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Lecture No # 29
IDF Relationships

Good morning and welcome to this, the twenty-ninth lecture of the course stochastic
hydrology. In the previous two lectures we have been discussing about goodness of fit
tests for fitting distributions to observe data. What | mean by that is that you have a

observed series of data and then you would like to use a particular probability

distribution, which will fit that data.

Specifically, we have seen two different types of methods, one is using the probability
papers and we also saw how to construct the probability papers, specifically for the
normal distribution and also for the exponential distribution using analytical or graphical
procedures. Subsequently, in the previous class we have seen, previous lecture we have

seen how to construct, how to do the goodness of fit tests using statistical test, which is

specifically the Chi-square test and the Kolmogorov-Smirnov test.
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If we summarize what we did in the previous lecture, we focused mainly on the Chi-
square and the Kolmogorov-Smirnov test. As | mentioned, you know, these tests will
base their observations or base their conclusions on how well the observed relative
frequency matches with the expected relative frequency. The observed relative frequency
or the observed number that we are looking at based on the class intervals that we have
on the data, that is, data is classified into several class intervals. And then, we look at the
observed relative frequency of each of the class interval, and that is what is n i. And the
expected relative frequency or the expected number of observations arising out of that

particular distribution for which we are conducting the test is E i.

And then, this will give you the statistic, Chi-square statistic and we also have the critical
Chi-square statistics available through tables. This is a significance level, usually we use
5 percent or 10 percent significance level and p is the number of parameters and K is the
number of class interval. So, we get this critical chi-square parameter and then observe,
compare it with the Chi-square that is obtained from the data. If the Chi-square, that is
obtained from the data is less than the critical Chi-square value obtained from the tables,

then we say, that the data passes the test for that particular distribution.

Similarly, in the Kolmogorov-Smirnov test, rather than lumping the values into different
classes, it considers the individual values as, that | have been actually observed and then
calculates its probability associated with each of these observed values and compares it
with the probability that would have arisen if, in fact, fitted a particular distribution. For
example, F of x i is the probability associated with that particular distribution normal

distribution, exponential distribution, etcetera, for which we are making the test.

And we take the absolute maximum difference between the observed and the expected
probabilities and that we call it as data. So, the statistic is simply the maximum of the
absolute value of the difference between the observed probability and the expected
probability. And for the Kolmogorov-Smirnov test we also have the critical values of the
data and if the data, that is so obtained from the observed data is less than the critical
values, then we say, that it passes the test and therefore, we accept the hypothesis, that
the data, in fact, comes from a population, which fits, that particular distribution for

which we are making the test.



Now, we will progress further to a different topic. See, what we have been discussing
about is that you have the observed data and from the observed data you know, which
distribution to fit. Now, we will ask the question what do we do with this information,
specifically for hydrologic designs. We will be interested in, let us say, for a given
duration and return period what type of intensity rainfall I must use for the hydrologic
designs or from the intensities, we may want to convert it into design hydrographs,
which means, peak flows. How much is the peak flow corresponding to a given return

period for a given duration of rainfall?

Now, these are the type of questions we need to answer whenever we looking at
hydrologic designs, specifically, let us say we are looking at the spillway design, which
has to pass a specific discharge, flood discharge or specifically, in urban hydrologic

designs.

Let us say, you are talking about designs of culvert, which crosses a road. This needs to
be designed for a specific discharge, peak discharge or the urban storm water drainage.
There is a specific rainfall, that is occurring and then you would like to have your design
such that the peak discharges arising out of this kind of rainfall will be passed smoothly
through urban storm water drainage. And in situations where drainage through gravity is
not possible, you would like to put in place pumping systems, which also need to assess
what kind of recharge they have to pass as a function of time. That means, with respect
to time what kind of discharge they have to pass is, specifically, it means, that we need to
estimate the hydrographs at that particular location. The basis for most of this analysis is

what is called as the IDF relationships, that is, intensity duration frequency relationships.



(Refer Slide Time: 07:40)

INTEN§ITY-DURATION—FREQUENCY (IDF)
CURVES

S

®) B

In most hydrologic designs, especially dealing with the extreme rainfalls, extreme floods,

etcetera, we need the IDF relationships for making design decisions. So, in today’s
lecture, we will specifically focus on what are these IDF relationships, what kind of
information, that you can derive from them and how to construct the IDF relationships

for a particular location?

So, the intensity duration frequency relationships also called as IDF curves. Intensity is
the intensity of rainfall we are talking about, this is depth per unit time, so millimeters
per hour may be one of the units that you use. Duration is the duration of the rainfall,
which is typically in hours. If we are talking about urban storm water drainage, etcetera,
it may be of order of a few minutes, 30 minutes, 40 minutes, 12 minutes, etcetera. So,
this is the duration and duration is typically the designed duration and frequency is
related to the return period, once in about how many years this kind of event is likely to
recur. So, frequency is the frequency of occurrence of that particular intensity of rainfall.
All these three are related with each other.

So, we need to develop for a given location the IDF relationships and use these IDF
relationships for that location as inputs to your hydrologic designs. So, we will see today
how to construct the IDF relationships based on the data and also use some empirical
relationships, which are derived for various reasons and we will specifically look at the
regions within the country.
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So, as | mentioned the first step in hydrologic designs is what kind of design rainfall that
you would like to use. Now, the design rainfall, specifically we mean by design rainfall,
we mean the rainfall intensity. Now, the rainfall intensity, as | just mentioned, will

depend on the design duration.

Let us say you are talking about design intensity corresponding to a half an hour duration
of rainfall, corresponding to 1 hour duration of rainfall, 24 hour duration of rainfall and
so on. The design duration itself will depend on several other aspects of the catchment.
For example, how fast the flow can take place in that particular catchment and which is
related to, what is called as, time of concentration and so on. So, right now we will not
worry too much about design duration. We will assume, that for a given design duration,
the design duration is given, we will assume, that the design duration is given and then,
for that duration we would like to calculate the intensity of the rainfall, that needs to be
used in the hydrologic design corresponding to a given frequency or the given return
period of that particular event.

