
Monitoring Irrigation Water Use

José L. Chávez 

Associate Professor, Irrigation Specialist

Civil and Environmental Engineering Department & Extension –

Colorado State University

Drought Leadership Training

Crop Drought Management Workshop– CSU Extension

March 4th, 2022

1



2

Farm irrigation hydrologic cycle
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Soil Water Deficit-based (Di) irrigation
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Irrigate when the soil water deficit Di ~ dMAD

dMAD is the allowable water depletion depth

dMAD = MAD  TAW  Rz

where

MAD = management allowed or allowable depletion or deficit

Typical range: 0.15 < MAD < 0.5

TAW = total available water, and TAW = θFC – θPWP

Di = Di-1 + ETc – P – IR + DP



Crop Coefficients to calculate crop ET or ETc
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Kc = ETc / ET_ref

ETc with weighing lysimeters

ET_ref with lysimeters or equations

ETc = Kc x ET_ref



Irrigation Scheduling: The Water Balance 

Approach  (alfalfa reference single crop coefficients)  

5

Link: irrigation scheduling the water balance approach

https://extension.colostate.edu/topic-areas/agriculture/irrigation-scheduling-the-water-balance-approach-4-707/


Water Irrigation Scheduler for Efficient Application 

(WISE) for Colorado: http://wise.colostate.edu/
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Soil water content sensors to manage irrigation

USDA ARS

Di = (θv_FC – θv_i)  Rz

N
fci MADi

n i

i 1

-
IR 1000 D

100

 



   Rzi



To detect crop water stress based on crop canopy temperature

To calculate the level of stress and water use (reduction) on crops based on canopy temperature (Tc)
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Crop Water Stress Index (CWSI) Approach

using Infra-red Thermometer (IRT) data

72.7 °F
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80.6 °F

98.6 °F

Thermal picture of a furrow irrigated field near Greeley, CO



Obtaining “actual ET” (ETa) from 

CWSI 

where:

dT = Tc – Ta

dTmn : f (VPD) = a (VPD) + b

dTmx : f (VPG) = a (VPG) + b
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CWSI range: 0-1,
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Example of lower limit dT functions

For Corn:

dTmin = (Tc – Ta)min = b  + a VPD

(Idso, 1982)

dTmin = 3.11 – 1.97 VPD,

(Nielsen &Garden (1987)

dTmin = 2.67 – 2.06 VPD,

Irmak et al. (2000) 11

dTmin = 2.73 – 1.90 × (VPD)

(Taghvaeian et al. 2012), For Iliff, CO:

Akron, CO

Maricopa, AZ



CWSI vs. volumetric water content (VWC)

(16 August–28 August 2011)
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Silty Clay Loam soil

VWC_fc: 35%

VWC_wp: 22% 

For MAD = 55%

Trigger irrigation when VWC_t ~ 28%

For a CWSI ~ 0.15 or 15%

Irrigation amount:

Di = (VWC_fc – VWC_i ) x Rz

Di = (0.35 – 0.28) x 1000 mm/m x 1 m

= (0.07) x 1000 mm

= 70 mm or 2.75 in



Input data:

Date: August 26th, 2010

Location: Greeley, CO

Crop: corn

Sensor: IRT Apogee SI-111 (oblique), Time of reading: 2 pm, 

Tc = 28.9 °C (84 °F canopy temperature corrected for surface emissivity)

In-situ weather data: Ta = 32.0 °C (89.6 °F), RH = 25.5%, ETc = 8.2 mm/d (0.32 in/d)

Output:

Compute the vapor pressure deficit (VPD): VPD = es(Ta) – ea(Td)

0.6108*EXP(17.27 x Ta/(Ta+237.3)) - 0.6108 x EXP(17.27 x Ta/(Ta+237.3))x RH /100 = 3.54 kPa

Compute the vapor pressure gradient (VPG): VPG =es(Ta) – es(Ta + b)

0.6108*EXP(17.27 x Ta/(Ta+237.3)) - 0.6108 x EXP(17.27 x (Ta+3.11)/((Ta+3.11)+237.3)) = -0.9 kPa
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CWSI and ETa calculations: example

(Idso, 1982)

dTmin = 3.11 – 1.97 VPD,

dTmin = (Tc – Ta)min = b  + a VPD



Output:

Compute the dTmin as: 3.11 - 1.97 x (3.54 kPa) = -3.86 °C

Compute the dTmax as: 3.11 - 1.97 x (-0.9 kPa) = 4.89 °C

Compute actual dT as: 28.9 – 32.0 = -3.1 °C

Compute the CWSI:

CWSI = [(-3.1) – (-3.86)] / [(4.89) – (-3.86)] = 0.09

This result means 9% crop water stress.

Then, ETa = (1 – 0.09) x ETc = 0.91 x 8.2 mm/d = 7.6 mm/d (0.3 in/d)
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CWSI example cont’d
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ETc = 8.2 mm/d (0.32 in/d)



Vegetation fraction of ground cover based ET

NDVI → fc → Kcb → ETcb Approach
Crop Coefficient and Canopy Cover

WSREC Bell Pepper 2005 
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Trout et al.(2008)

Johnson & Trout (2012)

fc = 1.22 × NDVI – 0.21

Kcb_o = 1.13 × fc + 0.14

ETa = Kcb_o× ETo
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NDVI = (RNIR − RRED) / (RNIR + RRED)



Reflectance-based Crop Coefficient ET

For Corn: Neale et al. (1989)

ETa = Kcr × ETr

Kcr = 1.092 × NDVI - 0.053, for Fruita, CO

For Potatoes:

Kcr = 1.181 × NDVI - 0.026, for Greeley, CO

Bausch (1993)

Kcr = 1.416 × SAVI + 0.017

For beans: Kcr = 1.326 SAVI + 0.029
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TOPS Satellite Irrigation Management Support: ETcb
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Two Source Model (TSM)
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LE = Rn – G – H
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OPENET mapping of crop ET accuracy



OPEN ET
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https://openetdata.org/

https://openetdata.org/
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Thank You

José L. Chávez

jose.chavez@colostate.edu

(970) 491-6095


