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Objective of this course

To understand the following:

 Physical process and quantification of different sub-system of 
the hydrologic cycle.

 Weather hydrology.

 Rainfall-Runoff relation in a catchment.

 Flood routing for flood forecasting and protection 

 Statistical Analysis of Hydrological data



Syllabus

Hydrologic Cycle, Weather and Hydrology,

Precipitation, Evaporation

Evapotranspiration, and Infiltration,

Stream Flow, Rainfall-Runoff Relations,
Hydrographs, Unit Hydrographs,

Hydrologic Routing,

Statistical Methods in Hydrology.



Different Chapters

Chapter Name of Chapters No. of Lectures

1 Hydrologic Cycle 3

2 Weather and Meteorology 2

3 Precipitation 3

4 Evaporation and Evapotranspiration 4

5 Infiltration and Other losses 2

Midterm Examination

6 Rainfall and Runoff Relationship 2

7 Hydrograph 5

8 Flood Routing 2

9 Statistical Methods of Hydrology 2

10 Stream Flow Measurement 2

Final Examination



Lecture Plan
Lecture  1 Introduction, Discuss about class grading.  

Lecture  2 Definition of Hydrology, History,

Hydrologic related works.

Lecture  3 Hydrologic Cycle, Weather Hydrology,

Atmospheric Circulation.

Lecture  4 Front, Storms, Water Vapor, Climate of Bangladesh,

Residence Time.

Class Test – 1

Lecture  5 Water vapor in a static atmospheric column,

Precipitable Water.

Lecture  6 -11 Precipitation

Class Test – 2

Lecture  12 – 14 Evaporation

Lecture  15 – 16 Evapotranspiration



Lecture  17 Initial Loss, Infiltration, Ф – Index

Class Test – 3

MID TERM EXAMINATION

Lecture  18 Runoff

Lecture  19 – 22 Hydrograph

Lecture  23 – 26 Unit Hydrograph

Class Test – 4

Lecture  27 Synthetic Unit Hydrograph

Lecture  28 – 30 Flood Routing

Lecture  31 – 33 Floods

Class Test – 5

Lecture  34 – 35 Stream flow Measurement

Lecture  36 Review Class

FINAL EXAMINATION



Reference Books

Engineering Hydrology Linsley

Applied Hydrology VT Chow

Engineering Hydrology K Subramanya

Introduction to Hydrology Warren Viessman

Hydrology and Water Quality 
Control

Martin Wanielista



Assessment

 Class Assessment 30%

(Attendance : 10, Min. 4 class test : 20)

 Mid Term Examination                20%

 Final Examination 50%  
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Hydrology

Hydrology is a multidisciplinary subject that deals with the 

occurrence, circulation and distribution of waters of the earth.

The study and practice of hydrology aids in explaining and 

quantifying  the occurrence of water on, under and over the earth’s 

surface.

The boundaries between hydrology and other earth sciences such 

as  meteorology, geology, ecology and oceanology are not distinct.



History
• Aristotle : Conversion of moist air into water deep inside the mountains 

as the source of springs and streams.

• Rome : (97AD) Stream flow measurement based on cross – sectional 

area of flow.

• Leonards da Vinci : Proper relationship between area velocity and flow 

rate.

• Perrault (17 century) : Recorded rainfall and surface flow . Relation 

between rainfall and surface flow was published in 1694.

• Halley (1656 – 1742) : Used small pan to estimate evaporation from the

Mediterranean sea.

• 18th Century : Bernoulli’s theorem, the pitot tube and Chezy formula.

• 19th Century : signicant advances in G.W hydrology

 Darcy’s law

 Dupuit Thiem well formula                             



Modern History

• Shereman’s (1932) : Unit hydrograph

• Horton’s (1933) : Infiltration theory

• Theis’s (1935) : Non equilibrium equation in well hydraulics

• Gumbel (1941) : Use of extreme – value distribution for frequency.

analysis of hydrologic data.



