Surface Water Hydrology
Professor. Rajib Maity
Department of Civil Engineering
Indian Institute of Technology, Kharagpur
Lecture —13
Evapotranspiration

In lecture 13, we will discuss one of the most important abstractions from precipitation,

which is known as Evapotranspiration.
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In this lecture, we are covering evapotranspiration, measurement of evapotranspiration, and

estimation of evapotranspiration.
(Refer Slide Time: 01:11)
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The outline goes as follows the introduction to evapotranspiration, measurement of
evapotranspiration. Three major methods will be focused, on is lysimeters, field plots, and
soil moisture depletion method. Then, we take up some equations for evapotranspiration. And
the concept of the reference crop evapotranspiration, then potential evapotranspiration and

actual evapotranspiration before we go to the summary.

(Refer Slide Time: 01:40)

Evapotranspiration

T irati Factors controlling
bt i Transpiration

* Transpiration is the process by which water leaves the body

. Atmospheric
of a living plant and reaches the atmosphere as water vapour. vapour pressure
Water is taken up by the plant root system from the soil and

) —  Temperature
escapes through the stomata in leaves.
* For a given plant, factors that affect the free water |- Wind velocity

evaporation also affect transpiration.

+ Transpiration is essentially confined to daylight hours and | Light inseusity

the rate depends upon the growth periods of the plant, Plant

whereas, evaporation continues all through the day and night characteristics
although the rates are different.

|
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Evapotranspiration
Transpiration

Transpiration is the process by which water leaves the body of a living plant and reaches the
atmosphere as water vapour. Water is taken up by the plant root system from the soil and

escapes through the stomata in leaves.

For a given plant, factors that affect the free water evaporation also affect transpiration.
Transpiration is essentially confined to daylight hours and the rate depends upon the growth
periods of the plant, whereas, evaporation continues all through the day and night although

the rates are different.

There are some of the factors controlling evaporation, the controlling transpiration. The first
one is atmospheric vapour pressure, temperature, wind velocity, light intensity and plant

characteristics.
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Evapotranspiration

* Evapotranspiration is the combination of evaporation from the soil surface and

l@spimion from vegetation.

*( Consumptive use )s another synonymous term to denote evapotranspiration.
h

e

+ The factors governing open water evaporation also govern evapotranspiration,
namely energy supply and vapor transport.

—_—

* In addition, moisture supply at the evaporative surface also controls rate of
evapotranspiration.

" —
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Evapotranspiration

Evapotranspiration is the combination of evaporation from the soil surface and transpiration
from vegetation. There is another word, which is known as the consumptive use, or
consumptive use of water is also synonymous with the evapotranspiration. The factors
governing open water evaporation is also governing evapotranspiration namely the energy

supply and vapour transport.

So, these are the two major things that control the total amount of evapotranspiration. In
addition, the moisture supply at the evaporative surface also controls the rate of

evapotranspiration.

(Refer Slide Time: 03:43)

Evapotranspiration

Some important terminologies

+ Field capacity (FC) is the maximum quantity of water that the soil can retain against the
force of gravity. Any higher moisture input to the soil at field capacity drains away.

Wmanem wilting point (PWP) is the moisture content of the soil at which the moisture
is no longer available in sufficient quantity to sustain the plant.

* Available water is the difference between the moisture contents at the field capacity and
permanent wilting point, i.e., the moisture available for plant growth.

+— Saturated soil

Moisture profile
of the soil

. = it
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Some important terminologies

Field capacity (FC) is the maximum quantity of water that the soil can retain against the

force of gravity. Any higher moisture input to the soil at field capacity drains away.

Permanent wilting point (PWP) is the moisture content of the soil at which the moisture is no
longer available in sufficient quantity to sustain the plant.

Available water is the difference between the moisture contents at the field capacity and

permanent wilting point, i.e., the moisture available for plant growth.

(Refer Slide Time: 05:44)

Evapotranspiration
Some important terminologies

J I:_m,e_n(igl evapotranspiration (PET) is the evaporation from an extended surface of
i
short green crop which fully shades the ground, exerts little or negligible resistance
to the flow of water, and is always well supplied with water.

+ However, the evapotranspiration does not always proceed at the potential rate, since
this is dependent on a continuous water supply.

* Actual evapotranspiration (4ET) is the evapotranspiration that
Lermney 0 e .
actually takes place given all the prevailing conditions at a
location, The AET gradually drops as the soil dries out.

AW ,l/\r
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Potential evapotranspiration (PET) is the evaporation from an extended surface of a short
green crop that fully shades the ground, exerts little or negligible resistance to the flow of
water, and is always well supplied with water.

However, the evapotranspiration does not always proceed at the potential rate, since this is
dependent on a continuous water supply.

Actual evapotranspiration (AET) is the evapotranspiration that takes place given all the

prevailing conditions at a location. The AET gradually drops as the soil dries out.
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Evapotranspiration
Variation of AET with Soil Characteristics

Moisture supply at field capacity  fd AET = PET Kol

100

aer .
PET

Soil moisture at PWP T4 AET = 0 ; W

. AET . 5 .
* Decrease in = with available moisture / ® & & 2 o
depends upon the type of soil and the rate of Avaisble Moisu () e

drying' w—(layey Sl e+ pil

Moisture supply less than field capacity

1 e

* Generally, for clayey soils, :i; =1, up to
nearly 50% drop in the available moisture. /
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The Variation of AET with Soil Characteristics
» The moisture supply at the field capacity, if it is available, then AET = PET.
» The moisture supply when it is less than the field capacity that is AET/ PET<1,
» When the soil, moisture is at PWP, that time AET = 0.

Decrease in AET/PET with available moisture depends upon the type of soil and the rate of
drying. It drops quickly in the case of the sandy soil and for the clay soil, it has a more, it
goes up to a certain extent as compared to the sandy soil when it is still the AET and PET are
same and then gradually drops to 0. Both of them drop to O when it reaches the permanent
wilting point that is the available moisture becomes 0 percent.

So, a decrease in the AET by PET with the available moisture depends on the type of the soil
and rate of the drying. Generally, for clayey soils, AET/PET = 1, up to nearly 50% drop in

the available moisture.
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Evapotranspiration

+ Fora catchment in a given period of time, the hydrologic budget can be written as,

AS =P =R = Gy = Eqce

where, Can be estimated by knowing the
T values of rest of the variables
P = Precipitation
Ry = Surface runoff Generally, the sum of Ry and G, can be taken as the

G, = Subsurface outflow  streamflow at the basin outlet without much error.

Eqee = Actual evapotranspiration (4£1)

AS = Change in the moisture storage

-

o— -
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For a catchment in a given period of time, the hydrologic budget can be written as

AS=P—R;— G, —Eget

Can be estimated by knowing the
values of rest of the variables

Where, P=Precipitation

Rs= Surface runoff

Go= Subsurface outflow

Eact= Actual evapotranspiration (AET)
AS= Change in the moisture storage

Generally, the sum of Rs and Go can be taken as the streamflow at the basin outlet without

much error.
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Measurement of Evapotranspiration

Lysimeters

* A lysimeter is a tank of soil with pervious
bottom in which vegetation is planted that
resembles the surrounding ground cover.

Installation of
Lysimeter
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Soil Moisture
Depletion Method
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Measurement of Evapotranspiration

Lysimeters

* The bottom arrangement is such that excess soil
water can drain_through the soil, which can be
collected and measured.

* The amount of evapotranspiration from the
lysimeter is the difference between water applied to

the lysimeter and the amount draining out from it. Soutce: sk g comchoptr 10 1007978

3319010175 8
* Lysimeters should accurately reproduce the soil characteristics, moisture
content, type and size of the vegetation of the surrounding area.

* Lysimeter studies are time-consuming and expensive. AY,,
1

|
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Measurement of Evapotranspiration

/r_/

The measurement of the evapotranspiration can be done in three major ways. The first
instrument is called the Lysimeter. Then the second category is the field plots and the third

one is a soil moisture depletion method.
Lysimeters

A lysimeter is a tank of soil with pervious bottom in which vegetation is planted that

resembles the surrounding ground cover.



The bottom arrangement is such that excess soil water can drain through the soil, which can
be collected and measured. The amount of evapotranspiration from the lysimeter is the

difference between water applied to the lysimeter and the amount draining out from it.

Lysimeters should accurately reproduce the soil characteristics, moisture content, type, and
size of the vegetation of the surrounding area. Lysimeter studies are time-consuming and

expensive.
(Refer Slide Time: 12:27)

Measurement of Evapotranspiration
Field Plots

* These are specially designed field plots in which, all the elements of the water budget
in a certain time interval are measured and the evapotranspiration determined.
+ Evapotranspiration is determined as:

E=P+I-R-§S
where, E= Evapotranspiration; P= Precipitation; I= Irigation input, R= Runoff; SS= Increase in soil storage

+ Water input in the form of precipitation or irrigation is measured.
Losses as runoff or deep percolation are subtracted from the input
and correction is made for soil moisture.

