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This book was created for learning and teaching purposes of basic hyrological

course. In this edition, material was presented interactively as an aid to learn concept

of hydrology with detail elaboration on hydrological problem solving accompanied by

drawing and activities in order to supply the optimal information and knowledge to the

reader. 

This book comprises of 5 chapters. All notes and example were presented with clear

explanation and interesting format to prevent bored in learning and teaching

processes. Each topics were divided with a different colours theme to ease the user. 

Any feedback and suggestion is welcomed to improve the quality of this book in

future. It is very pleased that this book could assist the reader and user especially

students and lecturer as an alternative reference sources to enhance knowledge in

Hydrology.

Thank you.

Farhana Aziz
Regards,

SITI NUR FARHANA BINTI ABDUL AZIZ
Chief Editor

06-3376059 Politeknik Melaka farhana@polimelaka.edu.my

PREFACEPREFACEPREFACE

i



TABLE OF 

CONTENTCONTENTCONTENT

C H A P T E R  0 1

i n t r o d u c t i o n  t o  h y d r o l o g y

Component of Water Cycle
Activity 1
Water Balance Equation
Quick Fact
Water Balance: Problem Solving - Example 1.1
Activity 2
Water Balance: Problem Solving - Example 1.2
Activity 3
Activity 4
Hydrology Continuity Equation
Hydrology Continuity Equation: Problem Solving -
Example 1.3
Hydrology Continuity Equation: Problem Solving -
Example 1.4
Activity 5
Tutorial 
Feedback

CHAPTER 1

2
2
3
4
5
6
7
8
9

10
11

12

15
16
17

1

R A I N F A L L  R U N O F F  E S T I M A T I O N

Rainfall Characteristics
Intensity-Duration-Frequency Curve
Average Rainfall Data

20
20
21

19

CHAPTER 2

06-3376059 Politeknik Melaka farhana@polimelaka.edu.my

PREFACE

TABLE OF CONTENT ii

i

ii



R A I N F A L L  R U N O F F  E S T I M A T I O N

Arithmetic Average Method
Activity 6
Arithmetic Average Method : Problem Solving -
Example 2.1
Quick Fact
Polygon Thiessen Method
Did You Know
Polygon Thiessen Method : Problem Solving -
Example 2.2
Isohyetal Method
Isohyetal Method : Problem Solving - Example 2.3
Tutorial
Missing Rainfall Data
Factors of Missing Data Occurence
Method for Missing Data Estimation
Normal Ratio Method
Normal Ratio Method : Problem Solving - Example 2.4
Quadrant Method
Quadrant Method : Procedure
Quadrant Method : Problem Solving - Example 2.5
Tutorial
Feedback

22
23
24

25
26
27
28

30
31
33
35
35
36
36
37
39
40
41
46
48

19

CHAPTER 2

R I V E R  F L O W  M E A S U R E M E N T

Runoff Rate and Volume
Runoff Category : Direct Runoff
Runoff Category : Base Flow
Factors Affecting Runoff Rate and Volume
Physiographical factor
Human Factor
River Gauging

51
51
52
52
53
56
57

50

CHAPTER 3

06-3376059 Politeknik Melaka farhana@polimelaka.edu.my
iii



Quick Fact
River Flow Measurement
Velocity Area Method
Velocity Area Method : Problem Solving - Example 3.1
Mean Section Method
Mid Section Method
Mean Section Method : Problem Solving - Example
3.2
Mid Section Method : Problem Solving - Example 3.3
Tutorial 
Feedback

59
60
60
61
63
63
64

64
67
70

50

CHAPTER 3

H Y D R O G R A P H

Hydrograph
Natural Hydrograph
Factors Affecting Hydrograph
Quick Fact
Unit Hydrograph
Procedure to Derive Unit Hydrograph
Application of Unit Hydrograph
Unit Hydrograph : Problem Solving - Example 4.1
Tutorial
Unit Hydrograph Conversion
Superposition Method
Superposition Method : Problem Solving - Example
4.2
Tutorial
S-Curve Method
S-Curve Method : Problem Solving - Example 4.3
Tutorial
Feedback

73
74
76
79
80
80
81
82
85
86
87
87

89
90
90
92
93

72

CHAPTER 4

R I V E R  F L O W  M E A S U R E M E N T

06-3376059 Politeknik Melaka farhana@polimelaka.edu.my
iv



Definition of stormwater
Past Drainage Issue
MSMA 2nd Edition
Stormwater Quantity Design Criteria
Rainfall Estimation
Rational Method
Rational Method : Problem Solving - Example 5.1
Rational Method : Problem Solving - Example 5.2
Tutorial
Time-Area Hydrograph Method
Time-Area Hydrograph Method : Problem Solving -
Example 5.3
Time-Area Hydrograph Method : Problem Solving -
Example 5.4
Tutorial
Feedback

96
96
97
99

105
110
113
122
127
128
133

142

145
146

95

CHAPTER 5

06-3376059 Politeknik Melaka farhana@polimelaka.edu.my

U R B A N  D R A I N A G E  D E S I G N

reference

Know your author

v

APPENDIX vi
xv
xvi



This page is deliberately left blank 



01
INTRODUCTIONINTRODUCTION  
TOTO  
HYDROLOGYHYDROLOGY
Author: SITI NUR FARHANA BINTI ABDUL AZIZAuthor: SITI NUR FARHANA BINTI ABDUL AZIZAuthor: SITI NUR FARHANA BINTI ABDUL AZIZ



01

I N F L O W ,  I O U T F L O W ,  O

ACTIVITY 1

Can you guess how many
water used as an irrigation to

paddy field in Malaysia?

PHOTOPOTRAIT VIDEO

2

Water Basin

Storage
R

Runoff

Evaporation

E

Precipitation

P

COMPONENTS OF WATER CYCLE

PRECIPITATION over the
catchment and reservoir

LATERAL FLOW: Surface or
groundwater flow from
other catchment areas

Surface EVAPORATION

GROUNDWATER SEEPAGE

DIRECT RUNOFF : water
taken for irrigation or to
spillways to producing power

Paddy field receive the most
water irrigation from water

storage in Malaysia.

Watch how paddy field receive
water from irrigation 



WATER BALANCE EQUATION
01

1

3

INFLOW, I
OUTFLOW, O

Total volume inflow – Total volume outflow = Total change in volume of the system

∑ volume inflow – ∑ volume outflow = ∑ change in volume of the system

Based on the table of components of water  system in page 2, 

Inflow Process, I Precipitation, P

Outflow Process, O Runoff, R
Loss due to infiltration, F
Loss due to interception, Li
Loss due to evaporation, Le

Thus, equation 1 will be;

Note that, 
ΔS is change in storage
Li, Le, F and ΔS are considered losses and noted as L

P – (R + Li + Le + F)= ΔS 2

Thus, equation 2 will be;

P - R = L

3R = P - L



A RESERVOIR can hold immense
volumes of water. For instance,
some of the largest reservoirs in
the world, like The Three Gorges
Dam Reservoir in China, can hold
billions of cubic meters of water,
making them crucial for both
water supply and hydroelectric
power generation on a massive
scale. 



WATER BALANCE: PROBLEM SOLVING 01

Solution

Based on observation, the flowrate that enter Malim Reservoir in a
certain season is 350 m³/s. If the outflow from the reservoir including
infiltration and evaporation losses is 265 m³/s, calculate the change in
storage for 14 days.

List of information and intended question;

I = 350 m³/s
O = 265 m³/s
Δt = 14 days
ΔS = ?

Based on the information and intended question
--> Use equation 1 to answer this question.

To obtain change in storage (ΔS), 
-- > Eliminate Δt by multiple 85 m³/s with the given duration; 

EXAMPLE 1.1



PROBLEM SOLVING 1
01

WATER BALANCE: PROBLEM SOLVING

ACTIVITY 2

ΔS = 102, 816, 000 m³

6

From the question, the given unit for duration is in day. 
--> Convert  Δt to second (s) 

So,

Δt = 1209600 s

Watch online for Face-To-Face
tutorial

PHOTOPOTRAIT VIDEO
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Solution

EXAMPLE 1.2

R = P - L

7

Estimate the evaporation loses for the area in cm/yr if the drainage
area given is 2.59 x 10¹⁰m², the mean annual runoff is 19.82 m³/s and
the average annual rainfall is 20cm.

Note: This question is a little tricky. You need to understand the unit
and term used in the question really well.

Mean annual runoff, average annual rainfall and cm/year; these three
units refer to average of the process ANNUALLY.

WATER BALANCE: PROBLEM SOLVING

Based on the information and intended question, 
--> Use equation 3 to answer the question.

Rearrange the equation and let L be on the left side of equation. 

L = P - R

List of information and intended question;

Drainage Area, A = 2.59 x 10¹⁰m²
Mean annual runoff, R = 19.82 m³/s
Average annual rainfall, P = 20 cm
Losses due to evaporation, Le = ? cm/year



PROBLEM SOLVING 1
01

ACTIVITY 3

Watch online for Face-To-Face
instruction

PHOTOPOTRAIT VIDEO

L = 17.6 cm/yr

8

All value must have the same unit. 
From the information given, R and P have two different unit. 

Note here that value of P is given as ANNUALLY. So, P = 20cm/yr. This
unit do not have to be changed as it is the same unit with the final
answer.

So,

R = 625043520 m  /yr

R = 0.024 m/yr 

Change R in m/yr to R in cm/yr,

R = 2.4 cm/yr 

L = P- R

L = 20 cm/yr – 2.4 cm/yr

WATER BALANCE: PROBLEM SOLVING

3
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Solution

ACTIVITY 4

ACTIVITY 4

9

In the next two months, Johor Bharu District has received rainfall of 265
mm. Evaporation is estimated at 75 mm and infiltration into the
subsurface by 25 mm. Calculate the volume of runoff to be stored in the
reservoir if the catchment area is 80 km  .

PLEASE ANSWER THIS TOGETHER WITH YOUR LECTURER

WATER BALANCE: PROBLEM SOLVING

2
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4

5

6

HYDROLOGICAL CONTINUITY EQUATION

10

The hydrological continuity equation states that for a given time interval,
difference of inflow to and outflow from a system is equal to change of
storage of the system.

Where,

Rate of inflow before and after a changes

Rate of outflow before and after a changes
Change of storage, m
Change of time, s

Total change in storage also can be calculate using this formula:

The hydrological continuity equation can be expressed as: 

I  , I       =        1      2

O  , O    =     1        2   
3

Total change in storage can be calculate using:

=
=

Volume of storage at the beginning of a period 

Volume of storage at the end of a period 

S           =         1   

S           =         2   

Where,
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Solution

I  = 15m³/s
O = 20m³/s
I  = 6 m³/s
O  = 6.5 m³/s
S  = 15 x 10³ m³
     = ?

S  = ?
     

EXAMPLE 1.3

4

11

The recorded inflow and outflow for a reservoir A is 15 m³/s and 20 m³/s
respectively. After a series of rainfall for a certain period, the recorded
inflow and outflow increase to 20 m³/s and 21 m³/s respectively. If the
initial water storage is 15 x 10³ m³, calculate the rate of change of storage
and the new storage of water in the reservoir after one hour. 

Based on the information and intended question, you should use
equation 4 to answer this question.

HYDROLOGICAL CONTINUITY EQUATION:  PROBLEM SOLVING

1

1

2

2

1

2
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Solution

12

Kundasang’s Lake with an area of 55km²  had a water elevation of 110m
at the beginning of a certain month. In that month, the lake received an
inflow of 6 m³/s and outflow of 6.5m³/s. the lake also received a rainfall
of 145mm and the rate of evaporation was estimated to be 70mm. based
on the information given, calculate: 

a) Total inflow at the end of month, I
b) Total outflow at the end of month, O
c) Change in storage at the end of month.

A = 55km²
H = 110m
Δt = 30days

EXAMPLE 1.4

To understand this question, firstly, you have to identify all the
information gave in the question, you must also understand the
intention of the question. 