Hydrologic related works

• Flood mitigation

• Roadway design

• Irrigation system

• Navigation

• Water supply

• pollution control

• Hydropower development

• Ecological protection



Hydrologic Cycle

The hydrologic cycle is a continuous process by which water is 

transported  from the oceans to the atmosphere to the land and 

back to the sea.

The subsystems are :

• Precipitation

• Evaporation

• Evapotranspiration

• Infiltration

• Overland flow

• Stream flow

• Groundwater flow









Weather hydrology

(Meteorology)

The Atmosphere
1. dry air

• Nitrogen (N2) (78.09%)

• Oxygen (O) (20.95%|)

• Argon (Ar) (0.93%)

• Carbon – dioxide (Co2) (0.03%)

2. water vapor

3. impurities



Hadley Circulation



Atmospheric Circulation



Front

The border between air masses of different temperature, 

pressure and moisture content is called a front.

There are two types of front

• cold front

• warm front





Storms

There are four types major of storms

• Convective storms

• Orographic storms

• Cyclonic storms

• Tropical storms



• Convective storms



• Orographic storms



• Cyclonic storms



Water vapor
The amount of water vapor can be expressed as the pressure that 

vapor would exert in the absence of other gases, and is known as 

vapor pressure

Lapse Rate
The variation of temperature with altitude is known as lapse rate 

(9.80
o 
C/Km)



Relative humidity



Saturated vapor pressure at the ground



Specific humidity at the ground surface

Wind

Movement of air. Measurements of wind are speed and direction. Wind 

speed is important because it can be related to water losses and 

precipitation events. Instrument for measuring wind speed are called 

anemometers.

Temperature

Temperature influences the form of precipitation and the rates of 

evaporation, transpiration and snowmelt.



Temperature
• Maximum temperature : last week of March and of April (30.4

o
C – 36

o 
C)

• Due to monsoon rain temp. : June to October (around 31
o

C – 34
o

C)

• Lowest temp. : November to December (8 – 9
o

C) (minimum 2
o

C)

• temperature ranges : February to March (27 -31
o

C)

Rainfall
Three main sources of rainfall

• the western depression of winter

• The early summer thunderstorms known as Nor’westers

• The summer rains known as monsoons.

Climate of Bangladesh



Fog Mist dew
• November to march

Humidity
• humidity is high throughout the year

• march and April are the least humid months

Winds
• November to February : Wind direction is mostly from north

• March to May : Southerly, south – westerly

• June to September : South, south – easterly, easterly





The Residence Time

The residence time Tr is the average duration for a water 

molecule to pass through 2 subsystem of the hydrologic 

cycle. It is calculated by dividing the volume of water S in 

storage by the flow rate Q.

Tr = S/Q









Example :
Estimate the residence time of global atmospheric  moisture.

Solution :

The volume of atmospheric moisture = 12,900 Km3

The flow rate of moisture from the atmosphere as precipitation = ocean + land

= 458,000 + 119,000

= 577,000 Km3 / yr

Tr = S/Q

= 12,900 / 577,000

= 0.022 yr

= 8.2 days

The very short residence time for moisture in the atmosphere is one reason 

why weather cannot be forecast accurately more than a few days ahead 



Example :

Assuming that all the water in the oceans is 

involved in the hydrologic cycle, calculate 

the average residence time of ocean water



Water vapor in a Static Atmospheric 

Column









Precipitable Water

The amount of moisture in an atmospheric 

column is called its precipitable water.















Precipitation

Precipitation denotes all forms of water that reach the earth from the

atmosphere. The usual forms are rainfall, snowfall, hail, frost and dew.

To form precipitation
There are four conditions that must be present for the production of

precipitation

(i)Atmosphere must have moisture

(ii)Must be sufficient nuclei present to aid condensation

(iii)Weather conditions must be good for condensation of water vapor to

take place

(iv) product of condensation must reach the earth





Different forms of precipitation

Rainfall
Sizes of raindrop 0.5 mm to 6 mm

Type Intensity

Light rain

Moderate rain

Heavy rain

trace to 2.5 mm/h

2.5 mm/h to 7.5 mm/h

>7.5 mm/h



Snow
Density varies from 0.06 to 0.15 gm/ cm

3 
( average density 0.1 gm/ cm

3 
).

