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Hydrologic losses-Evaporation and 
Evapotranspiration (ET)
Water budget method

E=evaporation
∆S=change in storage in a specified time period
I = surface inflow
P = precipitation
O = surface outflow
GW= subsurface seepage to groundwater flow
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Mass transfer method

es = saturation vapor pressure at the Ts of the water 
surface
ea = vapor pressure at some fixed level above the water 
surface = RH x saturation vapor pressure at Ta of the air
u= wind speed at a fixed level above the water surface
a , b =empirical constants
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Energy budget method

vehN QQQQQ −=−− θ

QN = net radiation absorbed by the water 
body
Qh = sensible heat transfer (conduction 
and convection to the atmosphere
Qe = energy used for evaporation
Qθ =increase in energy in the water body
Qv =advected energy of inflow and 
outflow

Units for energy
Langleys per day
1 Langleys (Ly) = 1 cal/cm2
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Energy budget method

E = evaporation (cm/day)
Le = latent heat of vaporization (cal/g)
ρ =mass density of water (gm/cm3))1( RL
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p = atmospheric pressure (mb)
Ta = air temperature (oC)
Ts = water surface temperature (oC)
ea = vapor pressure of the air (mb)
es = vapor pressure at the water surface (mb)
γ = the psychrometric constant 0.66P/1000 (mb/oC)
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Pan evaporation

E = evaporation (cm/day)
Ep = pan evaporation (cm/day)
k= pan coefficient (range: from 0.64 to 0.81)

D= 4ft
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Galvanized iron 
evaporation pan
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Combined method-Penman’s formula

Eh = flux of latent heat due to evaporation (energy/area-time)=ρLeE
Le = latent heat of vaporization at air temperature (energy/mass)
∆ =slope of the saturation vapor pressure versus temperature curve
(pressure/degree temperature)
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QN = net radiation absorbed (energy/area-time)
γ = psychrometric constant (mb/oC)
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Combined method-Penman’s formula

Ea = drying power of the air (energy/area-time)
esa = saturation vapor pressure at temperature of the air
ea =actual vapor pressure in air RH x esa

RH= relative humidity (fraction)
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Example 1-7
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Hydrologic losses- Infiltration

f = infiltration rate at time t
(length/time)
fc = final infiltration rate 
(length/time) 
f0 = initial infiltration rate 
(length/time) 
k= empirical constant (1/time)
F= cumulative infiltration until 
time t from the beginning (length)
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Example 1-8
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Philip’s equation
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S = sorptivity (length/time1/2)
K= soil hydraulic conductivity (length/time)

φ index
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Example 1-9
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Green and Ampt method

)/1( FMKf ds ψ−=
Md = moisture deficit (dimensionless)
Ks= saturated hydraulic conductivity 
(length/time), see Table 1-7
ψ = suction head (cm), see Table 1-7
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Three rainfall-infiltration scenarios are 
possible:

Case 1: i < f, The rainfall intensity is less than 
the maximum downward hydraulic conductivity, 
meaning that runoff will never occur 
Case 2: Ks < i < f, The rainfall intensity is 
greater than the saturated conductivity but less 
than the infiltration rate. The time to ponding 
varies for different rainfall intensities.
Case 3: i > f , The rainfall intensity is greater 
than the infiltration rate and runoff can occur.
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Tutorial:


