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Water Resources and Irrigation Engineering                                                              

Unit-III 

Hydrology:Hydrological cycle, precipitation and its measurement, recording and non recording rain gauges, 

estimating missing rainfall data, rain gauge net works, mean depth of precipitation over a drainage area, 

mass rainfall curves, intensity-duration curves, depth-area duration curves, Infiltration and infiltration 

indices, evaporation stream gauging, run off and its estimation, hydrograph analysis, unit hydrograph and 

its derivation from isolated and complex storms, Scurve hydrograph, synthetic unit hydrograph. 

 

 

 

 

Hydrological cycle: 

 

The hydrologic cycle begins with the evaporation of water from the surface of the ocean. As moist air is 

lifted, it cools and water vapour condenses to form clouds. Moisture is transported around the globe until it 

returns to the surface as precipitation. Once the water reaches the ground, one of two processes may occur; 

1) some of the water may evaporate back into the atmosphere or  

2) The water may penetrate the surface and become groundwater. Groundwater either seeps its way to into 

the oceans, rivers, and streams, or is released back into the atmosphere through transpiration. The balance 

of water that remains on the earth's surface is runoff, which empties into lakes, rivers and streams and is 

carried back to the oceans, where the cycle begins again. 

Lake effect snowfall is good example of the hydrologic cycle at work. Below is a vertical cross-section 

summarizing the processes of the hydrologic cycle that contribute to the production of lake effect snow. The 
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cycle begins as cold winds (horizontal blue arrows) blow across a large lake, phenomena that occurs 

frequently in the late fall and winter months around the Great Lakes. 

Evaporation of warm surface water increases the amount of moisture in the colder, drier air flowing 

immediately above the lake surface. With continued evaporation, water vapor in the cold air condenses to 

form ice-crystal clouds, which are transported toward shore. 

By the time these clouds reach the shoreline, they are filled with snowflakes too large to remain suspended 

in the air and consequently, they fall along the shoreline as precipitation. The intensity of lake effect 

snowfall can be enhanced by additional lifting due to the topographical features (hills) along the shoreline. 

Once the snow begins to melt, the water is either absorbed by the ground and becomes groundwater, or 

goes returns back to the lake as runoff. 

Lake effect snow events can produce tremendous amounts of snow. One such event was the Cleveland, 

Ohio Veteran's Day Snowstorm from November of 1996, where local storm snowfall totals exceeded 50 

inches over two to three days. 

Precipitation and its measurement: 

Precipitation is the falling of water from the sky in different forms. They all form from the clouds which are 

raised about 8 to 16 kilometers (4 to 11 miles) above the ground in the earth’s troposphere. Precipitation 
takes place whenever any or all forms of water particles fall from these high levels of the atmosphere and 

reach the earth surface. The drop to the ground is caused by frictional drag and gravity. When one falling 

particle drops from the cloud, it leaves behind a turbulent wake, causing faster and continued 

drops.Precipitation falls in many forms, or phases. They can be subdivided into: 

 Liquid precipitation: 

 Drizzle  

 Rain  

 Fog condensation on vegetation foliage, dripping on forest soil 

 Freezing precipitation: 

 Freezing drizzle  

 Freezing rain  

 Rain and snow mixed / "Snain"  

 Sun Shower 

 Frozen precipitation: 

 Snow 
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 Snow grains  

 Ice pellets / Sleet  

 Hail  

 Snow pellets / Graupel  

 Ice crystals  

 

Recording and non-recording rain gauges: 

1. Non-Recording Type Rain-Gauge: 

It gives only total rainfall occurred during particular time period. Recording type rain- gauge gives hourly 

rainfall. Under non-recording type rain-gauges, one most commonly used in Symon’s rain-gauge. This type is 

mentioned below. It is the simplest in principle, construction and working. 

Principle: 

From the definition of unit rainfall it is clear that the definition is independent of extent of area. So far as 

only measurement of rainfall is concerned area under consideration may be large or small. 

Now taking smallest possible area, if the water, which comes down as rainfall, is collected before the losses 

take place or water runs off then the depth of this water over the small area can be quite accurately 

determined to give the amount of rainfall occurred in proper units (centimetres). The small area should be 

selected in such a way that its meteorological characteristics are similar to that particular large area which it 

represents. 

