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Significance of ET

• Plays a major role in the hydrological cycle

• Directly related to crop production

• Large amount energy and water is moved 
through the ET process

• Knowledge of ET allows better monitoring and 
regulation of water use rights  



The Hydrologic Cycle



Peixoto and Kettani, 1973 
The Control of the Water Cycle
Scientific American - Vol. 228 - pp. 46-61 

Water Balance:
rain – Runoff – ET = 
0 (annually)
DS (daily, weekly, etc

> 60% rain = ET



Crops wilting due to rain failure in the middle of season
(Kenya, 2002)



???

Dry Season (Feb 2004), Ethiopia

Water: Availability  or Management ?



*: WFP food ration: 0.5 kg per person per day
**: 1kg grain requires 1,000 lit of water (range between 500 to 4,000 lit)
***: Domestic water supply of 25 lit per person per day for basic services
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How much water does it take to grow grains?



Comparison of Water Uses
Family of 5 for a year
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Yes, irrigation requires a lot of water!



Question!

• If the large amount water is prohibitive for 
irrigation development in Africa, then why 
do we have a problem with domestic water 
supply?

• Maybe the availability is not the problem:
– Technology, knowledge, Capital, 

Management? All of the above?





One proven solution for food 
insecurity: Irrigation

How do you design  an irrigation 
system?

1) ET requirements?
2) Availability of Water ?



Pond filled by runoff, Ag. Research site, Ethiopia



USGS/FEWS NET effort to monitor 
crop production performance

• Rainfed agriculture successfully monitored 
using a crop water balance model

• Irrigated areas pose problem
– Location of source of water and point of use 

do not necessarily coincide



WRSI =  ET / WR

Seasonal Variation of Crop Water Use Pattern
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Inputs obtained from GDAS every 6 hours, 
ETo calculated daily at EROS

ETo reference evapotranspiration [mm day-1],
Rn- net radiation at the crop surface [MJ m-2 day-1],
G- soil heat flux density [MJ m-2 day-1],
T- mean daily air temperature at 2 m height [°C],
u2 wind speed at 2 m height [m s-1],
es- saturation vapour pressure [kPa],
ea- actual vapour pressure [kPa],
es - ea saturation vapour pressure deficit [kPa],
D slope vapour pressure curve [kPa°C-1],
gpsychrometric constant [kPa °C-1].

Standardized Reference ET



Character istics of the hypothetical reference crop
For  the standardized reference ET 









Riverside (44): 2004 ETo Comparison 
GDAS vs Station (moving 8-day average) 
Elevation (m): GDAS/Station, 1160/311
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Annual Difference 
GDAS - Station = 36 mm (2.4%)

r = 0.99

GDAS ETo validation using 
Station ETo encouraging!



Cuyama (88): 2004 ETo Comparison 
GDAS vs Station (moving 8-day average) 

Elevation (m): GDAS/Station, 567/698
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Annual Difference 
GDAS - Station = -72 mm (-5%)

r = 0.99



Five Points (2): 2004 ETo Comparison 
GDAS vs Station (moving 8-day average)

Elevation (m): GDAS/Station : 95/87
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Annual Difference
GDAS - Station = 11 mm (0.7%)

r = 0.98



Davis (6): 2004 ETo Comparison 
GDAS vs Station (moving 8-day average)

Elevation (m): GDAS/Station : 71/18
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Annual Difference 
GDAS - Station = -170 mm (-11 %)

r = 0.99



Buntingville (57): 2004 ETo Comparison 
GDAS vs Station (moving 8-day average) 
Elevation (m): GDAS/Station,1353/1221
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Annual Difference 
GDAS - Station = -279 mm (-20%)

r = 0.99



Bishop (35): 2004 ETo Comparison 
GDAS vs Station (moving 8-day average)
Elevation (m): GDAS/Station, 2108/1271
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Annual Difference 
GDAS - Station = -357 mm (-24%)

r = 0.99
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Agricultural Land Classes (2001 Landsat)











Irrigation demand and supply 
Crop water demand is estimated from irrigation maps and ETo, 
Landsat class
Supply: portion of precipitation in a given watershed



Irrigation demand and supply anomaly 
with the median



Irrigation demand and supply anomaly 
with the previous year



Simplified Energy Balance
Approach to Monitor Irrigated 

Croplands
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http://www.kimberly.uidaho.edu/water/metric/index.html

Difficult of
all



http://www.kimberly.uidaho.edu/water/metric/index.html



http://www.kimberly.uidaho.edu/water/metric/index.html



ET vs dT

Further assumption and experimental data
from METRIC showed that ET varied 
linearly with dT!

• So, why not go directly to ETfraction
instead of calculating dT?



Crop/Soil Water Balance (ET  = f(energy, vapor 
transport and soil moisture)

ET = Kc * Ks * ETo

ET fraction vs Kc * Ks 

Crop Coefficient (crop stage)

Soil Stress Coefficient (from daily water balance)

Reference ET (water unlimited)



ThotTcold

Surface Temperature (satellite measurement)

dT,
ETfrac

ETfrac =  1.0

ETfrac = 0

Tx

AET = ETfrac *  ETo � #� � = � �
� � � � � � � 
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Cold pixel: ETfrac = 1.0

Hot Pixel
ETfrac = 0





Land Surface Temperature / 
Emissivity
Land Surface Temperature / 
Emissivity
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MODIS Land Surface Temperature and Emissivity (LST/E) products provide 
per-pixel temperature and emissivity values. Temperatures are extracted in 
Kelvin with a view-angle dependent algorithm applied to direct observations.
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Case Study: Irrigated 
Basins in Afghanistan
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Spatially Averaged Peak-Season Actual Crop ET
(96 days: June 2 - Sept 6)
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Case Study II: Irrigated Basins in Afghanistan



Upper Kabul

Middle Helmand

Aster Imagery showing
Irrigation basin
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MODIS 16-day NDVI Distribution used to hot and cold pixel selection
(April 22 – May 07, 2004)



MODIS 8-day LST Distribution
(June 26- Jul 03, 2003)



Global 1 degree ETo downscaled to 0.1 degree resolution using
IWMI climatology data.





Threshold:
ET < 500 mm
(half of maximum
(no harvest) 
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kabul 1
Irrigation Water Use (2000-2005), mm
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Afghanistan Irrrigation Basins
Actaul ET estimates (may-sep)
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6-year Average Volumetric Water Use Pattern in Kabul-1 
(2000-2005, may-sep)
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Mean NDVI vs. Actual Evapotranspiration (AET) 
Upper Kabul Irrigated Area - 2003
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Summary: ET fraction approach 

• Help estimate extent of irrigated crop land

• Assess quality of growing season/relative 
crop performance

• Estimate seasonal water use



Thank You!
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Pond Construction at an Ag. Research site, Ethiopia



Pond Construction at an Ag. Research site, Ethiopia



Pond filled by runoff, Ag. Research site, Ethiopia
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Goal

• Change farmers lives from

• driven by destiny to
• destination driven.



The three things we need to get in 
place

• Infrastructure
– To allow the ability to synthesize global knowledge 

and data with local needs 

• Education/Training (technology and business)
– To make sure sustainability and innovation

• Laws and Regulations
– Build confidence for investment


