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When deciding which irrigation systems to adopt, permit, or promote, it is important to consider how their
efficiency and losses affect the water balance of Utah’s watersheds and drainage basins. Irrigators have no
control over precipitation and only limited control of surface waters entering and leaving the state (Figure 1),
as most of those are controlled by legal agreements. However, Utah’s water managers, elected officials, and
water users can consider how surface

water flows and groundwater storage is

Highlights affected by using more efficient irrigation
systems.
e Irrigation systems (sprinkler, surface, and drip) have
different application efficiencies, typically ranging from Sprinkler, surface, or drip irrigation
50%—99%. systems each have trade-offs in irrigation

application efficiency, cost, and other
factors. While some irrigation systems can
be more efficient than others, the

e Application water “losses” are different for each irrigation
system type; losses include evaporation, runoff, deep

percolation, and wind drift. destination of consumptive uses, or “lost
e Recovery, return flow, or reuse of lost water also varies water,” is a vital consideration for long-
among irrigation systems and needs to be considered in term water balance management. Some

irrigation system types have losses that are
potentially more recoverable compared to
others. To make comparisons between
systems, this fact sheet® will define
irrigation application efficiency, describe

relation to application efficiency when evaluating and
selecting irrigation systems.

the destinations of irrigation water losses,
and discuss how the fraction of recoverable water losses differ for various irrigation delivery systems and what
that means for the overall water balance in Utah.

1 This fact sheet summarizes parts of Literature Review of Current & Upcoming Irrigation Technologies and Practices Applicable to
Utah (2020) by Barber, Khanal, and Peters. The report is available at https://water.utah.gov/wp-content/uploads/2020/11/Final-
Report-11-25-2-LiteratureReviewofCurrentUpcominglrrigationTechnologiesandPracticesApplicabletoUtah.pdf.
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Figure 1. Simplified Depiction of
Utah’s Water Balance

Note. Considering the long-term
water balance of Utah as a
whole, irrigators and water
managers have more control of
irrigation and tillage, affecting

Irrigation Application Efficiency

Irrigation application efficiency (E,) can be defined as:

Surface Water out (SW,,) change in water storage and

consumptive use.

irrigation water stored in the root zone

irrigation water delivered to the field

E, is a useful calculation because it allows for
comparison among different irrigation systems
(Table 1) regardless of the source of “lost” water. It
is also important to note E; is also dependent upon
system design, soils, management, and
maintenance. The term water loss is used here to
describe applied irrigation water that either does
not infiltrate into the soil (sprinkler droplet wind
drift, evaporation, or surface runoff) or drains
below the crop root zone (deep percolation)
(Figure 2). Deep percolation associated with salt
leaching requirements is considered a loss in the
above definition, though it is considered a
beneficial water use (Heermann & Solomon, 2007).
Rather than considering soil surface evaporation as
a “loss,” in the above definition of Eg, the water

evaporated from the soil surface is part of
evapotranspiration—in other words, consumptive
water use.

Tillage is also a factor that affects water loss and
overall Eg. It is used for crop establishment and
weed control but is a source of evaporative soil
water loss. Conventional tillage practices, including
plowing and disking, disturb the soil, temporarily
increasing evaporation and water infiltration.
Conservation tillage, on the other hand, including
no-till, reduced, and minimum tillage, disturbs less
soil and reduces evaporative losses (O’Brian &
Daigh, 2019). While tillage is an important
consideration for overall water balance, it is not
the focus of this paper.



Table 1

Average Irrigation Application Efficiency (Es) Various Some Irrigation Systems

Eq Irrigation systems and conditions

60%—80% Line-source sprinkler systems, such as hand line or wheel line.

80%—97%  Center pivot systems, including low elevation spray application (LESA) or low energy precision

application (LEPA).

40%—90% Surface irrigation (depending on the system, soils, and management).

> 90% Drip systems (deployed on the surface, subsurface, or mounted on a pivot, i.e., mobile drip),
dependent upon design, maintenance, and management.

References: Alam, M. (1997); IAEF (2010); Hanson, B. (2004); Brouwer et al. (1989); Burt, C. M. (1995); Burt et al. (2000); Irmak et al.
(2011); Kranz, B. (2020); Peters, T. R. & McMoran, D. (2009); Rogers et al. (1997); Sarwar et al. (2019); Solomon, K. H. (1988);

Stetson, L. E. & Mecham, B. Q. (2011).

Irrigation Water Losses

Wind drift and evaporation — In the dry climates
of Utah, wind drift and evaporation from water
droplets are almost exclusive to sprinkler systems
(Figure 2A). These losses occur between the time
the water leaves the sprinkler nozzle and when the
remaining water reaches the soil. These losses are
usually measured using catch cans on the soil
surface and calculated as the difference between
the applied depth based on the system flow rate
and the depth of water caught in the catch cans.