* Groundwater loss due to deep percolation is difficult to measure
and can be minimised by keeping the moisture condition of the plot
at the field capacity. /

| A
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Field Plots

These are specially designed field plots in which, all the elements of the water budget in a
certain time interval are measured and the evapotranspiration determined. Evapotranspiration

is determined as:

E=P+1-R-SS

Where, E= Evapotranspiration; P= Precipitation; 1= Irrigation input; R= Runoff; SS= Increase

in soil storage

Water input in the form of precipitation or irrigation is measured. Losses as runoff or deep
percolation are subtracted from the input and correction is made for soil moisture.
Groundwater loss due to deep percolation is difficult to measure and can be minimized by

keeping the moisture condition of the plot at the field capacity.
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Measurement of Evapotranspiration

Soil Moisture Depletion Method

+ The soil moisture depletion method is usually employed to determine the
evapotranspiration of the irrigation field, wherein crops are grown on a fairly uniform soil.

+ The depth of groundwater should be such that it does not interfere with the soil moisture
fluctuation within the root zone.

+ In this method, the soil moisture is measured at various depths considering number of time
intervals throughout the crop growth period.

+ Large numbers of measurements are taken to calculate average
evapotranspiration. Seasonal evapotranspiration is calculated by
summing of consumptive use values of each sampling interval.

TN
| i
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Soil Moisture Depletion Method

The soil moisture depletion method is usually employed to determine the evapotranspiration
of the irrigation field, wherein crops are grown on fairly uniform soil. The depth of
groundwater should be such that it does not interfere with the soil moisture fluctuation within

the root zone.

In this method, the soil moisture is measured at various depths considering several time
intervals throughout the crop growth period. Large numbers of measurements are taken to
calculate average evapotranspiration. Seasonal evapotranspiration is calculated by summing

of consumptive use values of each sampling interval.

(Refer Slide Time: 14:23)

Equations for Evapotranspiration

Owing to lack of reliable field data, number of equations (empirical and based on theoretical
concepts) are there to predict PET by using climatological data.

Penman’s Equation

Penman’s equation is the combination of the energy-balance and mass-transfer
approach.
PET = Potential evapotranspiration (mm/day)

_AH,+E o A= Slope of the saturation vapour pressure vs temperature

PET = s : :
A +@ curve at the mean air temperature, in mm of mercury/°C

H,, = Net radiation of evaporable water (mm/day)

E, = Parameter involving wind velocity and saturation deficit
Discussed in the
next two slides (mm/day)

[ -

| ¥ = Psychrometric constant = 0.49 mm of mercury/°C
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Equations for Evapotranspiration

Owing to the lack of reliable field data, several equations (empirical and based on theoretical

concepts) are there to predict PET by using climatological data.
Penman’s Equation

Penman’s equation is the combination of the energy-balance and mass-transfer approach.

PET= Potential evapotranspiration (mm/day)

A= Slope of the saturation vapour pressure vs temperature curve at the mean air temperature,

in mm of mercury/°C

Hn»= Net radiation of evaporable water (mm/day)

E«= Parameter involving wind velocity and saturation deficit (mm/day)
y= Psychometric constant = 0.49 mm of mercury/°C

(Refer Slide Time: 15:53)

Evapotranspiration Equations

Penman’s Equation

H, = Incident solar radiation outside the atmosphere on a horizontal surface

in mmy/day (it is a function of the latitude and period of the year)
a = Constant depending upon the latitude ¢ and is given by a = 0.29 cos ¢

b = Constant with an average value of .52

n = Actual duration of bright sunshine in hours

N = Maximum possible hours of bright sunshine (it is a function of latituds

r = Reflection coefficient (albedo), T, = Mean air temperature in kelvin ‘

Penman’s Equation




Hq= Incident solar radiation outside the atmosphere on a horizontal surface in mm/day (it is a
function of the latitude and period of the year)

a= Constant depending upon the latitude ¢ and is given by a= 0.29 cos ¢
b= Constant with an average value of 0.52

n= Actual duration of bright sunshine in hours

N= Maximum possible hours of bright sunshine (it is a function of latitude)
r= Reflection coefficient (albedo),

To= Mean air temperature in kelvin

o= Stefan-Boltzman constant = 2.01x 10-9 mm/day

ea = Actual mean vapour pressure in the air in mm of mercury

(Refer Slide Time: 17:04)

Evapotranspiration Equations

Penman’s Equation:

r, Reflection coefficient for various surfaces
Surface ‘ Range of r value

Close ground corps 0.15-0.25

Bare lands 0.05 - 0.45
Water surface 0.0
Snow 0.45-095

U = Mean wind speed at 2 m height above the ground (km/day)

&g =Actual vapour pressure in mm of Hg

e,, = Saturation vapour pressure at mean air temperature in mm 7 7
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R is the reflection that we will call it albedo. And it depends on the different surface
conditions.