Drizzle
Water droplets of size less than 0.5 mm and intensity less than 1 mm/h.

Glaze
When rain or drizzle comes in contact with cold ground at around 0

o
c, the

water drops freeze to form an ice coasting called glaze.

Sleet
When rain falls through air at sub – freezing temperature, the frozen raindrop

called sleet.

Hail
It is a showery precipitation in the form of irregular pellets or lumps of ice of

size more than 8 mm.



Important considerations for setting a 

raingauge
• In a flat surface

• It must be placed near the ground

• Placed in an open space (area of 5.5 m x 5.5 m).

• No obstruction within 30 m.

Types of raingauge
• Non – recording Gauge

• Recording  Gauge 





Recording Gauges

Advantage

• We can identify storm event

• We find intensity of rainfall

• We find storm duration





Weighing – Becket Type

Natural Syphon Type



Raingauge Network
World Meteorological Organization (WMO) recommends the 

following densities.

1. Flat regions : ideal – 1 station for 600 – 900 Km2

acceptable – 1 station for 900 - 3000 Km2

2. Mountains regions : ideal – 1 station for 100 – 250 Km2

acceptable - 1 station for 250 – 1000 Km2

3.     Arid and Polar Zones : 1- station for 1500 – 10,000 Km2















Test for Consistency of Record



Where   Pcx = Corrected precipitation at any time period t1 at station X

Px = original recorded precipitation at time period t1 at station x 

Mc = corrected slope of the double – mass curve

Ma = original slope of the mass curve









Example :
For the following watershed, estimate using three methods the average 

precipitation. The watershed in figure.











Intensity – Duration – Frequency relationship



Mass Curve of Rainfall



Hyetograph



Evaporation

Evaporation is the process in which a liquid changes to the gaseous state at

the free surface, below the boiling point through the transfer of heat energy.

The rate of evaporation is depended on the following :

(i)Vapour Pressure
EL = C (ew – ea)

Where EL = rate of evaporation (mm/day)

C = a constant

ew = the saturation vapour pressure at the water temperature in

mm of mercury

ea = the actual vapour pressure in the air in mm of mercury

This equation is known as Dalton’s law of evaporation after John Dalton (1802)

Who first recognized this law. Evaporation continuous till ew = ea. If ew > ea

Condensation takes place



(ii) Temperature

The rate of evaporation increases with an increase in the water 

temperature.

(iii) Wind
The rate of evaporation increases with the wind speed up to a critical speed 

beyond which any further increase in the wind speed has no influence on 

the evaporation rate.

(iv) Atmospheric Pressure
A decrease in the barometric pressure , as in high altitudes, increases 

evaporation.

(v) Soluble Salts

When a solute is dissolved in water, the vapour pressure of the solution is 

less than that of pure water and hence causes reduction in the rate of 

evaporation. For example, under identical condition evaporation from sea 

water is about 2 – 3% less than the fresh water. 



(vi) Heat Storage in Water Bodies
Deep water bodies have more heat storage than shallow ones.

Evaporimeters
The amount of water evaporated from a water Surface is estimated by the

Following methods :

(i) using evaporimeter

(ii) empirical evaporation equations and

(iii) analytical methods



Types of Evaporimeters

Class A Evaporation Pan



Colorado Sunken Pan



US Geological Survey Floating Pan
Square pan 900 mm side and 450 mm depth supported by drum floats in

the middle of a raft (4.25 m x 4.87 m) is set a float in a lake. The water

level in the pan is kept at the same level as the lake leaving a rim of 75

mm.