HYDROLOGICAL CONTINUITY EQUATION:  PROBLEM SOLVING

I₁  = 6 m³/s
O  = 6.5 m³/s
Le = 70mm
P = 145mm

From the information, we can assume that the following equation will
be used:

∑ volume inflow – ∑ volume outflow = ∑ change in volume of the system

4
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Answer for Question a)

Information need:
I₁ = 6 m³/s
P = 145mm = I₂
 
To use this equation, both I₁ and I₂ must have the same unit. Thus, you
have to change one of the units.

Let P = 145 mm change to m³/s
Step 1: Change mm            m 

                     = 0.165 m
 

Step 2: Convert m           m³
To change m to m³ , you have to multiple m to a variable with unit of
m². If you look at the given information, you will find Area with km²  
unit. You must first change km  to m 
  
A = 55 x 10  m²
 
 P = I₂ = 0.165 m x 55 x 10  m²
           = 9.075 x 10  m³

13

HYDROLOGICAL CONTINUITY EQUATION:  PROBLEM SOLVING

Based on this equation, we can divide the equation into THREE (3)
different parts.

Thus, all the question can be answered using equation 4.

6

6

6



01
Step 3: Convert m             m  /s

To convert m  to m /s, you have to divide m with variable with unit of s. 
If you look at the given information, you will find time with days as unit.
You must first change days to second.

 Δt =  
       
      = 2.592 x 10⁶ s
 
  
  
      = 3.5 m³/s

14

HYDROLOGICAL CONTINUITY EQUATION:  PROBLEM SOLVING

33

3 3

= 4.75 m³/s

Answer for Question b

Information need:
O  = 6.5 m³/s
Le = 70mm = O₂
 
To use this equation, both O₁ and O₂ must have the same unit. 
Thus, you have to change one of the units.
Let Le = 70mm change to m³/s.

1



01
Step 1: Change mm          m

           =  0.07 m
       

 Step 2: Derive m             m
Repeat the process as step 2 in question a.

        Le = 0.07 m x 55 x 10  m 
             = 3.85 x 10  m

Step 3: Derive m            m  /s
Repeat the process as step 3 in question a.

              = 1.49 m  /s

            = 4.0 m /s

Answer for Question c

            = 4.75 – 4.0 = 0.75 m  /s

Change in storage at the end of month, 
            = 0.75 x 2.592 x 10
            = 1.944 x 10  m

ACTIVITY 5

15

HYDROLOGICAL CONTINUITY EQUATION:  PROBLEM SOLVING

3

6 2

6 3

33

3

3

3

6

6 3

Watch online for Face-To-Face
instruction

PHOTOPOTRAIT VIDEO
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HYDROLOGICAL CONTINUITY EQUATION:  PROBLEM SOLVING

In the next two months, Johor Bharu District has received rainfall of
300 mm. Evaporation is estimated at 90 mm and infiltration into the
subsurface by 25 mm. Calculate the volume of runoff to be stored in
the reservoir if the catchment area is 80 km  .

The average annual rainfall of Danau Toba is 2.5 m and the mean
annual run-off is 25 m³/s. If the area of the lake is 35 km² , calculate the
evaporation of lake. Assume there is no change of storage in the lake.

The lake capacity storage in the beginning of September 2021 is 20 x 10   
m . During this time, the recorded inflow and outflow of the lake is 10
m /s and 15 m /s respectively. At the end of the month, the lake
received a rainfall of 80 cm and the evaporation from the lake was
estimated to be 35 cm. The average surface area of the lake was 25 km
Calculate the changes of storage and its new storage of the lake (in m )
at the end of September 2021. Assuming there is no contribution to or
from the groundwater storage. (Assume 1 month = 30 days)

A retention pond has a water elevation of 105.5 m above datum in
early January 2020. In that month, the retention pond received an
average inflow of 10.0 m /s from surface runoff sources. In the same
period the outflow from the retention pond had an average value of 4.8
m /s. In the same month, the pond received a rainfall of 210 mm and
the evaporation from the lake surface was estimated to be 6.10 cm.
Calculate the water surface elevation of the pond at the end of the
month. The average surface area can be taken as 6500 hectares.

2

Answer : Vr = 14.8 x 10⁶ m³ 

Answer : Le = 0.43m 

6

3

3 3

2

3

Answer : ΔS = -855360m³ , S₂ = 19.14x10⁶  

Answer : H₂ = 103.1m 

3

3
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17

STUDENT AND EDUCATOR FEEDBACK

PHOTOPOTRAIT VIDEO

Completing this publication has been a significant challenge for the

authors, who have dedicated considerable effort to making the book

interactive, informative, and beneficial for both students and

educators.

We would greatly appreciate it if you could take a few moments to

provide your feedback. 

Your input would be a valuable acknowledgment of their hard work.

Thank you for your time and support.
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20

RAINFALL CHARACTERISTICS

D E P T H D U R A T I O N

A R E A F R E Q U E N C Y

I N T E N S I T Y R E T U R N
I N T E R V A L

INTESITY-DURATION-FREQUENCY CURVE

An intensity-duration-frequency curve (IDF curve) is a mathematical function
that relates the intensity of an event (e.g. rainfall) with its duration and
frequency of occurrence. These curves are commonly used in hydrology for
flood forecasting and civil engineering for urban drainage design. 

The total storm rainfall depth at a point, for a given rainfall
duration and ARI, is the function of local climate. Rainfall depth can
be further processed and converted into rainfall intensities
(intensity = depth/duration) which are then presented in IDF curves.

Department of Irrigation and Drainage (DID), Malaysia

As an input in storm water design processes, Local authorities are advised
to find out from the DID to the availabilities of IDF curves for the respective
area, or to obtain local pluviometer data for those wishing to conduct their
own analysis.
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7

Figure above shows IDF Curves for Kuala Lumpur plotted using fitted
coefficients obtain from equation 7.

IDF Curves for Kuala Lumpur

ln(I)=a+b ln(t) + c(ln(t))² + d(ln(t))³

23

AVERAGE RAINFALL DATA

Normal or average rainfall is the amount of precipitation that we expect
per year (in a given area). It is obtained and set by calculating the average
or mean of precipitation recorded in an area during a year. 

A single point precipitation measurement is quite often not representative
of the volume of precipitation falling over a given catchment area. A dense
network of point measurements and/or radar estimates can provide a
better representation of the true volume over a given area. 

A network of precipitation measurements can be converted to areal
estimates using any of a number of techniques or methods.



02

Simplest method to calculate mean rainfall data over a basin.
The result is obtained by dividing the sum of rain depths recorded
at different rain gauge stations of the basin by the number of the
stations.
 
If the rain gauges are uniformly distributed over the area and the
rainfall varies in a very regular manner, the results obtained by
this method is acceptable and will not have much different with
those calculated using other methods. This method can be used for
the storm rainfall, monthly or annual rainfall average
computations. 

A R I T H M E T H I C  A V E R A G E  M E T H O D

Average rainfall data can be calculate using these methods:

P O L Y G O N  T H I E S S E N  M E T H O D

I S O H Y E T A L  M E T H O D

ARITHMETHIC AVERAGE METHOD

24
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9

Equation 8 can also be simplified to:

25

Where,

Arithmetic average value can be calculate using the following
equation:

8

ACTIVITY 6

Let’s find out how to measure
rainfall data

PHOTOPOTRAIT VIDEO



Solution

Based on the figure given, calculate the areal rainfall data using  
arithmetic average method.

EXAMPLE 2.1

02

B (87 mm)

D (75 mm) 

8

ARITHMETIC METHOD :PROBLEM SOLVING

By using equation 8, 

26

(55 mm) A

C (60 mm)

(90 mm) E

= 55 + 75 + 87 + 60 +90
5

= 73.4 mm



Telemetric Station from DID  is able to provide
real time rainfall and water level on-line enable
close monitoring of the development of floods at
critical flood prone areas and drought situation
in the river basin. This will then allow for the
proper, timely and smooth co-ordination of
essential disaster relief operations and
management to the affected areas.

Source : Department of Irrigation and Drainage Negeri Kedah
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In this method, all the neighbouring stations are connected to each
other to form a series of triangles. Then the perpendicular
bisectors of the triangle sides are drawn. For each station, the
bisectors surrounding it will form a polygon. 

The precipitation in the polygon region can then be represented by
the precipitation measured at that station, which is also the only
station within the polygon. This Polygon is named Thiessen
polygon.

The Thiessen polygon method assumes that each precipitation
gage does not have the same weight as in the arithmetic method.
Rainfall recorded at each station is given a weightage based on the
area closest to the station

10

POLYGON THIESSEN METHOD

28

This method is more suitable under the following conditions:
For areas of moderate size.
When rainfall stations are few compared to the size of the basin.
In moderate rugged areas. 

Polygon Thiessen value can be calculate using the following
equation:
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11

where,

POLYGON THIESSEN METHOD

29

where,

The equation can also be write as:

A rain gauge is an instrument used by meteorologists
and hydrologists to gather and measure the amount of
liquid precipitation over a predefined area, over a
period of time.
It is used to determine the depth of precipitation
(usually in mm) that occurs over a unit area and
measure rainfall amount.
Rain gauge also known as udometer, pluviometer,
ombrometer, and hyetometer

HOW TO MEASURE RAIN??



Solution

EXAMPLE 2.2

02

= 50.18 mm

STATION PRECIPITATION, P (mm) AREA, A (m^2)

A 16.5 18

B 37.1 311

C 48.8 282

D 68.3 311

E 39.1 52

11

Based on the following data, calculate areal value using Polygon
Theissen method.

POLYGON THIESSEN : PROBLEM SOLVING

By using equation 11, 

30



02

STATION
PRECIPITATION,

P (mm)
AREA, A

(m^2)
W = A  / A P X W (mm)

A 16.5 18 18/974 =0.018 16.5 x 0.018 =0.3

B 37.1 311 0.319 11.8

C 48.8 282 0.290 14.2

D 68.3 311 0.319 21.8

E 39.1 52 0.053 2.07

TOTAL A  = 974 W  = 1 PW = 50.17

This question can also be solve using the following method:

POLYGON THIESSEN :PROBLEM SOLVING

31

i T

T T

The answer for the question is 50.17 mm

Even tough answer for earliest method is 50.18 mm, the answer for
this method is also acceptable.
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32

This method is more suited under the following conditions:
   • For hilly and rugged areas. 
   • For large areas over 5000 km2. 
  • For areas where the network of rainfall stations within        
  the storm area is sufficiently dense, isohyetal method gives 
  more accurate distribution of rainfall.

Isohyetal method is used to estimate the average precipitation
across an area by drawing lines of equal precipitation. In this
method, rainfall observations for the considered period are plotted
on the map and contours of equal precipitation depth (isohyets)
are drawn. 

The areal rainfall is determined by the average precipitation
between isohyets, multiplied by its area Ai and then dividing the
sum of these products by the total area, A.

ISOHYETAL METHOD
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12

ISOHYETAL METHOD

33

Isohyetal Method value can be calculate using the following
equation:

                  = average precipitation over the catchment area (for a 
                     given time period)
P₁ , P₂ , Pₙ = value of isohyetal lines 1,2, n respectively 
Aᵢ              = Area between pair of isohyet lines

where,

EXAMPLE 2.3

ISOHYETAL LINE
AREA BETWEEN

ISOHYETAL LINE (km^2)

1 - 3 85

3 - 6 175

6 - 9 120

9 - 12 128

12 - 15 92

Calculate the mean areal precipitation for the following data using the
Isohyetal Method based on data in table below:

ISOHYETAL METHOD : PROBLEM SOLVING



Solution

02

= 7.406 mm

12

By using equation 12, 

34

ISOHYETAL
LINE

AREA
BETWEEN

ISOHYETAL
LINE (km^2)

MEAN
ISOHYETAL

LINE
W = Aᵢ / Aₜ P X W (mm)

1 - 3 85 2
85/600
=0.142

2 x 0.14=0.283

3 - 6 175 4.5 0.292 1.313

6 - 9 120 7.5 0.200 1.500

9 - 12 128 10.5 0.213 2.240

12 - 15 92 13.5 0.153 2.070

TOTAL Aₜ = 600 W  = 0.99 PW = 7.406

This question can also be solve using the following method:

Answer is acceptable



TUTORIAL

02

STATION RAINFALL (mm) AREA (m²)

1 85.0 2141

2 135.2 1609

3 95.3 1564

4 146.4 1963

AVERAGE RAINFALL DATA :   PROBLEM SOLVING

Calculate the mean areal precipitation for the following data using
Polygon Thiessen Method.

