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Lecture 45: Floodplain Zoning and Numerical on Floods

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 9, and this is the last lecture of
this module. The topic is Flood Plain Zoning and Numerical on Floods.

So, basically, as far as continuity goes, we will have two components. In the first part, we will
talk about flood plain zoning, and then we will take up numerical on flood risk, design flood,
flood distribution, and also confidence limits or intervals.
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Now, beginning with flood plain zoning, we have already introduced flood plain zoning. The
fundamental idea behind flood plain zoning is to regulate land use in flood-prone areas
aiming to minimize flood damage. So, we say that adjoining areas beside the river stream. If
this is a river, then certain areas beside the river are identified as floodplains. That means,
they are likely to face floods frequently. Basically, when we say flood plain zoning, we wish
to minimize flood damage in these areas. This involves determining specific locations and
limits for development activities in both the unprotected and protected zones. So, there could
be protected and unprotected zones in these flood plains. Obviously, our aim is to determine
specific locations and limits for development activities so that flood damages are minimized.
Unprotected areas establish boundaries to prohibit indiscriminate growth, while protected
areas permit only those developments that would not result in significant damage if protective
measures fail. Obviously, there are different approaches adopted for protected and
unprotected areas. Flood plain zoning is essential not only for river floods but also proves
valuable in mitigating damage from drainage conditions, particularly in urban areas where
drainage systems are not designed for extreme conditions presupposing some damage during
a storm. So, even in the case of heavy storms, there is likely to be high flooding. If flood
plain zones are identified and activities are controlled in those areas, then obviously, not only
floods but also heavy storms, especially during monsoon seasons, can be safeguarded.



Floodplain Zoning

4 The fundamental idea behind floodplain zoning is to regulate
land use in flood-prone areas, aiming to minimise flood damage

J This involves determining gpofiﬁg locations and limits for
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4 Floodplain zoning is essential not only for river floods but aiso
proves valuable in mitigating damage from drainage congestion,
particularly in urban areas where drainage systems are not
designed for extreme conditions, presupposing some damage
during storms PR

Now, there are certain prerequisites for the enforcement of flood plain zoning. The first one is
the identification of flood-prone regions. So obviously, we need to delineate broad areas
vulnerable to floods around streams. Then we have to develop detailed maps, such as large-
scale maps or high-resolution maps, at a scale of 1:10,000 or 1:15,000 for flood-prone zones,
featuring contours at 0.3 meters or 0.5 meters. That means very dense contours should be
developed for such areas. Then establishment of river gauge references, mark references river
gauges to determine areas likely to be inundated for varying flood magnitudes. Obviously,
based on historical records, you will decide the reference Gauges, that is, these are the levels,
and then accordingly the areas will be identified. Then definition of flood frequency zones,
demarcate area susceptible to inundation by floods of different frequencies, say for example,
once in 2 years, 5, 10, 20 years. So obviously, and those impacted by rainwater accumulation
for varying rainfall frequencies, say 5, 10, 25, and 50. So obviously, both flood as well as
rainfall data has to be analysed, and at different frequencies, we have to find out what is the
likely likelihood of the area that will be inundated, and then accordingly those areas have to
be demarcated. Then identification of submergent areas, mark problem submergent areas for
different flood stages or rainwater accumulation on that map. So of course, more susceptible
areas have to be also marked.
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Pre-requisites for the Enforcement of Floodplain Zoning
1. ldentification of flood-prone regions: Delineate broad areas vulnerable to floods

2. Development of detailed maps: Create large-scale maps (1:10,000/1:15,000) for flood-prone
zones, featuring contours at 0.3 m or 05 m Igterv.ly

3. Establishment of river gauge references: Mark reference river gauges to determine areas
likely to be inundated for varying flood magnitudes
4. Definition of Nlood frequency zones: Demarcate areas susceptible to inundation by floods /

of different frequencies (e.g., once in two, five, ten, twenty years) and those impacted by v
rainwater accumulation for varying rainfall frequencies (e.g., 5, 10, 25, 50) )

5. ldentification of submersion areas: Mark probable submersion areas for different flood
stages or rainwater accumulation on the maps =

Then regulation of land use in flood-prone areas. So, various considerations guide regulations
for land use in flood-prone areas. So of course, we say that both protected and unprotected
areas we have certain specific land uses and that has to be regulated. For instance, areas prone
to floods with a 10-year frequency may be designated exclusively for garden, parks, and
playgrounds, private things, residential, commercial, industrial, and public utility buildings.
So obviously, if a flood frequency of 10 years return period is there then that should not be
used for any kind of residential activity or any commercial activity. Then in zone susceptible
to a 24, 25-year frequency flood residential construction might be allowed with specific
conditions such as stills, minimum plinth levels, basement prohibition, and prescribed
approach load levels. So obviously, you would like that the minimum level at which
properties and human lives are there has to have a certain level which will be above the
expected floodwater. And of course, there has to have an approach road. So, in case of an
emergency, people and property could be moved away quickly from those places. Urban
areas could enforce double-storey buildings utilizing ground floors for non-regional purposes.
This is also possible that you do not allow any residential activity on the ground floor and
only first floor onwards people stay in urban areas.
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Regulation of Land Use In Flood-Prone Areas