Pan Coefficient Cp
Evaporation pan are not exact models of large reservoirs and have the

following principle drawbacks :

1. They differ in the heat storing capacity and heat transfer from the sides

and bottom. The sunken pan and floating pan aim to reduce this

deficiency. As a result of this factor the evaporation from a pan depends

to a certain extent on its size.

2. The height of the rim in an evaporation pan affects the wind action over

the surface.

3. The heat transfer characteristics of the pan material is different from that

of the reservoir.



Thus a coefficient is introduced as 

Lake evaporation = Cp x pan evaporation

In which Cp = pan coefficient. The values of Cp in use for different pans are

given in the following Table 



Evaporation Stations
The WMO recommends the minimum network of evaporimeter stations as

Below.

1. Arid zones – one station for every 30,000 Km2

2. Humid temperate climates – one station for every 50,000 Km2, and

3. Cold regions – one station for every 100,000 Km2.

Empirical evaporation Equations

Meyer’s Formula (1915)

EL = KM (ew – ea) (1 + u9/16)

In which, u9 = monthly mean wind velocity in km/h at bout 9 m above

ground and

KM = coefficient accounting for various other factors with a value of 0.36

for large deep and 0.50 for small shallow waters.



Rohwer’s Formula (1931)

EL = 0.771(1.465 – 0.000732 Pa) (0.44 + 0.0733 uo)(ew – ea)

Pa = mean barometric reading in mm of mercury

Uo = mean wind velocity in km/h at ground level, which can be taken

to be the velocity at 0.6 m height above ground.

The wind velocity can be assumed to follow the 1/7 power law

Uh = C h 1/7

Where, Uh = wind velocity at a height h above the ground and

C = constant.

This equation can be used to determine the velocity at any desired level.



Example : A reservoir with a surface area of 250hectares had the

following average values of parameters during a week : water temperature

= 20
o

C, relative humidity = 40% wind velocity at 1.0 m above ground =

16km/h. Estimate the average daily evaporation from the lake and volume

of water Evaporated from the lake during that one week.

Solution :

ew = 17.54 mm of Hg

ea = 0.40 x 17.54 = 7.02 mm of Hg

u9 = wind velocity at a height of 9.0 m above ground

u1 = 16 km/h             u9 = ?

uh = C (h) 
1/7

uh = C (1) 
1/7

= 16 km/h

u9/u1 = C ((9) 
1/7

) / C ((1) 
1/7

)



u9 = u1 (9) 
1/7

= 16 (9) 
1/7

= 21.9 km/h

By Meyer’s formula 

E = 0.36 (17.54 – 7.02) (1 + 21.9/16)

= 8.97 mm/day

Evaporated volume in 7 days

= 7 x 8.97/1000 x 250 x10000 

= 157,000 m
3



Analytical Methods of Evaporation Estimation
The analytical methods for the determination of Lake evaporation can be

broadly classified into three categories as :

1. Water – budget method.

2. Energy – balance method, and 

3. Mass – transfer method

Water – Budget Method
P + Vis +Vig + = Vos + Vog + EL + Δ S + TL

Where,

P = daily evaporation 

Vis = daily surface inflow into the lake

Vig = daily groundwater inflow

Vos = daily surface outflow from the lake 

Vog = daily surface outflow



EL = daily lake evaporation

Δ S = increase in lake storage in a day

TL = daily transpiration loss



Energy – Budget Method

Hn = Ha + He + Hg + Hs + Hi

Where, Hn = net heat energy received by the water surface

= Hc (1- r)  - Hb

Hc (1 – r) = incoming solar radiation into a surface of reflection

coefficient (albedo) r

Hb = back radiation (long wave) from water body

Ha = sensible heat transfer from water surface to air

He = heat energy used up in evaporation

= ρ L EL where ρ = density of water ,

L = latent heat of evaporation and

EL = evaporation in mm

Hg = heat flux into the ground

Hs = heat stored in water body

Hi = net heat conducted out of the system by water flow (advected 

energy)





Evapotranspiration
Transpiration is the process by which water leaves the body of a living plant

and reaches the atmosphere as water vapor. The water is taken up by the

plant – root system and escapes through the leaves. The important factors

affecting transpiration are: atmospheric vapor pressure, temperature, wind,

light intensity and characteristics of the plant, such as the root and leaf

systems.