Construction: 

It consists of a funnel and a receiver mainly. The receiver is a cylindrical (zinc) metal bottle. The diameter of 

the bottle and the topmost diameter of funnel is 127 mm. The funnel is fitted in the neck of the bottle. Both 

are then placed in a metal casing with suitable packing’s. The base of the metal casing is enlarged to 210 
mm. 

The capacity of the bottle is such as to measure extremes of rainfall likely to occur in 24 hours. Zinc 

receivers hold 175 mm to 1000 mm according to size. Gauge is provided with one measuring graduated jar 

which measures the water in mm. The smallest division on the jar is 0.2 mm. The rainfall should be 

estimated to the nearest 0.1 mm. See Fig. 2.4. 
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At the site where rainfall is to be measured concrete block us constructed. The base of the gauge is 

permanently fixed in the block in such a way that the top of the casing is about 30 cm above natural surface 

level. While fixing the base of the gauge precaution is taken to level it perfectly. The rain-gauging station is 

protected by barbed wire fencing with a gate. The size of the concrete foundation block should be 60 cm x 

60 cm. 

The necessity to keep the rim of the funnel above the natural surface by 30 cm is twofold: 

(i) It prevents splashing of water into the funnel almost to a negligible amount. 

(ii) If the height is kept more than 30 cm the amount of rain water collected decreases owing to wind eddies 

set up by the gauge itself. 

Working: 

The gauge is adjusted every day for measurement of rainfall. When rainfall occurs the rainwater covering 

area of the funnel passes to the receiver before any sort of loss takes place. After every 24 hours the rainfall 

is measured. Usually the measurement is taken at 0830 hr. I.S.T. The received water is poured carefully in 

the measuring jar to measure daily rainfall. If it is raining at the time of observation, it is necessary to do the 

measurements very quickly. 

If found essential spare receiver may be placed immediately in the body after previous receiver is taken out. 

The total amount of rainfall measured during the previous 24 hours should invariably be entered against the 

date of measurement irrespective of the fact whether the rainfall was received on the date of measurement 

or on the previous date after yesterday’s measurement. 

Totaliser: 

Sometimes unavoidably rain-gauge is to be installed at such a location which is not easily accessible in un-

favourable climate. Then it is not possible to measure the rainfall every day at 0830 hr. I.S.T. In such cases a 

different type of non- recording gauge is used. It is called totaliser. It is in the form of a can. 

To accommodate 1220 mm of rain upper and lower diameter of the can is kept 203 mm and 610 mm 

respectively. Since, the observer goes at a longer interval it is essential to provide some arrangement to 
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minimise evaporation loss. Generally a wind screen is mounted on the can to stop evaporation loss. 

Sometimes a thin layer of oil is also kept floating at the water surface in the can to reduce evaporation loss. 

2. Recording Type Rain-Gauge: 

The recording gauge consists of a funnel 127 mm in diameter fixed on one side of a rectangular box. It is 

called receiver also. In the rectangular box a float is adjusted. The float is connected by means of a float rod 

to a pin point (or a recording pen). The pin point touches a graph paper mounted on a rotating drum. 

The drum is mounted on the top of the receiver on the other side. A clockwork arrangement revolves the 

drum once in 24 hours. At the bottom the box is connected to a siphon. The siphon comes into action and 

releases the water as soon as box is filled to a certain level. Figure 2.5 shows complete arrangement; it is 

called natural siphon type recording rain-gauge. 

 

As the rainfall starts rain water passes through the funnel into the box. As the water level in the box rises 

the float is also raised. In turn the pin point moves on the graph to plot a mass curve of rainfall. When the 

box is filled to such an extent that the float touches the top, the siphon starts working and the rainwater 

collected in the box is drained out. 

Mass Curve Principle of Integrating Rain-Gauge: 

The recording type rain-gauge is also called integrating rain-gauge. The reason is that the curve obtained on 

the graph is a cumulative curve in respect of rainfall. On y-axis we get accumulated or integrated rainfall 

and on x-axis we have equal time increment. This type of curve in which one ordinate gives accumulated 

values is called a mass curve. On the graph mounted on the rotating drum we get the mass curve of rainfall 

(Fig. 2.6). 
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Tipping Bucket Type Rain-Gauge for Remote Recording: 

To facilitate remote recording of rainfall a new type of rain-gauge is used. It is called tipping bucket type 

rain-gauge. In this type a pair of tipping buckets is placed below a funnel. The bucket gets filled up by 0.25 

mm of rainfall and immediately it tips and empties the water into a chamber below. At that very instant 

other bucket comes below the funnel to receive rainwater. The tipping of the bucket actuates an electrical 

circuit which moves a pointer to register the rainfall on a graph. The water collected in the chamber below 

could also be measured by a measuring jar. 