- Various considerations guide regulations for land use in flood-prone areas. For
Instance, areas prone lo floods with a 10-year frequency may be deugnaled
exclusively for gmkns, parks, and playgrounds, pfohibmng ruldonm /

commercial, industrial, and public utility buildings

< In zones suscepuble to a 25-year froquoncy flood, residential construction might (/
be allowed with specific condmom s such as stilts, minimum pllnth levels,
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- Urban areas could enforce doublo storw buildmgs utilising ground floors for no
rnudenual purposes

Then categorization and prioritization of structures in flood plain zoning in regulating land
use in flood plains building and utility services can be categorized into 3 priorities, priority 1,
priority 2, and priority 3. Priority 1 is defined installations industries and public utilities. So,
buildings should be situated above levels corresponding to 100-year flood or maximum
observed flood level. So obviously, all those sensitive installations have to have a high flood
frequency um consideration. Then priority 2 will have public institutions, government offices,
universities, public libraries, and regional areas should be elevated to a level corresponding to
25-year flood or a 10-year rainfall. So, it means these should be protected against a 25-year
flood or 10-year rainfall. And priority 3 that is parks and playgrounds, in spread structures
such as parks and playground can be located relevant to frequent floods. So, because they are
typically people do not live in parks and playgrounds. So, even lower frequency floods can be
considered for these areas.
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In regulating land use In floodplains, buildings and utility services
can be categorised into three priorities:
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Priarity 3: Parks and playgrounds - Infrastructure, such as parks and
playgrounds, can be located in areas vulnerable to frequent floods

Then for flood plain zoning, we have to have design and planning, and then of course, there
are certain steps that we have to take for risk assessment and data collection. So, conduct a
thorough risk assessment by gathering historical flood data, river discharge scores, and
information on topography, soil type, and land use. Utilize advanced technology such as GIS
for spatial analysis. So obviously, you have to collect data on all possible aspects, and then
you can, of course, use remote sensing technology for gathering the data, and then, of course,
one should utilize GIS for spatial analysis. So that you know exactly where what is located.
Then we can adopt hydrological and hydraulic modelling. Employ hydrologic and hydraulic
modelling to simulate flood scenarios. Use these models to estimate flood plain extents, flood
flow velocity, and flow depth for different return periods, and this information is crucial for
identifying high-risk areas. So, based on these model results, one can decide the priority 1,
priority 2, and priority 3 areas which we discussed just now. Then we can define flood plain
zones, categorized flood-prone areas into different zones based on severity and frequency of
flooding. Zones may include high-risk zones where flooding is frequent, moderate-risk zones,
and low-risk zones with rare flood occurrences. So obviously, within the flood-prone area
itself, we can have different zones identified depending upon the likelihood of flood or the
frequency of the flood. So obviously, high-risk zones, where flooding is frequent, and low-
risk zones, where the floods are rare. So, these areas can be identified.



PRI
Floodplain Zoning

Design and Planning

Risk assessment and data collechon

Conduct a thorough risk assessment by gathering historical ﬂood dala river discharge
records, and information on lopography. soil types, and Iand use Utilise advanced
technologies such as Geographic Information Systems (GIS) for spatial analysis.

Hydrological nnd Hydlaullc Mcﬁigllmg'

to estimate floodplain extents, flow velocities, and flood dcpths for different return period

Employ hydrological and hydraulic modelling to simulate flood scenario. Use these models
This information is crucial for identifying high-risk areas /

Define floodplam ones:

flooding. Zones may | tnclude high-risk_zones where flooding is frequenl modente-ns

Categorise ﬂood-prone areas into different zone; based on the severity and frequency o)f/

zones, and low-mk zones with rare flood occurrences )