Potential Evapotranspiration (PET)
If sufficient moisture is always available to completely meet the needs of

vegetation fully covering the area, the resulting evapotranspiration is called

potential evapotranspiration (PET).

Actual Evapotranspiration (AET)
The real evapotranspiration occurring in a specific situation is called actual

evapotranspiration (AET).

Field Capacity (FC)
Field capacity is the maximum quantity of water that the soil can retained

against gravity at field beyond which it simply drains away.

Permanent Wilting point (PWP)
permanent wilting point is the moisture content of a soil at which the

moisture is no longer available in sufficient quantity to sustain the plants.



If the water supply to the plant is adequate, soil moisture will be at the field

capacity and AET will be equal to PET. If the water supply is less than PET,

the soil dries out and the ratio AET/PET with available moisture depends

upon the type of soil and rate of drying. Generally, for clayey soils, AET/PET

≈ 1.0 for nearly 50% drop in the permanent wilting point, the AET reduces to

zero as shown in figure.

For a catchment in a given period of time, the hydrologic budget can be

written as

P-Rs-Go-Eact = Δ S

Eact = P- Rs-Go ± Δ S

Where P = precipitation, Rs = surface runoff, Go = subsurface outflow,

Eact = actual evapotranspiration (AET) and Δ S = change in the moisture

storage.



Measurement of Evapotranspiration

The measurement of evapotranspiration for a given vegetation type can be

carried out in two ways:

(i) by using Lysimeters or

(ii) by the use of Field plots

Evapotranspiration = precipitation + irrigation input – increase in soil

storage – ground water loss



Evapotranspiration Equations

Penman’s Equation



Where 

Hn = incident solar radiation outside the atmosphere on a horizontal surface, 

expressed in mm of evaporable water per day.

a =a constant depending upon the latitude Φ and is given by a = 0.29 cosΦ

b = a constant with an average value of  0.52 

n = actual duration of a bright sunshine in hours

N = maximum possible hours of bright sunshine

r = reflection co-efficient ( albedo)





















Infiltration
this movement of water through the soil surface is known as infiltration.

Infiltration process



Infiltration Capacity

The infiltration rate at which a given soil at a given time can absorb 

water is defined as the infiltration capacity. It is designed as fc and is 

expressed in units of cm/h. The actual rate of infiltration f can be 

expressed as

f = fc   when i ≥ fc

f = i     when i < fc

Where i = intensity of  rainfall





Measurement of Infiltration

There are two kinds of infiltrometers :

(i) Flooding  - type infiltrometer, and

(ii) Rainfall simulator

(i) Flooding  - type infiltrometer



(ii) Rainfall simulator

Infiltration Capacity values

Horton (1930)  expressed the decay of the infiltration capacity with 

time as

fct = fcf + (fco – fcf) e – Kh t        for  0 ≤ t  ≤ td

Where fct  = infiltration capacity at any time t from start of the

rainfall

fco = initial infiltration capacity at t = 0

fcf =  final steady state value

td =  duration of the rainfall and

kh = constant depending upon the soil characteristics and

vegetation cover



Initial Loss
In the precipitation reaching the surface of a catchment the major 

abstraction is from 

the infiltration process. These are 

(i) the interception process and 

(ii) the depression storage,

and together they are called initial loss.