Estimate the mean precipitation for the data as shown in table below
by using the following method:

Arithmetic average method
Polygon Thiessen Method.

Recorded precipitation at four rain gauge station in a catchment area
are shown in table below. Calculate average rainfall data for all
station.

Answer : P = 35.07mm  

Answer : Arithmetic P = 88.2mm , Polygon P = 91.04mm  

Answer :  P =114.6mm 
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ISOHYETAL LINE (mm) AREA, A (km²)

15  -  20 92

12  - 9 128

9  -  6 120

6  -  3 175

3  -  1 85

AVERAGE RAINFALL DATA :   PROBLEM SOLVING

For a drainage basin of 600km², isohyetals drawn for a storm gave the
following data. Calculate the average depth of precipitation.

Based on the following data, calculate areal rainfall value using
isohyetal method

Answer : P = 8.02mm 

Answer : P =35.75mm 

36

ISOHYETAL LINE (mm) AREA, A (km²)

20  -  30 86 

30  -  40 142

40  -  50 97

50  -  60 55

20  -  30 86
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Some precipitation stations may have short breaks in the records
because of absence of the observer or because of instrumental
failures. It is often necessary to estimate this missing record. The
missing precipitation of a station is estimated from the
observations of precipitation at some other stations as close to and
as evenly spaced around the station with the missing record as
possible.

The station whose data is missing is called interpolation station
and gauging stations whose data are used to calculate the missing
station data are called index stations.

FACTORS OF MISSING DATA OCCURANCE

A B S E N C E  O F  O B S E R V E R

I N S T R U M E N T  F A I L U R E

R E L O C A T I O N  O F  S T A T I O N
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N O R M A L  R A T I O  M E T H O D

Missing rainfall data can be estimate using these methods:

Q U A D R A N T  M E T H O D

METHOD FOR MISSING DATA ESTIMATION

38

NORMAL RATIO METHOD

Normal ratio method can be calculate using the following equation:

where,

Pᵪ  = missing rainfall data
Nᵪ  = Normal annual for missing rainfall station
Nᵢ  = Normal annual for i-th station
n    = Number of total station (exclude missing rainfall 
          station)
Pᵢ   = rainfall data for i-th station
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14

where,

Pᵪ      
Nᵪ      
N        
n

P        

Equation 13 can also be written as;

A, B, C

= missing rainfall data
= Normal annual for missing rainfall station
= Normal annual for index stations A, B and C
= Number of total station (NOT include missing rainfall 
   station)
= Rainfall data for index stations A, B and CA, B, C

EXAMPLE 2.4

One of four gauge in a station is broken. Reading from the three
functional rain gauges are 20, 26 and 37mm. If normal distribution of
rainfall are 520, 560 and 735mm respectively whereas for the broken
rain gauge station is 620mm. Calculate reading from the missing
station data.

NORMAL RATIO METHOD : PROBLEM SOLVING
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02

= 27.95 mm

STATION RAINFALL (mm)
Normal

distribution
Rainfall (mm)

1 X 620

2 20 520

3 26 560

4 37 735

13

To help you answer this question, it is advisable to tabulate the
given data first.

40

By using equation 13, 

Pᵪ
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The rainfall at a station is estimated as a weighted average of the
observed rainfall at the neighbouring stations. The weights are
equal to the reciprocal of the distance or some power of the
reciprocal of the distance of the estimator stations from the
estimated stations. 

In this method four quadrant are delineated by north-south and
east-west line passing. Through the rain gauge station where the
missing rainfall is to be estimated. 

Let Dᵢ be the distance of the estimator station from the estimated
station.

QUADRANT METHOD

where,

Pᵪ  = missing rainfall data
Dᵢ² = Distance of the estimator station from the estimated station
Pᵢ   = rainfall data for i-th station

According to the quadrant method, if the weights are an inverse
square of distance, the missing precipitation 'Px' is given as:
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where,

The equation can simply be written as;

QUADRANT METHOD : PROCEDURE

Plot the location of all stations
Build x-y axis through the gauge which missing data as the
origin
Select the four rain gauge stations from each quadrant and the
closest to the origin
Calculate the distance from each station of origin
Position of station X and index station A, B, C and D

Basic procedure to use quadrant method:

Distance, D² can be obtain using the following equation;

D² = x² + y² 18

** This equation can only be used if one of the station located at the origin.

17
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STATION RAINFALL
(mm)

COORDINATE

x-axis y-axis

A X 0 0

B 40 4 2

C 45 -1 -6

D 37.5 3 -2

E 50 -3 3

F 42.5 -2 -2

EXAMPLE 2.5

Stations A, B, C, D, E, F is the observation station rainfall data. Record
for station A is not complete because of flooding. Rainfall values for
the other stations are 40, 45, 37.5, 50 and 42.5mm. The quadrant of the
four have been drawn, the coordinates for the station is B (4,2), C
(-1,-6), D (3, -2), E (-3,3) and F (-2,-2). Calculate the amount of rainfall
for station A. 

QUADRANT METHOD : PROBLEM SOLVING

Solution

To help you answer this question, it is advisable to tabulate the given
data first.

To obtain missing data using quadrant method, first, you have to
identify 1 station to represent each quadrant. 
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From the identification, quadrant III have shown more than 1
estimator stations in the quadrant.

Calculate the distance, Dᵢ² of each estimator station from estimated
station. The smallest distance will be choose to represent each
quadrant.

STATION
RAINFALL

(mm)

COORDINATE

QUADRANT

x-axis y-axis

A X 0 0 -

B 40 4 2 I

C 45 -1 -6 III

D 37.5 3 -2 IV

E 50 -3 3 II

F 42.5 -2 -2 III

Identify quadrant from each estimator station first.

By using equation 18, and information of Station B as an example,
distance from Station B to Station A can be calculated using equation
18.

D² = x² + y² 18
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STATION
RAINFALL

(mm)

COORDINATE

QUADRANT DISTANCE

x-axis y-axis

A X 0 0 - -

B 40 4 2 I 20

C 45 -1 -6 III 37 

D 37.5 3 -2 IV 13 

E 50 -3 3 II 18 

F 42.5 -2 -2 III 8

From the equation,

Station B
Coordinate x - axis : 4
Coordinate y - axis : 2

Distance of station B to Station A (0,0)

                                                         = 4² + 2²
                                                         = 20

Calculate distance from each estimator station to estimated station
respectively and tabulate the distance in the table as follow.

D² = x² + y²

From the table, you could see that Station C and F were located in the
same quadrant. The shortest distance of those station to Station A will
be choose. In this case, Station F have the shortest distance, thus
represent quadrant III.
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So you can neglect data from Station C.

By using equation 17, calculate weightage, W for each estimator
station.

17

For example;

Use information for Station B. D² = 20

                                                     = 1/20
                                                     = 0.05

STATION
RAINFALL

(mm)

COORDINATE

QUADRANT DISTANCE w = 1/D²

x-axis y-axis

A X 0 0 - - -

B 40 4 2 I 20 0.050

C 45 -1 -6 III 37 x

D 37.5 3 -2 IV 13 0.077 

E 50 -3 3 II 18 0.056

F 42.5 -2 -2 III 8 0.125



02

STATION RAINFALL
(mm)

COORDINATE

QUADRANT DISTANCE
D²

w = 1/D² PW

x-axis y-axis

A X 0 0 - - - -

B 40 4 2 I 20 0.050 2

C 45 -1 -6 III 37 x x

D 37.5 3 -2 IV 13 0.077 2.888

E 50 -3 3 II 18 0.056 2.8

F 42.5 -2 -2 III 8 0.125 5.313

TOTAL 0.335 14.216

16

47

To use equation 16, you must have data for PW which is rainfall data
multiple by weightage.

For example;

By using this equation, you can finally calculate missing rainfall data
for Station A.

Use information for Station B. P = 40, W = 20
                                                     PW = 40 x 20
                                                            = 800

                                                Pₐ  = 42.436 mm
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02MISSING RAINFALL DATA :   PROBLEM SOLVING

According to the table below, calculate missing rainfall data by using
Normal Ratio Method.

One of four rain gauges in a station is broken. Reading from three
functional rain gauges are  20, 26 and 37 mm. If normal distribution of
rainfall are 520, 560 and 735 mm respectively whereas for the broken
gauge is 620 mm, calculate reading from the missing data station.

The above figure shows a distribution of rain gauge station in a
catchment. Determine the missing amount of rainfall for gauge X using
normal ratio method. 

Answer : Px = 68.11mm 

Answer : Px = 28mm 

Answer : Px = 11.9mm

48
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Station X failed to report the rainfall recorded during a storm. With
respect to east-west and north-south axes set up at station X, the
coordinated of 4 surrounding gauges, which are the nearest to the
station X respective quadrants, are (10,15), (-8 ,5), (-12, -9), and (5,-15)
km respectively. Determine the missing rainfall at X, if the storm
rainfalls at the four surrounding are 73, 89, 68 and 57mm respectively.

Calculate the missing rainfall data for station K in the month of July 24,
when the rainfall data for other three stations J, P and N are available
as follow:

Answer : Px = 77mm

Answer : Px = 100.55mm 

STATION PRECIPITATION
  (mm) COORDINATE

X - 4, 5

A 100 5,6

B 109 -1,7

C 115 5,-3

D 90 -7,-8

49
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Runoff means the draining or flowing off of precipitation from a
catchment area through a surface channel enters into a stream
channel.

Based on the time delay between the precipitation and the runoff, the
runoff is classified into two categories.

RUNOFF RATE AND VOLUME

D I R E C T  F L O W

B A S E  F L O W

RUNOFF CATEGORY : DIRECT RUNOFF

It is the part of runoff which enters the stream IMMEDIATELY after
the rainfall. It includes surface runoff, prompt interflow and rainfall
on the surface of the stream. 

In the case of snow-melt, the resulting flow entering the stream is also
a direct runoff. Direct storm runoff and storm runoff are also used to
designate direct runoff.
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The DELAYED FLOW that reaches a stream essentially as
groundwater flow is called base flow.

Baseflow is the sustained or "fair-weather" runoff of prior
precipitation that was stored temporarily in the watershed, plus the
delayed subsurface runoff from the current storm. 

Some conceptual models of watershed processes account explicitly for
this storage and for the subsurface movement.

RUNOFF CATEGORY : BASE FLOW

FACTORS AFFECTING RUNOFF RATE AND VOLUME

Factors affecting runoff rate and volume can be divide into two
categories; 

P H Y S I O G R A P H I C A L  F A C T O R S

H U M A N  F A C T O R S
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Long, narrow watersheds have slower runoff rates than round,
compact ones.

Fan shaped catchments give greater runoff because tributaries are
nearly of same size and hence time of concentration of runoff is
nearly same.  On the contrary, discharges over fern leaf arrangement
of tributaries are distributed over long period because of the different
lengths of tributaries.

53

PHYSIOGRAPHICAL FACTORS

S I Z E  O F  W A T E R S H E D
Larger watersheds collect more precipitation, leading to higher runoff
volumes.

A large watershed takes longer time for draining the runoff to outlet
than smaller watershed and vise-versa.

More intense rainfall events are generally distributed over a relatively
smaller area, i.e., larger the area lower will be the intensity of rainfall.

S H A P E D  O F  W A T E R S H E D

Fan shaped catchment  Leaf shaped catchment 
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The direction of a watershed can affect runoff due to sunlight
exposure, wind patterns, and precipitation distribution.

This affects the evaporation and transpiration losses from the area.
The north or south orientation, affects the time of melting of collected
snow.

