rainfall of a
given duration. The effect of duration is reflected in the rising limb and peak of the flood

hydrograph.
* Ideally, a state of equilibrium discharge proportional to id

(i: intensity; A: Area of the catchment) can be achieved if

the rainfall of i intensity lasts sufficiently of long enough ) o

duration.

A
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vii. Storm Characteristics

Intensity, duration, and direction of storm movement are the three important climatic factors
under storm characteristics that affect the shape of the flood hydrograph. The peak and volume
of the surface runoff are proportional to the intensity of rainfall of a given duration. The effect of
duration is reflected in the rising limb and peak of the flood hydrograph.

Ideally, a state of equilibrium discharge proportional to iA (i: intensity; A: Area of the
catchment) can be achieved if the rainfall of i intensity lasts sufficiently of long enough duration.

(Refer Slide Time: 37:08)

Factors Affecting Runoff Hydrograph
Storm Characteristics
* The storm results in a peaked hydrograph if it moves from the upstream of the
catchment to the downstream end due to quicker concentration of flow at the basin
outlet. The opposite direction of storm results in a lower peak and longer time base
duration of hydrograph.
* This affect of the storm movement is further accentuated by the shape of the
catchment, with long and narrow catchments having hydrographs most sensitive to

the storm-movement direction. A

|
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The storm results in a peaked hydrograph if it moves from the upstream of the catchment to the
downstream end due to a quicker concentration of flow at the basin outlet. The opposite direction
of the storm results in a lower peak and longer time base duration of the hydrograph.



This effect of the storm movement is further accentuated by the shape of the catchment, with

long and narrow catchments having hydrographs most sensitive to the storm-movement

direction.

(Refer Slide Time: 37:57)

Summary
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Summary

In summary, we learned the following points from this lecture:

>

>

The term hydrograph is introduced and its importance is discussed.

The three main components of the hydrograph namely the rising limb, crest segment, and

the recession limb are discussed.

Different time-related parameters (e.g., time of concentration, basin lag, time base, etc.)
which are used in hydrograph analysis are discussed.

The empirical method to estimate the time of concentration is explained.

Factors affecting the hydrograph, namely physiographic factors and climate factors, are

discussed.

Concepts related to Direct Runoff Hydrograph (DRH) will be discussed in the next

lecture.



