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Understanding Irrigation
Water Optimization

Introduction

Irrigation is applied to much of the crop ground area of
Utah to support production. Limited water and competing
demands make irrigation water conservation, efficiency,
or optimization important components of overall water
resource management. It is well known in Utah that
optimal irrigation use is even more critical during drought
conditions. However, optimization practices change
the quantity, quality, and timing of water flows. It is
important to consider the possible hydrologic impacts
of irrigation optimization efforts to avoid implementing
practices that have little appreciable effect relative to the
desired outcome. Examples of desired outcomes include
increasing supply reliability/sustainability, adequately
serving irrigation company shareholders, preserving or
restoring downstream ecosystems, and providing water to
downstream users. Not all irrigation optimization practices
will provide a given desired outcome.

The Hydrologic Cycle

When considering the impact of changing irrigation
practices, it is helpful to understand the basic hydrologic
cycle, also called the water cycle (Figure 1). Water enters
a hydrologic basin as precipitation. Precipitation may be
intercepted by vegetation, infiltrate into the soil, pond on
the land surface, or run off the land. Intercepted water
will eventually evaporate off the vegetation. Water that
infiltrates into the soil may be extracted and transpired
by plants, evaporate from the land surface, or continue
to seep downward and become groundwater. Runoff
may infiltrate into the soil, pond elsewhere, or enter a
stream, river, lake, or sea. Some water within water
bodies will evaporate and some will seep into the ground,
becoming groundwater. The combined evaporation and
transpiration of water is called evapotranspiration

(ET). This water vapor may be carried out of the basin by
the wind or condensed into clouds, which may precipitate
near where the water vapor originated.

Figure 1.Simplified
Depiction of the Hydrologic—or Water—Cycle

What Are Water Conservation and
Optimization?

Water conservation may be defined as a reduction in water
use. But what is meant by water use? One way to consider
water use is in terms of the quantity of water diverted
or withdrawn from a stream, reservoir, or well. Another
way to consider water use is in terms of consumptive
use. Consumptive use is typically any evapotranspiration
from diverted water because this water leaves the
hydrologic system. Water significantly degraded in quality
or transferred outside of a hydrologic basin may also be
considered consumptive use.

Water conservation typically involves reducing water use.
Water optimization may also include reducing water use
but also includes making water use more productive.

The term optimization is used in this fact sheet instead of
conservation. This is because water conservation typically
refers to a reduction in either diversion or consumptive
use, while water optimization may have a much broader
meaning, including more productive water uses.

It is common to discuss water “losses.” However, that
term can be ambiguous. For example, is water “lost” if it is
available to other users? In this fact sheet, “loss” means
any diverted water that does not directly satisfy the crop’s
needs. Using this definition, some losses are consumptive,
while some are not and may be available for other uses.

Illustrative Examples

The impact on the hydrologic cycle of some water
optimization practices commonly considered in Utah is
demonstrated below using the following six hypothetical
scenarios.

• Scenario 1 – Surface irrigation with an unlined
supply canal.
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• Scenario 2 – Surface irrigation with a lined canal
supply.

• Scenario 3 – Wheel line with a piped water supply.
• Scenario 4a – Surface pivot with a piped water

supply; and Scenario 4b – Surface pivot with a
groundwater supply.

• Scenario 5 – Center pivot irrigation with expanded
irrigated land (water spreading).

• Scenario 6 – Transbasin diversions.

For all examples, ET and evaporation estimates are from
Hill et al. (2011). Some additional assumptions are made
for water losses in the field and conveyance losses from
the supply system (Table 1).

Scenario 1 Case Parameters

Location: Central Utah

Water source: Reservoir

Field size: 100 acres

Crop: Alfalfa

Conveyance: 1 mile, 6-foot wide,
earthen canal with 6 feet of
vegetation on each bank

Irrigation method: Surface (border)

Crop net ET: 242 AFY

Scenario 1 – Surface Irrigation With an Unlined
Supply Canal

Consider a simple situation, detailed at in the Scenario 1
Case Parameters box. Water is released from a reservoir
into a canal and conveyed to a single, surface-irrigated
field (Figure 2). Results are listed in Table 1 and described
below.

• The total diversion from the reservoir is 628 acre-
feet per year (AFY).

• 256 AFY (40% of diversion) is lost before reaching
the field (conveyance losses).

• 192 AFY (75% of the conveyance loss) is
seepage.

• Canal bank vegetation net ET (ET minus
beneficial precipitation) from seepage is 1
AFY for a 6-foot width of vegetation on each
bank.