Let us say, you are talking about urban flooding, we may be talking about return periods
of the order of 5 years, 10 years and so on. Whereas, if you are looking at the designs of
spillways, then we may be talking of return periods of the order of 100 years, 500 years
and so on. So, the frequency or the return period is a matter of judgment of the designer
based on the importance for which the hydrologic designs are made.



You may have a very critical installation, like a nuclear reactor or some such thing for
which you need to provide the drainage, flood, flood drainage, in which case you may
want to use a thousand year return period flood and so on. So, once you fix the duration,
we must have a relationship between intensity and frequency and that is what we will do
in the IDF relationship. So, the IDF relationship, it gives the expected rainfall intensity of
a given duration, having a desired frequency of occurrence. And typically, we put the
IDF relationships as IDF curves with duration as the abscissa and intensity as ordinate,
and we will have those many curves as you have return periods. For example, we may
have one curve corresponding to 2 year return period, 5 year period, 10 year return
period, 100 years and so on. So, this is how IDF curves are presented.

In the context of stochastic hydrology, the importance here is what kind of distributions
we use, what kind of return periods we use for the, the frequency of occurrence of these
critical events. By critical events | mean, the intensity of rainfall exceeding the particular
intensity and so on. So, we need to priory fix from the data. If we are talking about
extreme values what kind of distributions are best suited for the purpose of getting the

IDF relationships.
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And we have been talking always about intensity when we come to IDF relationships.

Now, the intensity is, it can be just instantaneous intensity or a rainfall has occurred over
a period of time and then, you are talking about average intensity. Typically, in the IDF



relationships that we use for hydrology designs, we construct the IDF relationships using
the average intensity of rainfall. Let us say, that the rainfall has occurred over last 3
years, 3 hours and the total rainfall is known, simply divide the total rainfall by the

duration, so you get the intensity. So, i is equal to P by t.

What is the assumption there? The assumption is that all through this duration the
rainfall has occurred uniformly. However, this need not be true, but for IDF relationships
we consider this and typically, the durations we consider are of the order of 1 hour, 2
hours and so on, up to 24 hours. And in fact, in some river based, in sector we are talking

about, we will go much beyond.

But when we come to urban drainage or urban hydrologic designs, the duration of the
time can be very small. For example, we may talk about 15 minute duration rainfall, half
an hour duration rainfall and so on. Why is this so? Because the urban drainage has to
address issues related with faster run off. The peaks will occur much faster compared to
a non-urban catchment because all the rainfall, that falls, most of the rainfall, that falls,
most of the rainfall, that falls, immediately converts itself into run off and therefore, the
duration t is much smaller in the urban catchments compared to the duration in non-
urban catchments. So, for a given duration, knowing the precipitation, you know the
intensity of the rainfall.
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Then, we have the frequency. Frequency, as | mentioned, is in terms, is expressed in
terms of the return period and the return period is fixed for a particular design or is
examined. Various return periods can be examined for particular hydrologic design
based on the judgment, based on the engineering judgment and also, based on the

importance of the criticality of the design itself.

Then, IDF relationship we can develop based on the observed data. Let us say, that you
have last 30 years, 40 years of data of continuously monitored rainfall or at least, every
half an hour you have monitored the data, monitored the rainfall. Then, you have data for
every half an hour for last about, let us say, 30 or 40 years. We can use this data and then
construct the IDF relationship.

So, the basis for this is that you have the observed data. Observed data is available for
half an hour, 1 hour, 2 hours and so on. So, we can also aggregate to get 6 hours rainfall,
12 hours rainfall and so on. So, every half an hour you have made the measurement for
last 30 years, all the data is available. Typically, a minimum of 20 years of data is
desirable for constructing IDF relationship. If you have less than 20 years, then it may
become rather statistically biased. Therefore, a reasonable length of data is necessary for

the construction of the IDF relationships.

(Refer Slide Time: 16:26)

IDF Curves

Procedure for developing IDF curves:
Step 1: Preparation of annual maximum data series

» From the available rainfall data. rainfall series for
different durations (e.g.,1-hour, 2-hour, 6-hour, 12-
hour and 24-hour) are developed.

» For each selected duration. the annual m
rainfall depths are calculated.

WMPTEL /

So, what do we do in this? First, from the observed data we construct annual maximum

data series for various durations. What do | mean by that? Let us say, you have hourly



data of last 30 years, which means what? For, for every hour you are measuring, so in 24
hours you have 24 data, in one year you have 24 into 365 data.

In the 24 by 365 data of every hour, we pick up the maximum occurring in that hour, one
hour data you have. So, many values, out of that you pick up the maximum, so that
becomes the maximum for that particular year, like this for last 30, 40 years you have
one maximum value associated with each of the duration, 1 hour maximum, 2 hour

maximum, 3 hour maximum, etcetera for all the 30, 40 years.
So, this is how we first constitute the annual maximum data series.
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Then, associated with each of these series, now let us say we fix our attention on one of

the duration, 1 hour duration or 2 hours duration, etcetera. So, for each of the selected
duration we fit a distribution, probability distribution, when we are dealing with extreme
rainfall values. Typically, we use the extreme value distributions. However, it is not
uncommon to see applications of normal distribution and log number distributions also,
but specifically we deal with Gumbel’s extreme value type distribution or the gamma,
this 2 parameter gamma distribution or the log Pearson type three distribution and so on.
And the most commonly used distribution is the three extreme value type one
distribution for constructing the IDF relationship. So, you have constructed one hour data
series, two hours data series, six hours data series and so on, corresponding to each of
these series.