Then we can have building and land use regulations like establish clear regulations for
building and land use within each flood zone, define permissible and restricted activities,
construction standards, and elevation requirements. Just now we discussed that different
priority areas have to be assigned, and then only typical areas have to be assigned for
different priority levels. So, that is what basically it means in building and land regulations.
Then environmental conservation identifies ecologically sensitive areas and implements
measures to protect natural habitats, wetlands, and biodiversity, promotes sustainable land use
practices to minimize the impact on the ecosystem. So, while making all these plans, we do
not focus only on human beings, but we have to also take care of the natural habitats of
various other birds and animals and wetlands, and of course, the biodiversity of the area has
to be protected. Then public participation and awareness are very important things that is
engaged up local community in the planning process, conduct public consultations,
workshops, and awareness campaigns to inform residents about flood risk zoning regulations
and the importance of compliance. So basically, you have to include people, involve people
in various stages of planning and organizing. So, that they are well aware of regulations, they
are well aware of the dangers, and then they are ready to face any untoward incidences.
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Design and Planning
Bullding and Land Use Regulations:

Establish clear regulations for building and land use within each floodplain zone. Define .
permissible and restricted activities, construction standards, and elevation requirements P4

Environmental Conservation

wetlands, and bibdivetsity. Promote sustainable land use practices to minimise th-ehtrmpa_ct

Identify ecologically sensitive areas and implement measures to protect natural habitats, /
on the ecosystem /

Public Participation and Awareness:

Engage the local community in the planning process. Conduct public consultations, ‘,/
workshops, and awareness campaigns to inform residents about flood risks, zqniny'
regulations, and the importance of compliance

Then we have to have infrastructure planning like plan critical infrastructure such as
hospitals, schools, and utilities in areas with lower flood risk. Ensure the infrastructure in
high-risk zones meets stringent design standards including elevated foundation and flood
resistance constraints. So obviously, all these things have to be considered. Then of course,
we have to have emergency response planning, we have to do and that means, establish
evacuation routes, emergency shelters, communication strategies, collaborate with local
authorities, emergency services, and community organizations to enhance preparedness. Of
course, if certain areas, as we discussed also in the previous lecture, are likely to have floods
quite often or almost on a yearly basis, then you have to have evacuation and management
plans in place and of course, you have to have emergency shelter. So that people can be
quickly taken or people and valuables could be quickly taken from the problem areas to these
shelters and of course, you have to have communication strategies and of course, local
authorities have to play a major role besides, we saw that there are certain things like the
NDMA there which are funded by the central government and they could also help provide
the emergency services. Then of course, you have to have adaptive management and
monitoring. Management and adaptive management approach that allows for periodic review
and updates to zoning regulations, monitor changes in land use, climate, and hydrological
patterns, and adjust zoning plans accordingly. So obviously, in today's time when we are
facing climate change and of course, there is frequent land use change because of the
overgrowth of urban areas. So, obviously, we have to our whatever plans we develop or
monitoring we do that has to be adaptive in nature that means, we have to have a quick
review system in place and then we have to quickly review and correction also possibility. So
that you can, in the case of any land use change or any climate change or change in the
hydrological pattern, we can adjust our zoning plans accordingly. So, with this, we come to
the end of the first part of the lecture we have discussed and get the detail about the flood
plain zoning one of the non-structural measures of flood management and then we will

move to as | mentioned earlier that we will take up numerical on various aspects of the flood
which we discussed in the previous lectures.
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Design and Planning
lnlraslrucluve Plaunmg

Plan critical infrastructure such as hospitals, schools, and utilities in areas with lower nood

risk. Ensure that infrastructure in high-risk_zones meets slnngen( design standards
including elevated tounidahong and flood-resistant construction /_

Emergency Response Plannmg'

Establish evacuation routes, emerqency sheltm, and communication strategies. Collaborate
with local aulhotmes omorgoncy sorvlc“ and community oroaniutlom to onhanco
preparednen

7 Adaptlve Managemenl and Momtonng
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So let us take a certain numerical on flood risk to start with. So, this is example 1 a culvert is
designed for a flood frequency of 100 years and a useful life of 20 years. The risk involved in
the design of the culvert in percentage is we have it is a multiple-choice question we have 4
options given and this question has been taken from gate 2018 examination. So obviously, for
given data we have to calculate risk and we know that we discussed in an earlier lecture that
risk involved in the design is given by this relationship that is R or R both terms we use. So, it

is (1—=P)"r 1-(1 — %)”where T is the recurrence interval and n is the Useful life of the

planned structure. So, in this particular problem, the recurrence interval or return period is
given as 100 years and the useful life of the structure is given as 20 years. So, the 2 unknowns

T and n are known to us. So, putting these values in the equation, that is R = 1-(1 — %)”. So, T

equals to 100 and n equals to 20, we get 0.1829 or 18.21 % and there is an option B which
corresponds to this. So, option B is the correct answer to this particular question.
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Example 1

A culvert is designed for a flood frequency of 100 years and a useful life of 20 years. The nsk
Involved in lm dulon of the culven wcmh_gg_,

a. 945

b. 18.21. - rm———

c. 2747 ¢ GATE2018 ™
d. 36.36 | Ew

Solution:

Rukinvolvedlndniqq R=1 ~(l -P) = l (1 ?

