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ET for hydrological studies
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“actual” ET is unpredictable

EB can ‘see’ impacts on ET caused by:

water shortage
disease

crop variety
planting density
cropping dates
salinity
management
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ET for environmental studies
Annual evap Year 2000

26° 28° 30° 32° 34° 36°
|

2 £000.00

3 1800.00
10P— K8
1550.00

1450.00
80

1200.00

800.00
6°—

600.00

%
TU Delft



Source unknown
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For verification of water use

Avg ETa per plot
mm

501 - 750




ET is calculated as a “residual” of the energy
balance

ET=R_ -G - H

The energy balance
includes all major
sources (R. ) and
consumers (ET, G, H)

Rn=net radiat G of enerqy

G=soil heat flux
H=sensible heat flux
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Temperature is a function of ET
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Surface temperature is a reflection of
soil moisture

40.0°C
~ 40

— 35

Source unknown




Latent heat of vaporization

TAEBLE 1
Conversion factors for evapotranspiration
depth volume per unit area energy per unit area )
mm day” m’ ha” day” Is' ha" MJ m” day”
1 mm day” 1 10 0.116 2.45
1 m’ ha” day” 0.1 1 0.012 0.245
115" ha' 8.640 86.40 1 2117
1 MJ m? day™ 0.408 4.082 0.047 1

" For water with a density of 1 000 kg m™ and at 20°C.

EXAMPLE 1
Converting evaporation from one unit to another

On a summer day, net sclar energy received at a lake reaches 15 MJ per square metre per day. If 80%
of the energy is used to vaporize water, how large could the depth of evaporation be?

From Table 1: 1TMJm*“day = 0.408 | mmday’
Therefore: 08x15MJm?day'=08x15x0408 mmd" = 49 | mmday’

The evaporation rate could be 4.9 mm/day
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Daily energy balance

FIGURE 5
Schematic presentation of the diurnal variation of the components of the energy balance above a
well-watered transpiring surface on a cloudless day

energy arriving/leaving the surface

time (hour)
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Global Energy Flows W m™
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Radiation principles
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Planck equation, details

Planck’s equation . 2hc? T e
(the spectral curves 1 =757 , -
shown) A (e —1) KAT

o0

Stefan-Boltzmann _ T4
equation E—ﬂJ‘Lidi—GT

~

Wien’s displacement _ 2897
- Ao (HM) = ———
equation max T
¢ speed of light 3.00x10° ms™
h Planck’s constant 6.63x10*Js
k Boltzmann’s constant 1.38x102%JK !
o Stefan-Boltzmann constant 5.67x10 ®Wm 2K ™

L, Spectral radiance Wm“msr™



Surface Radiation Balance

Shortwave Longwave
Radiation Radiation
AN A
4 N |
(Incident longwave) (emitted longwave)

(Incident shortwave)

(Reflected shortwave) (reflected longwave)

Rsi

Ry
- (1_80)RL¢ RLT

;’

aRg

Vegetation Surface

Net Surface Radiation = Gains — Losses

Rn= (1-a)Rg) + Ry - Rip - (1-85)R
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Net longwave radiation (1)

4 4

- - ’
Ry =0 imack * TminK (034 0.14 Je, )‘ 1355 _ U.ESW (39)
2 \, R‘ 500
where R net outgoing longwave radiation [MJ m-2 day-1].
0 Stefan-Boltzmann constant | 4.903 10" MJ K-+ m~2 da}f"l].
Timax gk maximum absolute temperature during the 24-hour period [K = °C + 273.16].
Timink minimum absolute temperature during the 24-hour period [K = “C + 273.16],
g actual vapour pressure [kPal],
Ry/Rgqq relative shortwave radiation (limited to < 1.0),
R measured or calculated (Equation 35) solar radiation [MJ m-2 da};'l]._
Rqq calculated (Equation 36 or 37) clear-sky radiation [MJ m-2 da}f"l].
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Net longwave radiation (2)

EXAMPLE 11

Determination of net longwave radiation

In Ric de Janeiro (Brazil) at a latitude of 22°54'S (= -22.70%), 220 hours of bright sunshine, a mean
monthly daily maximum and minimum air temperature of 25.1 and 19.1°C and a vapour pressure of 2.1
kPa were recorded in May. Determine the net longwave radiation.