54

PHYSIOGRAPHICAL FACTORS

T O P O G R A P H I C  C H A R A C T E R I S T I C S
The runoff depends upon surface condition, slope and land features.
Runoff will be more from a smooth surface than from rugged surface.

Steeper slopes lead to faster runoff, while flat areas promote
infiltration and slower runoff.

O R I E N T A T I O N  O F  W A T E R S H E D

The direction of a watershed can affect runoff due to sunlight
exposure, wind patterns, and precipitation distribution. This affects
the evaporation and transpiration losses from the area. 

The north or south orientation, affects the time of melting of collected
snow.

L A N D  U S E

Magnitude of runoff yield depends upon the initial moisture present
in soil at the time of rainfall. Soil saturated with water cannot absorb
more, leading to higher runoff.

S O I L  M O I S T U R E
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S O I L  T Y P E

It is defined as the ratio of the total channel length [L] in the
watershed to total watershed area [A]. 

Higher drainage density means water is collected and transported
quickly, increasing runoff rates.

55

PHYSIOGRAPHICAL FACTORS

Different soils have varying infiltration capacities. In general, when
the rate of infiltration and transmission through the soil is higher, the
volume of runoff is lower.  As a result of low infiltration and
transmission rates, fine textured soils, such as clay, produce a higher
runoff volume than do coarse textured soils, such as sand.  

Sites having clay soils may require the construction of more elaborate
drainage systems than sites having sandy soils. 

D R A I N A G E  D E N S I T Y

The length of a watershed is the distance between the headwaters and
the discharge point. This mainly impacts how long it takes for runoff
to reach the discharge point. 

Hence, the longer the watershed, the longer it would take for runoff to
be discharged.

C H A N N E L  L E N G T H
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Efficient drainage systems reduce flooding risk and increase runoff
volume and rate by reducing infiltration.

S T O R A G E

56

PHYSIOGRAPHICAL FACTORS

The artificial storage such as dams, weirs etc. and natural storage such
as lakes, ponds etc. tend to reduce the peak flow. They also give rise to
greater evaporation losses.

Natural and artificial storage areas temporarily hold water, reducing
and delaying runoff.

D R A I N A G E  S Y S T E M

HUMAN FACTORS

U R B A N I Z A T I O N
Urbanization transforms natural landscapes into built environments,
increasing runoff volumes and rates. Urban development can greatly
increase the amount of precipitation that is converted to runoff in a
drainage basin. Most paved surfaces and rooftops allow no water to
infiltrate, but instead divert water directly to storm channels and
drains.
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RIVER GAUGING

Streamflow is of fundamental importance of virtually all
environmental monitoring and effects almost all other environmental
issues connected with water. The flow of rivers changes significantly
in a very short amount of time due to plenty of factors.

Streamflow measurement can yield information on changes in
discharge that are valuable for predicting flooding, estimating long-
terms trends in water and sediment discharge, and for distinguishing
possible long term climate change.

Stream discharge can be measured using the following method:

F L O A T  G A U G I N G

C U R R E N T  M E T E R I N G

Involves measuring the velocity of a neutral buoyancy object
(e.g., foam golf ball or float) multiplying this by the average
cross-sectional area of the river
Prosedure: Select a straight section of the river with uniform
flow. Mark Distance. Release the Float. Time the Float. Calculate
Velocity.

The most common approach to determining discharge is the so
called conventional current-meter method. The method is
based on determining the mean streamflow velocity and flow
cross sectional area; the product of these variables determines
the stream discharge.

Current Meter
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R A D A R  G U N  M E T H O D

A C O U S T I C  D O P P L E R  C U R R E N T  P R O F I L E R

S L O P E - A R E A  M E T H O D

Procedure : Select a measurement point where the river is
accessible and flow conditions are suitable. Aim the Radar Gun
at the surface of the water. Measure Surface Velocity. Calculate
Average Velocity.

ACTIVITY 7

Let’s find out how to use 
current meter

PHOTOPOTRAIT VIDEO

Deploy the ADCP on a boat or stationary platform. Measure
Doppler Shifts. Profile the Velocity. Process the Data.

When it is not possible to make direct measurement especially
during floods, slope-area method is a most commonly used
indirect method of measurement. 

In this method, discharge is computed on the basis of a uniform
flow equation involving channel characteristics, water surface
profile and a roughness coefficient. The drop in water surface
profile for a uniform reach of channel represents losses caused
by bed roughness. 



The salt dilution method also can be used to
measure rive flow. It involves injecting
(inserting) a known amount of salt into a stream.
This process is technically known as slug
injection. The salt acts as a tracer to measure the
discharge. The concentration of dissolved salt is
measured downstream at a point where it has
fully mixed with the stream water.
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The hydrographer measures stream depth and velocity at selected
intervals across a stream's cross section. The hydrographer may be
wading, or supported by a cableway, bridge, ice cover, or a boat.

Three method involved in calculating streamflow measurement
are:

The most practical method of measuring stream discharge is
through the velocity-area method. Discharge is determined as the
product of the cross-sectional area of the water multiply to
velocity. Measuring the average velocity of an entire cross section
is impractical, so mid-section velocity-area method was used. 

Using this method, the width of the stream is divided into a
number of increments, each usually containing no more than 5%
of the total discharge. For each incremental width, stream depth
and average velocity are measured. 

RIVER FLOW MEASUREMENT

V E L O C I T Y  A R E A  M E T H O D

M E A N  S E C T I O N  M E T H O D

M I D  S E C T I O N  M E T H O D

VELOCITY AREA METHOD
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EXAMPLE 3.1

DISTANCE FROM  LEFT
OF WATER EDGE (m) 

0 1.0 3.0 5.0 7.0 9.0 10.0

DEPTH (m) 0 1.5 1.8 2.0 1.6 1.0 0

REVOLUTIONS OF A
CURRENT METER KEPT
AT 0.6 DEPTH

0   30
  

  57
  

  95
  

  53
  

  28
  

  0
  

DURATION OF
OBSERVATION (s) 

0 100 100 150 100 100 0

61

VELOCITY AREA METHOD

where,

Q  = Total discharge (m³/s)
Vᵢ = Velocity of segment i (m/s)
Aᵢ = Cross-sectional area of segment (m²)

The velocity averaged over the vertical at each section is known.  
The total discharge is then calculate using the following equation:

Based on the data taken at Sungai Aru, calculate the discharge in the
stream using Velocity-Area Method. Given the rating equation of the
current meter is V = 0.15N + 0.03 m/s.

VELOCITY AREA METHOD : PROBLEM SOLVING
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MEAN SECTION METHOD

where,

Q          = Total discharge (m³/s)
dᵢ, dᵢ₊₁ = Depths at consecutive points (m)
wᵢ        = width between points (m)
Vᵢ         = velocity at segment i (m/s)

In this method, discharges are computed for subsections between
successive observation verticals. The velocities and depths at
successive verticals are each averaged; each subsection extends
laterally from one observation vertical to the next. 

The subsection discharge is the product of the average of two
mean velocities, the average of two depths, and the distance
between observation verticals

MID SECTION METHOD

In this method, the stream cross section is divided into rectangular
subsections. At the center of each of these subsections (called a
vertical), a depth and velocity measurement is made, and the
distance from a datum point on the shore is determined. 

The total discharge can be determined using the equation as
follow:
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EXAMPLE 3.2

SUBSECTION I II III IV V

AREA (m²) 0 1.5 1.8 2.0 1.6

MEAN
VELOCITY
(m/s)

0 30 57 95 53

Solution

SUBSECTION AREA (m²)
MEAN

VELOCITY
(m/s)

Discharge
  Q (m³/s)

I 0 0 0.50

II 1.5 30 1.08

III 1.8 57 2.50

IV 2.0 95 2.59

V 1.6 53 0.72

Total Q (m³/s) 7.39

64

A stream cross section has been divided into five subsections. The area
of each subsection and its mean velocity are given in table below.
Calculate the stream flow of the cross section.

MEAN SECTION METHOD : PROBLEM SOLVING
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EXAMPLE 3.3

DISTANCE (m) DEPTH (m) VELOCITY (m/s)

3.0 0.0 0.0

6.0 1.1 0.3

9.0 1.7 0.4

12.0 2.0 0.4

15.0 2.1 0.4

18.0 2.1 0.3

21.0 1.9 0.3

24.0 1.8 0.3

27.0 1.8 0.3

30.0 1.6 0.3

33.0 1.3 0.3

36.0 1.4 0.2

39.0 1.3 0.2

42.0 1.6 0.1

45.0 1.5 0.1

48.0 0.0 0.0

65

Using data given, estimate the discharge by mean section method and
mid method.

MID SECTION METHOD : PROBLEM SOLVING
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DISTANCE
FROM THE

LEFT WATER
EDGE (m)

DEPTH
(m)

NUMBER OF ROTATION PER
TIME (rev/s)

0.6d 0.2d 0.8d 

0 0

2 1.5 14

4 2.6 50 44

6 4 75 52

8 7 43 37

10 4.5 38 32

12 3 36 29

14 1.6 12

15.5 0

RIVER FLOW MEASUREMENT :   PROBLEM SOLVING

Based on the data given table below, calculate the average velocity in
the stream. Given the rating equation of the current meter is where v
is in m/s and N is rev/s

67

Based on current meter gauging data given in table below, compute
the stream flow using the following method:
         a) Mean section method
         b) Mid section method



03
DISTANCE

FROM LEFT
BANK, b (m) 

DEPTH, d (m)
MEAN

VELOCITY, v
(m/s)

0 0 0.000

3 1.54 0.330

6 1.81 0.350

9 2.30 0.340

12 3.15 0.356

15 2.00 0.322

18 1.30 0.180

21 0 0.000

RIVER FLOW MEASUREMENT :   PROBLEM SOLVING

The following data in Table 3.1 were collected during a stream gauging
operation in a river. Compute the discharge

68

Calculate the discharge of river given the following measurement
made with a flow meter in Table 3.2 
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DISTANCE FROM THE

LEFT WATER EDGE (m)
DEPTH (m)

VELOCITY, v (m/s)

0.2d 0.8d

0.0 0.0 0.0 0.0

1.5 1.3 0.6 0.4

3.0 2.5 0.9 0.6

4.5 1.7 0.7 0.5

6.0 1.0 0.6 0.4

7.5 0.4 0.4 0.3

9.0 0.0 0.0 0.0

RIVER FLOW MEASUREMENT :   PROBLEM SOLVING
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TABLE 3.1

DISTANCE FROM THE
LEFT WATER EDGE (m)

DEPTH (m)
VELOCITY, v (m/s)

0.2d 0.8d

0.0 0.0 0.0 0.0

0.6 0.3 0.42 0.21

1.2 1.29 0.57 0.36

1.8 2.16 0.78 0.54

2.4 2.55 0.87 0.60

3.0 2.22 0.81 0.30

3.6 1.68 0.75 0.51

4.2 1.41 0.69 0.45

4.8 1.05 0.63 0.39

5.4 0.63 0.54 0.33

TABLE 3.2
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Completing this publication has been a significant challenge for the

authors, who have dedicated considerable effort to making the book

interactive, informative, and beneficial for both students and

educators.

We would greatly appreciate it if you could take a few moments to

provide your feedback. 

Your input would be a valuable acknowledgment of their hard work.

Thank you for your time and support.

PHOTOPOTRAIT VIDEO

STUDENT AND EDUCATOR FEEDBACK
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A storm hydrograph is a way of displaying how the discharge of a
river can change over time in response to a rainfall event.

The discharge of a river is just the amount of water passing a  certain
point every second, and is calculated by multiplying the  cross
sectional area of the river by its velocity

HYDROGRAPH

Figure 4.1 The graph showing the rate of low (discharge)
over time.

