Evapotranspiration

Surface Energy Balance
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Recall the energy balance equation

R+l E+H+G+aA=0

Rn = Net radiation = [(1 — r)Rs +Rin ]

Rs = short-wave radiation arriving from the sun

rRs = component of radiation which is reflected from the earth’s
surface



r = albedo or reflectivity of the surface (Table 5.4)

Ri» = net long wave radiation

|IE = latent heat transfer and storage. | is the latent heat of
vaporization, 2.45 MJ/kg or 590 cal/gm. E represents the amount
of water vapor actually available.

H = energy present in the plant canopy in the form of sensible heat.
G = energy stored in the ground or in the plant parts.

aA = energy utilized in photosynthetic activity. a is the chemical
energy storage coefficient and has a value of approximately 3600
cal/g of substance produced, and A represents the total mass of
chemical compound produced in photosynthetic activity.

With simplifying assumptions the energy balance becomes:

Rh+IE+H=0

In this lecture we are interested in the latent heat term |IE. Dividing
through by latent heat of vaporization () gives the evaporative flux:

E=IE/I

Where | is the latent heat of vaporization = 590 cal/gram of water

In practice E is referred to as the potential evapotranspiration (ET.).
ET. depends on the climatic conditions and the plant physiology.

An important assumption upon which ET. is based, is that water in
the root zone is not limited!




ET. can be calculated with two terms, one accounting for the
climatic conditions, the other the physiological conditions.

ET.=Kc ETo

Where
Kc = crop coefficient (accounting for physiological conditions)

ET, = reference evapotranspiration (accounting for climatic
conditions).

If water is not readily available in the root zone then the actual
evapotranspiration becomes ET¢ ag;.
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Lets talk about ET,, Kc and K.

Reference Evapotranspiration (ET,)

The ETc can be directly using the Penman-Monteith equation:
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It is difficult to get the resistance coefficients so let’'s take another
approach
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These assumptions yield the following equation:

QMBA(&r43+y(TT§B)u2@9—%)

A+y(1+0.34 up)

ETO -

where A is the slope of the vapor pressure curve (kPa °C™"), R, is
net radiation (MJ m2 d"), G is the soil heat flux density (MJ m d),
v is the psychrometric constant (kPa™), T is mean daily air
temperature at 2 m height (°C), uz is wind speed at 2-m height, es is
the saturated vapor pressure (kPa™') and e, is the actual vapor
pressure (kPa™). Equation 4 applies specifically to a hypothetical
reference crop with an assumed crop height of 0.12 m, a fixed
surface resistance of 70 sec m™ and an albedo of 0.23.



The Penman-Monteith equation for reference evapotranspiration
can be calculated using computer programs. For example:

CROPWAT
http://www.fao.org/waicent/Faolnfo/Agricult/ AGL/AGLW/cropwat.htm

(© CropWat 4 Windows ol
B D [az[e]=8] &) [0 ]=]=] 0

About CropWat 4 Windows !

E CropWat 4 Windows Version 4.3

IDS

Martin Smith Derek Clarke Khaled El-Askari

Land and Water Development Institute of lrrigation and National Water Research
Division Development Studies (IIDS) Center [NWRC)

Food and Agriculture University of Southampton Cairo, Egypt
Organization of the United Southampton, UK

Nations (FAO) Email: D.Clarke{@soton.ac.uk

Rome, Italy

Email: Martin.Smith{@fao.org

Memory: 480,166 KB Free System Resources: 90% Free




PR-ET
http://www.uprm.edu/abe/PRAGWATER/

Puerto Rico Evapotranspiration

Estimation Computer Program
PR-ET Version 1.0

Release Date August 5, 2002

Developed through a grant by the UPR Exp. Station project SP-347
Yisual Basic code development by Antonio Luis Gonzélez Pérez

For comments regarding this computer program contact Eric Harmsem, (787) 832-4040 ext 3112
email eric_harmsemi@cca.uprm.edu