Estimating missing rainfall data: 

1. Arithmetic Mean Method 

2. Normal Ratio Method 

1. Simple Arithmetic Mean Method 

According to the arithmetic mean method the missing precipitation 'Px' is given as: 
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Where 'n' is the number of nearby stations, 'Pi' is precipitation at ith station and 'Px' is missing 

precipitation. 

In case of three stations 1, 2 and 3, 

Px = (P1 + P2 + P3)/3 

Naming stations as A, B and C instead of 1, 2 and 3 

Px = (Pa + Pb + Pc)/3 

Where Pa ,Pb and Pc are defined above. 

2. Normal Ratio Method 

According to the normal ratio method the missing precipitation is given as: 

 

Where Px is the missing precipitation for any storm at the interpolation station 'x', Pi is the precipitation for 

the same period for the same storm at the "ith" station of a group of index stations, Nx the normal annual 

precipitation value for the 'x' station and Ni the normal annual precipitation value for 'ith' station. 

For example, for the symbols defined above for three index stations in a catchment area.   

     

If the normal annual precipitation of the index stations lies within ±10% of normal annual precipitation of 

interpolation station then we apply arithmetic mean method to determine the missing precipitation record 

otherwise the normal ratio method is used for this purpose. 

Downloaded from www.rgpvnotes.in

Page no: 7 Get real-time updates from RGPV

https://www.rgpvnotes.in
https://alerts.rgpvnotes.in/
https://www.rgpvnotes.in/


Water Resources and Irrigation Engineering                                                              

Consider that record is missing from a station 'X'. 

Now let 

N = Normal annual precipitation. (Mean of 30 years of annual precipitation data) 

P = Storm Precipitation. 

Let Px be the missing precipitation for station 'X' and Nx , the normal annual precipitation of this station, 

Na, Nb and Nc are normal annual precipitations of nearby three stations, A, B and C respectively while Pa, 

Pb and Pc are the storm precipitation of that period for these stations. 

Now we have to compare Nx with Na ,Nb and Nc separately. If difference of Nx - Na, Nx - Nb, Nx - Nc is 

within 10% of Nx then we use simple arithmetic mean method otherwise the normal ratio method is used. 

Rain gauge networks: 

Design of Rain gauge Networks 

 Rainfall data is the most important and fundamental data required for all hydrological 

investigations. 

 Catch area of a rain gauge is very small compared to the aerial extent of a storm. Hence to get a 

representative picture of a storm over the entire drainage basin, the number of raingauges should be 

as large as possible (drainage area/rain gauge should be small). 

 The rain gauge network should consist of adequate number of rain gauges evenly distributed all over 

the drainage basin. 

 However the number of rain gauges is many a time restricted by economic considerations as well as 

topography, accessibility etc. 

 Desired density would also depend on the purpose. 

Aim: Establish a rain gauge network with an optimum density of rain gauges from which a reasonably 

accurate information about storms can be obtained. 

WMO recommendations on rain gauge density 

Flat regions of temperate, Mediterranean and tropical zones 

 Ideal – 1 station for 600-900 sq.km. 

 Acceptable – 1 station for 900-3000 sq.km. 

Mountainous regions of temperate, Mediterranean and tropical zones 

 Ideal – 1 station for 100-250 sq.km. 

 Acceptable – 1 station for 250-1000 sq.km. 
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Arid and polar zones 

 Ideal – 1 station for 1500-10000 sq.km. Depending on the feasibility. 

10% of rain gauge stations should be equipped with self recording rain gauges 

BIS recommendations on rain gauge density 

 In plains – 1 station for every 520sq.km. 

 In regions with average elevation 1000m – 1 station per 260-390 sq.km. 

 In hilly areas with heavy rainfall – 1 station for every 130 sq.km. 

Adequacy of rain gauge stations 

– The optimum number of rain gauge stations that should exist in order that the mean rainfall can be 

estimated with an assigned percentage of error is given by 

 

 

If the value of  is small, the number of rain gauge stations required will be more. 