Table 2

Because large portions of these losses leave the
fields as water vapor, they are not always visible
and may be “out of sight and out of mind.”
However, these water losses can be significant, and
evaporation is a non-recoverable loss. Wind drift
and evaporation losses ranging from close to zero
to as high as 40%—50% have been reported (see
references in Table 2), depending on the sprinkler
type, height, pressure, and most importantly, the
weather. These losses are climate-dependent.

Typical Utah Water Losses Through Wind Drift and Evaporation

Water losses

Irrigation systems and conditions

35%—40%
25%—-30%
15%—-20%

Traveling big guns and pivot end guns.

Impact sprinklers on hand line or wheel lines.
Center pivot mid-elevation spray-application sprinklers.

<5% LESA or LEPA sprinklers/applicators on center pivots.

References: Alam, M. (1997); IAEF (2010); Hanson, B. (2004); Brouwer et al. (1989); Burt, C. M. (1995); Burt et al. (2000); Irmak et al.
(2011); Kranz, B. (2020); Peters, T. R. & McMoran, D. (2009); Rogers et al. (1997); Sarwar et al. (2019); Solomon, K. H. (1988);

Stetson, L. E. & Mecham, B. Q. (2011).
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Figure 2. Potential Water Losses From Three Irrigation System Types

Note. Potential water losses may include runoff, deep percolation (caused by non-uniformity), spray losses
(evaporation and wind drift), and evaporation from a wet canopy. The primary potential water loss from:
(A) Sprinkler irrigation includes wind drift and evaporation (spray) and deep percolation due to non-uniform
irrigation or inadequate irrigation scheduling.

(B) Surface irrigation includes deep percolation and runoff.

(C) Drip irrigation is deep percolation resulting from non-uniformity in emitter flow rates, as depicted in the
figure.



Wetted canopy evaporation - The amount of
evaporation from a wetted crop canopy depends
on the canopy size, percentage of the canopy that
is wetted, and weather conditions such as
temperature, humidity, and air movement.
Researchers have found that canopy water losses
can be about 4% after each irrigation (Melvin &
Martin, 2018). This loss can be minimized by
irrigating less frequently with increased water
applied per irrigation event. However, this strategy
is limited by the soil infiltration rate and water
holding capacities. Wetted canopy losses are
avoided with surface irrigation, drip systems
(Figures 2B and 2C), and LEPA because they do not
wet the crop canopy. There is evidence that water
evaporating from a wetted canopy partially
suppresses evapotranspiration, effectively
increasing the E, (Tolk et al., 1995). Aside from this
suppression, canopy evaporation is a consumptive
(non-recoverable) loss. When considering using
irrigation systems that do not wet the canopy,
other important irrigation-related uses may not be
possible, including foliar application of fertilizers
(fertigation) and pesticides applications
(chemigation).

Deep percolation - Deep percolation occurs when
more water infiltrates into the soil than can be
stored in the root zone. It is a source of water loss
in most irrigation systems, but it is especially
prevalent in surface irrigation systems (Figure 2B).
This excess water moves downward through the
soil profile and drains deeper than the crop’s root
zone. Therefore, the crop can no longer access this
water. Deep percolation can include water used to
meet the salt leaching requirement. Although
leaching is defined as a loss here, it is sometimes a
necessary component of crop production. Deep
percolation water is no longer useful for growing
the crop, but it is not a consumptive loss and is
potentially recoverable as it moves into the
groundwater and eventually remerges as springs or
is pumped from wells for reuse. Deep percolation
can also be collected in drains or in surface water

bodies. However, deep percolated water is
typically of lower quality than the source water
because of salt, nutrient, and pesticide leaching or
dissolved solutes from the underlying geology. This
water quality degradation can limit the potential
for reuse. That said, return flows from deep
percolated water are potentially recoverable,
although not always upstream by the original
grower who applied the irrigation water. In many
cases, downstream water rights are based on
return flow.

Deep percolation more than salt leaching
requirements primarily results from irrigation
mismanagement or poor system uniformity. Poor
irrigation system uniformity occurs when an
irrigation system does not apply an equal amount
(depth) of water to all areas of a field. This may
cause over or under irrigation in some or much of a
field. No irrigation system is perfectly uniform, so a
certain amount of deep percolation loss is
expected. However, surface irrigation can be
subject to greater deep percolation losses since it
takes time for water to move across a field (Figure
2B). The top of the field may have water infiltrating
and deep percolation for many hours before the
bottom or middle of the field receives adequate
water for crop growth. Water losses to deep
percolation in surface irrigation can be as high as
50%—70%, particularly at the top of a field and/or
the bottom if water is allowed to pond while trying
to adequately irrigate the middle of the field. Flat
or steeply sloped fields generally have higher
losses.

