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Hello friends, welcome back to this online certification course on Watershed Hydrogenic 

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 4, this is 

Lecture Number 3, and we will continue with the estimation of runoff, focusing today on the 

rational method, a very popular method of estimating runoff. 

 

As already mentioned, the only topic we will cover today is the peak rate of runoff by the 

rational method.  



 

The rational method is one of the most popular methods of estimating peak runoff rates for 

designing soil conservation structures. Of course, we have already discussed runoff, and we 

know that while designing any kind of soil conservation structures, be it discharge structures 

or detention structures, we require the runoff volume, and this method gives us the peak runoff 

rate. So, it is more important for any kind of conservation structure. 

This relationship expresses the peak runoff rate in this method: 𝑄𝑝=𝐶𝑖𝐴, Equation number 9. 

Remember, we are continuing with the numbering for the entire estimation of peak runoff rate. 

So, that is why this is Equation number 9 because we have used other numbers in the previous 

lecture. Here, 𝑄𝑝 is the peak runoff rate in cubic meters per second, 𝐶 is the runoff coefficient, 

and i is rainfall intensity in meters per second for a duration equal to the time of concentration 

of the watershed and a desired return period. 

That is very important: the intensity definition is very specific and it must be always kept in 

mind while using the rational method, that is, this rainfall intensity should have a duration equal 

to the time of concentration of the watershed. So, that is an important condition and, of course, 

for the desired frequency or desired return period, which we discussed, depending upon the life 

of the structure, we decide what frequency we must use or what probability we have to use. 

Remember, we discussed the probability or return period. So, what return period we will use, 

that decision has to be made, of course. And 𝐴 is the area of the watershed in square meters. 

So, here it is written in plane form 𝐶𝑖𝐴, i is in meters per second, and the area is in square 

meters. So, that is why we get 𝑄𝑝= cubic meters per second. In some textbooks, you will find 

this relationship in this form: 𝑄𝑝=𝐶𝑖𝐴/36, but the units there are centimetre per hour, and the 

area is in hectares. So, obviously, you must remember the units also for using this relationship. 

To avoid that complication, we can simply use this relationship: 𝐼I is in meters per second, and 

𝐴A is in square meters. So, that is why we get discharge in cubic meters per second, which is a 

typical unit we use for discharge, or we say it is "cumec". The method, of course, has certain 

assumptions which we will see a little later. Its applicability is limited to watersheds having an 

area of less than 1300 hectares. Of course, this number is also not a very fixed number; in 

different literature, you will come across different numbers. The idea is that the watershed is 

because there are certain assumptions. So, the watershed should be of reasonable size to be 

able to use this method.  



 

There are two significant assumptions on which the rational formula or rational method is 

based. First, rainfall occurs at uniform intensity for a duration at least equal to the time of 

concentration. So, while defining intensity, we say that intensity should have a duration at least 

equal to the time of concentration. This assumption states that rainfall occurs at uniform 

intensity for a duration at least equal to the time of concentration. That means, whatever the 

time of concentration of the watershed is, for that duration, the intensity of rainfall remains 

constant. 

The other assumption is that rainfall occurs at a uniform intensity over the entire area of the 

watershed. So, one assumption is about time, and the other is about the aerial distribution of 

rainfall. The second assumption states that rainfall is uniformly distributed over the entire area 

of the watershed. That means, the entire watershed area contributes to the runoff because of 

this rainfall intensity, which has a duration equal to the time of concentration. Since there is 

hardly any rainfall satisfying both these conditions, the estimation of runoff is only approximate 

by this method. 

It is very difficult to get rainfall that is uniformly distributed over an area, even, say, 100 

hectares, forgetting about a larger area or even a few hectares. It is also very difficult to get 

rainfall where the intensity remains constant or uniform for a certain period, which in this case, 

is defined as the time of concentration for the watershed. Because it is very difficult to satisfy 

these conditions or to get rainfall that is constant over the time of concentration or the area, 

these are the limitations of the rational formula or rational method, and that is why the 

estimation of runoff is only approximated by this method. However, for the design of relatively 

inexpensive structures, where the consequences of failures are limited, this method is 

considered sufficiently accurate. 