• If there are m rain gauge stations in the catchment (existing), each recording rainfall values

, in a known time, the coefficient of variation  is given by 

 

=Standard deviation 
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Index of Wetness 

• Index of Wetness =  

It gives an idea of the wetness of that year and hence is a measure of the deficiency of rainfall. A 60% index 

of wetness means a deficiency of 40%. 

• Deficiency ~ 30-45% – Large 

• Deficiency ~ 45-60% – Serious 

• Deficiency ~ >60% – Disastrous 

Annual rainfall < Average Annual Rainfall – Bad (Subnormal) Year 

Annual rainfall ~ Average Annual Rainfall – Normal Year 

Annual rainfall > Average Annual Rainfall – Good Year 

 

Mean depth of precipitation over a drainage area: 

1. Arithmetic Mean: 

When the area of the basin is less than 500 km2 this method implies summing up of all the rainfall values 

from all the rain gauging stations and then dividing it by the number of stations in that basin. The method 

becomes very clear by the use of a tabular forra. 

 

To explain, there are in all four rain-gauging stations A, B, C, D in the basin, whose rainfall values are given 

in the table 2.3. Sum of the rainfall values comes out to be 21.2 cm. It is divided by number of stations to 

give average depth of precipitation which comes out to be 5.3 cm. 

This method gives accurate results if the stations are uniformly distributed over the area. There should not 

be much variation in the rainfall values of the stations under consideration. Drawback of this method is the 
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stations just outside of the basin are not considered although these stations might have some influence on 

the basin under consideration. 

2. Theissen Polygon Method: 

This method is very accurate. It is used for basins having areas between 500 – 5000 km2. This method can be 

best understood with the help of Fig. 2.7. 

 

The firm closing line shows a basin having an area between 500 to 5000 sq km. Let there be rain-gauging 

stations A, B, C, D, E and F. It is assumed that each station has its own domain in the total area. While 

finding out the average value of rainfall it is very essential to divide the total basin area in such a way that 

each station enclosed in a particular area represents that area in true sense. 

The domain of each rain recording gauge station can be marked as now mentioned here. Join all the stations 

to each of the adjacent stations by dotted line so as to form a system of triangles. Rain-gauging stations 

form vertices of the triangles. Then draw the perpendicular bisector of each of the sides of all the triangles. 

In Fig. 2.7 triangles are shown by dotted lines and perpendicular bisectors by firm lines. As a result the 

whole basin area is divided into number of polygons. 

Remarkable thing is one polygon enclose only one rain-gauging station. Each polygon is the domain of the 

rain-gauging station which is enclosed in it. The justification for it can now be given. Each firm line is 

perpendicular bisector of the line joining two stations. So any point on this line will be equidistant form 

both the stations. If we go slightly this or that side of the bisector our position will distinctly fall in the 

domain of that station to which our position is now nearer. 

Naturally perpendicular bisector will mark the boundary of the domain. As all the sides of the polygons for 

all the stations are perpendicular bisectors the new polygons system drawn by firm lines in Fig. 2.7 

represents the domain of various stations. Thus the domain of each station can be plotted. Then the area of 

each domain can be found by use of a graph paper or a planimeter. 

The values can now be tabulated as shown below: 
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To explain the procedure, column: 

(i) Shows the various rain-gauging stations, column 

(ii) The amount of rainfall at each station, column, 

ADVERTISEMENTS: 

(iii) Gives area of each polygonal domain of the stations and column, 

(iv) Gives weighted depth of rainfall which is obtained by multiplying values in columns 2 and 3. 

Now, mean depth of rainfall = (∑ column No. 4)/(∑ column No. 3) 

∑ Column number 3 = Total area of basin = a + b + c + d + e + f 

Mean depth of rainfall = (5.6a + 4.9b + 5.2c + 5.4d x 5.5e + 5.2f)/(a + 6 + c + d + e+ f ) 

3. Iso-Hyetal Method: 

As contours are lines joining points of equal height, iso-hyetes are the Knes joining the points of equal depth 

of precipitation. The properties of iso-hyetes are similar to that of contours. 

For example: 

i. Two different iso-hyetes do not cross each other; 

ii. Iso-hyet of higher value shows the places which receive more rainfall; 

iii. Each iso-hyet must close on itself or must go out of the area under consideration. 

Iso-hyetal method is used for basins having area more than 5000 km2 

For a given basin iso-hyetes are drawn by joining the points of equal depth of precipitation as shown in Fig. 