Runoff - Unlike the other large losses (evaporation
and deep percolation), runoff is visible, and most
irrigators can easily see and manage it. Although
runoff water quality is often degraded due to
nutrient and sediment loading from running across
fields, it is often collected in streams, ponds, or
drainage ditches and is reused downstream for
irrigation, recreation, or wildlife habitat.



Potentially Recoverable and Non-Recoverable Irrigation Water

Water losses from irrigation can be classified as recoverable and non-recoverable:

e Recoverable water losses = deep percolation and runoff.
¢ Non-recoverable water losses = wetted crop canopy evaporation and wind drift.

Based on these definitions, recoverable is synonymous with return flow and non-recoverable is synonymous
with consumptive use, which also includes the water consumed by the crop (evapotranspiration). In Utah,
sprinkler-based systems, such as big guns, hand lines, wheel lines, and solid sets, have larger estimated non-
recoverable losses than other sprinkler systems like LESA, LEPA, or MESA (Figure 3).2 In contrast, relative to
the sprinkler-based systems, surface- and drip-based systems have greater potentially recoverable losses than
non-recoverable irrigation water losses.
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Figure 3. Estimated Fractions of Potentially Recoverable and Non-Recoverable Irrigation Water Losses for
Selected Drip-, Sprinkler-, and Surface-Based Irrigation Systems (from references in Tables 1 and 2)

These two classes of losses can also be described using a ratio of potentially recoverable losses (PR)):

recoverable losses

PR, =
L™ non-recoverable losses

This ratio can be used to describe the amount of irrigation water losses that contribute to groundwater

recharge or return flow to surface water bodies. A low 1:1 ratio indicates a system loses as much recoverable

as non-recoverable water. In contrast, a system with a higher 3:1 ratio will potentially have three times as

2 Note that these estimates are based on the irrigation literature; however, it is assumed that only 75% of deep percolation or field
runoff is potentially recoverable due to underlying geology and water quality degradation described above.


https://extension.usu.edu/crops/research/irrigation-pivots-laterals

much recoverable water than non-recoverable (Figure 4). For example, although wild flood surface irrigation
has greater total losses reflected by a low E; than wheel line sprinklers (Figure 3), wild flood does have a
higher PR, ratio than sprinkler-based systems (Figure 4). This means that while sprinkler-based systems such as
wheel line may have higher E; ratio than wild flood, surface flood systems have a higher PR; ratio, indicating a
greater potential for recoverable water. Depending on the point of view, this may have a more beneficial
impact on Utah’s overall water balance. When planning, promoting, or permitting irrigation system technology
improvements, a key concern is the trade-off between the increased E, ratio and the decreased PR, ratio. This
concerns centers on potentially losing the of benefit of groundwater recharge, surface water flows, and return
flow versus increased efficiency and decreased consumptive use losses.
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Figure 4. Relationship Between Average Irrigation Application Efficiency (E,) and the Ratio of Potentially
Recoverable Water Losses (PRy) for Drip-, Sprinkler-, and Surface-Based Irrigation Systems

The Big Picture

instream flow in the long-term. When growers

Overall, considering Utah's water balance and upgrade surface irrigation to sprinkler irrigation
reducing non-recoverable losses, lower E, surface systems, they often see better yields. This is the
irrigation may not always be a negative choice result of the ability to irrigate more frequently and
because a notable fraction of losses from surface uniformly. However, sprinklers also lose more
irrigation may be recoverable. Though undesirable water to evaporation from wind, spray drift, and
in the short-term and from a water delivery and frequent canopy wetting. In contrast, surface
supply capacity point-of-view, these losses may be irrigation water losses are primarily deep

less impactful on groundwater recharge and percolation and field runoff. Because of these



factors, converting farms’ irrigation systems from Conclusion
surface to sprinklers, may not result in more water

becoming available for use within Utah. Each irrigation system type has benefits and
drawbacks viewed from the perspective of a
grower, a water manager, or other stakeholders.
Although there are more efficient irrigation
systems, based on the fraction of recoverable
losses, some fields and areas in Utah with declining
aquifers may be best served by continuing to use
less efficient surface irrigation systems, depending
on the considered trade-offs, needs, and
constraints of a particular area. Therefore, water
users, planners, and managers should consider
both E;and PR, recoverable losses when designing,
managing, and modifying irrigation systems. The
fraction of recoverable losses presented here is a
helpful calculation for comparing the efficiencies,
performance, and water loss of various irrigation
systems and an area’s unique water needs.
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