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Hello friends, welcome back to this online certification course on Watershed Hydrology. I am
Rajendra Singh, a professor in the Department of Agriculture and Food Engineering at the
Indian Institute of Technology, Kharagpur. We are in module 12, this is lecture number 3, where
we will be focusing on objectives in watershed hydrology.



= Miscellaneous Focus —

Hydrological Model Demonstration

Important Topics Not Covered Earlier

Concept Revision Through GATE Muitiple-Choice Questions
Doubt Clearing

So, basically, at the beginning of module 12, we said that this module will have a miscellaneous
focus, and today's lecture will be on concept revision through multiple-choice questions. So,
we will take multiple questions and then we will try to revise the concepts based on those
questions.
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Objectives: Module |

Example 1 o
Precipitation consisting of droplets less than in diameter is classified as trizzle /
- " ac [ rd

-~

a) 0.05mm
b) 0.5mm |

¢) 1mm
d) 1.5mm [
Solution:

* We defined dnule as the “precipitation in the form of water droplets less than 0.5 mm in
dmmetu and lnlommy less than 1 mmlh

. Lighl rain: < 2 5 mmm Moderate mn 2. 5-7 .5 mn mmlh Hoavy mn > 7. 5 ‘mm/h

Let us begin with example number 1, which says that precipitation consisting of droplets less
than in diameter is classified as drizzle, and then we have been given 4 options: 0.05,
0.5, 1, 1.5 mm. Obviously, you must recall when we discussed in the beginning precipitation
temperature that we defined drizzle as the precipitation in the form of water droplets less than
0.5 mm in diameter and intensity less than 1 millimetre per hour. We also defined that rainfall
also occurs in liquid form, but drop sizes vary from 0.5 to 6 mm, and based on the intensity of



rain, we classify rainfall as light rain, less than 2.5 millimeters per hour; moderate rain, 2.5 to
7.5 millimeters per hour; and heavy rain, greater than 7.5 millimeters per hour. So, obviously,
because this question refers to drizzle, the diameter has to be less than 0.5 mm. That means
option B is the correct answer.

.|
Objectives: Module |
Example 2
For station X the maximum one-day rainfall with 25 years return period is 100 mm. The probability of one day rainfall
equal to or greater than 100 mm at station X occurring at least once iq 15 g;uiquiiyo years is
[ a) 0.458 (b) 0.5
c) 0.637 (d) 0.99

Solution:  we uge Binomial Distribution to find the probability of exceedance of an event r times in n

successive years P, ="C,Pq"" = n' — )
- (n-r)r! P

g oo 004
2RE daF | PRt

G=(1=p)=(1-004)=096 "

7
/.

Probability of one-day rainfall equal to or greater than 100 mm a[,;w
occurring at least once in 15 successive years is = 1 — " = 1 - (0 96)"%= 0458 e

a) 0.458

Then we take the next example: for station x, the maximum one-day rainfall with 25 instant
periods is 100 mm. The probability of one-day rainfall equal to or greater than 100 mm at
station X occurring at least once in 15 successive years. We have been given 3 or 4 options
probability options, and we know that for probability of accidents, we use binomial
distribution, which is given by this relationship: Prn="C:P'q"", which can be expanded like this.
And we also know that probability is 1 by recurrence interval. So, here we have given 25 years
return period. So, 1 by 25 is 0.04, and that is probability of accidents, and probability of non-
accidents is 1 minus P, that is, 1 minus 0.04, which is 0.96. And while discussing binomial
distribution, we also said that the probability of one-day rainfall equal to or greater than 100
mm at station x occurring at least once in 15 successive years can be given by this relationship:
1—qn, and we already calculated q. So, (1-0.96)'°. So, the answer comes out to be 0.458, which
matches option A given here. So, option A is the correct answer to this question.
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Objectives: Module |

Example 3

A float and siphon type recording rain gauge measures maximum of ___/ mm of rainfall at one

time

a) 5mm L - - q B
' (

b) 3mm | ' ‘ )

=t _ : /

1D S

* A floatisiphon type recording rain gauge has a specific design limitation that restricts the
measurement 1o a maximum of 10 mm of ranfall al one time. After 10 mm of rainfall, siphoning
takes place -

c) 7mm

——

| d) 10 mm

hnluﬂou.