Online Calculators:
http://www.clac.edu.eqg/CLAC-man/penman.htm
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Calculate Eto ( Penman-Monteith Equation)

Latitude \:’
Altitude o m
max. temperature \:’ °C ( This day)
min temperature ® ' (This day)
max temperature \:’ °C' (Last Month or Last day)
min temperature % C (LastMonth or Last day)
[ |

RH(mean) %4

wind - day)
our

Sun Shine Duration _h
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http://www .tfrec.wsu.edu/Orchard/pET/pETCalc.html
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Penman calculator for water use by grass

1. Enter the daily (24 hour) AVERAGE solar radiation | 300

OF titne Sl ~pril-early May Jig

sky conditions: Use solarvalue v

2. air temperature |70 °F

3. relative humidity |40 %

OR dew point| 70 °F
4. wind speed |1 mph

OR wind condition: | Use value v

5. | Calculate

Daily potential water use by grass

Retun to README page

Washington State University
Tree Fruit Research and Extension Center

1100 N. Western Ave.

Another site is:

http://www.springirrigation.com/management/penman calculator for water

in.

watts/meter-sq

WASHINGTON STATE
UNI\"“ERSFTY

use .htm

certain geographical reqgions (e.q., Washington State). Make sure

you read the “fine print” before using any method.

v



Crop Coefficient (K¢)

The crop coefficient accounts for the physiological factors, for
example:

e Crop height

e Leaf area

e Crop color

e Stomatal resistance
e Crop maturity

e Efc.

The crop coefficient is a function of time.
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The crop coefficient curve can be simplified into several
straight lines as shown in the following figure. Note that the
straight lines are associated with growth periods:
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«— initial —! crop development ,4— mid-season —uflate season:

Not all crops have all four growth periods (see following figure)

Crop type _— crop " late
initial evelopment A @uason

Annuals

Perennials
- rangeland

- deciduous
trees & shrubs

- evergreen

Hypothetical

- grass reference

growing season
Methods for obtaining crop coefficients are given in FAO Paper No.

56.




Crop Stress Factor (Ks)

Adjusted Evapotranspiration
Evapotranspiration Adjusted for Water Stress
ETC adj = Ks KC ETo

where

ET:aqi = potential ET adjusted for water stress conditions (mm/day)
s = water stress coefficient

Kc = evapotranspiration crop coefficient

ET, = reference evapotranspiration

For non-soil water limiting conditions, Ks = 1
For soil water limiting conditions, Ks < 1.

6 : soil water content

0.20

0 RAW TAW



Yield-Moisture Stress Relationship

The following equation is given in FAO Paper No. 56 to estimate
crop yield as a function of crop water stress:

(1 - Ya/Ym) = Ky[1 - (ETC adJ/ETc)]

where

Ya= Actual yield

Ym = Maximum potential yield
Ky = Yield response factor.

Seasonal yield response functions from FAO Irrigation and Drainage Paper No. 33.

Cro Cro
P Ky p Ky

Alfalfa 1.1 Potato 1.1
Banana 1.2-1.35 Safflower 0.8
Beans 1.15 Sorghum 0.9
Cabbage 0.95 Soybean 0.85
Citrus 1.1-1.3 Spring Wheat 1.15
Cotton 0.85 Sugarbeet 1.0
Grape 0.85 Sugarcane 1.2
Groundnet 0.70 Sunflower 0.95
Maize 1.25 Tomato 1.05
Onion 1.1 Watermelon 1.1
Peas 1,15 Winter wheat 1.05
Pepper 1.1

Obtained from FAO Irrigation and Drainage Paper No. 56.

Example Problem:

Yr — Ya/Ym — 1 - Ky[l - (ETC adJ/ETc)] = 1 = KY(KS )

where Y, = relative yield

Assume
Ky = 1.27 for Banana
ETcadj = 400 mm for the season
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= 1 - Ky(Ks )


ETc = 500 mm for the season

o]

500

Y ~0.746