(i) Interception

The volume of water so caught is called interception. The

intercepted precipitation may follow one of the three possible 

routes:

(a) obstructed by vegetation : interception loss

(b) contribution to surface flow through drip water : through fall

(c) flow through stem : stem flow

Interception loss is about  10 to 20%



The interception loss is estimated as 

Ii = Si + ki Et 

where  Ii = interception loss in mm, Si = interception storage whose 

value varies from 0.25 to 1.25 mm depending on the nature of 

vegetation, ki  = ratio of vegetal surface area to its projected area,

E = evaporation rate in mm/h during the precipitation and 

t = duration of rainfall in hours



(ii) Depression storage

the volume of water trapped in these depressions is called depression 

storage. Depression storage depends on a vast number of factors the chief 

of which are :

(a) the type of soil,

(b) the condition of the surface reflecting the amount and nature of   

depression,

(c) the slope of the catchment and

(d) the antecedent precipitation

values of 0.50 cm in sand, 0.4 cm in loam and 0.25 cm in clay



Ф – Index

The Ф index is the average rainfall above which the rainfall volume is equal

to the runoff volume.





Runoff

Introduction 
Runoff means the draining or flowing off of precipitation from a catchment

area through a surface channel. it thus represents the output from the

catchment in a given unit of time.

The runoff is classified into two categories

i. Direct runoff and

ii. Base flow





Runoff Characteristics of Streams

The streams is classified into three categories

i. perennial

ii. Intermittent and

iii. ephemeral









Rainfall – Runoff  Correlation

R = a P + b 

For large catchment, it is found advantageous to have   

an exponential relationship as 

R = β Pm



Hydrographs
The hydrograph of this kind which results due to an isolated storm is 

typically single-peaked skew distribution of discharge and is known 

variously as storm hydrograph, flood hydrograph or simply 

hydrograph. It has three characteristics regions:

(i) the rising limb AB, joining point A, the starting point of the rising

curve and point B, the point of inflection,

(ii) the crest segment BC between the two points of inflection with a

peak P in between,

(iii) the falling limb or depletion curve CD starting from the second 

point of inflection C. 

Lag Time

The time interval from the center of mass of rainfall to the center of       

mass of hydrograph called lag time TL





Factors affecting flood hydrograph



Shape of the basin



Drainage Density



Components of a Hydrograph

(i) the rising limb,

(ii) the crest segment, and

(iii) the recession limb

Recession Limb

The storage of water in the basin exists as 

(i) surface storage ,

(ii) interflow storage,

(iii) ground water storage, i.e. base- flow storage.



The recession of a storage can be   expressed as
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The recession constant Kr can be considered to be made up of        

three components to take care of the three types of storage as

Kr = Krs . Kri . Krb

Where Krs = recession constant for surface storage,

Kri = recession constant for interflow and

Krb = recession constant for base flow

Typically the values of these recession constants, when t is in

days, are

Krs = 0.05 to 0.20

Kri = 0.50 to 0.85

Krb = 0.85 to 0.99







Base Flow Separation



Method I – Straight-Line Method

In this method the separation of the base flow is achieved by joining with 

a straight line the beginning of the surface runoff to a point on the 

recession limb representing the end of the direct runoff. 

N = 0.83 A0.2 

Where A = drainage area in Km2 and N is in days

Method II

In this method the base flow curve existing prior to the    commencement 

of the surface runoff is extended till it intersects the ordinate drawn at the 

pick (point C in Fig.). This point is joined to point B by a straight line.



Method III

In this method the base flow recession curve after the depletion of the 

flood water is extended backwards till it intersects the ordinate at the 

point of inflection (line EF in Fig.). Points A and F are joined by an 

arbitrary smooth curve.

Direct Runoff Hydrograph (DRH)
The surface runoff hydrograph obtained after the base-flow 

separation is also known as direct runoff hydrograph (DRH).







Unit Hydrograph
A unit hydrograph is defined as the hydrograph of direct runoff

resulting from one unit depth (1cm) of rainfall excess occurring

uniformly over the basin and at a uniform rate for a specified

duration (D hours).



Two basic assumptions of unit hydrograph

(i) the time invariance

(ii) the linear response 













Application of unit hydrograph
using the basic principles of the unit hydrograph, one can easily

calculate the DRH in a catchment due to a given storm if an

appropriate unit hydrograph was available







Derivation of Unit Hydrograph











Unit hydrograph of Different Durations

Two methods are available for this purpose

(i) Method of superposition, and

(ii) the S – curve

(i) Method of Superposition

If a D – h unit hydrograph is available, and it is desired to

develop a unit hydrograph of nD h, where n is an integer.