2.8. The points of equal depth of precipitation can be computed by the method of estimation from the 

rainfall values of rain- gauging stations. 
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In Fig. 2.8 dotted lines show iso-hyetes and the outer most firm line is basin boundary. The interval of iso-

hyetes is 1 cm. The highest spot rainfall value in area is 9.4 cm. Now the areas between two successive iso-

hytes can be found by using a graph paper or a planimeter. 

 

The rest of the procedure of finding out average or mean depth of rainfall is done by tabulating the values 

as shown in Table 2.5. 

 

To explain, column (1) shows the iso-hyetal interval of successive iso-hyetes, column (2) gives the average of 

the two extreme values of interval, column (3) gives the area enclosed between two successive iso-hyetes 

and column (4) shows mean of interval multiplied by the area of interval. 

Now, Mean depth of rainfall = ∑ column No. 4/∑ column No. 3 

∑ Column number 3 = Total area of basin = a + b + c + d + e 

Mean depth of rainfall = (9.2a+ 8.5b +7.5c + 6.5d x 5.5e)/a + b+ c + d + e 

 

Mass rainfall curves: 

• It is a plot of accumulated precipitation against time, plotted in chronological order. 
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• Records of float type, weighing bucket type etc raingauges are of this form. 

• It gives information on duration and magnitude of a storm.Intensity at various time intervals in a storm = 
slope of the curve. 

• It can be prepared for non-recording raingauges also if the approximate start and end of a storm are 

known. 

 

 

Intensity-duration curves: 

In hydrology, frequency analysis of station rainfall data is done for use in design of bridges and culverts on 

highways, design of storm drains etc. With the advancement of science of hydrology rainfall frequency 

analysis is done using Gumble’s extreme-value distribution and annual series data. 
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Depth-area duration curves: 

Once the sufficient rainfall records for the region are collected the basic or raw data can be analysed and 

processed to produce useful information in the form of curves or statistical values for use in the planning of 

water resources development projects. Many hydrologic problems require an analysis of time as well as 

areal distribution of storm rainfall. Depth-Area-Duration (DAD) analysis of a storm is done to determine the 

maximum amounts of rainfall within various durations over areas of various sizes. 

 

Infiltration and infiltration indices: 

Infiltration is the process by which water on the ground surface enters the soil. Infiltration rate in soil 

science is a measure of the rate at which soil is able to absorb rainfall or irrigation. It is measured in inches 

per hour or millimeters per hour. The rate decreases as the soil becomes saturated. If the precipitation rate 

exceeds the infiltration rate, runoff will usually occur unless there is some physical barrier. It is related to 

the saturated hydraulic conductivity of the near-surface soil. The rate of infiltration can be measured using 

an infiltrometer. 
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Various infiltration indices give rates of infiltration in different ways to help assessment of the water lost by 

way of infiltration. 

The important among them are the following: 

(i) Infiltration Capacity: 

It is the maximum rate at which water can enter through the soil surface at a particular point of time under 

the given set of conditions. By now it is clear that actual rate of infiltration will be less than infiltration 

capacity unless the net rainfall rate that reaches the ground after fulfilling retention (i.e., interception + 

depression storage) is equal or more than infiltration capacity. The infiltration capacity goes on reducing as 

the soil profile becomes saturated. Like infiltration the infiltration capacity also depends on soil type, 

moisture content, organic matter present in the soil, vegetal cover and season. 

Horton gave the following mathematical expression to find out the value of infiltration capacity at any time: 

fp = fc + (fo – fc) e-Kt 

Where fp is infiltration capacity. 

fo is infiltration rate at the beginning of storm. 

fc is constant infiltration rate which is achieved after the soil profile becomes saturated. 

e is base of natural logarithms (Napierian base). 

t is time from beginning of rainfall and K is a constant. It may be remembered that this equation can be 

applied only when rate of net rainfall reaching the surface is more than infiltration capacity throughout the 

storm rainfall. 

(ii) ф Index: 

The ф index is that portion of average rate of rainfall during any storm which gets lost by the processes of 
interception, depression storage and infiltration taken together. It can, therefore, be defined as that rate of 

average rainfall during any storm beyond which the volume of remaining rainfall equals the volume of 

direct surface runoff. The index can be calculated from a hyetograph (time versus intensity of rainfall graph) 

of the storm in such a way that the rainfall volume in excess of this rate will equal the volume of the storm 

runoff Fig. 3.2. 