Now, we fit a distribution. What do | mean by fitting a distribution? We calculate the
parameters of that particular distribution and then, we have to satisfy ourselves, that the

distribution, that we are using, in fact, is a good fit for the data that we have.

So, for one hour duration you may come up with one distribution, for two hour you may
come up with another 24 hours like another and so on. So, corresponding to each of this
series you identify the distribution, that fix, that fits, that fits best that particular
distribution, that particular data series and then use that distribution to do the further

analysis.
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Now, these distributions, most of them we have gone through earlier. So, we typically
use either the Gumbel’s extreme value type one distribution, mostly when we are dealing
with high intensities of rainfall, high peak floods and so on. We use Gumbel’s extreme
value type one distribution, the PDF is given by this, it has two parameters: beta and
alpha, and we know how to estimate. | have given the expressions earlier how to estimate
alpha and beta and this is, you know, we also use a transformation, x minus y is equal to
X minus beta or alpha as a transformation, in which case we express it as e to the power
minus e to the power minus v, it is a double exponential distribution. So, the Gumbel’s
extreme value type one distribution is most commonly used for obtaining the iDF

relationship.



Similarly, we may use Log Pearson type three distribution or the gamma distribution,
normal, log-normal, etcetera. All of this we have discussed, except the log Pearson type
three, which 1 discussed in the previous lecture, | think lecture before that | have
introduced this. So, all of these distributions can be used for developing the IDF

relationships.
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Then, as | mentioned, for each of these durations we fit our distribution based on, and

our confidence in fitting this distribution arises out of the statistical test. So, we carry out
the Chi-square test or the Kolmogorov-Smirnov test for each of the duration to satisfy
ourselves, that the distribution that we are using is in fact, a good fit for the data we have.
And once we are satisfied, we fix that distribution for the particular duration and then

proceed further.
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Step 3: Determining the rainfall depths

— Using frequency factors, or
— Using the CDF of the distribution (by inverting the
CDF).

What we are interested in is for a given return period now, we need the rainfall depths,
that is, return period of let us say 2 hours 2 years | am sorry 2 years what is the rainfall
depth that we need to use 10 years what is the rainfall depth 100 years what is the rainfall
depth. So, this is typically done by frequency analysis as we had discussed in the earlier
lectures for a given return period how to obtain the critical parameter critical value of the
rainfall. So, we can either use the frequency factors which depend on the return period as
well as on the distribution or we may use if the return if the distribution that we are using
is. In fact, invertible then we can use the c¢ d f of the distribution directly and then obtain
the x t.
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:¥mean,

s : standard deviation, and
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So, for a given return period we know this is a frequency factor uhrelationships that is

the frequency analysis relationship that is the x t is equal to x bar plus k t into s where k t
is the frequency factor and these are available for various distributions for given return
period t and s is a standard deviation x bar is the mean this is x bar is the mean this is x
bar. So, from this knowing the return period knowing the distribution we can calculate
what is the rainfall depth
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Let us say you are using distribution of the type of extreme value type one or even
exponential distribution, which you can easily invert. By inverting | mean, you can
express X in terms of F inverse of Xx. How do we do that? Return period is known, so
probability of x being greater than equal to x t is 1 by t. And what we are interested in?
Using the CDF, CDF gives you the probability of x being lesser than or equal to x t and
this we get by 1 minus 1, that is, x going lesser than or equal to x t is 1 by t. And
therefore, F of x t, | write it as 1 minus 1 over t or t minus 1 divided by t. From this we
can get x t as F inverse of t minus 1 divided by t. If F can be inverted, then you can get x

t. So, this is possible for some of the distribution.

So, you either use the frequency analysis method or use the probability distributions
directly and use the inverse of probability distribution to obtain the x t for a return period
specified. We now know what is the magnitude of the rainfall, that is to be used, that is,

X t.

So, in the end what did we obtain? We obtained this as the intensity of the rainfall
associated with a specified return period for a given duration. Where is the duration
come? Because we are talking about this analysis for a given duration and similarly, for

the next duration you are compute this, x t and so on.

So, like this you, for various duration you compute x t for various return periods. So, you
will have a relationship between intensity, which is obtained as x t; the duration like 1
hour, 2 hour, etcetera for a given return period of 2 years, 5 years, 10 years and so on.
So, this is how you specify the IDF of relationships, intensity duration frequency

relationships, which can be used for any of the hydrologic designs.
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Example — 1

Bangalore rainfall data for 33 years is considered to
demonstrate the construction of IDF curves.

Durations of the rainfall : 1-hour, 2-hour, 6-hour, 12-
hour and 24-hour.

Retumn periods : 2-year, 5-year, 10-year, 50-y
and 100-year.

Let us take an example now and see how the idea of relationships can be derived. We
will take the Bangalore city rainfall and this data has been obtained from the IMD, India
meteorological department. So, for the last 33 years, we, we consider the rainfall for the

construction of the IDF curves.

Now, although we have rainfall data for half an hour, 15 minutes, etcetera, for the
purpose of this demonstration, | will start with 1 hour duration, 2 hour duration, 6 hour,
12 hour and 24 hour durations. And we will consider the return periods of 2 years, 5
years, 10 years, 50 years and 100 years and we will determine the IDF relationship for

this particular data.
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Example — 1 (Contd.)

The rainfall for different durations are obtained from
the rain gauge data.

The rainfall data is converted to intensity by
dividing the rainfall with duration (i = P#).

The mean and standard deviation of the data for all
the selected durations is calculated.

