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INTRODUCTION

Interest in irrigation of agricultural crops has increased in the
recent past due to seemingly inadequate and highly erratic distri-
bution of rainfall. Although irrigation is generally supplemental in
humid areas and less essential to farm profitability than for the
management of production risk, intermittent dry spells at critical
times can cause significant economic damage to the crop. A critical
component of assessing the farm-level impact of irrigation invest-
ment is the variability in weather patterns over the life of the
investment and timing of the investment decision. Rainfall patterns
for the seasons following the irrigation investment decision can
have a dramatic effect on repayment ability and farmer satisfaction
with the decision.

This study will investigate the investment and annual cost of
supplemental irrigation equipment used on lowbush blueberries
and will calculate breakeven yields required to pay for annual costs
and the earliest possible payoff period to recover investment costs.
On one hand, supplemental irrigation investment is often thought
of as a production risk-reducing strategy. On the other hand, it can
be viewed as one that increases exposure to financial risk through
investment repayment. Using an economic-engineering approach
to simulating investment and operating costs, this project will
assess breakeven requirements on irrigation investment.

A grower will need to evaluate three primary factors when
choosing an irrigation system: technical requirements, economic
returns or risk reduction, and financial impacts. This study will
review several of the technical factors contributing to the irrigation
decision, calculate economic costs and are breakeven measures, but
only introduce some of the financial factors for a grower to consider.
It must be emphasized that irrigation decisions are highly site
specific. Engineering requirements, economic and financial impacts
will differ from farm to farm and therefore, results will differ
between growers. This publication provides some background infor-
mation, but more detailed information from irrigation suppliers,
engineers and bankers will be required for the final decision.

LITERATURE REVIEW
The use of irrigation for agricultural crops has different impli-
cations depending on the amount of rainfall needed by the crop and
the average annual rainfall of the area being studied. In arid areas,
whereirrigationisrequired without question, the issue isastraight-
forward comparison of yields with, and without, irrigation. In more
humid temperate regions, where in some years there is enough
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rainfall to meet crop needs, the question is more complicated. In
these regions, irrigation is not used in a continual fashion as in arid
regions, but is used in a supplemental fashion to meet the needs of
crops when rainfall is insufficient. In these regions, the range of use
for supplemental irrigation can be from “not at all” in wet years, to
“frequently” in dry years. And obviously, there is no way to know
beforehand whether this growing season will be a wet one or a dry
one, let alone to know what the weather will be over the life of the
equipment. Thus, the economic returns of an irrigation system are
continually received in arid regions, while they are only sporadi-
cally received in temperate regions. This distinction will play a key
role for producers in temperate regions who are deciding whether to
irrigate.

Cost of Implementation/Use

The decision to irrigate or not in areas where rainfall can be
sufficient in certain years is not an easy one. In addition to the
requirement for increased management skills, there is also the
obvious need for financial capital outlay to purchase, install, and
operate theirrigation equipment. While purchase and operation are
a significant portion of the overall costs of an irrigation system, one
should not overlook the costs of installation. Accessing a sufficient
water supply, whether drilling a well, creating a farm pond, or
pumping from a stream or river with adequate flow, can also require
significant cash outlays. Scherer and Weigel (1993) estimate well
costs to range from $12,000 to $18,000 with per foot costs ranging
from $125 to $175 (values are in 1993 dollars). With regards to an
entire irrigation system, Marra and Woods (1990) estimated an
initial investment for irrigating potatoes to range from $66,000 for
a single-gun configuration on 70 irrigated acres to $335,000 for a
center-pivot arrangement on 300 irrigated acres (values are in 1990
dollars). Leiby and Marra (1993) found that past research estimated
irrigation costs to range from $145 per acre for rabbiteye blueber-
ries with drip irrigation to $672 per acre for lowbush blueberries
using a sprinkler and riser setup (values are in 1992 dollars).