Then we take up the next example, example 3: a float and siphon type rain recording rain gauge
measures a maximum of this much millimetre of rainfall at one time. Options are given: 4
options are given. And if you recall, the float or siphon type of rain gauge recording rain gauge,
we always say that there is a specific design limitation for each of the gauges. And in the case
of float siphon type, if you remember, we showed this typical chart where the depth scale is 10
mm. So, what happens is that when the rainfall reaches 10 mm of depth, then siphoning occurs.
So, basically, it has a maximum of 10 mm of rainfall at one time; after 10 mm of rainfall,
siphoning takes place. So, that means the correct answer is 10 mm, and that is option D is the
correct answer.

(I
Objectives: Module 2
Example 4 il

The formula for nltmanon oI evapotranspiration usmq only temperature and day lonLts ;'
knownn -

a) Thornthwaite formula (b) Penman formula
¢) Chnstiansen formula (d) Blaney-Criddle formula
Solution:

1 (Ra) } 6.43( Iu 0

Pommn Even = Includes nd_iapon. vapour_ggown. wlm_!_sggod ete.

g i 1.
Christiansen method includes radiation, air tcmpqntun, wind speed, ulat!vc humidity,

sunshine potconup and elevation
Blaney- Cﬁddh ET, =p(0.46 T,,,,.,, +8) aml p (mean daily percentage of annual daytime hours)

Thornthwaite  E; = 2.54 KF; F = 3 "4/ Includes crop factor, besides Tand P_

(d) Blaney-Criddie formula




Then we take the next example: the formula for estimation of evapotranspiration using only
temperature and day length is known as 4 methods are given: Thornthwaite, Penman,
Christiansen, and Blaney Criddle.

We studied at least 3 of these methods, and we know that the Penman method is the most
advanced, which includes radiation, vapor pressure, and wind speed. Another advanced version
is the FAO 24 Penman, which is the standard ET equation, but modifications have been made
to it. Then, Christiansen's method includes radiation, air temperature, wind speed, relative
humidity, sunshine, and elevation. Blaney Criddle, if you take it, uses P and T mean, where T
is the temperature and P is the mean daily percentage of annual daytime hours. Thornthwaite
uses a crop factor besides T and P. So, from these descriptions, we can see that the Blaney
Criddle formula is the one which uses only temperature and day length, thus option D is the
correct answer.

Objectives: Module 2

Example §

The initial intllu.lim rate is at ipaclty rate if the lngomny of ulnf)l! Is
a) Less than the average rate of infiltration

b) Less than the infiltration capacity of soil

c¢) Equal to or more than the average rate of infiltration

d) Equal to or more than the infiltration capacity of soil

Solution:

* When the intensity of rainfall matches or exceeds the infiltration capacity, the soil is not able to.

absorb water as fast as it is &ing— applied, l:ading-to ex{éii water on the soil surface. This
excess water contributes to gulfau Tunoff

d) Equal to or more than the infiltration capacity of soil
e ——

Then we move on to example 5, which talks about the initial infiltration rate. When the intensity
of rainfall matches or exceeds the infiltration capacity, the soil is not able to absorb water as
fast as it is being applied, leading to excess water on the soil surface. So, obviously, the initial
infiltration capacity will be at capacity rate if the intensity of rainfall is equal to or more than
the infiltration capacity of the soil. Option D is the correct answer.
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Objectives: Module 2

Examplc _6

The infiltration capocity of a basin is dncnbod by the Horton's equation, I =2 + e, whmlis ln cmlh

1holthenocmmmmmmll

a) 5.16 (b) 10.16
) 2016 (d) 2516
Solution:

* Integrating / with respect to t, we get
™
/ -3t )

2 2 ¢ J
f Idtr—j (24 e M)dt = 2:——_./
] 1 ' 3 3

Thus, infiltration in the Zihin_r_ is

|
) =2.016 cm = 20,16 mm

Next, in example 6, we have to find the depth of infiltration in the last 1 hour of a 2-hour storm
event, given Horton's equation. Integrating between 1 and 2 hours, we find that the infiltration
depth is 2.016 centimeters or 20.16 millimeters, so option C is the correct answer.