Hydrograph can be categorized into three category:

N A T U R A L  H Y D R O G R A P H

Natural hydrograph is a record and graphical representations of
discharge as a function of time at specific location. This
hydrograph can be obtained directly from the flow records of a
gauged stream.
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Synthetic Hydrograph can be obtained by using watershed
parameters and storm characteristics to simulate a natural
hydrograph

NATURAL HYDROGRAPH

S Y N T H E T I C  H Y D R O G R A P H

U N I T  H Y D R O G R A P H

 A discharge hydrograph resulting from 1 inch or 1 cm of direct runoff
distributed uniformly over the watershed resulting from a rainfall of a
specified duration.

Component of natural hydrograph are as follows:

R I S I N G  L I M B
The normal (base) flow of  the river  starts
to rise when run-off, ground and soil water
reaches the river.

P E A K
D I S C H A R G E

Maximum discharge in the river, the  time
when the  river reaches  its highest  flow

F A L L I N G  L I M B Shows that water is still reaching the river
but in decreasing amounts of runoff

B A S E  F L O W
Base flow is the longer-term discharge into
a stream from natural storages such as
groundwater flow
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D I R E C T  F L O W
Water that flows over the ground surface
or through the ground directly into
streams, rivers and lakes.

B A S I N  L A G
T I M E

The time it takes for the water to find its
way to the river

Figure 4.2 Hydrograph an its component

NATURAL HYDROGRAPH
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FACTORS AFFECTING HYDROGRAPH

S T E E P N E S S  O F  S L O P E

A B
Figure 4.3 Different of hydrograph based on slope steepness

The steeper the basin the more quickly it drains. Gentler basin
gives time for water to infiltrate and reduce runoff rate.

Slope A shows a basin with steeper slope thus lead to high peak
flow in a short time. Slope B shows a gentler slope and contribute
to a low peak flow and longer time needed to achieve peak flow.

B A S I N  S H A P E

A circular shaped drainage basin leads to rapid drainage whereas
a long drainage basin will take time for the water to reach the
river.
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FACTORS AFFECTING HYDROGRAPH

A B
Figure 4.4 Effect of basin shape on hydrograph

D E N S I T Y  D R A I N A G E

Density drainage is a ratio of total drainage length with total
drainage area.

A basin with many tributaries will offer high runoff and flow
more quickly so the rising limb will be more steeper with a
shorter lag time.

c
ACTIVITY 8

Can you guess which shape gives higher flow rate in a
short period?

Figure 4.5 Effect of drainage density on hydrograph
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FACTORS AFFECTING HYDROGRAPH

V E G E T A T I O N

Land with vegetation can reduce discharge as it intercepts
precipitation. Vegetation can absorb and hinder surface runoff
from reaching the river. In addition, densely vegetated areas in
tropical regions can intercept rainwater and less water reaches
the surface as runoff. 

S O I L  P E R M I A B I L I T Y

The permeability of the ground surface can impact the lag time. If
the ground is permeable, then water can infiltrate through the
gaps. 

However, if it is impermeable then water cannot pass through.
This leads to increased surface runoff, which is the fastest way for
rainfall to reach the river. Therefore, if the drainage basin is
impermeable then it tends to be a flashier hydrograph and a
greater risk of flooding. 

P R E C I P I T A T I O N

Heavy rainfalls leads to steep rising limbs and short lag times.
Water is not given time to infiltrate thoroughly. This is why in
deserts dried up rivers quickly replenish after a heavy storm
(flash floods). 

Conversely, light rains favours gradual and thorough infiltration,
hence less water reaches the river. This results in long lag times. 



A hydrograph is an important tool used by
civil engineers to help them understand how
water flows through a particular area. By
studying the shape of a hydrograph, they can
identify areas where and when flooding may
occur and take steps to prevent it.
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Unit Hydrograph essentially a tool for determining the direct runoff
(DRO) response to rainfall. Once the watershed’s response to one
storm known, what its response for another will look like can be
predicted.

UNIT HYDROGRAPH

Basic assumptions to generate unit hydrograph:

The effective rainfall is uniformly distributed within its duration.

The effective rainfall is uniformly distributed over the whole

drainage basin

The base duration of direct runoff hydrograph (DRH) due to an

effective rainfall of unit duration is constant.

The ordinates of DRH are directly proportional to the total amount

of direct runoff of each hydrograph

For a given basin, the runoff hydrograph due to a given period of

rainfall reflects all the combined physical characteristics of basin

(time-invariant)

PROCEDURE TO DERIVE UNIT HYDROGRAPH

Plot the hydrograph.

Separate the baseflow.

Calculate the total volume of direct flow and the Equivalent

Runoff Depth.

Calculate the ordinates of unit hydrograph by dividing each direct

flow with runoff depth.

Plot the Unit Hydrograph (UH).
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APPLICATION OF UNIT HYDROGRAPH
Unit Hydrograph can serve the following purposes:

R U N O F F  P R E D I C T I O N

The unit hydrograph is used to predict the runoff response of a
watershed to a specific amount of rainfall over a given duration.

It serves as a fundamental tool for hydrologists to analyze and
understand the runoff characteristics of a catchment.

Unit hydrographs aid in forecasting and managing floods by providing
insights into the timing and magnitude of peak flows.

Engineers use unit hydrographs to design water-related infrastructure
such as stormwater management systems and reservoirs.

It contributes to effective water resource management by assisting in
the assessment of water availability and distribution in a watershed.

H Y D R O L O G I C A L
A N A L Y S I S

F L O O D  F O R E C A S T I N G

I N F R A S T U R C T U R E
D E S I G N

W A T E R  R E S O U R C E
M A N A G E M E N T
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EXAMPLE 4.1

A hydrograph is a graphical presentation of runoff rate against time. 

Calculate the direct runoff hydrograph using the data as tabulated    
below. (Assume 100 m³/s as the baseflow). 

Identify the unit hydrograph. (Use area 80 km²)

UNIT HYDROGRAPH : PROBLEM SOLVING

TIME OBSERVED HYDROGRAPH

0 200

1 100

2 400

3 700

4 1000

5 800

6 600

7 400

8 200

9 100

10 100

82
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EXAMPLE 4.1

A hydrograph is a graphical presentation of runoff rate against time. 

Calculate the direct runoff hydrograph using the data as tabulated    
below. (Assume 100 m³/s as the baseflow). 

Identify the unit hydrograph. (Use area 80 km²)

UNIT HYDROGRAPH : PROBLEM SOLVING

TIME OBSERVED HYDROGRAPH

0 200

1 100

2 400

3 700

4 1000

5 800

6 600

7 400

8 200

9 100

10 100

83
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EXAMPLE 3.2
Solution

TIME
OBSERVES

HYDROGRAPH
(m³/s)

BASEFLOW
(m³/s)

DIRECT
RUNOFF

HYDROGRAPH
(m³/s)

UH-1H
(m³/s per cm)

0 200 100 100 6.25

1 100 100 0 0

2 400 100 300 18.75

3 700 100 600 37.50

4 1000 100 900 56.25

5 800 100 700 43.75

6 600 100 500 31.25

7 400 100 300 18.75

8 200 100 100 6.25

9 100 100 0 0

10 100 100 0 0

Total Q (m³/s) 3500

 Volume of DRO  = 3500 m³/s x 1h x 60 min x 60 sec
                               = 1.26 x 10⁷ m³

Runoff depth       = Volume of DRO/ Catchment area
                               = 1.26 x 10⁷  m³ / 80 x 10⁶ m²
                               = 0.16 m @ 16 cm

Runoff depth       = Effective Rainfall
Unit hydrograph = Volume of DRO / Effective Rainfall

UNIT HYDROGRAPH : PROBLEM SOLVING

84
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Table below shows the discharge for Sungai Buloh with 100km² area.
If the base flow is 10m³/s, calculate the ordinates of unit hydrograph
(UH) for the catchment.

UNIT HYDROGRAPH : PROBLEM SOLVING

TIME (hour)
DISCHARGE

(m³/s)

0 0

2 20

4 40

6 60

8 80

10 120

12 100

14 80

16 60

18 40

20 20

85
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The discharge of river at 4 hour interval is shown in the Table 4.1
below. The catchment area is 600km². If the base flow is 40 m³/s,
determine the:

Volume of direct runoff 
Effective Rain 
Ordinate of UH-4hr

Answer : V = 24.19 x 10⁶m³, D = 4cm 
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Unit Hydrograph essentially a tool for determining the direct runoff
(DRO) response to rainfall. Once the watershed’s response to one
storm known, what its response for another will look like can be
predicted. 

UNIT HYDROGRAPH CONVERSION

Basic assumptions to generate unit hydrograph:

The effective rainfall is uniformly distributed within its duration.

The effective rainfall is uniformly distributed over the whole

drainage basin

The base duration of direct runoff hydrograph (DRH) due to an

effective rainfall of unit duration is constant.

The ordinates of DRH are directly proportional to the total amount

of direct runoff of each hydrograph

For a given basin, the runoff hydrograph due to a given period of

rainfall reflects all the combined physical characteristics of basin

(time-invariant)

Two method used to convert new unit hydrograph from current unit

hydrograph are as follow:

UNIT HYDROGRAPH CONVERSION METHOD

S U P E R P O S I T I O N

S  C U R V E
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If a D-h unit hydrograph is available and it is desired to develop a unit
hydrograph of nDh, where n is an integer, it is easily accomplished by
superposing n unit hydrograph with each graph separated from the
previous on by D-h.

SUPERPOSITION METHOD

Figure 4.6 Method of superposition

EXAMPLE 4.2

Table 4.3, shows the 2h-UH for Sibu area. Estimate the ordinate 12h-
UH by using superposition method. 

SUPERPOSITION METHOD : PROBLEM SOLVING

TIME 0 2 4 6 8 10 12 14 16 18 20

UH-2hr
(m³/s) 0 30 90 140 180 150 110 70 40 10 0

TABLE 4.3
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SUPERPOSITION METHOD : PROBLEM SOLVING

TIME UH 2H (m³/s)
LAGGED BY

2H

DIRECT
FLOW
(m³/s)

UH 4h
(m³/s)

C1 C2 C3 C4 = C2+C3 C5 = C5*(2H/4H)

0 0 - 0 0

2 30 0 30 15

4 90 30 120 60

6 140 90 230 115

8 180 140 320 160

10 150 180 330 165

12 110 150 260 130

14 70 110 180 90

16 40 70 110 55

18 10 40 50 25

20 0 10 10 5

22 0 0 0 0

Total Q
(m³/s)

820 820

88
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TIME (hour) UH-3H (m³/s)

0 0

3 10

6 30

9 60

12 90

18 120

21 100

24 60

27 20

30 0
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Table below shows ordinate of 6 hour unit hydrograph. By using
superposition method, calculate the ordinates of 18 hour unit
hydrograph for the same catchment.

SUPERPOSITION METHOD : PROBLEM SOLVING

Table below, shows the 3h-UH from a catchment with the following
ordinates. Estimate the ordinate 6h-UH by using superposition
method. 

TIME 0 6 12 18 24 30 36 42 48 54 60 66

UH-6hr
(m³/s) 0 20 60 150 120 90 66 50 32 20 10 0
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EXAMPLE 4.3

Table 4.4 shows the ordinate of 2h-UH for Bintulu area. Estimate the
ordinate UH-4h by using the S-curve method.

TIME 0 2 4 6 8 10 12 14 16 18 20

UH-2hr
(m³/s) 0 30 90 140 180 150 110 70 40 10 0

90

Also known as S-Hydrograph. It was produced by continuous effective
rainfall at a constant rate for infinite period. 

S-Curve was produced by summation of infinite series of D-h UH
spaced D-h apart. It involves continually lagging D-h unit hydrograph
by its duration and adding the ordinates.