Range of  value

Close ground corps 0.15-0.25

Bare lands 0.05-0.45
Water surface 0.05
Snow 0.45-0.95

Now, Ea can be estimated from the following expression

up>= Mean wind speed at 2 m height above the ground (km/day)

ew= Saturation vapour pressure at mean air temperature in mm of Hg
eq= Actual vapour pressure in mm of Hg

(Refer Slide Time: 17:59)

Example
Calculate the potential evapotranspiration from an area in the month of October by Penman’s
formula. The required data (and tables in the next slides) are as follows:

Latitude: 28°N

Elevation: 230 m (above sea level)

Mean monthly temperature: 20 °C

Albedo, r: 0.25

Mean relative humidity: 70%

Mean observed sunshine hours : 8 h

Wind velocity at 2 m height: 80 km/day &/

Nature of surface cover : Close to ground with green crop _//

—

M— — ——
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Example

Calculate the potential evapotranspiration from an area in the month of October by Penman’s

formula. The required data (and tables in the next slides) are as follows:
Latitude: 28° N
Elevation: 230 m (above sea level)

Mean monthly temperature: 20 °C



Albedo, r: 0.25

Mean relative humidity: 70%

Mean observed sunshine hours: 8 h

Wind velocity at 2 m height: 80 km/day

Nature of surface cover: Close to ground with green crop

(Refer Slide Time: 18:37)

Data Table for the
Example
17276\ % 634
e, = 4.584exp (m) 78 ‘ 8
0.0 921
t = Temperature in °C 125 1087
150 1279
s 1500
200 17.54
23 04
250 .76
28 .54
300 38
25 36.68
350 4281
03 83
400 )
i ————— 450 7120
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Data Table for the Example

_ses 1727t
bw = AP\ o373k ¢

t = Temperature in °C

Temperature Saturation vapour A (mm/°C)
(°C) pressure e, (mm of Hg)

0 4.58 0.30
5.0 6.54 045
1.5 7.78 0.54
10.0 9.21 0.60
1285 10.87 0.71
15.0 12.79 0.80
173 15.00 0.95
20.0 17.54 1.05
225 2044 1.24
25.0 2376 1.40
275 27.54 1.61
30.0 jle2 1.85
32.5 36.68 2.07
350 4281 235
3715 48.36 262
40.0 5532 295

45.0 71.20 3.60
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‘ Data Table for the Example
Mean monthly solar radiation at lop of atmosphere, H, in mm of evaporable waler/day

North Intitude | Jan |
(g 145 150 152 147 139 134 135 142 149 150 M6 143
10° 128 139 148 152 150 148 148 150 149 141 131 124
220 108 123 139 1s2 157 158 157 153 144 129 12 103
30° 85 105 127 148 160 165 162 153 135 13 91 719
40° 60 83 110 139 159 167 163 148 122 93 67 54
50° 36 59 91 127 154 167 161 139 105 71 43 30

Mean monthly values of possible sunshine hours, N

North latitude | Jan | Feb , Mar | Apr | May
0 2 SO 7L B A S % R 2 S 4 B 2 RO v [ 21 RS 1 G 2 W P A

10° 16 118 121 124 126 127 126 124 129 119 117 11§
20 I 1S 120 126 131 133 132 128 123 17 12 109
30 104 11 120 129 137 141 139 132 124 115 106 102

96 107 119 132 144 150 147 138 125 112 100 94

;_ 50° 86 101 118 138 154 164 160 145 127 108 91 81 L
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Data Table for the Example

Mean monthly solar radiation at top of the atmosphere, Hq in mm of evaporable water/day

m-m--m-m--

145 150 152 147 139 134 135 142 149 150 146 143

10° 128 139 148 152 150 148 148 150 149 14.1 13.1 12.4
20° 108 123 139 152 157 158 157 153 144 129 112 103
30° B 105 127 148 160 16.5 2 | 158 | RS 11.3 9.1 7.9
40° 6.0 8.3 11.0 139 159 167 163 148 122 Oy 6.7 5.4
50° 3.6 5.9 9.1 127 154 16.7 16.1 13.9  10.5 7.1 4.3 3.0

Mean monthly values of possible sunshine hours, N

m---

12.1  12.1 12.1 121 121 121 121 121 121 121 121 121

10° 11.6 11.8 121 124 12,6 127 126 124 129 119 11.7 115
20° 111 115 120 126 131 133 132 128 123 11.7 112 109
30° 104 11.1 120 129 137 141 139 132 124 115 106 10.2
40° 9.6 107 119 132 144 150 147 138 125 112 10.0 94