The frequency factor is calculated for all the
selected retum periods, based on the

Sistributi

The design rainfall intensity is obtained b
=ty

Now, these data are available from observed rain gauge data specifically, IMD makes it
available for durations of half an hour, 1 hour and so on. So, once you have the half
series, you may also construct 1 hour series, 2 hour series, up to 24 hour series. Then, the
rainfall data is given in millimeters. So, first we convert it into intensities and typically
we consider the average intensity of rainfall. So we take it as average intensity is equal to
P by t, where P is the precipitation in millimeters and t is the duration of the rainfall.

Now, corresponding to each of the duration, 1 hour, 2 hour, etcetera, we compute the
statistics, typically the mean and the standard deviation, which are necessary for your
frequency analysis. Then, based on a selected distribution, as | said, typically we start
with x t value type one distribution. We get the frequency factors corresponding to
different return periods. So, we are using this expression X t is equal to x bar plus K t into
S. X bar is estimated, s is estimated from the sample values, that you have for that
particular duration and K T is the frequency factor, which we obtain for this particular
selected distribution. Let us say it is extreme value type one distribution, you have K T

for various return periods T.
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Example — 1 (Contd.)

Max. rainfall (mm) for different durations.

Year | 1H H | H | 1M | MK | Yewr| IH H 4 | 1M | 24
| 1968 | 445 | 616 | 10410 | 1123 | 1150 | 1988 | 652 | 73.7 | 979 | 1039 | 104.2 |
1970 | 7 %2 | 625 | 086 | 927 | 1987 | 47 | 559 | 648 | 6568 | 675

1971 | 41 | 529 | 814 | 869 | 98.7 | 1988 | 148.8| 2108|3775 4328 | 4487 |
| 1972 | 30 40 | 539 | 578 | 652 1988 | 417 | 47 | 517 | 527 | THO

| 1973 | 405 | 539 | 555 | 724 | 898 | 1990 | 409 | 719 | 797 | 915 | 916

| 19784 | 524 | 624 | 832 | 034 | 1525 | 1901 | 41.1 | 493 | 635 | 932 | 147

| 1975 | 506 | o4 | 951 | 951 | 953 | 1962 4 | 564 | TE | M6 | 831 |

| 1978 | 21 | 420 | 616 | 645 | 70.7 | 1963 | 343 | 367 | 528 | 688 | 705 |

1977 | 422 | 445 | 475 | 60 | 619 | 1904 | 232 | 387 | 419 | 434 | 508

1970 | 355 | a0 | 521 | 542 | 575 [ wes | a2 | 822 | 72 |22 T28
| 1979 | 585 | 1T [ 1325|1356 | 1356 | 1996 | 57 | 748 | 858 | 865 | 904 |
1980 | 482 | ST 82 | 888 | 891 | 1907 | S50 | 711 | 1450 1823|1903 ]
1981 | 417 | 586 | 645 | 651 | 685 | 1998 | 721 | 946 | 1119/ 1205(1205]|

[ 1982 | 373 | 438 | 505 | 782 | 77.2 | 1900 | 58.3 | 620 | 823 | 00.7 | 909

# o/ 1983 37 (04 | 705 | 72 [ 752 | 2000 623 | 783 | 843 | 843 | 072
L & -8 1984 | 60.2 | 741 | 768 | 1210 | 1224 | 2001 | 458 | 70 | 959 | 959 | 1008
2 2003 | 532 | 865 | 106.1| 106.2| 1068 |

MIPTEL

So, this is the data that we have, maximum rainfall for different duration, year 1969 to
2003. Remember here, for each of these values, let us say one hour maximum rainfall is

what | am talking about, 1969 one hour maximum rainfall is 44.5.

How did | obtain this particular value? You have one hour observed data for every day
for all the 365 days in 1969. So, from this, 1 into 24 into 365, one hourly data you pick
up the maximum value occurred, that is 44.5 millimeter. Similarly, six hours, so every
six hours you have data. So, in an, in a day you have four such data and 365 such days.
So, 4 into 365, out of that you pick up the maximum, that is, this value and so on. So, for
daily you have 365 values, out of 365 values you pick up this value. So, this constitutes

the series of maximum day rainfall for different duration.

So, for one hour you have a series, for 24 hours you have a series and so on. So, for a
given duration you have the series. Every series will have 1969 to 2003, those many

values now.

Now, from the rainfall depth we convert it into intensities first. So, for 1 hour it is 44.5
by 1 and therefore, 1 hour rainfall depth itself becomes intensity. For 2 hours, it will be
61.6 by 248.3 by 2. So, this is the total rainfall that has occurred in 2 hours.
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Example — 1 (Contd.)

The rainfall intensity (mm/hr) for different durations.

Year | i H GH | 12H | 244 | Year | 1H M | M | 12| M |
1960 | 44, 3080 | 17.35| 936 | 483 | 1986 | 6520 (36851632 | 966 | 434 |
1970 | 37.00 | 24.10 | 1042 | 580 | 386 | 1967 | 47.00|27.95| 1080 | 547 | 281 |
1971 | 41.00 | 2645 | 1357 | 724 | 411 | 1988 148.80(105.40| 6293 | 36.07 | 18.70
1972 | 3000 | 2000 | 898 | 482 | 272 | 1968 4170|2350 | 6.62 | 448 | 325 |

925 | 603 | 374 | 1990 | 40.90|3595|13.28| 6.79 | 340 |

)

g
4
§
-
=]