If the rainfall intensity throughout the storm remains equal to or more than ф index then the ф index 
represents basin recharge because ф index represents sum total of infiltration, interception and depression 
storage. 

(iii) W Index: 

This index gives the average rate of infiltration for that time period of the storm rainfall during which 

rainfall intensity is greater than W. Thus it can be said to be refinement over ф index which apart from 
infiltration also includes interception and depression storage. 
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The W index can be obtained from the following equation: 

W = P-Q-S/t 

Where 

W is average rate of infiltration 

P is total storm rainfall corresponding to t 

Q is total storm run-off. 

t is time during which rainfall intensity is more than W and 

S is effective surface retention. 

W = ф average rate of retention 

Where retention includes interception and depression storage. 

For all practical purposes ф index can be taken to represent average rate of infiltration. Since ф and indices 
assume average rate of infiltration which in fact is less than initial infiltration rate and more than ultimate 

infiltration rate their utility is limited to major flood producing storms. 

Such storms generally occur on wet soil and storms are of such intensity and duration that the infiltration 

rate could be very nearly taken to be constant for whole storm or majority period of storm. Obviously for 

short isolated storms ф and W indices are not useful. 

Evaporation stream gauging: 

Evaporation and its Measurement 

Evaporation is a cooling process in which the latent heat of evaporation of about 585 cal/gm is provided by 

the water body. in this process liquid changes into gaseoues phase at free surface, below the boiling point 

through the transfer of heat energy. 

Dalton’s Law 

The rate of evaporation is proportional to the difference between the stauration vapour pressure at the 

water temperature, es and the actual vapour pressure in the air ea thus 

E = K(es-ea) 

Where, E = Rate if evaporation (mm/day) 

es = Saturation vapour pressure of air (mm) 

ea = Actual vapour pressure of air (mm) 

es-ea Saturation difficiency 
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Measurement of Evaporation 

i. ISI standered pan 

Lake avaporation = Cp × panevaporation 

Where, Cp pan coeffcient 

= 0.8 for ISI pan 

= 0.7 for class A-Pan 

ii. Empirical Evaporation Equatons (Meyer’s Formula) 

 
Where, km = Coeffcients which accounts for size of water body. 

= 0.36 (for large deep water) ∼ 0.50 (for small and shallow waters) 

es = Saturation vapour pressure of air in mm of Hg. 

ea = Actual vapour pressure of overlying air in mm at Hg at specified height of 8 m. 

V9 = monthly mean wind velocity in km/hr at about 9 m above the ground level. 

1/7th power Law 

 

Where, V1 is the wind velocity at height H1 and V2 is the wind velocity at height H2. 

Water Budget Method 

This is simplest method bit it is least reliable it is used for rough calculation, it is based on mass conversation 

principle. 

P + Vis + Vig + Vog + E + ΔS + TL 

Where, P=Daily precipitation on the water surface. 

Vis = Daily surface inflow into take. 

Vos = Daily surface outflow from lake. 

Vig = Daily underground inflow into the lake. 

Vog = Daily underground outflow from the lake. 

E = Daily Evaporation 

ΔS = change in storage of lake 

= +ve if increase in storage 
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= -ve if decrease in storage 

TL = Daily transpiration loss from the plants on the lake. 

Energy Budget Method 

The energy budget method is an application of the law of conservation of energy. The energy available for 

evaporation is determined by considering the incoming energy. Outgoing energy and energy stored in the 

water body over a known time interval. 

 

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

Hn = Hc(1-r)-Hb 

Hc(1-r) = incoming solar radiation into a surface of reflection coefficient, r 

Hb = Back radiation from water body 

Hg = Heat flux into the ground 

HS = Heat stored in water body 

Hi = Net heat conducted out the system by water flow (advected energy) 

β = Bowen’s ratio 

δ = Density of water 

L = Latent heat of evaporation. 

Evapo-Transpiration: 

While transpiration takes place, the land are in which plants stand also lose moisture by the evaporation of 

water from soil and water bodies. In hydrology and irrigation practice, it is found that evaporation and 

transpiration processes can be considered advantageously under one head as evapo-transpiration. 

The real evapo-transpiration occurring in a specific situation is called actual evapo-transpiration (AET). 

 Penman’s Method 

Penman’s equation is based on sound theoretical reasoning and is obtained by a combination of the energy 
balance and mass transfer approach. 
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Where, PET = daily evaporation in mm/day. 