. I —
Objectives: Module 3

Example 7

Off-stream storage ponds are constructed

a) Far away from a continuously flowing stream
b) Along the continuously flowing stream

c) Across the continuously flowing stream

d) Near the continuously flowing stream

Solution:

* Off-stream stgr_age ponds, also known as off-channel or off-stream reservoirs, are constructed

far wny from a continuously flowing stream, Thoy are built to store water during periods of
excess wauabimy, such as diﬂng tho wﬂ season or when slroamﬂow s hlqh

a) Far away from a continuously llowing stream

Example 7 is about upstream storage ponds, which are constructed far away from continuously
flowing streams. They are built to store water during periods of excessive availability, away
from the stream. Therefore, option A is the correct answer.
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Objectives: Module 3
Example 8
Interception loss is_
a) More towards end of a storm
b) More at the middle of the storm
c) Mouaﬂtnbeoindnqofthe_slotm/
d) Uniform throughout the storm

Solution:
* At the onset of a storm, the vegetation may not be saturated. Thus, the canopy can capture a
higher proportion of the incoming rainfall. As the storm progresses and the canopy | becomn

mun(od the lnlorcopdon apacity decreases

c) More at the beginning of the storm

Finally, in example 8, interception losses are highest at the beginning of the storm when the
canopy can capture a higher proportion of the incoming rainfall. As the storm progresses and
the canopy becomes saturated, the interception capacity decreases. So, the highest value of
interception will be at the beginning of the storm.

B |
Objectives: Module 3
Example 9
The dlluuon hchniquc of flow measurement depends on which principle
a)/ Conlinulty ,|
b) Momentum
c¢) Continuity and momentum
d) Concentration

Solution:

* The dilution technique of flow measurement is based on the p_@qg of continuity or mass_
consmmon

* In the dilution method, a known quantity of a tracer substance is introduced into the ﬂompg
stream, and the resulting dilution of the tracer is used to numm the flow rate of the water

a) Continuity ‘,-'/

In example 9, the dilution technique of flow measurement depends on which principle? The
correct principle is continuity or mass conservation. In the dilution method, a known quantity
of tracer substance is introduced into the flowing stream, and the resulting dilution of this tracer
is used to estimate the flow rate of the water. Therefore, the correct answer is A, the principle
of continuity.



Objectives: Module 4

2
Example 10 § «——End of rainfall
In the rational method of runoff prediction, rainfall occurs at uniform %
intensity for a duration at Inﬂ equal to the of the ;
watershed -
a) Time lag g
b) Time of concentration o T, —{ Time =

Runoff hydrograph due to uniform rainfall

c) Time to peak (hource: K Sabramanya, ¥ugineering 11ydvabogy )

Farthest point of the watershed

d) Storm duration
Solution:

* Rational method has the assumption of the uniform distribution of

rainfall over the watershed tor a duration oqual to the time of

concentration, This luumpbon implies lhat the ontin watershed
conmbum runoff,

b) Time of concentration Outlet

Moving on to example 10, in the rational method of runoff prediction, rainfall occurs at a
uniform intensity for a duration at least equal to the dash of the watershed. The correct term
here is "time of concentration." The rational method assumes a uniform distribution of rainfall
over the watershed for a duration equal to the time of concentration, ensuring that the entire
watershed contributes to runoff.