But, as I said, it is one of the very popular methods for designing soil conservation structures, 

especially temporary structures or structures having a low life expectancy. In such cases, even 

if the structure fails, the danger to life or property downstream may not be significant. So, in 

such cases, this method gives a practical and simple value of the peak runoff rate, and that is 

why it is quite commonly used. 

Now, the application of this method, requires three prerequisites: the time of concentration, 

because, remember, we say that the time of concentration is important for finding out the 

duration of rainfall and the rainfall intensity, and that is what we say that rainfall intensity 

remains constant for a duration equal to the time of concentration. So, i and t𝑐 are linked, and, 



of course, the runoff coefficient. If you remember, we said that 𝑄=𝐶𝐼𝐴. So, this is the runoff 

coefficient we are talking about. This parameter also is very important, and we must have a fair 

idea of what this parameter is about. So, if we know all these things, the area, of course, is very 

easy to get. Of course, 𝐶 will require watershed characteristics considerations, and, of course, 

intensity will require the time of concentration because duration is linked to the time of 

concentration. That is why this method is vital. 

 

Now, coming to the time of concentration, it is the time required for the water to flow from the 

most remote point of the watershed with respect to flow time to the outlet. And if you see this 

picture here, this is the outlet of the watershed. So, if you locate the remotest point of the 

watershed, then whatever time the flow takes for traveling from this place to the outlet, of 

course, through the streams, that is referred to as the time of concentration. The furthest point 

of the watershed we have located. 

Now, why is this significant? The significance of this can be understood from this figure here, 

which simply shows the runoff and rainfall rate. This is the rainfall rate detailing, and of course, 

the runoff generation; runoff is here, and on this side, it is time. So, what is happening here is 

that if rainfall is occurring at a constant intensity over a period, then, obviously, as we know, it 

will satisfy the abstractions, various kinds of abstractions, including the major abstraction 

infiltration, and then, of course, the runoff or overland flow will start taking place, and the 

runoff will be generated. Gradually, with time, runoff increases. It keeps on increasing, and 

then it peaks, and then it will continue with that peak rate as long as rainfall is continuous. 

Now, at this point, rainfall ends, and that is why you see that runoff is there is a recession in 

the runoff, that is, it is decreasing beyond that point. The interesting thing is the peak value is 

obtained at a duration equal to the time of concentration. So, that happens because when the 

water has reached from the farthest point to the outlet, it is expected, and rainfall is continuing, 

then it is expected that the entire watershed will be contributing to runoff. That means the peak 

rate of runoff will be when the water starts flowing even from the farthest point of the 

watershed. So, that is why when the rainfall duration is greater than 𝑇𝑐, then it is expected that 

the peak value of runoff will be generated. That is why this assumption that i should have a 

duration at least equal to the time of concentration. Now, finding this type of, that means, in 

this entire exercise, time of concentration is a very important parameter, and there are several 



methods for determining the time of concentration. The most widely accepted method of 

computing 𝑇𝑐 was developed by Kirpich in 1940. 

And as per this method, the time of concentration is given by equation number 10, which is 

𝑇𝑐=0.01947𝐿0.077𝑆−0.385, where 𝑇𝑐 is the time of concentration in minutes because it is a kind of 

empirical relationship that's why units are already fixed. 

So, the time of concentration is in minutes, 𝐿 is the maximum length of flow in meters, and 𝑆 

is the slope of the watershed. Of course, this length is measured along the drainage line. So, if 

this is the main drainage line, 𝐿 is measured on this line, and 𝑆 is the slope of the watershed, 

which will come from this relationship: Δ𝐻/𝐿, where ΔL is the elevation difference between 

the remotest point on the watershed and the outlet. So, if we know the elevation here and the 

elevation at the outlet, the elevation difference between these two points is Δ𝐻, and if we know 

the flow path, we know 𝐿, and that is why we can find out the slope of the watershed as Δ𝐻/𝐿, 

which can be used here. So, 𝑆 is here, and 𝐿 is here. An important point about this one is 

0.01947. Remember India's independence year 1947. So, it is very easy to remember for at 

least Indian students that it uses the Kirpich formula, which uses a constant of 0.01947. Of 

course, in some textbooks, you will find that this value has been truncated to 0.0195. So, 

anyway, if you remember 0.01947 or 0.0195, it does not matter, but this is one of the most 

popular ways of finding out the time of concentration for a watershed because it just uses the 

watershed features for determining the time of concentration. 