1387 | 778 | 6.35 | 1991 | 41.10| 24651060 | 7.77

3

1975 | 50.60 | 47.00 | 1585 | 7.93 | 3.07 | 1962 | 31.40 | 28.20 | 12.67 | 6.80
1978 | 2210 [ 2145 | 1027 | 538 | 200 | 1903 | 3430/18.35| 880 | 573 | 204 |
1977 |4g20 | 22251 792 | 500 | 2 1994 (2320 (1935|608 | 3682 | 212 |
1978 | 3550 | 18.40 | 8.68 | 452 | 240 | 1995 | 44.20|31.10|1200| 6.02 | 3.02 |
1979 | 5950 | 5850 | 2208 | 11.30 | 565 | 1996 | 57.00 /37401430 7.21 | 377 |
1980 | 48.20 | 2850 [ 1367 | 7.23 | .71 | 1997 | 50.00[3555]2432[15.19] 7.97 |
1981 | 41.70 | 2930 | 10.75 | 543 | 285 | 1998 | 7210 /47.30 | 18,65 10.04 | 502 |
1982 | 3730 | 2190 | 842 | 635 | 3.22 | 1999 /58.3031.45/13.72| 758 | 379 |
&% 1983 | 3700 (3020 | 11.75 | 600 | 343 | 2000 | 6230/39.15| 1405| 7.03 | 4.05 |
{53 1984 | 60.20 | 57.05 | 1277 | 10.16 | 5.10 | 2001 | 48.80 | 35.00| 15.98 | 7.99 | 4.20 |
| 2003 |53.20/43.25/ 1768 | 8.85 | 445 |

RAPTEL

So, we convert these into intensities and that is how we constitute the series
corresponding to the rainfall intensities. Now, from the depth we have come to the
intensities. So, this is the series for different durations. Corresponding to each of the

series now, we now compute x bar and s.
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Example — 1 (Contd.)

The mean and standard deviation for the data for
different durations is calculated.

Duration| 1H | 2H | 6H | 12H 244
Mean | 4870 | 3317 | 1446 | 805 | 438
St Dev.| 2153 | 159 | 959 | 552 | 286

So, the mean and standard deviation for 1 hour, 2 hours, 6 hours, 12 hours, 24 hours is

computed from this data. 1 hour, 2 hours, etcetera we compute these values now. Now,



this is intensity, therefore the units are 48.7 millimeters per hour. This is millimeters per

hour and so on. Similarly, standard deviation, so this forms x bar now and this is s.
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Example — 1 (Contd.)

K; values are calculated for different returmn periods
using Gumbel's distribution

|

K, =—?1I}.5772+ln[tn[ ﬁ]]]

T (years) . 5 10 50

T 0.164 | 0719 1.305 2.592

And we use the Gumbel’s distribution and obtain the associated K T values for various
values of T, that is, a return period. Now, although directly | have used the Gumbel’s
distribution, in this case you may carry out the statistical test, like Chi-square test or the
Kolmogorov-Smirnov test to satisfy yourself, that the distribution, in fact, fits all the

duration rainfall. That means, it should fit 1 hour, 2 hour, etcetera and so on.

Now, it may so happen, that for one particular duration you may use a different
distribution altogether. For example, log Pearson type three distribution, that may fit that
particular duration better. So, you must use the distributions that fit the data series
constructed for these specific durations of rainfall. Now, because we are using the
Gumbel distribution, we are assuming, that the Gumbel distribution fits, in fact, all the

durations. And the KT, if you recall, is given by this expression for a given return period.

For Gumbel’s distribution, Gumbel’s distribution is also called as extreme value type one
distribution and it is most commonly used for constructing the idea of relationships. So,
for a return period of 2, | use this expression, | get the K T of minus 0.164. Similarly, |
get all of these K T value. We use these K T values to obtain the associated x T values

now.
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Example — 1 (Contd.)

The rainfall intensities are calculated using

x, =X+K.s
k
For example,
For duration of 2 hour, and 10 year return period,
Mean x¥=33.17 mm/hr,
Standard deviation s = 15.9 mm/hr
Frequency factor K, =1.035

(% N %

So, x T is equal to x bar plus K T s. We know the K T value corresponding to a return

period for a specified duration. We know what is x bar and s for that specified duration,
we getthe x T.

For example, you take 2 hour duration. Now, 2 hour duration, we have calculated the
mean as 33.17 millimeters per hour and the standard deviation as 15.9 millimeters per
hour; we use that and then get the frequency factor. A frequency factor is obtained here
for a return period of 10 years. We are talking about 10 year return period and with the
frequency factor we have obtained it as 1.305. So, 1.305 is K T, you have the x bar
33.17, you have the s, therefore you can get x t. This x T is for duration of 2 hours.
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Example — 1 (Contd.)

x=3317+1.035" 159
=53.9 mmihr.

The intensities (mm/hr) for other durations are

tabulated.
Duration Return Period T (Years)
(hours) 2 5 10 50 100
1H 4517 64.19 T68.79 104.51 116.23
2H | 3055 | 4460 | 5390 | 7436 | 8302 |
) BH 1289 | 2136 | 2697 | 3931 | 4453
(’:& 12H 7.14 1202 | 1525 |N2236 | 2537
B 244 3.91 6.44 811 1179 | 1335

So, we get x T for 2 hours is 53.9 millimeters per hour for a return period of 10 years.
Like this, for different durations, we calculate for different return periods the rainfall
intensities. These are the rainfall intensities obtained using the procedure that | just

enumerated.

What does this table give? This gives, in fact, the IDF relationship. This is, these are the
intensity values, these are durations and these are the return period or the frequencies.

So, this table, thus, gives the complete IDF relationship.

Typically, the IDF relationships are shown in the form of curves, you can also observe
that for a given duration. As the return period increases, the rainfall intensity increases
and therefore, you must keep in mind that we are talking about the design intensity that
need to be used. Otherwise, intuitively, it may appear, as if for 1 hour duration how can it
be different for different return periods, because the duration is only 1 hour how can the

rainfall be different?

We are talking about the intensities of rainfall, that need to be used in hydrologic designs
and these intensities will be different for different return periods. So, for example, 76.79
millimeters per hour occurs once in about 10 years and this is the interpretation you, you
should keep always in mind. Also, as the duration is increasing, for the same given return

period the intensities will be coming down, 76.59, 79, 53.90 and so on.