Here, T= 100 years, and n= 20 years., Pumng lho known values in the equation,
R=1-(1- —)"

s

g )
=1 (1~ 9% =018209 518.21% )

Hence, Option (b) is correct )

Then we take an example 2 which has been taken from gate 2019 examination. A soil
conservation structure has an expected life of 10 years and is designed for a flood magnitude
of 50 years return period. The risk of this hydrological design percentage is------ (a)18, (b)18.29,
(c)18.50, (d)18.40 again, it is a multiple-choice question. We have been given 4 answers and
as we know already from the previous problem also, we have to calculate risk and the desired
unknowns that are return period and the expected life of the structure is already mentioned. So,

here T is given as 50 years, n is given as 10 years and we know the formula R = 1-(1 — %)".

So, putting T equals to 50, n equals to 10, we calculate the value as 0.1829 or 18.29 % and that
matches option B here. So, option B is the correct answer for this particular question.

Numerical on Flood Risk

Example 2 P
A soil conservation structure has an expected life of 10 yun and is designed for a flood
magnitude of 50 ) years return rn period, The rtsk of this hydrologic design in percentage is_

a. 18 TR '
b. 1829/ ‘
c. 18.50 z,'
d. 1840 |

Solution:

“GATE 2019 ™

Risk involved in design, R- 1 —(l -P)"=1-(1 -5]"

Y

Here, T= sglnr\’ and o= 10 ynm Putting the known values in the equation,
'R—n-u--)" =

=l—(l )"’ '01829‘1829%

Hence, Option g:l is correct




So, we move to the next one, that is a flood control structure having an expected life of n years
is designed by considering a flood return period of T years. When T = n where n -, the
structure's hydrological risk of failure in percentage is ------ (2)25.2, (b)68.4, (¢)78.2, (d)63.2 a
multiple-choice question where four options are given and this question has been taken from
gate 2022 examination. So, of course, the formulation remains the same, but here the only issue
is that we are talking in terms of T and n and T is where we have to use n in infinity. So, in this
formulation, T equals to n is given and n infinity is given. So, when n— oo, 1 by this part that

is 1-(1 — %)n or it converts to 1-(1 — %)n that becomes 1/e and that is the formulation here

limit n— oo, 1-(1 — %)nis 1/e where e is the Euler's number, a numerical constant used in
mathematical calculations and the value of E is 2.71828. I am having this long value, but 2.718

let us say e is equal to 2.718. So, that means, we have to use that value in this case. So, R :1%
1
2.71828
is the correct answer to this particular question. So, this is a trick where T equals to n and n—
0. So, we have to remember that we have to use the Euler's number in this case, which value
is 2.7182.

or 1- or it comes out to be 0.632 or 63.2 % and that matches option D here. So, option D

Numerical on Flood Risk

Example 3
A flood control structure having an expected life of n years is designed by considering a flood
return period of T years. When T = n, n — =, the structure's hydrologic risk of failure in
percentage is ‘ B
252

684 | : O
' GATE 2022

78.2 -
63.2/,}\.' ]

Solution:

a0 oce

Risk of failure, R=1 - (1 - P)" = 1 - (1 - ;)" y

Here, T = n) hence,
‘e’ is Euler's Number, a

RES=TE=2P \ al numerical constant used In
A 1) | \ ' mathematical calculations. The
When n — /{1 - 1" becomes' [ |  (lm, ..(1 = 11"aT)  value of e is 2.716281828458045

R= | = 5 = 1 - F::T{ﬁ =0.632 i,@l}‘j@_, Hence,| (?-ptlo;(d) is co'lrez:;: >

Then we go to example 4, which is a numerical on design flood. Analysis of the annual flood
series of a river yielded a sample mean of 1000 cubic meters per second and a standard
deviation of 600 cubic meters per second. We made the design flood of a structure on this river
to provide 90 % assurance that the structure will not fail in the next 50 years. Use Gumbel's
method and assume the sample size to be very large. So, assurance or reliability desired is 90

percent, and we know that the risk is 1 minus reliability. So, 1-%, that is 10 % risk or 0.1 is

the risk, and just now we saw the formula I said that R or R that is a risk is 1-(1 — %)”. So,

obviously, here we have been given the value of R, and we have to calculate n is also known
that is 50 years life is given. So, what is unknown is T. So, by putting these values, we can
calculate the value of T, which comes out to be 476.19 or let us say for simplicity 475 years.
So, that simply means that we have to get the flood magnitude of the return period of 475 years



through using Gumbel's method, and Gumbel's method already we have solved a few examples
earlier while discussing the topic.