S-CURVE METHOD

Figure 4.7 S-Hydrograph

TABLE 4.4

S CURVE METHOD : PROBLEM SOLVING
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S CURVE METHOD : PROBLEM SOLVING

TIME
UH 2H
(m³/s)

S-Curve 
(m³/s)

S-Curve
Offset
(m³/s)

Difference
of S-Curve

(m³/s)

UH 4h
(m³/s)

C1 C2 C3 C4 C5 = C3-C4 C6 = C5*2H/4H

0 0 0 - 0 0

2 30 30 - 30 15

4 90 120 0 120 60

6 140 260 30 230 115

8 180 440 120 320 160

10 150 590 260 330 165

12 110 700 440 260 130

14 70 770 590 180 90

16 40 810 700 110 55

18 10 820 770 50 25

20 0 820 810 10 5

22 0 820 820 0 0

24 0 850 820 0 0

Total Q
(m³/s)

820 820

91
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TIME (hour) UH-2H (m³/s)

0 0

2 40

4 80

6 100

8 120

10 140

12 120

14 80

16 60

18 40

20 0
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The daily stream flow data for a particular catchment having an area
of 1200 km² are given in Table 4.5. Calculate:

Direct runoff (using Simple straight lines method. Assume the
base flow is 90m³/s )
Ordinate of UH-6h

S-CURVE METHOD : PROBLEM SOLVING

Table below shows the ordinate of 2h-UH for Bintulu area. Estimate
the ordinate UH-6h by using the S-curve method.

TIME 0 6 12 18 24 30 36 42 48 54 60

Discharge
(m³/s) 90 100 400 800 1000 700 500 300 200 100 90

TABLE 4.5
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Streamflow or discharge, is the volume of water that moves over a
designated point over a fixed of time. It is often expressed as cubic
meter per second (m³/S).

The flow of a stream is directly related to the amount of water moving
off the watershed into the stream channel. It is affected by weather,
increasing during rainstorms and decreasing during dry periods. It
also changes during different seasons of the year, decreasing during
the summer months when evaporation rates are high and shoreline
vegetation is actively growing and removing water from the ground

DEFINITION OF STORMWATER

In Malaysia, the traditional approach widely practiced to manage
storm water design where allow developers to put in drains where
appropriate. The engineers is only to determine drain size to comply
with drainage system. 

Urban drainage practice is based on 1975 DID Urban Drainage Design
Manual, “Planning and Design Procedure No 1:Urban Drainage Design
Standard For Peninsular Malaysia”. Rapid disposal approach as
adopted in this manual has led to increase in the occurance of flash
floods as a result of increase in surface runoff, peak discharge, shorter
flow duration and others. If the country continues to urbanize, the
flood problem continue to increase. 

Due to this problem, Department of Irrigation and Drainage (DID) is
taking a proactive step by introducing New Urban Drainage Manual
known as Storm Water management manual for Malaysia. Effective
from January 2011, all new development in Malaysia must comply
with this new guideline which control storm water from the aspect of
quantity and quality runoff to achieve zero development impact
contribution.

PAST DRAINAGE ISSUE
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MSMA 1st edition which was published in 2000 had include all the
latest standard and practices, technologies, best engineering practices
during that time. After 10 years of time lapse, new standard and
practices, and technologies has evolve thus required new upgraded
guideline. This improved version has been published by DID in MSMA
2nd Edition.

The MSMA 2nd Edition is developed through contributions from the
Government as well as private sectors and experts. The manual has
been simplified and updated to serve as a source of information and
to provide guidance to the latest storm water best management
practices (BMP’S).

MSMA 2nd EDITION

The objectives of MSMA including to:

Ensure the safety of the public
Control nuisance flooding and provide for the safe passage of less
frequent and larger flood events.
Stabilize the landform and control erosion.
Optimize the land available for urban development
Minimize the environmental impact of urban runoff on water
quality
Enhance the urban landscape.
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MSMA 2nd EDITION

Figure 5.1 MSMA 2nd edition published by DID



05

99

MSMA 1st edition which was published in 2000 had include all the
latest standard and practices, technologies, best engineering practices
during that time. After 10 years of time lapse, new standard and
practices, and technologies has evolve thus required new upgraded
guideline. This improved version has been published by DID in MSMA
2nd Edition.

The MSMA 2nd Edition is developed through contributions from the
Government as well as private sectors and experts. The manual has
been simplified and updated to serve as a source of information and
to provide guidance to the latest storm water best management
practices (BMP’S).

MSMA 2nd EDITION

An Annual Recurrence Interval (ARI) is an average number of
years that is predicted will past before event of given magnitude..
For example, a 50 years ARI event would on an average happen
every 50 years.

Design storm ARIs to be adopted for the planning and design of
minor and major storm runoff quantity systems must follow
requirement in Table 5.1. 

STORMWATER QUANTITY DESIGN CRITERIA

D E S I G N  S T O R M  A R I
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Table 5.1 Design ARI based on type of development

100

The minor system is designed to collect, control and convey runoff
from buildings, infrastructures and utilities in relatively frequent
storm events to minimise inconvenience and nuisance flooding.
Normally it is designed up to 10 year ARI. During any event larger
than the minor storm ARI, the higher runoff will overspill the minor
drainage components.

As it is designed generally up to 100 year ARI, the major system is
intended to safely convey and control runoff collected by the minor
drainage system together. Its possible overspill will flow to the
larger downstream systems and nearby water bodies. The major
system must protect the community from the consequences of large
and reasonably rare storm events, which could cause severe
property damage and injury or loss of life.

STORMWATER QUANTITY DESIGN CRITERIA
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Runoff quantity control for any type of development (proposed
development, new development and redevelopment) must obey
the following CRITERIA:

P E A K  D I S C H A R G E  C O N T R O L

“Post development peak flow of any ARI at the project
outlet must be less than or equal to the pre-
development peak flow of the corresponding ARI
(Qpost ≤ Qpre)”.

Department of Irrigation and Drainage (DID), Malaysia

N E W  D E V E L O P M E N T

Defined as the conversion of natural or rural areas into urban,
industrial infrastructure and/or utility development.

Defined as the renewal and reconstruction of an existing residential,
commercial, industrial or infrastructure areas. The degree of runoff
control required will depend on the scale of the development and the
net increase in impervious area.

The post-development peak flow from the outlet point(s) of the site to
the downstream drainage system shall not exceed the corresponding
ARI pre-development flow for both the minor and major system design
storm ARIs. Pre-development peak flow shall be the estimated flow
from the site based on known or estimated catchment conditions prior
to the new development.

R E D E V E L O P M E N T

STORMWATER QUANTITY DESIGN CRITERIA



05

102

Storage facilities are the core elements of achieving the major
storm water quantity control criteria. Its achievable with proper
locating and sizing of the storage facilities. 

S T O R A G E  F A C I L I T I E S

Figure 5.2 Runoff Quantity Control Post Development and Pre Development

Figure 5.3 On-site Detention Pond

STORMWATER QUANTITY DESIGN CRITERIA
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S T O R A G E  F A C I L I T I E S

103

Storage facilities can be divided into two categories:

Above ground:
can be located at roof
top, lawns, garden,
car park and
driveways

Below ground:
tanks and pipe
package

Combination:
combination of below
ground storage and
above ground storage

Dry type and Wet type

Criteria of pond to be
considered:

Degree of reduction
of flows from the
catchment.
water depth in the
pond
pond empty time

STORMWATER QUANTITY DESIGN CRITERIA
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P R O P E R T Y  D R A I N A G E

System which transfer runoff from roofs, paved areas and other
surfaces to a suitable outlet. The systems involves gutter,
downpipes, drains, pipes, swales and treatment facilities.

Effective pavement drainage is essential to the maintenance of
road service level and to traffic safety. The potential for
hydroplanning at a high speed as well as the potential for
vehicles to float or be washed off road at lower speeds must be
considered in designing pavement drainage.

Designing open drain and swales should considered space
availability, site suitability, and environment conditions.

P A V E M E N T  D R A I N A G E

O P E N  D R A I N  A N D  S W A L E S

STORMWATER QUANTITY DESIGN CRITERIA

Storm water conveyance systems must be planned, analysed and
designed in order to provide acceptable level of safety for the
general public and protection for private and public property

C O N V E Y A N C E  F A C I L I T I E S
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STORMWATER QUALITY DESIGN CRITERIA

Storm water quality control facilities must be planned, analysed
and designed for all type of development based on the following
criteria:

Table 5.2 Quality control design criteria

The function of temporary Best Management Practice (BMP’s) is
to minimize erosion and soil delivery away from the developing
or construction site as a result of land clearing and grading or
other land-disturbing activities.

RAINFALL ESTIMATION

Rainfall data and characteristics are the important attributes in
studying and designing storm water infrastructure. Adequacy
and significant of the rainfall data is a pre-requisite for
designing urban water and storm water management projects. 
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T I M E  O F  C O N C E N T R A T I O N

RAINFALL ESTIMATION

Time of Concentration (tc) is the travel time of runoff flows from
the upstream in the contributing catchment area to the point
under consideration downstream. Time of concentration is very
important in storm water drainage design as it is directly related
to peak flow rate.

tc can be obtain using the following formula:

where,

tc  = Time of concentration (min)
to  = Time of the overland flow time (min)
tg  = Time of travel in street gutter (min)

tc can also be obtain using the formula 23 in designing storm
water drainage:

where,

tc  = Time of concentration (min)
to  = Time of the overland flow time (min)
td = Time of travel in roadsides swales, drain,       
channel and small streams (min)
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RAINFALL ESTIMATION

The value of to and tg or td can be obtained using formula in the
table 5.3

Table 5.3 Equation to estimate Time of Concentration

Calculation of tc is subject to the catchment properties such as
length, slope and roughness of the drainage path. Typical value
of Horton’s Value can be obtained from table 5.4.

Table 5.4 Value of Horton’s roughness n*

Note that travel path using drain flow, hydraulic radius and
drain slope must be obtain first. Equation for hydraulic radius
based on drain shape, and manning’s coefficient can be referred
in table 5.5 and table 5.6 respectively.

(QUDM, 2007)

(QUDM, 2007)
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RAINFALL ESTIMATION

Table 5.5 Hydraulic radius for different shape of drain

Table 5.6 Value of Manning’s roughness Coefficient (n)
(Chow, 1959; DID, 2000; and French, 1985)
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E M P I R I C A L  I D F  C U R V E

RAINFALL ESTIMATION

Empirical equation can be used to minimise error in estimating
the rainfall intensity values for the IDF curve. It is expressed
as:

where,

i   = Average rainfall intensity (mm/hr)
T  = Average recurrence interval (ARI)
d  = Storm duration (hour)
                  = Fitting constant (refer Appendix A-1
and A-2)

P E A K  D I S C H A R G E  E S T I M A T I O N

Peak runoff discharge can be estimate using two different
method:

R A T I O N A L  M E T H O D T I M E - A R E A
H Y D R O G R A P H  M E T H O D

P E A K  D I S C H A R G E
E S T I M A T I O N
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The Rational Method is the most frequently used technique for
runoff peak estimation in Malaysia and many parts of the
world. It gives satisfactory results for small drainage
catchments and is expressed as:

where,
Q        = Peak flow (m³/s);
C         = Runoff coefficient (Table 5.7);
i          = Average rainfall intensity (mm/hr); and
A         = Drainage area (ha).

RATIONAL METHOD

Table 5.7 Recommended runoff coefficient for various landuse
(DID, 1980; Chow et. al., 1988; QUDM, 2007; and Darwin Harbour, 2009)



05

26

RATIONAL METHOD
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Segment of different land use within a sub-catchment can be
combined to produce an average runoff coefficient. For
example, if a sub-catchment consist of segments with different
landuse denoted by i= 1,2,...,n; the average coefficient is
estimated by the following equation:

R U N O F F  C O E F F I C I E N T  F O R
M I X E D  D E V E L O P M E N T

where,

Cavg  = Average runoff coefficient;
Ci       = Runoff coefficient for segment i;
Aj       = Area of segment i (ha); and 
n        = total number of segments

A S S U M P T I O N S

Assumptions used in the Rational Method are as follows:

The peak discharge occurs when the entire catchment is
contributing to the flow;
The rainfall intensity is uniform over the entire catchment
area; and
The rainfall intensity is uniform over a time duration equal
to the time of concentration; tc.
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C A L C U L A T I O N  S T E P S

Select design ARI for the catchment

Divide sub-catchment into segment of
similar land use or surface slope

Estimate overland flow time
Estimate flow times for all other flow
components.
Use equation from table 5.3

Calculate i for design ARI and d is equal
to time of concentration in hour.
Fitting constant can be obtained from
Appendix A-1 and A-2

Estimate C value for each segment if
there were any different in landuse from
table 5.7

Estimate Cavg value for the catchment
by using equation 26

Calculate peak flow using equation 25
and all the attribute obtain from the
above step.