1
Objectives: Module 4

Example 11

A catchment has an area of 150 ha and_ Iuinhll ratio of 0.4, If due to a 100 mm rainfall over the catchment,
mnoﬂnlthocatcmmmoutmmufof 10h ;ﬁcavcngcrunoﬂin the period is

a) 1.33mYs :‘ /

b) 16.7 mYs

e o
() _100m¥min )

d) 6 x10'm'h
1

Solation: 2 = \
Toulrnnlollvolumegcmtudmmeulchm =‘l‘- 7150 x ID: 15 % Io‘m’ P

= il

Thus, lohl mnoﬁmuhdltu x le 10t -Cx lo‘ -~

Thus, average runoll B (h :o'mw x 3600) = 1 81 m’ls =100 m’frmn

c) 100 m’imin

Example 11 involves calculating the average runoff rate given the catchment area, runoff
rainfall ratio, and duration of runoff. After converting units appropriately, the average runoff
rate is found to be 100 cubic meters per minute, making option C the correct answer.
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Objectives: Module 4
Example 12
Cook’s Method is used for the estimation of:
a) Baseflow
(b) !’eaj—tat; of mn;ﬂ\\)
¢) Evapotranspiration

”

d) Infiltration

Solution:

* Cook’s M_tthod is used for estimating the peak rate of runoff in small to medium-sized

munhods The runoff chaucumtics of a watershed are carried under four ¢ categories: Relief,
Soil lnmlnuon Vegetation cover, ‘and Surface depression.

G, = PRFS \ Where,q, - Peak runoff for specified geographical location

o and recurrence interval (m’/s), P - Uncorrected peak runoff
- rate (m*/s), R = Geographic rainfall factor (different for different

regions), ¥ = Frequency factor, and § ~ Shape factor

Finally, in example 12, Cook's method is used for the estimation of the peak rate of runoff in
small to medium-sized watersheds.

Runoff characteristics of watersheds are analysed under four categories: relief, soil infiltration,
vegetation cover, and surface preparation. Then, we use the relationship Q=PRFS for
calculating the peak runoff rate. So, basically, the answer is the peak rate of runoff, which is
option B.

Objectives : Module §

Example 13 _~ —

The concept of "limaﬂtf In unit tjydroorlgh theory implies that: : / \
a) The hydroqnph has a linear shape " ,)/ —— _.l
b) The unit hydrograph response is proportional to the amount of rainfall \ . - ;,"

d) The unit hydrognptl is always a straight llr

Solution:

* The concept of "linearity” in unit hydrograph theory implies that the hydrological response of
a watmhod to a unit dopth ol rainfall is mumod to be linear. It sugouu that the rnpomo ol

- hydmonph response of a ilmp!or umt storm
| b)) The unit hydrograph response is proportional to the amount of rainfall

Moving on to example 13, the concept of linearity in unit hydrograph theory implies that the
hydrograph has a linear shape. The correct interpretation is that the unit hydrograph responds
in proportion to the amount of rainfall. It doesn't necessarily mean that the hydrograph is always



a straight line. This can be determined through an elimination process, as hydrographs typically
exhibit curvilinear shapes rather than straight lines.

And the watershed slope does not come into the picture as far as the hydrograph is concerned.
So, the only possible option is that the unit hydrograph response is proportional to the amount
of rainfall. The explanation is that the concept of linearity in unit hydrograph theory implies
that the hydrological response of a watershed to a unit depth of rainfall is assumed to be linear.
This means that the response of the watershed to a complex storm can be estimated by
superimposing or scaling the unit hydrograph response of a simpler unit storm. So, the correct
option is option B, as I already mentioned through the process of elimination.

|
Objectives : Module 5
Example 14

If a 4-h UH of a catchment has a peak ordinates of 60 m’/s, the peak ordinate of 8-h UH for the
same catchment will be

i) <60 mils

b) >60ms ‘,\;" 2
c) =60 mls . ” \: ,";?
d) Data inadequate \,/'//

e -

Solution:

* A unit hydrograph is based on the principle of linearity and the principle of superposition, If a
D-h unit hydrograph is available, a UH with other duration such as 20D, 3D, etc. can be obtained
easily from the principle of superposition. As the duration of the unit hydrograph increases,
the base period also increases, and consequently, the peak ordinate decreases.

a) <60m'is

Moving on to example 14, a 4-hour unit hydrograph of a catchment has a peak ordinate of 60
cubic meters per second. The peak ordinate of an 8-hour unit hydrograph for the same
catchment will be less than that. There are four options given, and of course, we know that if
we are given a 4-hour unit hydrograph, then we can develop the 8-hour unit hydrograph.

