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Definition

• Evaporation is the process by which the 
precipitation reaching the earth’s surface is 
retuned to the atmosphere as water Vapour.

Very important variable of, water balance (Hydrological
cycle)
• as worldwide about 75% of continental precipitation
evaporates
• Most difficult variable to estimate for a whole
catchment including its space-time variability
• Sensitive to global changes





FACTORS AFFECTING THE RATE OF 
EVAPORATION

• Vapor Pressure: Evaporation is proportional to
the difference between the saturation vapor
pressure at water temperature (ew) and air
temperature (ea)

• Temperature: The rate of evaporation increases
with an increase in water temperature

– the relation evaporation rate with air temperature
is not significance but it has a general trend of
increasing of Evaporation with increases of air
Temperature



• Atmospheric Pressure: A decrease in barometric
pressure/increase of altitudes/ increase the Evaporation

• Wind: Wind aids in removing the evaporated water vapour
from the zone and creates space for evaporation

– But, if the wind velocity is large enough to remove the
evaporated water vapor, any increase of wind speed
doesn’t affect the evaporation rate

– Thus the rate of Evaporation increases with the increase of
wind speed up to a critical speed

– This critical wind speed value is a function of the size of
water surface



• Soluble Salts: When the solute is dissolved in 
water, the vapour pressure of the solution is less 
than that of pure water, hence the rate of 
evaporation deceases.

• Heat storage in water Bodies:Deep water bodies 
have more heat storage than shallows.

– A deep lake may store radiation energy in summer 
and releases it in winter causing less evaporation 
in summer and more evaporation in winter

– The Effect of Heat storage affect the seasonal 
evaporation than the annual



Importance e.g

• Estimation of Evaporation is importance in 
many hydrologic problems

– Associated with planning and operation 
reservoirs and irrigation systems

– To conserve the scares water in the arid zone



MEASUREMENT OF EVAPORATION

• The amount of water Evaporated from a 
water surface is estimated by

– Using Evaporimeter ( Class A Evaporation Pan)

– Empirical and Analytical Method



EVAPORATION FROM A PAN

• 1210 mm diameter, 255mm 
depth, made from unpainted 
galvanized iron
• the pan placed on the wooden 
platform of 15cm height from the
ground for free air circulation
• Evaporation measurement are 
made by measuring the depth of 
water with a hook gauge in a 
stilling well.





Example 

• In a floating class A plan the water height at 
day one was at 6 AM is 210 mm, and at the 
next morning (also at 6 AM) the water level 
was estimated to a depth of 220 mm.During
that day a precipitation event of 15 mm 
occurred. What was the evaporation?



Empirical and Analytical Methods

• Water-Budget Method: It involves writing of
the water balance equation of the lake and
determining the evaporation from the
knowledge of other variables.



Example 

• A reservoir had an average surface area of
20km2 during June 1982. In that month the
mean rate of inflow =15m3/s, outflow
=10m3/s, monthly rainfall = 10cm and a
change in storage =10million m3. Take the
seepage losses to be 1.8cm and Estimate the
Evaporation in that month.



Energy- Budget Method

• This method is an application of the law of
conservation of energy

– The energy available for evaporation is
determined by considering the incoming,
outgoing, and stored energy in the water body
over time.







Example 



Mass-Transfer Method

It is based on the theories of turbulent mass
transfer in the boundary layer to calculate the
mass water vapour transfer from the surface
to the surrounding atmosphere



Empirical Evaporation Equation



Terms
• Water vapor: the amount of water vapor in the

atmosphere is directly related to the temperature.
The water vapor content or humidity of air is usually
measured as a vapor pressure, and the units used is
millibar (mb).
• Vapor pressure(ea)(e): Dalton's law of partial

pressures states that the pressure exerted by a gas
(its vapor pressure) is independent of the pressure
of other gases; the vapor pressure e of the water
vapor is given by the ideal gas law as

Rv =gas constant for water
T =the absolute temperature



Terms….

• Actual vapour pressure(ea)- the actual vapour
pressure in the air. Evaporation continues till es=ea

• g psy is a coefficient depending on the type of
ventilation of the wet bulb



Terms….

• Saturation vapor pressure es : For a given air
temperature, there is a maximum moisture
content the air can hold and the
corresponding vapor pressure is called
saturation vapor pressure es . At this vapor
pressure, the rates of evaporation and
condensation are equal.



Terms….

• The relative humidity Rh: It is ratio of actual
vapor pressure to its saturation value at a
given air temperature T and is given by



Terms….

• Dew-point temperature Td : is the
temperature at which space becomes
saturated when air is cooled under constant
pressure and with constant water-vapor
content.

• It is the temperature having a saturation vapor
pressure es equals to the existing vapor
pressure ea. Wet bulb thermometer measures
the dew point temperature.



Useful tables…



Useful tables…



Example

• A reservoir with a surface area of 250 hectares 
had the following average values of 
parameters during a week water temperature 
=20oC Relative humidity = 40% Wind speed = 
at 1.0m above the ground = 16km/h. Estimate 
the average daily evaporation from the lake 
and the volume of evaporated water from the 
lake during that one week



A 250Ha

Tw 20c

RH 40%

W1m 16km/hr

Km 0.36

u9 21.89981km/hr

ew 17.54mmhg

ea 0.4*17.54 7.016

EL= 0.36*(17.54-7.016)*(1+(21.89981/16))

8.974296mm/day

evaporated volume in 7 days

156975m3



EVAPOTRANSPIRATION AND ITS 
ESTIMATION

• Potential Evaporation (Ep) and Potential
Transpiration (Tp): Rate of evaporation that
would occur from a uniformly wet, large area
of soil covered with vegetation with access to
unlimited water supply

• Actual Evaporation (Ea) and Actual
Transpiration (Ta): takes into account water
supply limitations at the soil surface



EVAPOTRANSPIRATION AND ITS 
ESTIMATION

Lysimeters :-it is a special water tight tank
containing a block of soil and set in a field of
growing plants.(the plants put in the lysimeter
are similar to the surrounding plants)

• The ET is measured by calculating the amount
of water required to maintain the plant. either
volumetrically of gravimetrically.

• The study using lysometer is time consuming



EVAPOTRANSPIRATION AND ITS 
ESTIMATION

Field plots: uses water budget equation in a known
time interval

ET=P+I-RO-increase in soil storage-GW



Estimation of evapo-transpiration

• Governing factors

Energy supply and vapor transport 
(Aerodynamic )

Supply of moisture at evaporative surfaces





Penman- Monteith method

• Obtained by combining energy balance and 
mass balance equations.



Γ=psycometric constant=0.49 mm of Hg/c



Penman- Monteith method



Penman- Monteith method



Useful tables…



Useful tables…



Example