• Operational spill (water released from the
canal without going to a field) is unavoidable

in many canals. Here, the operational spill is
10% of the diversion, or 63 AFY.

• Net evaporation (evaporation minus
precipitation) from the canal is 2 AFY.

• 372 AFY (59%) of the diverted water reaches the
field (applied water).

• 130 AFY of the applied water is lost (application
losses).

• 114 AFY of the application loss is drainage
(deep percolation).

• 13 AFY of the application loss is runoff from
the field. This is collected in a drain and
returns to the source downstream of the
original diversion.

• 3 AFY of the application losses is
evaporation from the water on the field
during irrigation.

• The remaining 242 AFY (65% of applied water) is
stored in the plant root zone and available for crop
ET. This 242 AFY is 29 inches per year of net ET.

• A portion of the conveyance and application losses
ends up in drainage ditches (137 AFY).

• There is 2 AFY of evaporation from drain
ditch flows.

• There is 3 AFY of ET from vegetation on
the drain ditch banks derived from the drain
water.

• The total loss in the system is 628 AFY - 242 AFY =
386 AFY (61% of the diversion). Only a small fraction
of the total loss (11 AFY) is consumptive use.

• Total consumptive use (crop net ET plus other
consumptive use) is 253 AFY.

• 375 AFY of diverted water is seepage, deep
percolation, or tailwater that remains part of the
hydrologic system (return flows).

• Return flows may be available for downstream uses
like diversions, environmental flows, or groundwater
pumping. Downstream water rights may depend
upon return flows.

• Return flows may be available for downstream use
like diversions, environmental flows, or groundwater
pumping. Downstream water rights may depend
upon return flows.

• In Scenario 1, reservoir storage is reduced by 628
AFY, but the basin has only 253 AFY of consumptive
use.
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Figure 2.Water
Movement in Scenario 1 (Surface Irrigation and an Unlined
Canal)
Note. Parenthetical values are water volume in acre-feet
per year followed by percentages of total diversion.
Scenario 2 Case Parameters

Location: Central Utah

Water source: Reservoir

Field size: 100 acres

Crop: Alfalfa

Conveyance: 1 mile, 6-foot wide,
lined canal with no bank
vegetation

Irrigation method: Surface (border)

Crop net ET: 242 AFY

Diversion quantity: 440 AFY

Scenario 2 – Surface Irrigation With a Lined
Canal Supply

Now, consider the system from Scenario 1 but the canal
is lined, reducing seepage to 5% of diverted flow and
eliminating canal bank net ET (Figure 3).

• The total diversion from the reservoir is 440 AFY,
188 AFY less than Scenario 1.

• Conveyance losses are down 188 AFY from
Scenario 1 to 68 AFY, of which 2 AFY is
consumptive use.

• Application losses are unchanged from Scenario 1.
• Crop net ET is still 242 AFY (65% of applied water).
• Drain water is decreased to 74 AFY because of

the reduced seepage. 3 AFY of the drain water is
evaporation and ET.

• The total loss in the system is 440 AFY - 242 AFY
= 198 AFY (45% of the diversion, compared to 61%
in Scenario 1). Only a small fraction of the losses
(8 AFY) is consumptive use.

• Total consumptive use (crop net ET plus other
consumptive use) is 250 AFY, only 3 AFY less than
Scenario 1.

• Return flow is reduced to 189 AFY.
• In the end, canal lining reduced reservoir releases by

172 AFY, but from the perspective of the hydrologic
basin, consumptive use was only reduced by 3 AFY.

• Only the 3 AFY additional water would be made
available for other potential uses over Scenario 1.
This may not warrant the expense of lining in this
hypothetical scenario.

• The water left in storage could make the water
supply more secure, especially in a water-limited
year.

• Any change in diversion or return flows either in
quantity or timing could impact downstream water
users (either positively or negatively).

• The decreased seepage could impact local
groundwater withdrawals.

• Agricultural return flows are often degraded in quality
compared to the source water. Therefore, there
could be a water quality benefit to reducing diversion
even if consumptive use does not decrease.

• There may be economic benefits of lining to the
grower if water costs are tied to the volume diverted.

Figure 3.Water
Movement in Scenario 2 (Surface Irrigation and a Lined
Canal) 
Note. Parenthetical values are water volume in acre-feet
per year followed by percentages of total diversion.
Scenario 3 Case Parameters

Location: Central Utah

Water source: Reservoir

Field size: 100 acres

Crop: Alfalfa

Conveyance: 1 mile pipeline without
leaks

Irrigation method: Wheel line

Crop net ET: 242 AFY

Diversion quantity: 375 AFY
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Scenario 3 – Wheel Line With a Piped Water
Supply

Consider Scenario 1, but the canal is piped, eliminating all
conveyance losses, and the field is irrigated with wheel-
line sprinkler systems (Figure 4).

• The total diversion from the reservoir is 375 AFY,
253 AFY less than Scenario 1.

• Conveyance losses are zero.
• Application losses increase slightly to 133 AFY.

• Deep percolation is reduced to 81 AFY.
• Runoff from the wheel lines is zero.
• There is 52 AFY (14% of applied water) of

wind loss and evaporation compared to 3
AFY for the first two scenarios.

• Crop net ET remains at 242 AFY.
• Total drain water is decreased to 16 AFY, of which 2

AFY is evaporation and ET.
• The total loss in the system is 375 AFY - 242 AFY

= 133 AFY (35% of the diversion, compared to 61%
in Scenario 1). However, 54 AFY of the total loss is
consumptive use, compared to 11 AFY for Scenario
1.

• Total consumptive use (crop net ET plus other
consumptive use) is 296 AFY.

• Return flow is reduced to 79 AFY.
• In the end, piping and using wheel lines reduced

reservoir releases by 253 AFY over Scenario 1,
but from the perspective of the hydrologic basin,
consumptive use increased by 43 AFY.

• For the grower, wheel-line irrigation may require less
labor than surface irrigation. However, wheel lines
often require energy for pumping.

• Greater crop uniformity and less crop stress may
be attainable with wheel lines than with surface
irrigation, which may improve yields, though this
may also result in greater ET (not considered in this
example).

• The decrease in return flows could impact the timing
of water in the river system. This could impact
downstream surface water users (either positively or
negatively).

• The decreased return flows could reduce local
groundwater supplies.

Figure 4.Water
Movement in Scenario 3 Irrigation System (Piped Water
Delivery and a Wheel-Line System) 
Note. Parenthetical values are water volume in acre-feet
per year followed by percentages of total diversion.
Scenario 4a Case Parameters

Location: Central Utah

Water source: Reservoir

Field size: 100 acres

Crop: Alfalfa

Conveyance: 1 mile pipeline without
leaks

Irrigation method: Center pivot

Crop net ET: 242 AFY

Diversion quantity: 316 AFY

Scenario 4a – Center Pivot With a Piped Water
Supply

This Scenario follows Scenario 3, but the field is irrigated
using a center pivot instead of wheel lines (Figure 5).

• The total diversion from the reservoir is 316 AFY,
312 AFY less than Scenario 1, and 59 AFY less than
Scenario 3.

• Application losses decrease to 74 AFY.
• Deep percolation is 39 AFY because pivots

typically have better application uniformity
than wheel lines.

• Runoff is zero.
• Wind and evaporation loss is 35 AFY, being

generally less for center pivots than for wheel
lines.

• Crop net ET remains at 242 AFY.
• Total drain water is decreased to 16 AFY, of which 1

AFY is evaporation and ET.
• The total loss in the system is 316 AFY - 242 AFY

= 74 AFY (23% of the diversion, less than the first
three scenarios).



Understanding Irrigation Water Optimization 5

• 36 AFY of the total loss is consumptive use,
compared to 11 AFY for Scenario 1 and 79 AFY for
Scenario 3.

• Total consumptive use (crop net ET plus other
consumptive use) is 278 AFY.

• Return flow is reduced to 38 AFY.
• In the end, piping and using a center pivot reduced

reservoir releases by 312 AFY over Scenario 1 and
59 AFY over Scenario 3. From the perspective of the
hydrologic basin, consumptive use increased by 25
AFY over Scenario 1, while it decreased by 18 AFY
over Scenario 3.

• For the grower, center pivot irrigation requires less
labor than the previous scenarios.

• Center pivots also require pumping energy, but this
may be less than for wheel-line irrigation.

• Often, greater crop uniformity and less crop stress
are attainable with center pivots than surface
irrigation or wheel-line irrigation. This uniformity may
improve yields, which may result in greater crop ET
(not considered in this example).

• Like Scenario 3, the decrease in return flows could
impact the timing of water in the river system.
This could impact downstream water users either
positively or negatively.

• The decreased return flows could reduce local
groundwater supplies, which may rely on the
recharge provided by the unlined canal and surface
irrigation system.

• The water quality discussion from Scenario 2 is
again applicable.

Figure 5.Water
Movement in Scenario 4a (Piped Water Delivery and a
Center Pivot) 
Note. Parenthetical values are water volume in acre-feet
per year followed by percentages of total diversion.
Scenario 4b Case Parameters

Location: Central Utah

Water source: Reservoir

Field size: 100 acres

Crop: Alfalfa

Conveyance: Piped from well

Irrigation method: Center pivot

Crop net ET: 242 AFY

Diversion quantity: 316 AFY

Scenario 4b – Center Pivot With a
Groundwater Supply

Consider the field from Scenario 4a supplied by a
groundwater well (Figure 6). No aquifer layering is
considered, meaning the well is pumping from the same
aquifer that contains the water table. The results and
discussion for Scenario 4b are the same as Scenario 4a.

Figure 6.Water
Movement in Scenario 4b (Center Pivot With a
Groundwater Well) 
Note. Parenthetical values are water volume in acre-feet
per year followed by percentages of total diversion.
Scenario 5 Case Parameters

Location: Central Utah

Water source: Reservoir

Field size: 199 acres

Crop: Alfalfa

Conveyance: Piped from well

Irrigation method: Center pivot

Crop net ET: 481 AFY

Diversion quantity: 628 AFY

Scenario 5 – Center Pivot Irrigation With
Expanded Irrigated Land

Take Scenario 4a but use the reduced diversion
requirement relative to Scenario 1 to increase the irrigated
land to 199 acres to maintain the diversion at 628 AFY
(water spreading).
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• The total diversion is 628 AFY, the same as in
Scenario 1.

• Crop net ET increases to 481 AFY from 242 AFY in
Scenario 1.

• Total consumptive use is 552 AFY from 253 AFY in
Scenario 1.

• Return flow is reduced to 77 AFY from 375 AFY.
• The impact on reservoir storage is similar to

Scenario 1, but there is a much greater impact on
the hydrologic basin, including any downstream
users.

 

 

 

Scenario 6 Case Parameters

Location: Central Utah

Conveyance: Transbasin pipeline or
canal system

Water losses: ?

Scenario 6 – Transbasin Diversions

If water is conveyed outside of the source hydrologic basin
in any of Scenarios 1–5, no seepage, runoff, tailwater,
or deep percolation in the new basin would be return
flow in the original basin. So, all water exiting the basin
is considered consumptive use from the diversion basin
(see NRCE & Jacobs, 2021). Within the new basin, any
reduction in water crossing the basin boundary would
cause a decrease in water within that basin.

 

 

Table 1
Example Water Balance for Scenarios 1 – 5

Description Annual quantity (acre-

feet per year)1
Use type

Scenario

1

Scenario

2

Scenario

3

Scenarios

4a&4b

Scenario

5

Consump-
tive

Non-
Consump-
tive

Conveyance Unlined
canal

Lined
canal

PipedPipedPiped  

Irrigation
system

SurfaceSurfaceWheel
lines

Center
pivot

Center
pivot

  

Irrigated area
(acres)

100 100 100 100 199   

Total diverted
water

628 440 375 316 628   

Total canal
(conveyance)
losses

256 68 0 0 0   

- Total
seepage
2

192 22 0 0 0   

- - Bank
vegetation
ET
from
seepage
3

1 0 0 0 0 X  

- - Remaining
seepage

190 22 0 0 0  X 4

- Operational
spill
(tailwater)

63 44 0 0 0  X 4

- Evaporation
from
canal

water 3

2 2 0 0 0 X  

Total water
reaching the
field

372 372 375 316 628   

Total field
application
losses

130 130 133 74 147   

- Deep
percolation
5,6

114 114 81 39 78  X 4

- Field
runoff
(tailwater)
5,6

13 13 0 0 0  X 4
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- Evaporation
during
application
3,5

3 3 52 35 69 X  

Crop
evapotranspiration
supplied from
irrigation water 
3

242 242 242 242 481 X  

Total drain

water 7
137 74 16 8 16   

- Evaporation
from
drain
channel

water 3

2 1 1 0 1 X  

- Drainage
channel
bank
vegetation
ET
from
seepage 
3

3 2 1 1 1 X  

Total
consumptive
use

253 250 296 278 552   

Total
nonconsumptive
use

375 189 79 38 77   

1Values have been rounded and may not sum to the totals.
2Canal seepage is based on Napan (2008).
3Net irrigation and evaporation estimates are from Hill,
et al. (2011) in the Utah Agricultural Experiment Station
Report 213. For many irrigation water optimization efforts
that involve increasing efficiency or irrigation application
uniformity, crop evapotranspiration (and consumptive
use) will increase because more of the crop will receive a
proper amount of water.
4Some of the nonconsumptive losses may eventually
supply riparian vegetation or may flow to surface water
and evaporate. This is represented in the examples using
a drainage ditch from which water is evaporated and
transpired (see footnote 7).