Numerical on De w'n Flood

Example 4

Analysis of the annual flood series of a river ylelded a sample mean of 1000 m'/s and a
standard deviation of 600 m"/s. Estimate the design flood of structure on this river to pvovldo
90% of assurance that the structure will not fail in the next 50 years. Use the Gumble's memod
and assume the sample saze to be e very large. —

D

Solution: The assurance or re lmbllm dunn-d Q(‘)o%.

p—

Hence, risk, R =1 - rellablllly— 1 - I—"— <0.10 )

D —
(R=1-(1- )"}

0.1=1-(1=1)y
Ty

(1 )“'-09

T= 476.19 = approx. 475 years . S
The flood magnitude 'ot lho telutn period of 475 years is estimated by, G’umbol s mﬂhod j

So, for T equals to 475 years, we know that Gumbel's method the variate YT=1n(ln%) that it

is a function of return period that is which is 470 years 75 years in this case. So, InY; comes
out to be 6.162, and also, we know that for Gumbel's method frequency factor is given by this
Yr_ v,

relationship K=——= 5

n
sample size of n and in our problem the sample size infinity. So, obviously, we have to use the

table and here in this table we have been given Y n bar and S n for n equals to infinity also. So,
that means, our Y n bar becomes 0.5772 and S n becomes 1.2826 that is from here we take the
value. So, that means, now we know Y T we knew Y n bar and S n. So, we can calculate the
value of K, and the value comes out to be 4.355. Now we can use the general hydrologic

where Y bar Y Y n bar and S n bar are taken from the table for desired

frequency equation. So,Xr = X + Ko. So, X bar and sigma are already given the problem
statement K value we have already estimated. So, putting these values we get X = 3613 cubic
meters. Hence the design flood of the structure on the river having 90 percent insurance against
failure in the next 50 years is 3613 cubic meters per second that is the answer to this particular
question.
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Solution:

-
) w6162~ , -
ne < N " 7 o %0 100 200 00 -

Now, the frequency factor is given as —
— { v/ 0.5521 | 0.5548 | 0.550 | 0.5508 | 0.5000 | 0.9672 | 0.5724 | 0.5772

—

475
175-1

For T=475years, Y, =-In(In ﬁ JE=In(In

11747 | 11854 | 19938 | 1.2007 | 1.2068 | 12060 | 12588 | 1.2826

(K== ) Su ]
where Y, and §_ are taken from the table for the desired sample size N

; i In this problem, the sample size is infinity,
Hence, K=Titugblsz-esmz Zaes > therefore, ¥,= 0.5772 and §,= 1.2826 ~
s, g e A% s

12026

Now, putting knm values of X, K and @ in the ocneraL lngg}ggbc lrequmcy_ _oquauon.

e A e ——
[ x =X+ Kof 4000 + 4.355x600) Hence, the design flood of the structure on the river
=" ——— having 90% assurance against failure in the next 50
Xy =3613 m? /3, years is 3613 l_n’[s

Then we go to example number 5 and this is again a problem on design flood that is the mean
annual flood of a river is 600 cubic meters per second and the standard deviation of the annual
floods time series is 150 cubic meters per second. The percent probability of flood of magnitude
1000 cubic meters per second occurring in the river at least once in 5 years will be and that is
where the fill in the blanks we have to do. So, we use Gumbel's method and assume the sample

size to be very large. So, hereX is given o is givenXr is given. So, from here from using the
general hydrologic frequency equation we can find out the value of K. So, from here we get K

Y ~
equals to 2.67 and we know that K is given by KZ%. So, K value is known and we know

n

that very large sample size in the previous case we saw from for infinity the values of Y N bar
15772 and S N is 1.2826. So, putting the values of K, Y N bar, and S N in this equation
which are known, we can calculate Y T which comes out to be 4, and we know that Y T, the
variate Y T, is calculated for Gumbel's distribution is calculated by this relationship thatis Y T
related to T.
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Example §
The mean annual flood of a river is 600 m'/s, and the standard deviation of the annual flood

time series is 150 m"/s. The per cent probability of.a flood of magnitude 1000 m’ /s occurring in
the river at least once in 5 years, mﬂ_br’ IUn the Gumble's melhod and assume the

sample size to be very Iarge) P R R et
Solution:
Given- X =m m'/s, @ =150 m'/s, X, = 1000 m’/s
/ “W —_— e
=X+ Ka\ -

K= (x, k)la = (1ooo-sooy1so 5267/
_/
In Gumbel's method. K = -!—‘jl
~ 1 7
287= Jﬂ {V,= 0.5772 and 5= 1.2826 for very large sample size)

ninze

;=40

So, Y T equals to 4. So, from here we can calculate the return period which comes out to be T
equals to 54.9 or 55 years. So, the proper probability of occurrence of a flood of magnitude
1000 cubic meters per second is P equals to 1/ 55 is T P we know that P = 1/T. So, it is 0.0182,
and probability of flood of magnitude 1000 cubic meters occurring at least once in 5 years, that
is 1 in probability of flood not occurring once in 5 years 1 - Q2 or 1 —(1 — p)°® that is N basically
5 years we are looking at. So, itis 1- (1- 0.18) to 0.182 that is the probability we have calculated
to the power 5 and it comes out to be 8.77 percent. So, that means, that is what we have to fill
here that is it is 1. 8.77 percent probability.