50° 8.6 10.1 11.8 138 154 164 160 145 12.7 1038 9.1 8.1
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Solution
From the given tables:
for1=20°C, e,, = 17.54 mm of Hg and A = 1.05 mm/°C
—— — —_—

Ha =ll_.6_2_mm/day For the month of October and
N = 11.54 hours latitude 28° N ==

—
From given data,

eq = relative humidity x e, = 0.7 x 17.54 = 12.28 mm of Hg
— — B
@ =029 cos 28°=0.25, b =052
0 =2.01x10” mm/day
T,=20+273=293K

r=025
—

—
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‘ D‘“ Table for 'l'e Temperature Saturation vapour A (mm/*C)

(°C) pressure ¢, (mm of Hg)
- Example
1727t 50 654 045
ey = 4584exp (m) 75 m 084
100 9.21 0.60
t = Temperature in °C 125 V 1087 0mn
150 1279 0580
175 1500 095
200
2s 2044 T24
250 2376 140
s 2154 161
300 AR 185
s 3668 207
350 281 23§
s 4836 2602
400 553 295
450 7120 366
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Data Table for the Example
Mean monthly solar radiation at top of atmosphere, H, in mm of evaporable water/day

North Iatitude | Jan Apr Jun | Jul | Aug | Sep | Oct | Nov | Dec
0 145 150 152 147 139 134 135 142 149 150V 146 143
10° 128 139 148 152 150 148 148 150 149 141 131 124
2° 108 123 139 152 157 158 157 153 144 @ 112 103

300 85 105 127 148 160 165 162 153 135 AL
40° 60 83 110 139 159 167 163 148 122 93 67 54
50° 36 59 91 127 154 167 161 139 105 71 43 30

Mean monthly values of possible sunshine hours, N
North Iatitude | Jan | Feb , Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
110 2205 D20 RIS B2 F12:0 PR I D2 A2 2t )

16 118 121 124 126 127 126 124 129 19 117

0

10°

0 I 1S 120 126 131 133 132 128 123 12

30° 104 1061 120 129 137 M1 139 132 124 & 106
40° 96 107 119 132 144 150 147 138 125 .

; 50° 86 101 118 138 154 164 160 145 127 108 ’r'\
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Solution

From the given tables:

for t = 20°C, ew= 17.54 mm of Hg and A= 1.05 mm/°C
Hq=11.62 mm/day [ For the month of October and latitude 28° N]
N=11.54 hours [ For the month of October and latitude 28° N]
From given data,

eq= relative humidity x ew= 0.7 x 17.54 = 12.28 mm of Hg
a=0.29 cos 28° = 0.25, b=0.52

o= 2.01x10-9 mm/day

Ta=20+273=293K

r=0.25

(Refer Slide Time: 21:50)

Solution y/
AH, + Eqy Psychrometric constant = 0.49 mm of mereury/°C

PET = ————— Ly
i Aty
n 4 n
@: Ho(t =) (a +b) - o706 - 00924 (010+ °'9°7v')
= 1162(1 - 025)(025 + 052 x (811154 -
14.81(0.56 ~ 0.092v12.28)(0.10 + 090 X 0.7)

=278 mm/day
Peeee—

l(w J
@ 035 (1+ %) e, - €)= 0.35(1+80/160)(17.54-12.28) = 2.76 mmvda

1.05X2.78+2.76X049
PET = 1054049

1 - / 7 -
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AH, + E
pET = 2a¥
Aty

=2.77 mm/day (ans)

y= Psychrometric constant = 0.49 mm of mercury/°C



_ _ MY _ a4 _ n
Hy = Ho(1=7) (a+b N) oT(0.56 — 0.092y2;) (0.10 +0.90 N)

=11.62 (1-0.25) (0.25 +0.52 x (8/11.54)— 14.81 (0.56—0.092 x V12.2) (0.10+0.90x0.7)
= 2.78 mm/day

Eo= 0.35(1+u2/160) (ew —ea) = 0.35(1+80/160) (17.54-12.28) = 2.76 mm/day

PET = 1.05X2.78+2.76X0.49 =277 mm/day (ans)
1.05+0.49
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Reference Crop Evapotranspiration (ET )

* In imigation practice, PET is extensively used in calculation of crop water
requirements. Towards this, Food and Agriculture Organization (FAO) recommends
a reference crop evapotranspiration or reference evapotranspiration denoted as ET,.