EXAMPLE 5.1

05

Data Sub catchment A Sub catchment B

Drainage system Minor Major

Land use 
(Develop

  area) (ha)

Bungalow
  – 10.7 ha

Commercial
  – 25 ha

Land use
  (Undeveloped area)

(ha)

Average
  grass surface – 3.2

ha

Poor
  grass surface –

4.96 ha

Length of overland
  flow (m) 

20.3 53.2

Land slope (%) 2.8 3.9

Length of drain
  (m)

255 350

Drain slope (m/m) 4/255 5/350

Sub-Catchment Type of Development
Drainange

System
Minimum

(year)

A Bungalow Minor  5

B Commercial Major 100

From the data below, estimate peak discharge for catchment area at
Ampang using smooth lined drain 500 mm depth and 600 mm width.

113

Solution

STEP 1: Select design ARI from Table 5.1
Based on type of development and drainage system, minimum year of
ARI can be obtained from table 5.1.

b = 0.6m

0.5m

RATIONAL METHOD : PROBLEM SOLVING
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RATIONAL METHOD

TABLE 5.1 Design ARI based on type of development
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STEP 2: Discretise Sub-Catchment
This question already discretise the whole catchment into two sub-
catchment.  

Sub-Catchment Type of Development Drainange System

A Bungalow Minor  

B Commercial Major
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SUB-CATCHMENT
LENGTH OF OVELAND

FLOW (m)
LAND SLOPE

(%)
n* tₒ (min)

A 20.3 2.8 0.045 10.688

B 53.2 3.9 0.035 10.727

RATIONAL METHOD
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STEP 3: Estimate Time of Concentration, tc

Using equation 23:

Estimate Overland flow Time; tₒ1.
 
From table 5.3, equation for tₒ as follow

From Table 5.4: Values of Horton’s Roughness; n*.

tₒ for Sub catchment A,

tₒ = 10.688 minutes

tₒ for Sub catchment B,

tₒ = 10.727 minutes

2. Estimate Drain flow Time; td
 
From table 5.3, equation for td as follow
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SUB-CATCHMENT
LENGTH OF

DRAINAGE (m)
DRAIN SLOPE n td (min)

A 255 4/255 0.015 1.536

B 350 5/350 0.015 2.253

Drain size: 500 mm depth x 600 mm width
 
Drain Area; A = (0.5 x 0.6) m²
                          = 0.3 m²
 
Drain Wetted Parameter; P 
= [0.6 + 2(0.5)] m
= [0.6 + 1.0] m
= 1.6 m
 
Hydraulics Radius; R = A/P
 = 0.3/1.6
 = 0.188 m

RATIONAL METHOD
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From Table 5.6: Values of Manning’s Roughness Coefficient; n.

Note: Using smooth lined drain.

b = 0.6m

y = 0.5m

td for Sub catchment A,

tₒ = 1.536 minutes

td for Sub catchment B,

tₒ = 2.253 minutes 
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SUBCATCHMENT tₒ (min) td (min) tc (min)

A 10.688 1.536 12.224

B 10.727 2.253 12.980

STEP 4: Determine Average Rainfall Intensity, i

To calculate i, we must have design ARI and duration; d (time of
concentration), and fitting constant from IDF data for
corresponding location.

Study location   = Ampang, Selangor
Rainfall Station = JPS Ampang 
ARI, T                  = High ARI for both sub catchment (5 and 100y)

Thus appendix A1 to be referred.

RATIONAL METHOD
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Therefore;
By using equation 23, tc for this question are as follows: 

(Note: Take the shortest tc to consider d value as it give higher peak
flow. Drainage system must be designed using maximum peak flow
to avoid under-design.)

Thus, Time of Concentration, tc = 12.224 min
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CONSTANTS VALUE

λ 65.809

K 0.148

ϴ 0.156

ղ 0.837

24

tc = 12.224 min
d = 12.980 /60
   = 0.204 hr 

Therefore,

RATIONAL METHOD

118

By using equation 24, rainfall intensity can be calculated

i = 306.12 mm/hr
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TYPE OF DEVELOPMENT AREA (ha) RUNOFF COEFF;

DEVELOPED AREA 10.7 0.65

UNDEVELOPED AREA 3.2 0.40

RATIONAL METHOD
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STEP 5: Estimate runoff coefficient, c

Obtain runoff coefficient for each sub-catchment from Table 5.7:
Recommended Runoff Coefficients for Various Land uses; C.

Sub-Catchment A

Sub-Catchment B

TYPE OF DEVELOPMENT AREA (ha) RUNOFF COEFF;

DEVELOPED AREA 25 0.95

UNDEVELOPED AREA 4.96 0.60

STEP 6: Calculate average runoff coefficient, Cavg

Obtain average runoff coefficient by using equation 26

26
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RATIONAL METHOD
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STEP 6: Calculate average runoff coefficient, Cavg

Obtain average runoff coefficient by using equation 26

Sub-Catchment A

C average = 0.592

Sub-Catchment B

C average = 0.892

STEP 7: Calculate peak flow rate for Q 

Obtain peak flow rate by using equation 25

25
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 Q          = 29.72 m³/s

RATIONAL METHOD

121

= [0.592 x 13.900] + [0.892 x 29.960] m²
= [8.229 + 26.724] m² 
= 34.953 m²

Intensity; i = 306.12 mm/hr

Thus, peak discharge is



EXAMPLE 5.2
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LENGTH OF OVELAND FLOW
(m)

LAND SLOPE (%) n* tₒ (min)

100 1 0.035 17.38

One commercial area with 10 hectares is developed in Ladang
Kekayaan at Johor. Major drainage system is built to avoid flood using
concrete rough finish lined drain. Assume that length of overland flow
is 100 m, length of drain is 350m with drain slope 5/350 and hydraulic
radius 0.1875. Average land slope for that area is 1% and land use for
undeveloped area is 3 hectares with poor grass surface.

a) Calculate time of concentration, tc
b) Calculate peak discharge for the catchment area, Qp
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Solution

RATIONAL METHOD

a) Calculate time of concentration, tc

Estimate Overland flow Time; tₒ1.
 
From table 5.3, equation for tₒ as follow

From Table 5.4: Values of Horton’s Roughness; n*.

tₒ = 17.38 minutes
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LENGTH OF DRAINAGE
(m)

DRAIN SLOPE n R td (min)

350 5/350 0.018 0.1875 2.70

123

RATIONAL METHOD

2. Estimate Drain flow Time; td
 
From table 5.3, equation for td as follow

From Table 5.6: Values of Manning’s Roughness Coefficient; n.

Note: Using concrete rough finish drain.

td = 2.70 minutes

Using equation 23, 

23

tc = 17.38 + 2.70
    = 20.08 min

b) Calculate peak discharge, Qp

Obtain peak flow rate by using equation 25

25
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TYPE OF DEVELOPMENT AREA (ha) RUNOFF COEFF;

DEVELOPED AREA
(Commercial)

10 0.95

UNDEVELOPED AREA
(Grass Cover)

3 0.50

124

RATIONAL METHOD

Calculate average runoff coefficient, Cavg

Obtain average runoff coefficient by using equation 26

C average = 0.846

(Note: Major drainage system)

              Determine Average Rainfall Intensity, i

To calculate i, we must have design ARI and duration; d (time of
concentration), and fitting constant from IDF data for
corresponding location.

Study location   = Ladang Kekayaan, Johor
Rainfall Station = Ladang Kekayaan

To obtain fitting constant, ARI must first be assumed.
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RATIONAL METHOD

Based on type of development and drainage system, minimum year of
ARI can be obtained from table 5.1.

ARI can be assumed as 100 years

By using appendix A-1, fitting constant for Ladang Kekayaan, Johor
are as follow:
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CONSTANTS VALUE

λ 53.457

K 0.180

ϴ 0.094

ղ 0.735

24

tc = 20.08 min
d = 20.08 /60
   = 0.33 hr 

Therefore,

 Q = 4.92 m³/s

126

RATIONAL METHOD

By using equation 24, rainfall intensity can be calculated

i = 230.19 mm/hr

Thus, peak discharge is



TUTORIAL

Table below, shows the catchment data for an urban area in Alor
Setar. A 0.35 m depth and 0.60 m width concrete smooth finish lined
drain will be built in that area to accommodate the stormwater for 20
years Average Recurrence Interval (ARI).

RATIONAL METHOD
05
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Data Sub catchment A Sub catchment B

Drainage system Major Minor

Land use 
(Develop

  area) (ha)

Commercial
  25 ha

Apartment
  25 ha

Land use
  (Undeveloped area)

(ha)

Average
  grass surface

75

Bare Soil
10.22

Length of overland
  flow (m) 

45 52

Land slope (%) 3.5 12.9

Length of drain
  (m)

80 127

Drain slope (m/m) 5/350 3/450

An area located at Kuala Krai, Kelantan has a data as shown in Table
5.8. A concrete rectangular channel with a rough finishing of 500mm
depth and 400mm width is placed in that area to accommodate the
stormwater discharge for sub-catchment A and sub-catchment B. By
using rainfall data from JPS Kuala Krai Rainfall Station:

a) Determine the time of concentration, tc
b) Calculate peak discharge, Qp generate from a major system.
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RATIONAL METHOD
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Data Sub catchment A Sub catchment B

Drainage system Major Major

Land use 
(Develop

  area) (ha)

Business Centre
  23.8

Apartment
  15.45

Land use
  (Undeveloped area)

(ha)

Average
  Grassed cover

7.11

Bare Soil
6.96

Length of overland
  flow (m) 

70.6 82.9

Land slope (%) 2.8 12.9

Length of drain
  (m)

285 730

Drain slope 0.03 0.07

TABLE 5.8

Commercial development of 30 hectares in Bukit Bentong, Pahang is
proposed to be developed. The undeveloped area is 5 hectares with
poorly  grassed. The post-development time of concentration, tc at the
development outlet is estimated to be 18.70 minutes and Average
Runoff Coefficient, C is 0.8286. Determine the peak flow of rectangular
drain to accomodate a 10 year ARI minor system design.



05

129

This method assumes that the discharge hydrograph for any
storm is characterised by separable sub-catchment translation
and storage effects. Pure translation of the direct runoff to the
outlet via the drainage network is described using the drainage
travel time, resulting in an discharge hydrograph that ignores
storage effects.

To apply this method, a few step can be followed as listed:

TIME-AREA HYDROGRAPH METHOD

S T E P  1

Divide catchment into a number of isochrones or lines of equal
travel time to the outlet as Figure 5.3

Figure 5.3 Catchment Isochrones 

S T E P  2

Determine the areas between isochrones and plot the value
against travel time to outlet as shown in figure 5.4

Figure 5.4 Time Area Curve
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TIME-AREA HYDROGRAPH METHOD

S T E P  3

Determine the translated inflow hydrograph ordinates qi  for
any selected design hyetograph as Figure 5.3

Figure 5.5 Runoff Hydrograph

S T E P  4

Apply each block of storm (after deducting losses) as in Figure
5.6, the runoff from each sub-area reaches the outflow at
lagged intervals defined by the time-area histogram.

Figure 5.6 Time Area Curve
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The simultaneous arrival of the runoff from areas A1, A2,… for
storm I1, I2,… should be determined by properly lagging and
adding contributions or generally expressed as:

TIME-AREA HYDROGRAPH METHOD

where,

qⱼ   = Flow hydrograph ordinates (m³/s);
Iⱼ    = Rainfall excess hyetograph ordinates (m/s);
Aⱼ   = Time-area histogram ordinates (m²); and
j     = Number of isochrone contributing to the outlet.