Numerical on Design Flood

Solution:

Weknowthat(r',s ~In(in )

‘°3°lﬂ(’n;'i)

Sy =1018 ="
‘ 7 7- 54 9 = 55  years \ >
Probability of occurrence of a flood of magnitude 1000 m /s P =1/85=0.0182

Probability of a flood of magmtude 1000 m' /i occurring at least once in 5 years
=1 ~ Probability of a fload not occurring once in 5 years =1~ ¢* =1~ (1 -_f’)"/
;/ -
=1-(1-0.0182)*

e ———

= 00877 (- 8.77%

Now, we go to the next problem that is a numerical on log Pearson type 3 distribution and it is
example 6. The annual maximum recorded flood in the river Ramganga for a period 1970 to
1996 is given below estimate the flood discharge for return periods of 10 years and 25 years



using log Pearson type 3 distribution. So, we have been year 1970 to 1996 we have been given
maximum flood value starting from 3615 in 1970 to 1971 in 1996.

Numerical on Log-Pearson Type-1Il Distribution

Example 6,

The annual maximum recorded flood in the river Ramganga for the period 1970 to 1996 is given
below. Estimate the flood discharge for return periods of 10 years and 25 years using log Pearson
Type Il distribution. i . . o

m/ >‘/1m 1972 | 1973 | 1e74 | 1975 | 1eve | 1977 | 1978

1870 /|
Max. Flood (m'/s) | 3615 3521 2399 4124 3496 2047 5060 4903 3757
1979

Year 1983 1984 | 1985 1988

1982

Max. Flood (m¥/s) | 4798 4290 4852 5050 6900 4366 1380 | 7826
1991
2988

Max. Flood (m/s) | 6509 3700 ars

Now, we know that for log Pearson type 3 the variate we use that is we log transform the
variate. So, we of course, we have to first log transform all the values and then we have to
calculate the statistic Z bar sigma Z N C S. So, of course, first thing we have to do is that this
is the x value and Z we have to calculate Z equals to log x. So, corresponding Z values. So, for
all x Z values first thing we have to calculate and then once we have the Z series with us then
we can calculate Z bar which comes out with 3. 60712 sigma Z is 0.1404 and C S is 0.0062.
So, that way once we have the data series, we can calculate all these values the formula we
already know or you can if you are using Excel, they can straight away calculate all these
values.

I
I

Numerical on Log-Pearson Type-111 Distribution

Solution:
The variate z = log x is first calculated for all discharges. Then, statistics Z, 0, and C, are calculated,

o Max || Max 4 ; Max. | | z.as0712 |

Year | Fiood fz=logx|Vesr | Flood |x=iogx| Year | Fiood Ix=/ogx
(i) % |- (m¥fs), x (mis), x 001408 |

1970 3615 |3.558108 | 1979 | 4798 | 368106 | 1988 | eses |3stears| )

1971 | 3521 | 3546666 | 1 4290 | 3.632457 ar00 |3seszoz| C=0.0082 -~

1972 2399 3.38003 1 4652 J.66764 1990 4175 3.620856

1973 4124 3615319 5050 3.703201| 1981 2088 3475381

1974 3486 3.543571 | 1983 6900 |3.838848, 1982 2709 | 3.432809
1975 2047 3.46938 | 1984 4366 3640084 1993 3873 | 3,588047
1978 5060 3.704151 | 1985 3380 |3.528917 | 1994 4593 13662096
1977 4903 3.690462 | 1986 7828 3.89354 | 1995 6781 3.830011
1978 3757 3.574841 | 1987 3320 |3.521138 | 1996 1971 |3.204687