+ For given climatic conditions, reference evapotranspiration is the evapotranspiration
from a reference surface with hypothetical grass crop of an assumed crop height of
12 ¢m, a defined fixed surface resistance of 70 s/m and an albedo of 0.23. The

reference surface closely resembles an extensive surface of green, well watered
grass of uniform height, actively growing and completely shading the grol

* Potential evapotranspiration of any crop, E; =(laE'l‘(,)
= =

K is the crop coefficient. It varies from 0.5 to 1.3, /

i ' depending on the type and stage of crop growth, Y Byl
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Reference Crop Evapotranspiration (ETo)

In irrigation practice, PET is extensively used in the calculation of crop water requirements.
Towards this, Food and Agriculture Organization (FAO) recommends a reference crop

evapotranspiration or reference evapotranspiration denoted as ETo.

For given climatic conditions, reference evapotranspiration is the evapotranspiration from a
reference surface with a hypothetical grass crop of an assumed crop height of 12 cm, a
defined fixed surface resistance of 70 s/m, and an albedo of 0.23. The reference surface
closely resembles an extensive surface of green, well-watered grass of uniform height,

actively growing and completely shading the ground.

Potential evapotranspiration of any crop, ET=K(ET))



K are the crop coefficient. It varies from 0.5 to 1.3, depending on the type and stage of crop
growth.
(Refer Slide Time: 24:34)

Estimation of Potential Evapotranspwatwn i el

Blaney-Criddle Formula Rice LI 085-130
This is an empirical formula. It assumes that the PETis Ve 065 050-075

lated to h Ranits d Maize 0.65 0.50-0.80
related to hours of sunshine and temperature. s SRS
ET =254 KF F= Z Ph T,/loo Cotton 0.65 0.50-0.90
_— Potatoes 0.70 0.65-0.75
N L . G—
Er = PET ina crop season in cm Natural Vegetation:
—
= An empirical coefficient, depends on the type of the "’ v”’ dense 130 v
crop and stage of growth B
c) Medlum 100 « -
F = Sum of monthly consumptive use factors for the period gy gny 080
Py = Monthly percent of annual day-time hours, depends on
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Blaney-Criddle Formula

This is an empirical formula. It assumes that the PET is related to hours of sunshine and

temperature.

Er= 2.54KF F= PaT;/100
Er=PET in a crop season in cm
K= An empirical coefficient depends on the type of the crop and stage of growth
F= Sum of monthly consumptive use factors for the period
Pr= Monthly percent of annual day-time hours, depends on the latitude of the place
Tr= Mean monthly temperature in °F

In the following table, the different crops are mentioned here like rice, wheat, maize,

sugarcane, cotton, potatoes. The mean value of K is given and their range is also given.



Crop Mean Range of
K monthly values

Rice 1.10 0.85-1.30
Wheat 0.65 0.50-0.75
Maize 0.65 0.50 - 0.80
Sugarcane 0.90 0.75-1.00
Cotton 0.65 0.50 - 0.90
Potatoes 0.70 0.65-0.75
Natural Vegetation:

a) Very dense 1.30

b) Dense 1.20

¢) Medium 1.00

d) Light 0.80
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~ Estimation of Potential Evapotranspiration

Blaney-Criddle Formula
Monthly Daytime Hours Percentages, P,

North latitude | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Se |
0° 850 766 849 821 850 822 850 849 821 850 822 850

10° 813 747 845 837 881 860 886 871 825 834 791 8.10
15° 794 736 843 844 898 880 905 883 828 826 775 788
20° 774 725 841 852 915 900 925 896 830 818 758 7.66
25° 753 704 839 861 933 923 945 909 832 809 740 742
30° 730 703 838 872 953 949 967 922 833 799 719 115
35 705 688 835 883 976 977 993 937 836 787 697 686
40° 676 672 833 895 1002 1008 1022 954 839 775 672 652

Monthly Daytime Hours Percentages, Pn

mmm

850 7.66 849 821 850 822 850 849 821 850 822 850

10° 8.13 747 845 837 88l 860 886 871 825 834 791 810
15° 794 736 843 844 898 880 9.05 883 828 826 775 7.88
20° 774 725 841 852 9.15 9.00 925 896 830 8.18 7.58 7.66
25° 7.53 7.14 839 861 933 923 945 9.09 832 8.09 740 742
30° 730 7.03 838 872 953 949 967 922 833 799 7.19 7.15
35° 705 688 835 883 976 977 993 937 836 7.87 697 6.86

40° 6.76 672 833 895 10.02 10.08 10.22 9.54 839 7.75 6.72 6.52
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Example
Estimate the PET of an area for the season October to Month —
December in which wheat is grown. The area is (°C)
situated in North India at a latitude of 30° N with mean ~ Qctober 185
monthly temperatures provided in the table. November 16.0 )
Solution D 44
For wheat, K = 0.65 Er= 2_54_,@
Month | T, CF) | P, PyT;/100 "= 254X 065 X 1341
October  653| 799 521 pb
November ~ 60.8 7.191 437 l
December  53.6 | 7.15 3.83 s
= 5Py Ty/100 == /
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Example

Estimate the PET of an area for the season October to December in which wheat is grown.