From Example 10: Rg = 14.5 | MJ m™< day™!
From Eq. 36: Re, =075R, =075 .251= 18.8 | MJ m™ day™]
From Table 2.8 or for: o= 49031077 | MJ K™* m™ day™!
Then: Tmax = 25.1°C = 2983 | K
and: 0T oy k4 = 38.8 | MJm2 r.::lag.r'JI
and. Trryin = 19.1°C = 2923 | K
and: G Trmin k4 = 35.8 MJ m™2 day~’ 35.8 | MJ m™2 day]
and: e,= | 2.1 | kPa
and: 0.34-0.14 ey = 0.14 | -
and: Re/Rgq = (14.5)/(18.8) 0.77 | -
- 1.3510.77)-0.25 = 069 1] -
From Eq. 39 R = [(38.7 + 35.7)/2] (0.14) (0.69) = 35 | MJ mZday |
From Eg. 20: expressed as equivalent evaporation =

0.408 (3.5) = 1.4 | mmiday

The net longwave radiation is 3.5 NJ m2 day '.
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Logarithmic wind profile

Wind Profiles
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Effect of buoyancy on turbulent transport

height

A

stable

neutral
|

unstable l

cool air X
revisionworld < :

Neutral =no convection

Stable = heat towards land
Unstable= heat away from land

U(z) wind speed
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Vertical wind profile — neutral conditions
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Vertical wind profile — non neutral conditions
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Flux - profile relationships for momentum, heat and vapor
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Wind and temperature vertical profiles




Heat flux and scalars
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Sensible Heat Flux (H) written as Ohm’s law

H=(pxc,xdT)/ry,
dT = the near surface temperature difference (K).
[, = the aerodynamic resistance to heat transport (s/m).

%)

Neutral conditio
In| =
Z1

I —
an U*Xk

u* =friction velocity [m/s]
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Stability correction for buoyancy

u* = u200k
200
InKZj o \Pm(ZOOm) T \Pm(zOm)
Om
£
'”[ZJ = Fhzy) ¥ Thizy)
lah =
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Transfer equation sensible heat

H = _F"Cp“ﬂ-:T# = FH:FCHU(TT} — Tn} = Pcp[{Tﬂ = Tﬂ)‘llrr-'.’lh]'-'

(3)
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Soil depth. z (m)
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Transpiration process

Stem and Leaf

3 Leaf boundary
—roots 7 interior
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Soil evaporation process
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Transfer equation for latent heat
LE= ?'*r}m'r EEH( Gearts — Ys ):

where
0415 the density of moist air, l-:g,-’m'l,_h

Cp15 a bulk transfer coefficient for water vapor,

dimensionless,
s wind speed. 1in m/s,
q...- 15 saturated specific humidity at surface

temperature. in kg/ke.

g, 15 specitic humidity at observation height.

ka'kg,
S Rewaymos s
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Slope of the saturated vapor pressure
curve

Esat (TO) = esat(Ta) + SLOPE (TO o Ta)

€ 60
¢
30. 50
£8
o !
3 Slope = A
£ 30
20
Source unknown
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Penman - Monteith equation

AR,-G)+pc,vpd/r,
LE =

A+y(Q+r./r)
Bio-physical parameters (besides weather parameters)

- Albedo

- Emissivity

- G/Rn

- Surface roughness, ra
- Stomatal resistance, rs
- LAI, rs
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Jarvis - Stewart model

Canopy resistance model:

Fe = Tsmin / LAL {(I)par (I)temp d)vpd d)mois)




Soil moisture and surface resistance

- B
111, = 1,(T) £,(VPD) £,(PAR) f,(¥) / T

f I f
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Reference ET

FIGURE 9
Characteristics of the hypothetical reference crop

reference level
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Penman-Monteith for ET,f (ETo)

FIGURE 7
Simplified representation of the (bulk) surface and aerodynamic resistances for water vapour flow
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The Penman-Monteith form of the combination equation is:

(eg—ey) Source unknown

AR, =G) + pycy

A+y‘\l+i}
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Aerodynamic resistance

BOX 4
The aerodynamic resistance for a grass reference surface

For a wide range of crops the zero plane displacement height, d [m], and the roughness length
governing momentum transfer, zem [m], can be estimated from the crop height h [m] by the
following equations:

d=2/3h
zom = 0.123 h

The roughness length governing transfer of heat and vapour, zen [m], can be approximated by:
Zoh = 0.1 Zom
Assuming a constant crop height of 0.12 m and a standardized height for wind speed,

temperature and humidity at 2 m {zm = zn = 2 m), the aeredynamic resistance ra [s m'] for the
grass reference surface becomes (Eqg. 4):

n| 2-230.12) || [ 2-23(0.12)
0.123(0.12) (0.1)0.123(012)| 208

(0.41)%us u2

where uz is the wind speed [m s'] at 2 m.
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Potential ET for correction of grass

FIGURE 20
Typical K, for different types of full grown crops
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Crop coefficient

FIGURE 22

The effect of evaporation on K. The horizontal line represents K. when the soil surface is kept
continuously wet. The curved line corresponds to K. when the soil surface is kept dry but the
crop receives sufficient water to sustain full transpiration
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