A = slope of the saturation vapour pressure v/s temperature curve at the mean air temperature in mm of Hg 

per °C. 

Hn = Net radiation in mm of evaporable water per day 

Ea = Parameter including wind velocity and saturation deficit. 

γ = Psychometric constant 

= 0.49 mm of Hg/°C 

It is based on mass transfer and energy balance. 

Transpiration Loss (T) 

T = (w1+w2)-w2 

Where, w1 = Initial weight of the instrument 

W = Total weight of water added for full growth of plant. 

w2 = Final weight of instruction including plant and water 

T = Transpiration loss. 

 

Run off and its estimation: 

Surface runoff (also known as overland flow) is the flow of water that occurs when excess storm water, melt 

water, or other sources flows over the Earth's surface. This might occur because soil is saturated to full 

capacity, because rain arrives more quickly than soil can absorb it, or because impervious areas 

(roofs and pavement) send their runoff to surrounding soil that cannot absorb all of it. Surface runoff is a 

major component of the water cycle. It is the primary agent in soil erosion by water. 

Theoretical Estimates of Flow: 

A great deal of research has been undertaken to develop hydrological models that can predict runoff peak 

flows and volumes. The majority, however, are not suited to general use. Sometimes they are too complex 

but most frequently they are limited by the geographical localities and hydrological conditions within which 

the data were collected. Many models are regression models and their value is difficult to assess outside 

their own particular circumstances. 

Presented here are five models that can be used to predict peak flows and three models that are suitable to 

estimate runoff volumes. They are suitable for use with a wide range of catchment sizes and conditions. 

These methods of estimation have certain drawbacks: they can be relatively inaccurate because they make 

simplifying assumptions. They demand the availability of some primary data such as catchment physical 
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characteristics and rainfall. However, they have been used for some time in a variety of environments with 

success and are based on measurements from a great number of catchments, with a wide range of physical 

characteristics. 

Peak Flows 

Peak flows determine the design specifications of structures such as bunds, channels, bridges and dams. 

Peak flows also determine the capacity of the control sections of flow-through measurement systems and 

the collection pipes and transfer conduits of volumetric collection vessels. Some estimate of peak flows 

must be made before the design of these systems can be completed. 

Design peak flows are linked to particular return periods, such as the maximum flow in 5, 10, 25, etc. years 

and design specifications are a balance between economic cost and the prevention of failure of the 

structure. Where no serious damage will result, for example on field bunds, a low return period ( say 5 or 10 

years ) can be used. The 10 year return period is commonly used for agricultural purposes. Where serious 

damage or the loss of life is involved, then designs for large return periods, perhaps 50 or 100 years, are 

necessary. The return period most appropriate to the objectives of the project should be decided upon. 

a. Rational Method 

The Rational Method which estimates peak flows, is a simplified representation of the complicated process 

whereby rainfall amount and intensity, catchment conditions and size as well as human activity, determine 

runoff amount, but it is suitable where the consequences of the failure of structures are limited. The 

method is usually restricted to small watersheds of less than 800 ha and is based on the rainfall/runoff 

assumptions of the hydrograph below. 
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Hydrographic Basis of the Rational Method: 

The equation to calculate peak flows is: 

q = 0.0028 CirA where (2.1) 

q = peak flow in m³ s-1 

C = the runoff coefficient 

ir = maximum rainfall intensity in mm h-1 for the desired return period and the "time of concentration" of 

the catchment, Tc. 

A = area of the watershed in hectares (1 ha = 10,000 m²) 

The rainfall intensity is assumed to be uniform for the period and over the whole catchment for a time at 

least as great as the time of concentration of runoff, (Tc). 

Values of Coefficient C 

 

Hydrograph analysis: 
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 A hydrograph is a continuous plot of instantaneous discharge v/s time. It results from a combination of 

physiographic and meteorological conditions in a watershed and represents the integrated effects of 

climate, hydrologic losses, surface runoff, interflow, and ground water flow. 

 Detailed analysis of hydrographs is usually important in flood damage mitigation, flood forecasting, or 

establishing design flows for structures that convey floodwaters. 

