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Farm irrigation hydrologic cycle
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Soll Water Deficit-based (D;) Irrigation

Irrigation _
Evapotranspiration | Rain D =Dy + Bl =P -IR+DP
— | e
v LRunofl o Irrigate when the soil water deficit D; ~ dyap

S — 1 dyap IS the allowable water depletion depth

field capacityj——l-~ -—-;*]r — ——
.:‘52 RAW
threshold{- + &
4800 ol e dysp=MADxTAW xR,
wilting point “'.:}:"U ‘(:,’,5)’;; /o Wh ere
Capi"aryT Deep ¢ MAD = management allowed or allowable depletion or deficit
Rise Percolation ¢ Typical range: 0.15<MAD < 0.5

TAW = total available water, and TAW = 0.~ — 0p\p

7&. \ {4735
. [[5&
£ s 813 17 ]
7 ., ML &
;: u.ul
. = > = =

CIVIL AND
ENVIRONMENTAL




Crop Coefficients to calculate crop ET or ETc

Kc =ETc /ET ref
ETc with weighing lysimeters
ET ref with lysimeters or equations

ETc =Kc X ET ref
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Irrigation Scheduling: The Water Balance

Approach (alfalfa reference single crop coefficients)
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Irrigation Scheduling:

The Water Balance Approach

Fact Sheet No. 4.707

Crop Series|Irrigation

by A. A. Andales, J. L. Chavez, T. A. Bauder*

The water requirement of a crop must
be satisfied to achieve potential yields. The
crop water requirement is also called crop
evapotranspiration and is usually represented
as ET. Evapotranspiration is a combination
of two processes — evaporation of water
from the ground surface or wet surfaces of
plants; and transpiration of water through the
stomata of leaves. The water requirement can
be supplied by stored soil water, precipitation,

that can be used by the plants. The AWC of
soil is typically expressed in terms of inches
of water per inch of soil depth. General values
of AWC are provided in Table 1. Available
water capacity values for specific soils can be
obtained from county soil surveys or online
at http://websoilsurvey.nrcs.usda.gov/app/.

Water Balance Accounting

Quick Facts

¢ The water balance approach
to irrigation scheduling
keeps track of the soil
water deficit by accounting
for all water additions and
subtractions from the soil

1 root zone.



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/

I

WISE Irrigation Scheduler Colorado State University

- 5

Validation Data Resources Contact

Home

Welcome to the WISE (Water Irrigation Scheduler for Efficient Application) home page. WISE is a cloud-based tool for irrigation scheduling.
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WISE is an ET-based, water balance irrigation scheduling program with accompanying phone apps. Its web-based

technology utilizes Internet browsers so software or downloads are not required to use the program.
Department of WISE was initially developed for Colorado, but more locations are being added as additional online weather networks become available. Please see the link to

H - the Online WISE User Guide below to start using WISE.
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Get Started

€RAMS Platform WISE iPhone App WISE Android App WISE Mobile App
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Figure 3

Water content {in/in}

Soll water content sensors to manage irrigation
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Crop Water Stress Index (CWSI) Approach
using Infra-red Thermometer (IRT) data

e To0 detect crop water stress based on crop canopy temperature
e To calculate the level of stress and water use (reduction) on crops based on canopy temperature (Tc)
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Thermal picture of a furrow irrigated field near Greeley, CO
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Obtaining “actual ET” (ET,) from
CWSI

dT —dT CWS| =1 ET,
dT _ —dT ET.

ET. =K, XET,,

CWSI =

CWSI range: 0-1,

where:

dT=T,-T, ET, =(1—CWSI)ET,

dT, : f(VPD) =a (VPD) +b
dT.. : f (VPG) =a (VPG) +b
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Example of lower limit dT functions

T -
For Corn: 6 | Upper baselne
| 5 1 B - . .’ .
dT,, = (Tc -Ta),,=b +aVPD 4 e SR g
3 L]
o 2 A Boss CWSI=3.1/5.5 = 0.56
(|dSO, 1982) Maricopa, AZ E’ é i L AC=31
=]
dT i, = 3.11 — 1.97 VPD, =
* 2
a -3 T-T,= 1.39 - 0.86VPD
(Nielsen &Garden (1987) Akron, CO 4 2. 06 -
dT.. =2.67 —2.06 VPD, :g Lower baseline
(Taghvaeian et al. 2012), For lliff, CO: -7
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CWSI vs. volumetric water content (VWC)