And then once the value of k z for given t and ¢ z are calculated using the log Pearson type
distribution table that is what we need basically. And we discussed earlier that we have a
standard table the kt value for positive skew and for negative skew both and for us C S is given
as 0.0062. So, this is the Cs column and t of course, we have to calculate t to t in 25. So, these
are the k values for different return periods and so obviously, we have to look for 10 years and
our value 0.0062 so that means, we are here and our focus is somewhere here. So, these are the
two. So, for 10 years we have to of course, interpolate our value has to be between 1.282 to
1.292. So, from here we get K equals to 2.67 and we know that K is given by Y T minus Y N
by S N. So, K value is known and we know that very large sample size in the previous case we
saw from for infinity the values of Y N baris 57 7 2 and S N is 1.2826. So, putting the values
of K, Y N bar, and S N in this equation which are known, we can calculate Y T which comes
out to be 4, and we know that Y T, the variate Y T, is calculated for Gumbel's distribution is
calculated by this relationship that is Y T related to T. So, Y T equals to 4. So, from here we
can calculate the return period which comes out to be T equals to 54.9 or 55 years. So, the
proper probability of occurrence of a flood of magnitude 1000 cubic meters per second is P
equals to 1 by 55 is T P we know that P equals to 1 by T. So, it is 0.0182, and probability of
flood of magnitude 1000 cubic meters occurring at least once in 5 years, that is 1 in probability
of flood not occurring once in 5 years 1 minus Q to the power 9 or 1 minus 1 minus P to the
power 5 that is N basically 5 years we are looking at. So, it is 1 minus 0.18 to 0.182 that is the
probability we have calculated to the power 5 and it comes out to be 8.77 percent. So, that
means, that is what we have to fill here that is it is 1. 8.77 percent probability. Now, we go to
the next problem that is a numerical on log Pearson type 3 distribution and it is example 6. The
annual maximum recorded flood in the river Ramganga for a period 1970 to 1996 is given
below estimate the flood discharge for return periods of 10 years and 25 years using log Pearson
type 3 distribution. So, we have been year 1970 to 1996 we have been given maximum flood
value starting from 3615 in 1970 to 1971 in 1996. Now, we know that for log Pearson type 3
the variate we use that is we log transform the variate. So, we of course, we have to first log
transform all the values and then we have to calculate the statistic Z bar sigma Z N C S. So, of
course, first thing we have to do is that this is the x value and Z we have to calculate Z equals
to log x. So, corresponding Z values. So, for all x Z values first thing we have to calculate and
then once we have the Z series with us then we can calculate Z bar which comes out with 3.
60712 sigma Z is 0.1404 and C S is 0.0062. So, that way once we have the data series, we can
calculate all these values the formula we already know or you can if you are using Excel, they
can straight away calculate all these values. And then once the value of k z for given tand ¢ z
are calculated using the log Pearson type distribution table that is what we need basically. And
we discussed earlier that we have a standard table the k t value for positive skew and for
negative skew both and forus C S is given as 0.0062. So, this is the C S column and t of course,
we have to calculate t to t in 25.



Numerical on Log-Pearson Type-111 Distribution

Solution:
The variate z = log x is first calculated for all discharges. Then, statistics z, o, and C, are calculated

Max. ey Max. L 4 Max. 2 7=3.60712 |
Year Flood [z =jogx >Vm Flood (2= Year | Flood |z2=log r
(ms)/x f— (ms), x (ms), x 0,#0.1404
1970 | 3615 | 3.558108| 1979 | 4798 | 366106 | 1988 | 599 |3819478 )
1970 | 3521 | 3s4eees| 1980 | 4200 [3e32457| 1989 | 3700 |asesa0z) 700082~
1972 2399 3.38003 | 1981 4652 J 66764 1990 4175 3.620856
1973 4124 3615319 | 1982 | 5050 |3.703291] 1991 2088 | 3475381
1974 Jage 3.543571 | 1983 8900 3838849 1902 2709 3,432809
1975 2847 346938 | 1984 4366 3.640084 1993 3873 3,588047
1976 5060 3.704151 | 1985 3380 3528017 | 1994 4593 3,662096
1977 4903 3690462 | 1986 7828 3.89354 | 1995 6761 3.830011
1978 | 3787 [3674841| 1987 | 3320 [3521138] 1996 | 1971 |3.204687

So, these are the k values for different return periods and so obviously, we have to look for 10
years and our value 0.0062 so that means, we are here and our focus is somewhere here. So,
these are the two. So, for 10 years we have to of course, interpolate our value has to be between
1.282 and 1.292 and we get to 1.30138 ah I think there is something wrong in this interpolation.
So, we need to correct that. So, it has to be between 1.282 and 292. So, this value is not
correct, but you can always interpret the value and for 25 years here 25 year this value has to
be 1 point it has there is some error in both these interpolation values, but I think you know
how to interpolate the values between these two.