5Soil information is based on a Redfield silt loam https://
websoilsurvey.sc.egov.usda.gov/.
6Based on simulations using the USDA's WinSRFR
software and Waller and Yitayew (2016).
7Assumed to be 100% of field runoff and canal spills plus
20% of deep percolation and canal seepage.

Brief Comparison of Optimization
Practices

The example scenarios included only a few optimization
practices. Whether or not an optimization practice would
be considered beneficial is situation-specific. However, it
is possible to roughly categorize certain practices based
on the likelihood of reducing diversion and/or consumptive
use (Table 2). Though many of the optimization practices
listed in Table 2 have the potential to reduce diversion/
withdrawals, only some of the practices may be expected
to reduce consumptive use. Further information regarding
the relative benefits and costs of optimization practices
is provided in a USU Extension fact sheet titled Irrigation
Water Loss and Recovery in Utah by Crookston et al.
(2022). An online Irrigation Technology Cost/Benefit
Analysis Calculatoris also available on the USU Extension
Crops website.

Table 2
Water Use Reduction Potential From Several Types of
Optimization Practices

Optimization

practice1
Likely to reduce
diversion/
withdrawal?

Likely
to
reduce
consumptive
use?

Example
scenario

FallowingYes Yes  

Deficit
irrigation

Yes Yes  

Change
crops

Possibly Possibly 

Canal
lining/
piping

Yes No 2,3

Improve
surface
irrigation
efficiency

Yes No  

https://websoilsurvey.sc.egov.usda.gov/
https://websoilsurvey.sc.egov.usda.gov/
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Improve
sprinkler
irrigation
efficiency

Yes Possibly 

Improve
drip
irrigation
efficiency

Yes No  

Convert
surface
irrigation
to
sprinkler

Possibly No 3,4a

Reduce
sprinkler
wind
drift/
evaporation

Yes Yes 4a

Convert
surface
irrigation
to drip

Yes Possibly 

Convert
sprinkler
irrigation
to drip

Yes Yes  

Scientific
irrigation
scheduling

Possibly Possibly 

1See NRCE and Jacobs (2021).

Increasing Consumptive Use With
Optimization Practices

One often unintended consequence of optimizing irrigation
water use is that some optimization practices increase
crop evapotranspiration. For example, when lining a
canal, water deliveries may be more reliable to water
shareholders. Improving on-farm irrigation efficiency
often means applying water more effectively to more
plants. Both cases will tend to increase both crop yield
and crop consumptive use. Unless coupled with some
other reduction in consumptive use, like less wind and
evaporation loss, improved irrigation efficiency and
uniformity can often result in increased consumptive use
per acre irrigated. However, crop production may also

improve, less energy may be required to apply water, and
there may be less stress on supply reservoirs. Any such
benefits must be weighed against the cost of increased
consumptive use.

Conclusions

There are many benefits to optimizing irrigation water
use. These benefits may include less rapid depletion
of reservoir storage, surface water, or groundwater
resources, economic benefits to the water user, reduced
labor requirements, improved control, less overall stress
on the hydrologic system, the ability to use water for other
purposes, and increased yield per unit water applied.
However, consumptive water use and nonconsumptive
use have different impacts on the basin hydrology and
downstream water users.

It is important to consider impacts to both diversion and
consumptive use when considering water optimization
practices. Otherwise, it is possible to invest significant
amounts of money on projects that have little benefit
toward the desired outcome. If reducing water use on
a basin scale is the highest priority, then optimization
practices should reduce consumptive use. Such practices,
like deficit irrigation or fallowing, however, can have
significant negative economic impacts on water users
and the community where they farm. When the economic
viability of agriculture is the primary goal, practices that
increase flexibility and reduce labor costs are often
important, like piping canals and installing center pivots.
If reducing reservoir releases or maintaining water supply
security upstream of the diversion (or well) is prioritized,
then optimization practices that reduce diversion are of
most benefit, like canal lining/piping or changing to more
efficient irrigation methods. These principles should be
considered when making water optimization decisions.

Disclaimer

All figures and photos are by Burdette Barker and require
attribution.
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