So, if we have a 4-hour unit hydrograph given, then for developing an 8-hour unit hydrograph,
we use the principle of superposition. That means, the two 4-hour unit hydrographs, because
n=2, will be superimposed, each lagging the previous one by 4 hours. That is the concept we
use, or that is the procedure we use. And of course, as you know, with a unit hydrograph, the
base increases, and the peak decreases. So, the peak ordinate of an 8-hour unit hydrograph will
always be less than 60 cubic meters per second. This means that the base period increases, so
the peak ordinate will obviously decrease. Thus, option A, "less than 60 cubic meters per
second," is the correct answer.



Objectives : Module §

Example 15 \\

For a catchment with an area o’ 400 km?, l’n equivalent discharge of lho S-curve obtained by summation of
'4-h UH is ~/

a) 100 mYs T (b) 139 mYs

c) 200 m’s (d) 278 m''s
Solution:
Equivalent discharge of the S-curve is given by. w
2 784 (lun?;\
(@ o

Thus, for the given data, @, = 2 78— »278 m’fs

d) 278 m'is

Next, for a catchment with an area of 1400 square kilometers, the equivalent discharge of the
S-curve obtained by summation of the 4-hour unit hydrograph can be calculated using the
formula Qe=2.78xA/D, where A is in square kilometers and D is in hours. With the area given
as 400 square kilometers and D given as 4 hours, plugging these values into the equation yields
Q=278 cubic meters per second, matching option D. So, option D is the correct answer for this
question.

I ——
Objectives: Module 6

Example 16 —_—
e T
( A'synthetic unit hydtoonpﬁ can be developed for a basin
N e — pe———
a) Having a rain gauge network but no stream gauging station

b) In which the stnun ‘l bomg regularly gau oauood

c) Having no rain gauge nﬂwork and stream gauging station
d) By taking the basin slope as an index

Solution:

* A synthetic unit hydrograph is developed for a basin when observed data, such as rainfall and
streamflow records, are not available or are muumctmt for hydrolomi al analysis. Developing a
:ymhouc unit hydrograph involves applying various methods that use bnm characteristics
and geomorphological parameters to estimate the hydrograph'’ :_ghlpg_,l’nﬁd*munnndc

c) Having no rain gauge network and stream gauging station

Then, in example 16, a synthetic unit hydrograph can be developed for a basin having a rain
gauge network but no stream-gauging station. Conversely, it can also be developed for a basin
with no rain gauge network or stream-gauging station, using basin slope as an index. So, we
use a synthetic unit hydrograph when observed data such as rainfall and stream flow records



are not available or insufficient for hydrological analysis. This means we use different methods
that utilize basin characteristics and geomorphological parameters to estimate the hydrograph
shapes and magnitudes. Thus, we will go for a synthetic unit hydrograph only when it is an
ungauged basin, meaning it has no rain gauge or stream-gauging station. Therefore, option C
is the correct answer.

Objectives: Module 6
Example 17

A watershed with an area of 360 km? has a triangular-shaped 4-h UH with a base of 50 h. The peak
discharge of direct runoff hydrograph due to 3 cm of rainfall excess in 4 h from the watershed is

a) 13.33ms (b) 40 mY's
(¢) 120m¥s ) (d) 160 mls A

”I‘ ‘..‘ \: ) ‘\ ~
Solution: RN \7(

We know that the area under the UH represents 1 cm rainfall over the
catchment. Thus,

1 1
3 % 50 x 3600 x QZ‘L T 360? !0/“»

—— - - —

Peak of 4-h UH, Q, ¥ 40mYs -~
Peak of 4-n DRH = @, x 3 = 40 x 3 = 120 mls_

c) 120 ms ‘/"

Lastly, in example 17, a watershed with an area of 360 square kilometers has a triangular-
shaped 4-hour unit hydrograph with a base of 50 hours.