(ii) The S – Curve

If it is desired to develop a unit hydrograph of duration mD, where m

is a fraction, the method of superposition cannot be used.    

Ordinates (SA – SB) = T h DRH of (1/D x T) cm ER

UH – T h = (ordinates of  DRH)/ (1/D x T)







Example 6.10 – Solve example 6.9 by the S – curve method.

Solution:





Solution:





Synthetic Unit Hydrograph

Unit hydrographs derived from such relationships are known as

synthetic unit hydrograph.

Snyder’s Method

The first of the Snyder’s equation relates the basin lag tp, defined as

the time interval from the mid-point of the unit rainfall excess to the

peak of the unit hydrograph (Fig. 6.18), to the basin characteristics

as





Where tp is in hour

L = basin length measured along the water course from the basin divide 

to the gauging station in km

Lca = distance along the main water course from the gauging station to a point 

opposite the watershed centroid in km

Ct = a regional constant representing watershed slope and storage

The value of Ct in Synder’s study ranged from 1.35 to 1.65. However,

studies by many investigators have shown that Ct depends upon the

region under study and wide variations with the value of Ct ranging

from 0.3 to 6.0 have been reported.

Snyder adopted a standard duration tr hours of effective rainfall given

by

tr = tp/5.5



the peak discharge Qps (m3/s) of a unit hydrograph of standard duration tr h

is given by snyder as

Qps = (2.78 Cp A)/ tp

Where   A = catchment area in Km2 and

Cp = a regional constant

If a non – standard rainfall duration tr h is adopted

t’p = tp + (tR – tr) / 4

= 21/22 tp + tR / 4

Where t’p = basin lag in hours for an effective duration of tR h and tp

peak discharge for a nonstandard ER of duration tR is in m3/s

Qp = (2.78 Cp A) / t’p



Note that when tR = tr

Qp = Qps

The time basin of a unit hydrograph given by snyder as 

tb = 3 + t’p / 8 days

= (72 + 3 t’p) hours

where tb = time basin

Taylor and Schwartz recommended

tb = 5 (t’p + tR/2)

W50 = 5.87/ q1.08  

W75 = W50 / 1.75

where W50 = width of unit hydrograph in h at 50% peak discharge

W75 = width of unit hydrograph in h at 75% peak discharge

q = Qp/A = peak discharge per unit catchment area in

m3/s/ Km2









FLOOD ROUTING
Flood routing is the technique of determining the flood hydrograph at a 

section of a river by utilizing the data of flood flow at one or more upstream 

sections. The hydrologic analysis of problems such as flood forecasting, 

flood  protection, reservoir design and spillway design invariably include 

flood routing. In these applications two broad categories of routing can be 

recognized. These are:

1. Reservoir routing, and

2. Channel routing

A variety of routing methods are available and they can be broadly classified 

into two categories as:

1. Hydrologic routing and

2. hydraulic routing

Hydrologic-routing methods employ essentially the equation of continuity.

Hydraulic methods, on the other hand, employ the continuity equation 

together with the equation of motion of unsteady.



BASIC EQUATIONS

The equation of continuity used in all hydrologic routing as the primary equation 

states that the difference between the inflow and outflow rate is equal to the rate 

of change of storage, i.e.



How to Choose Δt ?
• Should as small as possible as that variation of flow 

can be assumed linear.

• Should not be greater than flood period.

• Normally 20 to 40% of this to read peak.

a) 0.2 tp = Δt

b) 0.4 tp = Δt



HYDROLOGIC STORAGE ROUINGT

(Level pool Routing)



As the horizontal water surface is assumed in the reservoir, the storage 

routing is also known as Level Pool Routing.

Modified Pul’s Method



Here ∆t is any chosen interval, approximately 20 to 40% of the time of rise 

of the inflow hydrograph.













