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Outline

• Importance of water in the Western Great Plains

•Aspects of Spatio-Temporal variability for precision water 
management

• Precision Irrigation and technology

• Innovative soil moisture sensing

• Complexity of writing “dynamic” prescriptions for water 
management

• Current and future approaches
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https://cdn.thefencepost.com/wp-content/uploads/sites/12/2016/09/WaterAg-RFP-012014.jpg

Global Water Use
Municipal

7%

https://waterusagecqu.weebly.com/uploads/2/9/1/0/29105369/2043263.png?385

https://www.ers.usda.gov/media/9165/june17_datafeature_schaible_photo.jpg

Agriculture… largest consumer of fresh water…

https://cdn.thefencepost.com/wp-content/uploads/sites/12/2016/09/WaterAg-RFP-012014.jpg
https://waterusagecqu.weebly.com/uploads/2/9/1/0/29105369/2043263.png?385
https://www.ers.usda.gov/media/9165/june17_datafeature_schaible_photo.jpg
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Source: 2015 USGA National Water Census. Produced 3/20/2019
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The 17 Western States
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https://www.ers.usda.gov/topics/farm-practices-management/irrigation-water-use.aspx

https://www.ers.usda.gov/topics/farm-practices-management/irrigation-water-use.aspx
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https://images.slideplayer.com/24/7506331/slides/slide_20.jpg

How do we use water in Colorado?

https://images.slideplayer.com/24/7506331/slides/slide_20.jpg
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Rural - Urban encroachment
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Colorado-Big Thompson Project

• Collects and delivers >200,000 acre-feet of melting snow water/yr
• Supplies to >640,000 acres of irrigated farm, and 
• ~1M people

Buy and Dry!!
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Multi-prong approach to Water management in the Western Great Plains.
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Five R’s of Precision Water Management

◼ Use of Right Input - Water

◼ At the Right Time

◼ In the Right Amount

◼ At the Right Place

◼ In the Right Manner 

managing spatial and temporal variability 
in plant available water in farm-fields
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At the regional scaleAt the farm scale At the field scale

Variability happens!!
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Spatial variations in soil often translate into variations in crop
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Yield (bu/a): 172 164 151 112 146 212
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Corn 

Yield Map
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2 tons/ha
20 tons/ha

11 tons/ha

Pixels = Average?

2.3%

11.9%

± 1% Mean Yield

42.8 %

± 5% of Mean

Corn 

Yield Map<170bu

22% of field 

over fertilized

>190bu

35% of field

under fertilized

Mean: 179.8 bu/a

Managing variability is 
Key to Precision Agriculture
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One depth of water 
applied throughout 

the pivot

Current 
Water 
Management
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Is there spatial variability?
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But this field 
is flat!

Precision Water Management



Sample A

Sand: 39%

Silt:   55%

Clay:   6%

B

5%

75%

20%

System dating 

to 1905
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This field is not only flat,
it is one soil type, and one 

soil texture class!
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• Water can be varied 

• at every nozzle level

• for every 2o of pivot movement

•
360𝑜

2𝑜
= 180o x 30nozzles 

• = 5400 water management zones

• Technology is ahead of science

Variable Rate Irrigation Pivot



• Does it even make sense to apply different 
rate of water in each zone / pixel?

• How do we figure out how much water to 
be applied in each zones / pixel?

• How many zones are ideal for my field?

• Do these zones change? 

• How much? 

• How often?

• What about other parameters? 24https://www.reinke.com/uploads/5/9/4/2/59423143/zone-vri-edited_orig.png

Variable Rate Irrigation Pivot

https://www.reinke.com/uploads/5/9/4/2/59423143/zone-vri-edited_orig.png


Elevation map

Grain yields are correlated with topography

Field topography



Aspect & Slope map



Water flow map



Water pooling map
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Variable rate irrigation Pivot

• Can this approach save me any power?

• Can this approach save me any water?

• Can this approach maintain my production?

• Can this approach increase my production?

• Can this approach make me more money?

More questions than answers



This field is flat, has one 
soil type, and one soil 

texture class!
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Question. How do we figure out how much water to be applied in each zones / pixel?

Answer. We need to know how much moisture is in soil everywhere in the field
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Question. How do we figure out how much water to be applied in each zones / pixel?

Answer. We need to know how much moisture is in soil everywhere in the field

Spatial Dependence
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June July Aug. Sept.

Probe readings

9.14.2012

Clip6_1_2012

<VALUE>

0 - 8 484

8 485 - 9 000

9 001 - 10 000

10 010 - 11 000

11 010 - 12 000

12 010 - 13 000

0.00 – 2.25

2.26 – 2.50

2.51 – 3.00  (in/ft)

3.01 – 3.50

3.51 – 4.00

4.01 – 4.51

Moisture distribution at 
42” depth



Delineation of water management zones

12 dates

Time - t
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In Future

• Expensive
• Time consuming
• Laborious

The Past

• Cheap
• Easy
• Simple

Funding from federal agency 
is allowing us to develop 
cheap (<$1) biodegradable 
soil moisture sensors
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Moisture 
in Soil

Crop Stage

Ambient 
Temperature

Humidity

Many

Others

Evapo-
transpiration

Crop Type

Amount of 
Irrigation 

Water 
Required

We cannot decide on how much water to apply 
unless we know how much water is in soil
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Approach

Data
Sensor 

Network

• Simple

• Precise

• Reliable

• Automated

ML 

and AI

• Reduced 
water use

• Improved 
profitability

Irrigation 
prescription

•
D

at
a

•
D

at
a

Other 
Factors

Objective 1

Calibration Study
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ML = Machine Learning
AI = Artificial Intelligence

• With ability     
to override



Approach

Side-by-side comparison study 
(multi-colored variable rate versus 
single color, uniform water application) 

The “X” represents location of soil 
moisture sensors.

Objective 2

Validation Study

39



Summary
•Water in the west is precious

• Agriculture continues to be the major consumer of fresh water

• Increasing demand for water from municipalities

•Many solutions to address the water challenge

• Precision water management (PWM) is one among many solutions

• PWM is complex, we have the tools and technology

• Technology is ahead of science and that is currently limiting our 
capability to harness what it promises to deliver

• Innovative sensing and data analytics will help in bridging this gap
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Thank you

Raj.Khosla@Colostate.Edu
https://www.linkedin.com/in/raj-khosla-2566a819