The peak discharge of the direct runoff hydrograph due to 3 centimeters of rainfall exceeds that
of the 4-hour watershed. So basically, with the given unit hydrograph (UH), you have to find
the peak value of the 3-centimeter direct runoff hydrograph (DRH). We know that the area
under the UH represents 1 centimeter of rainfall over the catchment. Therefore, the unit

hydrograph area (A) can be calculated using the formula: A=§ X base x 3600 X Qp, where

the time base is given as 50 hours. Equating this area to the volume represented by 1 centimeter
of rainfall over the entire area, we find Qp to be 40 cubic meters per second. Now, we need the
peak of the 4-hour DRH for 3 centimeters of runoff, which is Qp times 3 or 120 cubic meters
per second, matching option C. So, option C is the correct answer to this question.



Objectives: Module 7

Example 18 -

The area of a watershed is 130 km?. The distance and elevation difference between the outlet and the
farthest point in the watershed are 20 km and 740 m, respectively. The total length of all order streams is
650 km. The drainage density of the watershed is. -
a) 10 km km?

(b) 5km km

c) 0.15 km km+

d) 0.01 km km~?

Solution:
—— Drainage density is deﬂned as the length of drainage pg(_grli—t area

b) 5km km*

Moving on to example 18, the area of the watershed is 130 square kilometers, and the distance
and elevation difference between the outlet and the farthest point in the watershed are given as
20 kilometers and 740 meters, respectively. The total length of all-order streams is 650
kilometers. The drainage density (Dd) of the watershed, calculated as the length of drainage

area per unit area, is —. Although additional data is given, such as elevation difference and

distance, these are not needed. The D4 value comes out to be 5 kilometers per square kilometer.
So, option B is the correct answer. This is just to demonstrate that additional data might be
given to confuse you, testing your conceptual clarity.

Objectives : Module 7 ™

T irvwrvrere
Example 19 " D"

+ Poleton

A e
What does Integrated Watershed Management involve o o s
a) Focusing solely on agricultural practices
b) Separating water quality management from land use planning ,/ WM -
7 ) [ = 3
c)  Addressing the interdependence of land, water, vegetation, and people . ::__"" Oy v

* Wyhpaw [,

d) Ignoring the ecological aspects of watersheds : :.'_: S p—
Solution:

* Integrated Watershed Management involves a holistic and colhbouuvo apptoach that
Integrates the environmental, gconomk: and soclal upects Thus, It addmm the

c) Addressing the interdependence of Iand wa(n vegelahon and people

Next, in example 19, integrated watershed management involves a holistic and collaborative
approach that integrates environmental, economic, and social aspects, addressing the



interdependence of land, water, vegetation, and people. Since integrated watershed
management focuses on the environment, economy, and societies, option C, addressing the
interdependence of land, water, vegetation, and people, is the correct answer.

, B N
Objectives: Module 8
Example 20
What does a Distributed Hydrological Model consider in its simulations
a) Aggregated catchment properties "~
b) Uniform precipitation patterns
¢) Homogeneous soil characteristics
d) Spatial variability within a watershed

Solution:

* A Distributed Hydtologlul Model considers spatial variability within a watershed in its
simulations, ulunq Into account the holorogmﬂty of land surface chauctomm:. such as
topography, land cover, soal typu and land uu. across dtﬂuem locmons within the
watershed

* Here, options (a) - (c) refer to the lumped approach 2

d) Spatial variability within a watershed

Then, in example 20, a distributed hydrological model considers spatial variability within the
watershed in its simulation, taking into account the heterogeneity of land surface characteristics
such as topography, land cover, soil types, and land use across different locations within the
watershed. Options A to C, which refer to aggregated catchment properties, uniform
precipitation patterns, and homogeneous soil characteristics, belong to or refer to the lumped
approach. Therefore, the only suitable option for a distributed hydrological model is D,
especially variability within the watershed.

|
Objectives: Module 8
Example 21

Proxy Catchment Test involves

a) Calibrating the model against data for one catchment and then running a validation test for the other
catchment

b) Calibrate for high flows and validate for low flows and vice-versa

c) One period of observations is used in model calibration and one or more separate periods are used
in model validation

d) Only validation of datasets

Solution:

* The proxy catchment test uses data of two catchments to show that the model has even
greater general validity. On the contrary, options (c) and (b) refer to spitt sample and
differential ;ptll sample tests

a) Calibrating the model! against data for one catchment and then running a validation test for
the other catchment




Lastly, in example 21, proxy catchment tests involve...