As an example for j = 3, the runoff from storms I1 on A3, I2 on
A2 and I3 on A1 arrive at the outlet simultaneously, and q3 is the
total flow. The inflow hydrograph (Figure 5.5) at the outlet can
be obtained using Equation 27.

RAINFALL EXCESS
To calculate the rainfall excess (RE), total Rainfall must be
deducted by losses, initial or continuous, which will result in the
surface runoff hydrograph. The rainfall losses can be assumed
constant (for simplicity) or decaying (to be more practical), as
shown in Figure 5.7. The parameter values are given in Table
5.9.

Figure 5.7 Initial and continuous Loss Concept for Runoff Estimation
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Table 5.9 Recommended Loss Values

RAINFALL EXCESS



EXAMPLE 5.3

05

Using the Time-Area Hydrograph Method calculate a 20 year ARI
runoff hydrograph from a 97 hectare mixed urban area located in
Wangsa Maju, Kuala Lumpur. The study area is show in Figure 5.8.
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Solution

STEP 1: Calculate Total Rainfall
Based on rainfall data of 20 year ARI and 30 minutes duration at
station Ibu Pejabat JPS, Kuala Lumpur in Table 5.8, calculate rainfall
intensity; i using equation 24

TIME-AREA HYDROGRAPH METHOD
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CONSTANTS VALUE

λ 61.976

K 0.145

ϴ 0.122

ղ 0.818
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TIME-AREA HYDROGRAPH METHOD

Study location = Wangsa Maju, Kuala Lumpur
Rainfall Station = Ibu Pejabat JPS, Kuala Lumpur
ARI = 20 years

From Appendix A-1

(Note: Take the major system for ARI - T)
tc = 30 minutes

Storm Duration; d  = (tc / 60) hour
                                   = 30/60
                                   = 0.50 hr

Thus, intensity is equal to

i = 141.137 mm/hr

Intensity; i = 141.137 mm/hr
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TIME-AREA HYDROGRAPH METHOD

Therefore;

Total Rainfall  = 141.137 mm/hr x (30/60) hr
                           = 70.569 mm

TABLE A-1 : Fitting constant for the IDF empirical equation for different
location in Malaysia for High ARIs (2 - 100 years) Storm Duration (5 min - 72

hours)
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TIME-AREA HYDROGRAPH METHOD

STEP 2: Calculate Rainfall Temporal Pattern - Appendix A-3:
Normalised Design Rainfall Temporal Pattern

Based on rainfall data, rainfall temporal pattern is obtained from
fraction for 30 minutes storm duration in Appendix A-3 as follows:

Rainfall Temporal Pattern = Fraction x Total Rainfall

  0 - 5     : 0.097 x 70.569 = 6.845
  5 - 10   : 0.161 x 70.569 = 11.362
  10 - 15 : 0.400 x 70.569 = 28.228
  15 - 20 : 0.164 x 70.569 = 11.573
  20 - 25 : 0.106 x 70.569 = 7.480
  25 -30  : 0.072 x 70.569 = 5.081
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No.of Block

30-Min
Storm

Duration 
Fraction 

Total
Rainfall
(mm) 

Rainfall Temporal Pattern
(mm) 

1 0 - 5 0.097 70.569 6.845

2 5 - 10 0.161 70.569 11.362

3 10 - 15 0.400 70.569 28.228

4 15 - 20 0.164 70.569 11.573

5 20 - 25 0.106 70.569 7.480

6 25 - 30 0.072 70.569 5.081

30-Min Storm Duration Initial Losses (mm)

0 - 5 3.5

5 - 10 3.0

10 - 15 2.5

15 - 20 2.0

20 - 25 1.5

25 - 30 1.0
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TIME-AREA HYDROGRAPH METHOD

STEP 3: Assume The Losses

Using Table 5.9 to assume the losses, in decay form, as follows:
Given Initial Loss (mm):
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30-Min Storm
Duration

Time (min)
Rainfall

Temporal
Pattern (mm)

Initial Losses
(mm)

Rainfall
Excess (mm)

0 - 5 5 6.845 3.5 3.345

5 - 10 10 11.362 3.0 8.362

10 - 15 15 28.228 2.5 25.728

15 - 20 20 11.573 2.0 9.573

20 - 25 25 7.480 1.5 5.980

25 - 30 30 5.081 1.0 4.081
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TIME-AREA HYDROGRAPH METHOD

STEP 4: Calculate Rainfall Excess For 20 Years ARI Design Rainfall

Rainfall Excess = Rainfall Temporal Pattern - Losses 

STEP 5: Estimate Area Between Isochrones Using AutoCAD

ID
30-Min Storm

Duration
Area (m²)

A₁ 0 - 5 44 449

A₂ 5 - 10 49 304

A₃ 10 - 15 229 404

A₄ 15 - 20 213 852

A₅ 20 - 25 160 342

A₆ 25 - 30 45 306

Given Areas between the Isochrones:
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30-Min Storm
Duration

Time (min)
Rainfall

Temporal
Pattern (mm)

Initial Losses
(mm)

Rainfall
Excess (mm)

0 - 5 5 6.845 3.5 3.345

5 - 10 10 11.362 3.0 8.362

10 - 15 15 28.228 2.5 25.728

15 - 20 20 11.573 2.0 9.573

20 - 25 25 7.480 1.5 5.980

25 - 30 30 5.081 1.0 4.081
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TIME-AREA HYDROGRAPH METHOD

STEP 4: Calculate Rainfall Excess For 20 Years ARI Design Rainfall

Rainfall Excess = Rainfall Temporal Pattern - Losses 

STEP 5: Estimate Area Between Isochrones Using AutoCAD

ID
30-Min Storm

Duration
Area (m²)

A₁ 0 - 5 44 449

A₂ 5 - 10 49 304

A₃ 10 - 15 229 404

A₄ 15 - 20 213 852

A₅ 20 - 25 160 342

A₆ 25 - 30 45 306

Given Areas between the Isochrones:
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TIME-AREA HYDROGRAPH METHOD

STEP 6: Calculate Hydrograph Ordinate

= 0.496 m³/s

STEP 7: Identify The Peak Discharge

List of answer in table 5.10.

From the Table 5.10: Time-Area Hydrograph Method, the peak discharge
is 32.820 m³/s
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TIME-AREA HYDROGRAPH METHOD
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EXAMPLE 5.4

05

A semi-detached houses will be developed at Taman Cempaka, Ipoh.
The area for each isochrones as tabulated in table below. By assuming
that loss of the catchment is 2.0mm and time of concentration, tc is 30
minutes and ARI rainfall  is 5 years, estimate the peak discharge by
using rainfall data from Politeknik Ungku Omar rainfall station. Given
total rainfall is 112.63 mm
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TIME-AREA HYDROGRAPH METHOD

ISOCHRONES AREA (m²)

0 - 5 0.0562

5 - 10 0.0924

 10 - 15 0.3292

15 - 20 0.2233

20 - 25 0.1694

> 25 0.0456
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Total rainfall = 112.63 mm

Rainfall temporal pattern (refer Appendix A-3)
0 - 5     : 0.158 x 112.63 = 17.80mm
5 - 10   : 0.161 x 112.63 = 18.13mm
10 - 15 : 0.210 x 112.63 = 23.65mm
15 - 20 : 0.173 x 112.63 = 19.48mm
20 - 25 : 0.158 x 112.63 = 17.80mm
25 - 30 : 0.141 x 112.63 = 15.88mm

Losses = 2.0mm
Rainfall Excess
0 - 5     : 17.80 - 2 =15.80mm
5 - 10   : 18.13 - 2 = 16.13mm
10 - 15 : 23.65 - 2 = 21.65mm
15 - 20 : 19.48 - 2 = 17.48mm
20 - 25 : 17.80 - 2 =15.80mm
25 - 30 : 15.88 - 2 = 13.88mm

Hydrograph (m³/s)

= 2.96 m³/s

143

Solution

TIME-AREA HYDROGRAPH METHOD
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TUTORIAL

A bungalow houses will be developed at Taman Maluri, Kuala
Lumpur. The area for each isochrones as tabulated in Table B4,
estimate the peak discharge of 20 years ARI rainfall for that catchment
with assuming losses for that catchment is 2.5 mm and time of
concentration, tc is 30 minutes.

RATIONAL METHOD
05

145

Isochrones Area (m²) Time (min)
Total rainfall

(mm)

0 - 5 44 449 5 7.73

5 - 10 49 304 10 12.83

10 - 15 229 404 15 31.87

15 - 20 213 852 20 13.07

20 - 25 160 342 25 8.45

25 - 30 45 306 30 5.74

Table below shows the data for a catchment in Kuala Selangor,
Selangor. Calculate peak discharge by using Time Area Hydrograph
method for the catchment.

Area (m²) Time (min) Rainfall Excess (mm)

0 0 0

67307.14 5 7.73

120086.51 10 12.83

347376.24 15 31.87

323826.54 20 13.07

242798.73 25 8.45

68604.84 30 5.74



Completing this publication has been a significant challenge for the

authors, who have dedicated considerable effort to making the book

interactive, informative, and beneficial for both students and

educators.

We would greatly appreciate it if you could take a few moments to

provide your feedback. 

Your input would be a valuable acknowledgment of their hard work.
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APPENDIXAPPENDIXAPPENDIX A-1A-1A-1
TABLE A-1 : Fitting constant for the IDF empirical equation for different location in

Malaysia for High ARIs (2 - 100 years) Storm Duration (5 min - 72 hours)

Source : Department of Irrigation and Drainage
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Source : Department of Irrigation and Drainage

TABLE A-1 : Fitting constant for the IDF empirical equation for different location in
Malaysia for High ARIs (2 - 100 years) Storm Duration (5 min - 72 hours)
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Source : Department of Irrigation and Drainage

TABLE A-1 : Fitting constant for the IDF empirical equation for different location in
Malaysia for High ARIs (2 - 100 years) Storm Duration (5 min - 72 hours)

ix



06-3376059 Politeknik Melaka farhana@polimelaka.edu.my

Source : Department of Irrigation and Drainage

TABLE A-1 : Fitting constant for the IDF empirical equation for different location in
Malaysia for High ARIs (2 - 100 years) Storm Duration (5 min - 72 hours)
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A-2A-2A-2
TABLE A-2: Fitting constant for the IDF empirical equation for different location in

Malaysia for Low ARIs (0.5 - 12 months) Storm Duration (5 min - 72 hours)

Source : Department of Irrigation and Drainage
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Source : Department of Irrigation and Drainage

TABLE A-2: Fitting constant for the IDF empirical equation for different location in
Malaysia for Low ARIs (0.5 - 12 months) Storm Duration (5 min - 72 hours)
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Source : Department of Irrigation and Drainage

TABLE A-2: Fitting constant for the IDF empirical equation for different location in
Malaysia for Low ARIs (0.5 - 12 months) Storm Duration (5 min - 72 hours)
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Source : Department of Irrigation and Drainage

TABLE A-2: Fitting constant for the IDF empirical equation for different location in
Malaysia for Low ARIs (0.5 - 12 months) Storm Duration (5 min - 72 hours)
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A-3A-3A-3
TABLE A-3: Normalised Design Rainfall Temporal Pattern for Region 1 Terengganu

and Kelantan

Source : Department of Irrigation and Drainage

xv



06-3376059 Politeknik Melaka farhana@polimelaka.edu.my

TABLE A-3: Normalised Design Rainfall Temporal Pattern for Region 2 Johor, Negeri
Sembilan, Melaka, Selangor and Pahang

Source : Department of Irrigation and Drainage

xvi



06-3376059 Politeknik Melaka farhana@polimelaka.edu.my

TABLE A-3: Normalised Design Rainfall Temporal Pattern for Region 3 Perak, Kedah,
Pulau Pinang and Perlis

Source : Department of Irrigation and Drainage
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TABLE A-3: Normalised Design Rainfall Temporal Pattern for Region 4 Mountainous
Area

Source : Department of Irrigation and Drainage
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TABLE A-3: Normalised Design Rainfall Temporal Pattern for Region 5 Urban Area
(Kuala Lumpur)

Source : Department of Irrigation and Drainage

xviii
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