The area is situated in North India at a latitude of 30° N with mean monthly temperatures
provided in the table.

0

October 18.5
November 16.0
December 12.0

Solution

For wheat, K = 0.65

T, b PaT,/100

October 65.3 7.99 5.21
November 60.8 7.19 4.37
December 53.6 7.15 3.83

Y P, T;/100 = 13.41

Er=2.54 KF
= 2.54x0.65x13.41
=22.14 cm (Ans)

So, we get the 22.14 centimeter as a PET for this for the season October to December.



(Refer Slide Time: 28:25)

Estimation of Potential Evapotranspiration

Thornthwaite Formula

This formula uses only the mean monthly temperature together with an adjustment
for day lengths. =

107\°
Er =16l (-~
-— t

Er =Monthly PET in cm
Lq = Adjustment for the number of hours of daylight and days in a month
T = Mean monthly air temperature °C

I, = Total of 12 monthly values of heat index = 812 , where i = (T/5)1514 ¥

——

a = Empirical constant = 6.75x107 1,3~ 7.71x10% [,2 + 1.792x10 I, + 0.49239

|
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Thornthwaite Formula

This formula uses only the mean monthly temperature together with an adjustment for day
lengths

10T\
Ep = 1.6Ly( —
I

Er = Monthly PET in cm

La = Adjustment for the number of hours of daylight and days in a month

T = Mean monthly air temperature °C

It = Total of 12 monthly values of heat index = X.1%i, where i = (T/5)1°1*

a = Empirical constant = 6.75x107 I — 7.71x10° I; 2 + 1.792x1072 I+ 0.49239
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Estimation of Potential Evapotranspiration

Thornthwaite Formula
* Lg, Adjustment for the number of hours of daylight and days in the month

North | Jan | Feb | Mar | Apr ‘ May | Jun | Jul ‘,v\ug Sep | Oct | Nov | Dee

latitude |
0° 104 094 104 101 104 101 104 104 101 104 101 104
10° 100 091 1.03 103 108 1.06 108 107 1.02 102 098 099
15° 097 091 103 104 L1l 108 LI12 108 102 101 095 097
2° 095 090 1.03 105 L13 LII L4 LI 102 1.00 093 094
25° 093 089 103 106 115 L14 LI7 112 102
30° 090 087 103 108 118 L17 120 114 1.03
40° 084 083 103 LII 124 125 127 LI§ 1.04

La, Adjustment for the number of hours of daylight and days in the month

North Feb | Mar | Apr |May | Jun | Jul | Aug | Sep Nov
latitude

1.04 094 104 1.01 104 1.01 1.04 1.04 101 1.04 1.01 1.04

10° 1.000 091 1.03 1.03 1.08 1.06 1.08 1.07 1.02 1.02 0.98 0.99
15° 097 091 103 1.04 1.11 1.08 1.12 1.08 1.02 1.01 0.95 0.97
20° 095 090 1.03 1.05 1.13 L.11 1.14 1.11 1.02 1.00 0.93 0.94
25° 093 0.89 1.03 1.06 1.15 1.14 1.17 1.12 1.02 099 091 091
30° 090 087 1.03 1.08 1.18 1.17 120 1.14 1.03 098 0.89 0.88
40° 084 083 1.03 1.11 124 125 127 1.18 1.04 096 0.83 0.81
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‘ Potential Evapotranspiration over India
* Using Penman’s equation and the available climatological data, the mean annual

PET (in mm) across the country is shown in the following figure.

Isopleths yre the lines on a map having equal depths of evapotranspiration.

—




Potential Evapotranspiration over India

Using Penman’s equation and the available climatological data, the mean annual PET (in

mm) across the country is shown in the following figure 1.

Annual - PET

EE<1200 [ 1,700-1,950 1 24502700
1 1,200 -1,450 1,950 - 2,200 Jg 2,700 - 2,950
1,450 1,700~ 2,200 - 2,450 J > 2,950

b

k4

g

Fig.1 shows the Potential Evapotranspiration over India

Isopleths are the line on a map that has equal depths of your evapotranspiration. So, one
typical example you can see fig.1, on the left-hand side, how is it shown that how the depths
of the evapotranspiration are annual PET is shown through some contour plot And on the
right-hand side also you can see that how this that using this Penman’s equation and the

available climatological data and the mean annual PET across the country.