So, for a given return period as the duration increases, the intensities will be smaller and
smaller, which is obvious. Because if we are talking about a large catchment, which your
duration, design duration may be of the order of 24 hours, the amount of rainfall, that
you may be want to use, the intensity of rainfall, that you need to use will be much

smaller compared to a 1 hour duration for the same return period.
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Example — 1 (Contd.)

Now, these are shown, the IDF relationships are shown by the curves like this. We use
this data and then draw curves associated with each of the return period. Each of this line
corresponds to a particular return period, let us say, this is 2 year return period, then you
have five, | am sorry, this is 2 year return period and this is 5 year return period, 10 year

return period and so on, 50 years and 100 years.

Using this for a given distribution, we can pick up the associated intensities. Let us say,
you are doing a design for 5 year return period and 2 hour duration, you go to this curve
and then pick up the intensity 44 or something millimeters per hour and that is the

intensity that goes into your hydrologic designs.

Now, this is the way we construct the IDF relationships based on the observed data.
Now, many times what may happen is that you may not have a complete series of
observed data, that is necessary for constructing the IDF relationship and typically, the
IDF relationships are given for different locations, different regions, etcetera by
metrological departments typically. In India, it is given by IMD, that is, Indian



Metrological Department. They may give region-wise, they may give state-wise, they

may give city-wise and so on.

But for hydrologic designs pertaining to urban areas, it is best to construct the IDF
relationships ourselves, the hydrologic designers, based on the actual observed data. And
typically, as | mentioned, we go much below 1 hour, that is, we may also have data on
half-an-hour duration, 30, 15 minutes duration, 12 minutes and 5 minutes and so on. So,
specifically, for urban drainage designs you must have data, preferably, continuously
monitored data or at least once in 10 minutes data must be available, in which case, you
also extend this beyond based on the actual observed data, and then use that region
typically for urban designs. We use region between 0 hour and 1 hour duration.
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IDF Curves

Equations for |IDF curves:
» |DF curves can aiso be expressed as empirical
equations

i= <
* ' +f
where
i is the design rainfall intensity,
tis the duration, and
c, e and f are coefficients varying with locat~
i

|:"¥frp..n-twmuchm.u.n.me.mi i: i '

Then, when we do not have the observed data, we have certain empirical relationships

available for constructing the idea of relationship. What we will now do is we will go
through some of these empirical relationships and also those proposed specifically for
the Indian regions by many Indian researchers and we will see how to use them to

construct the IDF relationship.

Now, one of the classical way of expressing this is, i is equal to ¢ divided by t to the
power e plus f; i is the intensity, c is the constant, t is the duration and f is another
constant. These constants: c, e and f are typically, they vary with location and the return
period. So, for various return periods and for different locations, these constants must be



available. And for several locations they are, in fact, made available by the previous
researchers, by many previous researchers. So, from this, then if you specify the return
period for a given location, you obtain c, e and f, so which are functions of the return

period and you have the duration.

Now, the duration is design duration, which again we fix it based on the catchment
characteristics, typically related to the time of concentration. How much time it may take
for the water to flow from the furthest region of the catchment, that decides in some
sense the design duration, and from that you can get i, which is the rainfall intensity to be
used in the hydrologic designs. So, this specifies i, d, f; i for intensity, d is the design
duration and f is the frequency, which in fact, gives us these three constants, c, e and f

for a given location. So, that is how we use the IDF relationship.

Now, there is a modification for this proposed also by (( )) where it includes the return
period explicitly. For example, it can be written as, with another constant, here i is equal
to c T to the power m t e plus f. So, you may bring in the return period explicitly here,
rather than making the e, m and c as functions of return period. So, we bring in the return
period explicitly. So, such forms are also available in which case you are again
introducing another constant there, which is m. This is also available in the reference that
I have given here.
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IDF Curves

IDF Equations for Indian region:

» Rambabu et. al. (1979) developed an equation
analyzing rainfall characteristics for 42 stations.
KT"
(t+b)

=

where
i is the rainfall intensity in cm/hr,
T is the return period in years,
t is the storm duration in hours, and A
_,{#‘G K, a, b and n are coefficients varying wif 1

-
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Then, for Indian region, many of the Indian regions, there are some empirical
relationships that are available. I will provide this specifically two of them, one is
Rambabu et. al. in 1979. Now, they have provided for various regions in the country, the
constants in this particular expression. So, this is the empirical relationship that they
proposed where intensity is given. This is the time of concentration and this is the
duration, |1 am sorry, not time of concentration, this is return period, intensity, return

period and the duration.

You have constants k, a and n here. Now, they studied 42 different stations spread all
across the country and then provided the constants for constant values k, a and n; k, a, b
and n. So, k, a, b and n are coefficients varying with location and t is the return period
and i is the rainfall intensity. In this particular expression, the intensity is in centimeters

per hour, not in millimeters per hour; it is a empirical relationship.
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IDF Curves
Coefficients for a few locations are given below

|  Location K a b n
Agea a911 | o167 | o™ | o0eze
New Delhi 5.208 0.157 0.5 1.107
Nagpur 1145 0.156 125 | 1.032
Bhuj 3823 0.192 0.25 0.990
Gauhati 7.206 0.158 0.75 0.940
Bangalore 6.275 0.126 0.5 1.128
Hyderabad 5.25 0.135 0.5 1.029
Chennai 6.126 0.166 05 0.803

(’\ﬁ_ Ref: Ram Babu. Tepeani. K. K.. Agrawal M. C. & Bhusan. L S. (1979) - Ramnfall intensityduration-
% retum period equations & nomographs of India. CSWCRTI. ICAR, Dehradun. India

MPTEL

And these coefficients have been proposed by them for various locations. For the
purpose of this lecture | just picked up few locations, for example, Agra, New Delhi,
Nagpur; Kk, a, b and n are provided. And once k, a, b and n are known, for a given return
period you can get i specifying the duration. Therefore, the IDF relationship gets fixed.