Then, the proxy catchment test uses data from two catchments to show that the model has
general validity. On the contrary, option C, which states that one period of observation is used
for model calibration and another period for model variation, refers to split-sample testing.
Option B, which suggests calibration for high flows and validation for low flows, and vice
versa, represents a differential split-sample test. Therefore, in this case, since only validation
data is used, it has nothing to do with calibration. Thus, option A, calibrating the model against
data for one catchment and then conducting validation tests for the other catchment, is the
correct answer to this question.

T —
Objectives: Module 9
Example 22
How does urbanization typically impact flood in a watershed
a) Itreduces peak flows

b) Itincreases time of concentration

/"’-" x«
c) Itincreases peak flows-

d) It has no effect on flood routing

Solution:

* Urbanisation can increase the risk of flooding by reducing natural permeable surfaces, such as
forests and wetlands, and increasing the amount of impervious surfaces, like roads and
buildings

c) | It increases peak flows

Moving on to example 22, urbanization typically impacts floods in a watershed by increasing
the risk of flooding. This is due to the reduction of natural permeable surfaces such as forests
and wetlands, leading to an increase in impervious surfaces like roads and buildings.
Consequently, infiltration decreases, while flooding increases, resulting in an increase in peak
flows. Therefore, option C, increases peak flows, is the correct answer.



]
Objectives: Module 9

Example 23
—\
A soil conservation structure has an expected life of 10 years ‘and is designed for a flood magnitude of

return period 50 years. The risk of this hydrologic design in percentage is
a) 212 (b) 18.6

(o 183 ) (d)21.3
Solution: _———__
The risk, R = 1 - (1- 1" )

J

Monn:lOmuandT=Sdnon
o _dsz0_
R=1-(1 ”) =0.183

Then, in example 23, a soil conservation structure with an expected life of 10 years is designed
for a flood magnitude with a return period of 50 years. The risk of this hydrological design,

expressed as a percentage, can be calculated using the formula 1—(1—%)", where T is the return

period (given as 50 years) and n is the expected life of the structure (given as 10 years).
Substituting these values, we get a result of 18.3 percent, which matches option C.

T [
Objectives: Module 9
Example 24
Which factor is a primary cause of riverine floods

a) Excessive groundwater recharge

/"b) Intense rainfall and snowmelt
c) Limited vegetation cover

d) Low atmospheric pressure

Solution:

* Riverine floods are caused by overflow of rivers due to excessive rainfall, rapid snowmelt, or a
combination of factors

b} Intense rainfall and snowmeit

In example 24, the primary cause of riverine floods is intense rainfall and snowmelt, leading to
the overflow of rivers. Therefore, option B, intense rainfall, and snowmelt, is the correct choice.



pRgee— .
Objectives: Module 10
Example 25

The hydrologic nmvodr routing methods use

a) Bomoulh s equation only
{ b) Hyd:o!ogbc conlfnuquuaﬁon only
c) Muskingum equation oniy

d) Both the hydraulic momentum and hydrologic continuity equations

Solution:

* The hydrologic flood routing methods use the equation of continuity, while the hydraulic
routing mothods use the equation of continuity and the oqucllon o' motion (momentum

equation (Saint Venant Equauon)

b) Hydrologic continuity equation only

Lastly, in example 25, hydrological reservoir routing methods use the hydrological continuity
equation. So, option B, which states that hydrological reservoir routing methods use the
hydrological continuity equation, is correct.