ATENUATION
The peak of the outflow hydrograph will be smaller than of the 

inflow hydrograph. This reduction in the peak value is called 

attenuation.

TIME LAG
The peak of the outflow occurs after the peak of the inflow; the 

time difference between the two peaks is known as lag. The 

attenuation and lag of a flood hydrograph at a reservoir are 

two very important aspects of a reservoir operating under a 

flood-control criteria.



HYDROLOGIC CHANNEL ROUTING

Channel routing the storage is a function of both outflow and inflow 

discharges. The total volume in storage can be considered under two 

categories as:

1. Prism storage, and

2. Wedge storage.





The total storage in the channel reach can then be expressed as

S = K ( x Im + (1 – x) Q
m

)

Where K and x are coefficients and m = a constant exponent. It has been 
found that the value of m varies from 0.6 for rectangular channels to a 
value of about 1.0 for natural channels.

Muskingum Equation
Using m = 1.0 reduces to a linear relationship for S in terms of I and Q as

S = K ( x I + (1 – x) Q )

And this relationship is known as the Muskingum equation. In this the 
parameter x is known as weighting factor and takes a value between 0 
and 0.5. When x = 0,

S = K Q           (This is reservoir routing)

or S = f (Q)

When x = 0.5

S = K ( 0.5 I + 0.5 Q )   ( This is channel routing)

or S = f (I, Q)

The coefficient K is known as storage – time constant.













......................(i)

......................(ii)

From Eqn (i) and Eqn (ii)





Here,







Floods
To estimate the magnitude of a flood peak the following alternative 

are available

1. Rational Method

2. Empirical Method

3. Unit-Hydrograph technique, and

4. Flood-Frequency Studies

1. Rational Method



Rainfall Intensity (itc,p)

In which K, a, x and m are constant

Time of Concentration (tc)

Runoff Coefficient (C)
The coefficient C represents the integrated effect of the catchment 

looses and hence depends upon the nature of the surface. Some 

typical values of C are indicated in Table 7.1





2. Empirical Method

Dickens Formula (1865)



3. Unit- Hydrograph Technique

4. Flood Frequency Studies



Gumbel’s Method





Gumbel Probability Paper













Confidence Limits
For a confidence probability c, the confidence interval of the variate 

XT is bounded by values X1 and X2 given by







Streamflow Measurement

Streamflow measurement techniques can be broadly classified into 

two categories as (i) direct determination and (ii) indirect 

determination.

1. Direct determination of stream discharge:

(a) Area-velocity methods,

(b) dilution techniques,

(c) electromagnetic method, and

(d) ultrasonic method.

2. Indirect determination of stream flow:

(a) Hydraulic structures, such as weirs, flumes and gated

structures and

(b) Slope area method



Measurement of Stage

(a) Staff Gauge

(b) Wire Gauge



(c) Automatic Stage Recorders

Two typical automatic recorders are below

(i) Float-Gauge Recorder 



(ii) Bubble Gauge



Measurement of Velocity

The measurement of velocity is an important aspect of many direct 

stream flow measurement techniques. A mechanical device, called 

current meter.

Current Meters
There are two main types of current meter

1. Vertical – axis meters, and

2. Horizontal – axis meters









A current meter is so designed that its rotation speed varies linearly 

with the stream velocity v at the location of the instrument. A typical 

relationship is

V = a Ns + b
Where v = stream velocity at the instrument location in m/s

Ns = revolutions per second of the meter and

a, b = constants of the meter

Sounding Weights

Current meter are weighted down by lead weights called sounding 

weights

W = 50 v d
Where w = minimum weight in N

v = average stream velocity in the vertical in m/s

d = depth of flow at the vertical in m



Velocity Measurement by Floats

A floating object on the surface of a stream when timed can yield the 

surface velocity by the relation

Where S = distance travelled in time t.





Area – Velocity Method











Moving – Boat Method 





Dilution Technique of Streamflow 

Measurement
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