So, these are for various locations.
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IDF Curves

IDF Equations for Indian region:
+ Kothyari and Garde (1992) developed a general
relationship for IDF analyzing data from 80 rain
s - 2 Y3
£ =4 Fo (R“)
i the rainfall intensity in mm/hr for T year retumn
period and t hour duration,
Cis a congtant. and
Hi§ rainfall for 2-year return period and 24-hour
P duration in mm.
i\ﬁ_ Ref: Kothyari, U.C.. and Garde. R_ J. (1992), - Rainfall intensity - duration-frequency formula for
pipee Inda. Jouma of Hydraulics Engineering. ASCE. 118(2)

Similarly, more recently Kothyari and Garde have developed another general
relationship, | would encourage all of you to have look at this particular paper, this, this
is the most recent one. And they have done an extensive study of eighty rain gauge
stations and then, they arrived at such a relationship intensity corresponding to a return
period of capital T for a duration of small t is equal to C, which is a constant; capital T,
which is a return period and small t, which is the duration.

R 24 2, this is a 2 hour 24, | am sorry, 24 hour 2 year return period rainfall. So, if we
have this 2 year return period 24 hour duration rainfall, then we can calculate this. So,
this is R 24 2 here, | am, I think it is not coming out clearly, so let me rewrite this. This is
R 24 2, this is the rainfall for 2 year return period and 24 hour duration in millimeters.
We are not talking about intensity there, it is the depth. Given 1 hour rainfall or given
any duration rainfall, they have also explained how to obtain the 2 year return period and

24 hour duration in millimeter. So, we can use this and obtainit T.
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IDF Curves
Zonet Location c I
1| Nomheminda | 8g | 1 3
< Western India 8.3 —\;’- wJLf 8Ty 2% 2 :,’
_ \.af 3 .
3 Central India 7.1 {2 7 /“
4 | Eastemindia | 91 “\“ '5 -~
\
\ )
5 | Southemindia | 7.1 \/‘j
o0 <
L'w Ref: Kothyani U.C.. and Garde. . J. (1992, - Ramtad intensty - dury ] \
g ., India, Jounal of Hydraulies Engineering. ASCE. 118(2) J ‘s [ |

And they have given the constant C, in this particular case they is only one constant C
and this is worked out for several regions. For example, north India, you take the region
as 1 here, you can use the C as 8.0 and western India, they have given C as 8.3 and so on.

Like this, southern India, we may have, relationship, a constant of C of 7.1.
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Example — 2

Obtain the design rainfall intensity for 10 year return
period with 6 hour duration for Bangalore.

Compare the intensity obtained from the IDF curve
derived earlier based on observed data.

Solution: A
Rambabu et al. (1979)
. KT*
~ = " ‘-“‘A
(ke (1+b) .

What we will do is we will take an example now of the same Bangalore city rainfall, that

I considered previously for constructing the IDF relationship. We will apply these

empirical relationships as provided by Rambabu et. al., as well as, Kothyari and Garde



and see what kind of intensities we get for a specified return period, 10 years, for a given
duration, 6 hour, and try to compare it with what we obtained from the observed data,

how different they are from each other.

So, in the Rambabu et. al. we have i is equal to K T to the power a t plus b to the power
n; t is the return period, we are talking about 10 years return period; small t is the
duration, we are talking about 6 hour, return, 6 hour duration; i needs to be obtained and

Kaandn, K, a, b and n are constants, which are available for different cities.
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IDF Curves
Coefficients for a few locations are given below
| Location K a b n
Agra 4911 0.167 025 | 0629

| New Delhi 5.208 0.157 05 1.107
| Nagpur 11.45 0.156 1.25 1.032
i Bhy 3823 0.192 0.25

Gauhati 7.206 0.156 0.75

Bangalore 6.275 0.126 0.5
|  Hyderabad Rs.25 0.135 0.5

Chennai 6.126 0.166 05

(\ﬁ, Ref: Ram Babu. Tepwant. K. K. Agrawal M. C. & Bhusan. L. S (197

retum period equations & nomographs of india. CSWCRTI, ICAR.O' I
MPTEL I . h
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Example — 2 (Contd.)

For Bangalore. the constants are as follows

K =6.275
a=0.126
b=05 &
n=1.128

For T =10 Year and t =6 hour,

= 2%
. 6.275x10™*
- 1.128

=1.015cm/r =10.15 mm/hr
(% (6+0.5)




So, we will pick up for the Bangalore city what it gives. So, for Bangalore city, these are
the values 6.275, 0.126, 0.5 and 1.128. So, these are the constants, that we pick up for
Bangalore city and then apply this. So, K, a, b and n are obtained from that table, that |
just showed. So, for T is equal to 10 years and small t is equal to 6 hours, we obtain the
intensity using the empirical relationship as 1.015 centimeters per hour. Now, this is the
expression, that we are using, this is from this, from the expression provided by

Rambabu et. al.

Remember, here this study was carried out in 1979 with the data, that was available at
that time and they also studied 42 different rain gauges at all over the country and then

arrived at this, which was extremely useful.

However, as time progresses, as more and more data becomes available, your
relationships, empirical relationships can change or your constants can change for
various regions because the rainfall pattern would have changed over a period of time.
So, this is a fairly old relationship, whereas Garde and Rangraju, 1 am sorry, Kothyari

and Garde, that relationship is more recent.
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Example — 2 (Contd.)

Using Kothyan and Garde (1992) formula.