So, our interpolation values have to be there. So, k z has to come from this table basically. So,
now ah for calculating ah t for the different recurrent periods we know that we have to use the
hydrological ah general hydrological equation z t z bar k z sigma z and we know z bar we know
sigma z where you have obtained the values of k z. So, obviously, z t value ah we can ah find
out. So, gtis here and of course, we are interested in the x value the x t value. So, obviously,
we have to take the antilog of ah g t and ah our values come out to be 6163.11 for 10 years
return period and 7281.15 for 25 years. So, flood discharge for a given return period of 10
years and 25 years is 6163 and 7281 cubic meter per second. Of course, these values will
change when you correct ah correct k and recalculate. So, that that is you have to do on your
own ah you will get a different number, but procedure remains the same. Now we take ah the
last problem that is analysis of a 100-year annual flood series and this problem is on confidence
interval. Analysis of 100-year annual flood series ah a of a river yielded a sample size mean
of 1500 cubic meter per second and standard deviation of 900 cubic meter per second.

Estimate the 200-year flood of a river using Gumbel's method, estimate the 90 percent
confidence interval of the value. So, obviously, ah it is a ah it is a basically 200 year flood ah,
but formula remains same that x t equals to x bar k sigma ah that is standard deviation and ah
we are using Gumbel's method. So, that means, the k is given by this relationship y t minus y
n bar by S n and y t we know that is related to t that is the variety related to t that has to be



calculated using this relationship. So, return period t is 200 years. So, y 200 is I n 1 n ah we
have to put 200 points minus 1 that is t t minus 1 and we have to calculate the value of y 200
which comes out to be 5.32. Now our sample size is 100. So, this is the table we have to use
for getting the y n bar and S n. So, if our value is 100 so, obviously, we can straight away read
from here. So, y n ah bar comes out to be 0.56 and S n comes out to be 1.2065. So, that means,
k 200 we can calculate because we know y200 we know y n bar we know S n. So, putting the
values we get k 200 is 3.945 and putting all these values in this equation x 200 is x bar plus k
100 k ah sigma ah we know x bar and ah sigma are already given and k we have calculated.

So, x200 comes out to be 4645 cubic meter per second. So, that is the magnitude of flood ah
using ah the Gumbel distribution. Now we have to calculate ah the 94 90 percent confidence
interval and for that we know that for ah for given ah probability x 12 is given by x t plus ah
plus minus f ¢ Sc where fc has to be taken from the ah table here which is the probability table.
So, we have 90 percent. So, the value of f ¢ can be read from here which comes out to be
1.645. So, from here we read this value and also, we know S ¢ ah S ¢ we need where S ¢ is
given by B n. So, sigma and n we already know and we know that B is a function of k. So, k
value already we have calculated. So, putting the values of k here we can calculate the value
of B which comes out to be 4.82. So, now ah we know B we know sigma we know n.

Numerical on Log-Pearson Type-111 Distribution

Solution:
The variate z = log x is first calculated for all discharges. Then, statistics z, o, and C, are calculated.

Max. [ Max. 5 Max. Z] 72360712 |
Year | Flood z-hg:)Vm Flood |z= Year | Flood [z2=log r
(mts)x | — | (m¥/s), x (mls), x 0,20.1408
1970 | 3615 | 3568108| 1979 | 4798 | 368106 | 1988 | eses |3.819478 )
1970 | 3521 | 3saeees| 1980 | 4290 [3e32457) 1989 | 3700 |asesaez) 6700082~
1972 2399 3.38003 | 1981 4652 J 66764 1990 4175 3.620856
1973 4124 3615319 | 1982 5080 3.703291| 1991 2988 3475381
1974 3496 3643671 | 1883 8900 3.838840 1982 2709 3.432809
1975 2047 346938 | 1984 4366 3.640084 1993 3873 3,588047
1978 5060 3.704151 | 1985 3380 3528017 | 1994 4593 3,662096
1977 4903 3690462 | 1986 7828 3.89354 1995 6761 3.830011
1978 | ars7  [3s7asar| weer | 3320 [3saviae] tes | 1971 [3204e87

So, we can calculate the value of S c. So, S ¢ comes out to be 434 433.8 or 434. So, putting
the known values in this equation. So, we know x t we know f ¢ we know S ¢ now. So, x 1
and x 2 2 limits ah the upper limit comes out to be 5359 cubic meter per second, the lower limit
comes out to be 3931 cubic meter per second. So, these are the two confidence limits. So, the
200-year flood in the river using Gumbel's method comes out to be 4645 and the 90 percent
confidence interval for the predicted value is 3931 and 5359.

So, that is the answer. So, this is our magnitude and these are our lower and upper limits
confidence limits that is what we discussed that our value could lie in between anywhere
between these two values though we have estimated this is exact number. So, with this we
come to the end of this lecture. So, we have we have tackled two different issues in the first



part we talked about flood plain zoning different concepts and how to do it and second part we
took ah problems numerical on various aspects of flood. So, thank you very much please give

your feedback and also ah ask questions if you have any doubts, we shall be happy to answer
on the forum.

Thank you very much.