 

Now, we come to rainfall intensity. Rainfall intensity corresponding to a duration 𝑇𝑐 can be 

found from the intensity-duration-frequency curve of the area. For this intensity-duration-

frequency curve, we have already discussed the idea of the free curve or the idea of analysis. 

So, we know that the average intensity for any known duration can be read for different 

recurrence intervals from this graph. And usually, this relationship is of the form i=𝑘𝑇𝑥/(𝑇𝑐+𝑎)𝑚 

, where 𝑘, 𝑎, and 𝑚 are constants. But remember, while discussing the IDF curve, I gave an 

example of a relationship that was developed by Kothyari and Garde in 1992, which slightly 

differs from this relationship. But of course, most of the parameters are the same; there is one 

additional parameter there, 𝑅24, which was used in that model. 



Then comes the runoff coefficient 𝐶, and this runoff coefficient represents the integrated effect 

of catchment characteristics as a function of surface condition and slope. The runoff coefficient 

may be expressed as the ratio of runoff to rainfall, that is 𝐶=𝑅/𝑃. That means, it simply tells us 

what percentage of rainfall gets converted into runoff. So, if we know rainfall and we know 

precipitate runoff and we know precipitation, then it tells us what percentage of rainfall gets 

converted into runoff in simpler terms. So, this can be determined from standard tables, which 

provide values of 𝐶. 

 

Now, we must consider yet another thing, that is, the runoff coefficient for non-homogeneous 

areas. You remember in the previous table, the value is given for a specific area, but that simply 

means that initially it was assumed that the watershed has homogeneous land use, soil, and 

slopes; and that everything is uniform. 

 

 But practically, because it is not possible, typically watersheds are non-homogeneous, 

characterized by highly dispersed areas having different runoff coefficients. 

In such cases, we have to use a weighted runoff coefficient using this relationship: 

𝐶𝑤=∑n
j=1𝐶𝑗𝐴𝑗/𝐴j, where 𝐶𝑗 is the runoff coefficient of area 𝑗, 𝑛 is the number of distinct land 

covers within the watershed, and 𝐴𝑗 is the area of the land cover. So, for example, if you have 

a watershed where you can distinctly see that there are 3 different land characteristics or 



features based on land slope and land use, then in that case, our 𝑛 value becomes 3, and we 

have to find out the area under each of these, denoted as 𝐴𝑗, and the corresponding 𝐶𝑗. If I know 

𝐴𝑗 and 𝐶𝑗 of all 3, then the sum of 𝐴𝑗⋅𝐶𝑗 will give me the numerator, and the total area is the 

denominator. So, I can get the weighted runoff coefficient for a non-homogeneous area. 

 

Let's take an example: an agricultural field has a runoff coefficient of 0.25 and an area of 0.75 

square kilometers. The slope of the catchment is 0.45 percent, and the maximum length of 

travel is 1.2 kilometers. The maximum depth of runoff rainfall with a 25-year return period is 

provided in the table. We have to determine the peak flow rate for designing this structure. 

We can use the rational method in this case. 

 

 The known values are the maximum length of travel 𝐿=1.2 kilometers (converted to 1200 

meters) and the slope of the catchment 𝑆=0.45. We may use Kirpich's formula to determine the 

time of concentration, given by 0.01947𝐿0.77𝑆−0.385. By substituting the values of L and 𝑆, we 

get T𝑐=36.63 minutes. 

Now, we've been provided with a table having different durations and depths of rainfall. So, 

we need to find the intensity of rainfall for a duration equal to the time of concentration. This 

means we have to first find out the depth of rainfall for 36.63 minutes and then convert it into 

intensity to use it in the rational method. We need to interpolate for the duration of 36.63 



minutes, which falls between 30 and 40 minutes in the table. Interpolating, we get the 

maximum depth of rainfall for 36.63 minutes as 59.64 millimeters. Then, we can find the 

rainfall intensity, which comes out to be 97.69 millimeters per hour or 2.71×10−5meters per 

second, the unit we require to use. 

 

 We have already obtained the rainfall intensity value, and the runoff coefficient is already 

given as 0.25. 