29
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28 + e 11-12
| 12.13 B 20000000
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13-14 1" For MAD = 55%
Trigger irrigation when VWC _t ~ 28%
Fora CWSI ~ 0.15 or 15%

Silty Clay Loam saoll
VWC fc: 35%
VWC_wp: 22%

26 T

Irrigation amount:

Di = (VWC _fc—VWC i) xRz

Di = (0.35-0.28) x 1000 mm/m x 1 m
=(0.07) x 1000 mm
=70 mmor 2.75in
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CWSI and ET, calculations: example

Input data: (Idso, 1982)
. th
Date: August 26™, 2010 dT.. =3.11 - 1.97 VPD,

Location: Greeley, CO
Crop: corn dT i, = (Tc = Ta)y, =b +aVPD

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)

Qutput:

Compute the vapor pressure deficit (VPD): VPD = e(Ta) —e,(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 =e(Ta) — e,(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




CWSI example cont’d

T—arT
CWSI = dT —dT,,,
dT_ —dT
¢ 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
e This result means 9% crop water stress. ETc =8.2 mm/d (0.32 in/d)

e Then ET,=(1-0.09) xET,=0.91x8.2 mm/d =7.6 mm/d (0.3 in/d)
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Vegetation fraction of ground cover based ET
NDVI — f, — K, — ET,, Approach  Troutetal(2008)

— Johnson & Trout (2012)
- NDVI = (Ryjr — Rrep) / (Ruir *+ Rrep)

f =1.22 x NDVI-0.21
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Figure 5.24 Modified normalized difference¥and Wright's (1982)
basal crop curve for corn for the 1986 season.




Reflectance-based Crop Coefficient ET
ET,=K_xET,

For Potatoes:
K. = 1.085 * SAVI + 0.051

. For Corn: Neale et al. (1989)
0.9-
osf ! aa K, =1.092 x NDVI - 0.053, for Fruita, CO
= 07 N — -
£ ool NG K. = 1.181 x NDVI - 0.026, for Greeley, CO
§ 0.5
2 04 2 Bausch (1993)
O oaf f f K. = 1.416 x SAVI + 0.017
0‘2P
0.1

For beans: K., = 1.326 SAVI + 0.029
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TOPS Satellite Irrigation Management Su

.~ . Lomm

'/ TOPS Satellite Irrigation Managen:

|| gearch

J r '
\ 2 ’ g : o P P
‘_ ‘.'\" - i g i Y Owverlays

e \
[ ™ S.-m“}.u-'s ' nET.::b 2011-08-10

'q :“L * 5 WaglGway Ooffy ! g = ‘& Mot 20110505 o 2011-03-12
B TULAR - | ) g -: BRI W01 oapitied 2011onas o 2ettas-n
{ d‘é Y 4 $ X8 25 - s 3 L 01 20110805 to 2011-08-12

Base Layer

Vine St
e Birciivood Ave

Departrmen z .
Civil & |8 : e

E N G
ETcb(in)

I
_ 37.11098 N, -120.94282

I ne Rann

ElEe

TRCTS I




Two Source Model (TSM)

LE=R,-G-H

J.M. Norman et al. / Agricultural and Forest Meteorology 77 (1995) 263-293
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OPENET mapping of crop ET accuracy

Accuracy Summary for Croplands for the OpenET Ensemble ET Value

Mean Absolute  Root Mean Squared Mean flux
Time Period Slope Mean Bias Error) 9 r-squared
Error Error tower ET
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OPENET
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C | @ openetdata.org * 6 0

WHATISET WHY IS IT NEEDED O I E N WATER MANAGEMENT TOOL

Filling the Biggest Data Gap in Water Management

OpenET uses best available science to provide easily accessible satellite-based estimates of
evapotranspiration (ET) for improved water management across the western United States.

Developed through a unique public-private partnership, the OpenET platform will make satellite-based data on
evapotranspiration - a key water metric - widely accessible to farmers, landowners, and water managers.

PRESS RELEASE DOWNLOAD FAQ SIGN UP FOR UPDATES

In collaboration with
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https://openetdata.org/

Thank You

José L. Chavez

jose.chavez@colostate.edu
(970) 491-6095
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