(Refer Slide Time: 31:00)
Actual Evapotranspiration (4ET)

Doorenbos and Pruit method

The actual evapotranspiration (E,) at time, ¢ in the farm with a given crop is
calculated as,
MASW = Total available soil water over the root depth

* AW 2 (1-p )W AASW = Actual available soil water at time  over the

Eqer = ETy
o e root depth
' IfﬂA/w_/ < (1-p)MASW p = Soil water depletion factor for a given crop and soil

7 AASW —
i“:' ((l-p)MASW) i (Values of p range from about 0.1 for s

about 0.5 for clayey soils)

— = /|
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Actual Evapotranspiration (AET)
Doorenbos and Pruit method
The actual evapotranspiration (Eact) at a time, t in the farm with a given crop is calculated as,
If AASW > (1-p) MASW
Eact=ETo

If AASW < (1-p) MASW

AASW .
(1—p)MASW |1

Eact=

MASW = Total available soil water over the root depth

AASW = Actual available soil water at time t over the root depth

p = Soil water depletion factor for a given crop and soil

(Values of p range from about 0.1 for sandy soils to about 0.5 for clayey soils)
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Example
A recently irrigated field plot has the total available soil moisture of 12 cm on day 1. If

the reference crop evapotranspiration is S5 mm/day, calculate the actual
evapotranspiration o@u* day 8.)Assume soil water depletion factor p = 0.22 and

crop factor K = 0.85.
—

Solution

Here, MASW = 12 cm = 120 mm
ET,= 5 mm/day, K = .85, Ep = 0.85%5 = 4.25 mm/day
S i

p=0.22,(1- p)MASW = (1- 0.22)120'
—T — ot
| / Fis
Suface Wae Hydolgy. MO2L1) Dr. Ragh My, T Khwragpur 1 ‘ "




Example

A recently irrigated field plot has total available soil moisture of 12 cm on day 1. If the
reference crop evapotranspiration is 5 mm/day, calculate the actual evapotranspiration on day

1 and day 8. Assume soil water depletion factor p = 0.22 and crop factor K = 0.85.
Solution

Here, MASW =12 cm = 120 mm

ETo =5 mm/day, K = 0.85, Er= 0.85x5 = 4.25 mm/day

p=0.22, (1-p) MASW= (1-0.22)120=93.6 mm
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Solution
Day 1: AASW > (1-p)MASW
e
Eqet= Er = 425 mm/day (ans)

—_—

This rate will continue till a depletion of (120 ~ ?_3_6) = 26.4 mm takes place in the soil.
This will take 26.4/4.25 = 6.21 or 7 days.

e
S’

AASW = (120 - 425 x 7) =90.25 mm
PRt —_——

AASWﬁ_(l - p)MASW
AASW 9035
ue (pwion) - (552 425 = 409mm/day )
v
- \
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Day 1.
AASW > (1-p) MASW
E_act=E T =4.25 mm/day (Ans)
This rate will continue till a depletion of (120—93.6) =26.4 mm takes place in the soil.
This will take 26.4/4.25=6.21 or 7 days.
Day 8:
AASW= (120—4.25%7) =90.25 mm
AASW< (1-p) MASW

Eace= (AASW/ (1-p) MASW) E7r= (90.25/93.6)4.25=4.09 mm/day (Ans)
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Summary
* Evapotranspiration is the combination of evaporation from the soil surface and
transpiration from vegetation.
* Using lysimeter and field plots, field measurement of evapotranspiration is carried out.

* The factors affecting evapotranspiration include various meteorological parameters and
plant characteristics.

* Various empirical formulae are discussed for estimation of evapotranspiration,
potential evapotranspiration and actual evapotranspiration.

* In the next lecture, concepts related to infiltration loss and initial loss are ed.

/[ ‘A
| / -
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Summary
In summary, we learned the following points from this lecture:

» Evapotranspiration is the combination of evaporation from the soil surface and

transpiration from vegetation.

» Using lysimeter and field plots, field measurement of evapotranspiration is carried

out.

» The factors affecting evapotranspiration include various meteorological parameters

and plant characteristics.

» Various empirical formulae are discussed for the estimation of evapotranspiration,

potential evapotranspiration, and actual evapotranspiration.

> In the next lecture, concepts related to infiltration loss and initial loss are discussed.