PP o 0

C =7.1 for South India

T=10years. t=6hr

R, =93.84 mm
jo*

6"

©) ~*
MPTEL |
o\

So, we will use Kothyari and Garde relationship, which is provided in 1992 with the data

i =71 (93.84)"" =14.11 mmitr

g

that was available. Also, they studied 80 rain gauges, that were spread all across the
country and therefore, this may be slightly better one. Now, we use this and they have
given for south India the constant C as 7.1, we are using T is equal to 10 years for this



example and the duration is 6 hours and this R 24 2 is 93.84. This | am directly picking
up from our data, which is available.

However, they have also explained how to give, how to obtain these values for R 24 2,
that is, 24 hour 2 year return period rainfall values in depth units for a given data series,
that you have. So, from that you should calculate this and then substitute this, we get
intensity of 14.11 millimeters per hour.

From the earlier relationship, we got intensity of 10.15 millimeters per hour from our
IDF relationship. As we derived earlier from the data, that we had we can pick up 10
years 6 hour rainfall, that is, 10 year is here and 6 hour rainfall, we may get a certain
intensity, it may come to about some 23 and some such things. This is based on the
observed data up to 2003, from 1969 to 2003 and this is based on the relationship
provided in 1979. Based on the data, that was available, they have provided this

relationship and this is the relationship provided in 1992.

So, as time progress progresses your relationships may become different and therefore,
the intensities, that you may want, you may have to use in hydrologic designs, can be
different. This means, that there is some non-stationarity in the IDF relationships

themselves. That means they do not remain stationary as you progress in time.

Let us say, every decade you start computing IDF relationship afresh, then this can be
quite different. For certain locations the intensity, that you are getting for a particular
return period can be much higher for the same duration compared to the previous IDF

relationship, compare to those obtained by previous IDF relationships.
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Example — 2 (Contd.)

Rainfall intensity:

Rambabu et. al. (1979) :10 mm/hr,
L3

Kothyari and Garde (1992) :14.11 mm/hr

IDF curve from the observed data : 26 mm/hr.

\&
Y

So, if we compare now what we obtained from various, various methods for the same

data, from Rambabu et. al. we get approximately 10 millimeters per hour, from Kothyari
and Garde, in 1992 we obtained 14.11 millimeters per hour. But when we used the
observed data up to 2003, remember this was, they had, they would have used data as
available in 1992, but up to 2003 when we use and then use an extreme value type one
distribution and obtain the intensity, rainfall intensity, we get a much higher intensity of

26 millimeters per hour.

For the same location, for the same duration s, and for the same return period, as time
progresses with more and more information available to you, you may get different
intensities of rainfall for use in the designs. This is the important concept, that you must
remember and therefore, when you are making hydrologic design today and then

hydrologic design is supposed to serve you for next 30 years, 40 years, etcetera.

You must have a mechanism or a method by which you should be able to assess, whether
my IDF relationships can be held constant or they need to be changed as time progresses.
And therefore, use certain correcting factors for using the hydrologic designs. This is
especially true in the current context of climate change where the relationships are

known to be non-stationary.

Now, there is a significant non-stationarity, that has been introduced because of climate
change and therefore, the IDF relationship cannot be held fixed and we must have a



mechanism by which we should be able to project. Given that we are, we have a
particular IDF relationship today, in what way the IDF relationships are likely to change
in two decades, three decades, twenty, twenty, forty, etcetera because our hydrologic
designs, that we are putting in place today are supposed to serve us for next 30 years, 40

years and so on, and therefore, we must be able to use the corrected IDF relationship.
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IDF Curves

Compartson of IDF for return period of 19 years

H 8 a8 88388

Rainfall intensity (mmvh)

If we look at how the how the Bangalore IDF relationship has changed for the last few
years, | will just show you based on the observed data. We had the data from 1969 to
2003, let us say we split this into two parts, one is 1969 to 1986 and another is 1987 to
2003. Remember, both of these do not have sufficient data, both the series do not have
20 years data at least.

However, let us see how it looks like. So, if you consider only 1969 to 1986 data and
then derive the IDF relationship, this is how it looks like. That means, for a given
duration this is, | am showing it for a particular return period of 10 years. So, for a given
duration you may get a much lower rainfall intensity compared to that obtained for 1987
to 2003. So, for 1987 to 2003 you are getting much higher intensity of rainfall for the
same duration, for a given period of 10 years, and if you consider the entire series this is
how we have obtained earlier. So, for example, two hour duration, you have got 53.9

hours approximately. This indicates that as time progresses, at least from this limited



analysis, as time progresses intensity appears to be increasing for the same given

duration.

So, to summarize, now what we have seen in today’s lecture is that we started with the
construction of IDF relationship intensity duration and frequency relationship. Now,
these are essential for hydrologic designs where we would like to obtain the design
intensities of rainfall i for a given duration d and for a given specified return period f,

that is, the frequency, f is the frequency.

We have seen how to construct such IDF relationships from the observed data
specifically. We construct series of 1 hour duration, 2 hour duration, half hour duration,
etcetera, construct different series and then fix extreme value situation. Typically, we use
the Gumbel’s extreme value type one distribution and obtain the x T, which is the
magnitude of the rainfall and magnitude of the rainfall intensity, what we will be
specifically interested in corresponding to a return period T and then, from that we
construct IDF relationship.

There are also empirical relationships available and I discussed a few for constructing the
IDF relationship. And typically, in India we have IDF relationships provided by
Rambabu et. al. in 1979 and Kothyari and Garde in 1992. They also specified for this, for
the particular empirical relationship, that they propose. They also specified the constant
values that we need to use for various locations. So, in case your region does not have a
particular region in India, does not have adequate data, you can use these empirical

relationships for making the hydrologic designs.

In the next lecture, then we will take this analysis further and see how from the
intensities of the rainfall, how do we construct the hyetographs, design hyetographs and
from the hyetographs how we move on to hydrographs because finally, hydrographs is

what we need to use in our hydrologic designs.

So, thank you for your attention, we will meet in the next lecture.