T
Objectives: Module 10
Exnmple 26

In the Muskingum method of channel routing, the routing equation is written as O, = C,I, +Ch+CQ N
the storaqe«ichomhnl K =12 h, weighting factor x = 0.15 and the time step for routing At = =4 h, the
coefficient C, is .'

a) 0016 _—
b) 0.048
c) 0.328

d) 0.656

Solution: __—frfe
. ~Kx+0.588) | (-12%0.1540.5 x4) oou \
7 2= xuosm, (xz-uxoxsmsu)’

S——
\

“a) 0016

In the Muskingum method of channel routing, the routing equation is written as Q2, as given in
the equation. If the storage time constant K is 12 hours and the weighing factor x is 0.15, the
time for routing, At, is 4 hours, and the coefficient Co is. We have to remember this question
and the formulae for C1, Co, and C2. Of course, we only have to calculate Co, and we know that

L . . —kx+0.5A .
Co is given by this equation: Co=$005;t . We have been given Kx and At values here. Kx

and At are already given. So, putting these values, we calculate Co to be 0.016. So, that means,
option A is the correct answer to this particular question.



Objectives: Module 10

Example 27

Kinoinmc Wave cghﬁty is givop_ by

2 =33 \/ (b) € = 35
Q) =il (A ey = 35
Solution:

* The kinematic wave celerity is expressed as

—

< ‘0 ,"l‘ 2

(.t'g - -‘-A- i-‘—y-) where, dA T' y

Then we go to example number 27, which relates to kinetic wave celerity. Kinetic wave celerity,
given by the equation, is provided. This means you have to remember the formula, and you
know that we discussed kinetic wave celerity and derived the formula also. Ck is dQ/dA, or if

. . . d . .
we express it in terms of bed width, then we will get % X d—i, and this matches straight away

with option A. So, option A is the correct answer to this particular question.

I N
Objectives: Module 11
Example 28

.) \

/ |
Given the reflectance of red light of &O‘}i\d reflected near-infrared light of 0.65, the NOVI will be
a) 053
=\
b) 083 )
c) 073

d) 0.33

Solution: P

(NIR-N) (OAS-006)
|~ll0l|/' (OaSsnon)/
/ |

=083

(" NOVI =

Then we go to example number 28. Given the reflectance of red light of 0.06 and reflected
near-infrared light of 0.65, the NDVI value will be. Options are given as 0.53, 0.83, 0.73.

Obviously, you have to remember the formulae of NDVI and calculate the value, and we know

that NDVI is given by this relationship: —Exg;i;,

where NIR value is given as 0.65 and R value



is given as 0.06. Putting the values of NIR and R in the numerator and denominator, we get an
NDVI value of 0.83, which matches option B. So, option B is the correct answer to this
particular question.

O —
Objectives: Module 11

Example 29
The most common chemicals used for cloud seeding is

[a) Silver lodlde
b) Dry Potassium
c) Sodium iodide

d) lce

Solution:

Cloud seeding is a type of weather modification that aims to change the amount or type of
precipitation that falls from c!ouds by dispersing substances into the uvvthat utvo as cloud
condensation of ice nuclel, which alter the » microphysical processes within | the cloud

v The most common chemicals used for cloud seeding include nlvu uodu}e potasstum
aodude and d«y ice (solid carbon dioxide) to aid in the formation of ice crysmt

a) Silver lodide

Then we take example 29. The most common chemical used for cloud seeding is silver iodide,
dried potassium sodium iodide, ice. Of course, if you remember, you can easily pick the answer,
but just to recall the concept, cloud seeding is a type of weather modification that aims to
change the amount or types of precipitation that fall from clouds by dispersing substances into
the air that serve as cloud condensation or ice nuclei, which alter the microphysical process
within the cloud. So, basically, as we discussed, we artificially create hygroscopic materials
through so that condensation could take place, and the most common chemicals used for cloud
seeding include silver iodide, potassium iodide, and dry ice or solid carbon dioxide to aid in
the formation of ice crystals. We also discussed that silver iodide is also naturally available in
the atmosphere. So, obviously, the only possible answer to this question is silver iodide. So,
option A is the correct answer. With this, we come to the end of this lecture. We have covered
29 different problems that appeared in GATE examinations in different years, and we also
reviewed our concepts while solving these questions. Obviously, if you aim to pursue higher
studies, you have to write the GATE examination, and of course, then you need to prepare for
these questions. If you have any questions or doubts, please read the queries and also provide
your feedback. Thank you very much.