So, the area of the watershed is 0.75 square kilometers. We can convert that into square meters, 

which comes out to be 0.75×106square meters. Now, all the requisite parameters are available 

to us. So, we can use the rational formula 𝑄𝑝=𝐶⋅𝑖⋅𝐴, and thus, with all these values, we can 

calculate and obtain a value of 5.08 cubic meters per second. Using the rational formula, the 

peak flow rate for designing the drop structure in the area, for a return period of 25 years, comes 

out to be 5.08 cubic meters per second or 5.08 cumecs. This is how we can estimate the values 

here. 

 

Now, let's take another example. A 100-hectare watershed received rainfall at a rate of 50 

millimeters per hour for 2 hours. If the runoff generated by the storm was at a rate of 1 cubic 

meter per second for 10 hours, then find the runoff coefficient for the watershed. This question 

is taken from the GATE 2013 examination. So, in this case, the 100-hectare watershed received 

an area of 100 millimeters. Therefore, we do not need to use the rational formula in this 



problem; it is a simple problem where we just need to determine the value of 𝐶C by knowing 

the runoff and precipitation or rainfall. 

 

The intensity of rainfall is given as 50 millimeters per hour, and the duration of rainfall is given 

as 2 hours. So, the total depth of rainfall 𝑃P is obtained by multiplying the intensity (50 mm/h) 

by the duration (2 hours), which gives us 50×2=100millimeters. Now, the numerator 𝑅R is 

given by the runoff rate, which is 1 cubic meter per second, multiplied by the duration of 10 

hours. Converting the duration to seconds (10 hours = 36000 seconds) and the watershed area 

to square meters (100 hectares = 106 square meters), we get a total runoff volume of 3600 cubic 

meters. 

 

Since we need runoff in-depth units, we divide the runoff volume by the watershed area to get 

the total depth of runoff, which is 3600/106=0.036 meters or 36 millimeters. Therefore, the total 

runoff coefficient for the watershed is 𝑅/𝑃=36/100=0.36. Alternatively, we can directly 

calculate 𝐶 by multiplying 𝑄𝑝 and 𝑇, then dividing by the area, which yields 0.36.  

 

This means that 36% of the rainfall gets converted into runoff in this problem. 

 

In this case, we have 20 hectares of cultivated land, 15 hectares of hilly forest land, and 8 

hectares of rolling grasslands, with runoff coefficient values of 0.3, 0.4, and 0.35 respectively. 

The maximum flow length is given as 2 kilometers, with a total fall along the path of 20 meters. 

The maximum rainfall recorded for various durations over 25 years is provided in the table. 

This question appeared in the GATE 1991 exam. 



 

Since we have a watershed with multiple land uses, we need to calculate the weighted runoff 

coefficient. Given the areas and corresponding coefficients, we can obtain the numerator by 

summing the products of each coefficient and area, while the denominator is the sum of all 

areas. By applying these values, we find that the runoff coefficient is 0.4. 

The time of concentration for the watershed can be calculated using the Kirpich formula: 

0.01947×𝐿0.77×𝑆−0.385. With 𝐿 calculated as 2000 meters and 𝑆 as 0.01, the time of concentration 

t𝑐 is approximately 39.92 minutes. 

 

To determine the rainfall intensity corresponding to this time of concentration, we interpolate 

between the values given in the table. The resulting runoff depth is 89.84 millimeters in 39.92 

minutes, leading to an average intensity of 135.03 millimeters per hour or 3.75×10−5 meters 

per second. 

We know the total area is 43 hectares, which equals 43×104 square meters. With 𝐶, i, and 𝐴 

known, we can use the equation 𝑄𝑝=𝐶⋅𝐼⋅𝐴 to calculate the peak runoff rate. Substituting the 

values, we find 𝑄𝑝 to be 6.45 cubic meters per second. This indicates the design peak runoff 

rate for constructing the drop structure in this watershed. 

 

In conclusion, the rational method for determining peak runoff rates can be effectively applied 

under different conditions. To utilize this method, we need to ascertain the time of 



concentration, rainfall intensity for the required return period, and the runoff coefficient 𝐶, for 

which tables of values are available for various conditions. Thank you for your attention. Please 

provide feedback and feel free to ask any questions in the forum. We are here to assist you. 

Thank you 

 

 

 

 

 