 Factors that influence the hydrograph shape and volume 

o Meteorological factors 

o Physiographic or watershed factors and 

o Human factors 

 Meteorological factors include 

o Rainfall intensity and pattern 

o Areal distribution or rainfall over the basin and 

o Size and duration of the storm event 

 Physiographic or watershed factors include 

o Size and shape of the drainage area 

o Slope of the land surface and main channel 

o Channel morphology and drainage type 

o Soil types and distribution 

o Storage detention in the watershed 

Unit hydrograph and its derivation from isolated and complex storms: 

1. A number of isolated storm hydrographs caused by short spells of rainfall excess, each of approximately 

the same duration (0.9 to 1.1D h) are selected from a study of continuously gauged runoff of the stream 

2. For each of these surface runoff hydrographs, the base flow is separated 

3. The area under DRH is evaluated and the volume of direct runoff obtained is divided by the catchment 

area to obtain the depth of ER 

4. The ordinates of the various DRHs are divided by the respective ER values to obtain the ordinates of the 

unit hydrograph 

Flood hydrographs used in the analysis should be selected so as to meet the following desirable features 

with respect to the storms responsible for them: 

1. The storms should be isolated storms occurring individually 

2. The rainfall should be fairly uniform during the duration and should cover the entire catchment area 

3. The duration of rainfall should be 1/5 to 1/3 of the basin lag 

4. The rainfall excess of the selected storm should be high (A range of ER values of 1.0 to 4.0 cm is preferred) 

• A number of unit hydrographs of a given duration are derived as mentioned above and then plotted 
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• Because of spatial and temporal variations in rainfall and due to deviations of the storms from the 
assumptions in the unit hydrograph theory, the various unit hydrographs developed will not be exactly 

identical 

• In general, the mean of these curves is adopted as the unit hydrograph of the given duration for the 

catchment 

• The average of the peak flows and the time to peaks are computed first 

• Then a mean curve of best fit (by eye judgment) is drawn through the averaged peak to close on an 

averaged base length 

• The volume of the DRH is determined and any departure from unity is corrected by adjusting the peak 
value 

• Note – It is customary to draw the averaged ERH of unit depth in the plot of the unit hydrograph to 

indicate the type and duration of rainfall creating the unit hydrograph. 

 

• It is assumed that the rainfall excess occurs uniformly over the catchment during the duration D hours of a 
unit hydrograph 

• An ideal duration for a unit hydrograph is one in which small fluctuations in rainfall intensity does not 

have any significant effect on the runoff 

• The duration of the unit hydrograph should not exceed 1/5 to 1/3 of the basin lag 

• In general, for catchments larger than 250sq.km. 6 hour duration is satisfactory. 

Unit Hydrograph from a Complex Storm 

• When suitable simple isolated storms are not available, data from complex storms of long duration will 
have to be used to derive the unit hydrograph 
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• The problem is to decompose a measured composite flood hydrograph into its component DRHs and base 

flow 

• A common unit hydrograph of appropriate duration is assumed to exist 

• This is the inverse problem of derivation of the flood hydrograph 

• Consider a rainfall excess made up of three consecutive durations of D hours and ER values of

. 

• After base flow separation of the resulting composite flood hydrograph, a composite DRH is obtained. Let 
the ordinates of the composite DRH be drawn at a time interval of D hours. 

• At various time intervals 1D, 2D, 3D, from the start of the ERH let the ordinates of unit hydrograph 

be  and the ordinates of the composite DRH be  

 

Figure: Unit hydrograph from a complex storm 

 

• The values of  can be determined from the above 
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• Disadvantage of this method – Errors propagate and increase as computation proceeds 

S-curve hydrograph: 

A ‘S’ hydrograph is nothing but a hydrograph generated by a continuous effective rainfall occurring at an 
uniform rate for an indefinite period. It is called ‘S’ hydrograph because the shape of the hydrograph comes 

out like alphabet ‘S’ though slightly deformed. 

 

Synthetic Unit hydrograph: 

A synthetic unit hydrograph retains all the features of the unit hydrograph, but does not require rainfall-

runoff data. A synthetic unit hydrograph is derived from theory and experience, and its purpose is to 

simulate basin diffusion by estimating the basin lag based on a certain formula or procedure. 

The first synthetic unit hydrograph was developed by Snyder in 1938.1 In order to provide sufficient 

flexibility for simulating a wide range of diffusion amounts, Snyder devised two parameters: (1) a time 

parameter Ct, and (2) a peak parameter Cp. A larger Ct meant a greater basin lag and, consequently, greater 

diffusion. A larger Cp meant a greater peak flow and, consequently, less diffusion. 
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