Risk and Returns
While yield variability and equipment costs are significant
aspects to consider with irrigation systems, a risk-reduction effect
may also play arole inthe decision-making process. Asrisk aversion
increases, the greater the value of information on production or
price risk. As Bosch and Eidman (1987: 659) point out, “additional
information has diminishing marginal returns for a given level of
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risk aversion and the value of information increases with the level
of risk aversion.” And to assist in providing producers with appro-
priate information, Martin et al. (1996) use the Irrigation Cost
Analysis Program (ICAP) to assist farmers to determine if supple-
mental irrigation is cost effective. This program helps farmers
understand the finances of irrigation by determining the increase in
yield necessary to pay the increased capital and operating costs. In
another analysis, Boggess et al. (1983) use a time-dynamic soybean-
yield simulation model to generate production estimates while
other simulators generate the cost estimates. Historical weather
and price information are the data that “drive” the simulators.
Boggess and Amerling (1983) study a related topic by focusing their
analysis on the impact of weather pattern variations on the profit-
ability of irrigation investments in humid regions. Boggess and
Ritchie (1988) use crop models to link information about the re-
sponse of crops to irrigation with economic analysis and risk assess-
ment in order to provide an integrated information base for making
irrigation management decisions. But as Hatch et al. (1991:443)
indicate, “irrigation may not be advisable or feasible depending on
the farmer’'sdebtload or debt limit. There isaclear tradeoff between
production and financial risk that must be judged by the individual
producer.” Thus, these sources of risk are factors that each producer
must evaluate on his or her own when considering the investment
decision.

Type of Equipment to Use

The literature provides limited evaluations of specificirrigation
equipment, but there are some major factors to take into account.
First, the degree of rockiness and levelness of the land should be
considered when determining what type of equipment to use. For
large, level, rock-free fields it makes sense to use a traveling gun set-
up, where the irrigation gun is actually moved across the field.
However, these types of fields are few and far between in Maine, so
an alternative selection would be a center-pivot style of irrigation.
These systems are also rare in lowbush blueberry production and
are not considered in the economic analysis. A third system involves
manual movement of large sprinkler guns or a series of small
sprinkler heads. A final alternative is to cover the field with
immobile small sprinkler nozzles supplied by a system of buried
piping. In this analysis four systems are considered: the hand-
moved big gun, the hose-reel traveling gun, the hand-moved small
sprinkler system, and a buried small sprinkler system. Second, the
cost to operate irrigation equipment varies from system to system,



10 MAFES Technical Bulletin 183

and management time, labor, fuel and maintenance charges for
each system are additional expenses that are incurred on the farm
budget with irrigation adoption. And third, the cost of equipment
and the development of the water source is another key factor in the
decision-making process. Water development costs are highly vari-
able from field to field and can dramatically affect investment cost.

Technical Factors Influencing Irrigation Decisions

Irrigation systems are designed to site-specific farming condi-
tions or the owner’s specific production objectives. Once alternative
systems have been designed, the systems need to be compared onan
economic basis to determine the least-cost method of meeting the
production objective. In this section, several technical production
factors are discussed briefly. Most of these factors vary from site to
site and each decisionmaker will need to consider these components
in greater detail.

Climate

The microclimate surrounding the farm and rainfall are two of
the most important factors to consider when making the irrigation
investment decision. As a general planning rule, lowbush blueber-
ries need about one inch of water a week from April to October, but
irrigation iscommonly applied during the months of June, July, and
August for proper plant and fruit development under Maine grow-
ing conditions.

Thefollowing graphs summarize rainfall histories along an east
to west transect of the blueberry-growing region. Forty years of
weather data (1959-1998) from the National Climatic Data Center
from three sites were selected for illustration (National Climatic
Data Center). These site are Joneshoro, Ellsworth, and Belfast. In
the case of Ellsworth, data collection ceased in 1994, so the weather
seriesis reduced to 35 years. Daily weather events were aggregated
into weeks and presented over the period from the beginning of May
until the end of September.

Two graphs for each site are presented: the first graph presents
the probability that rainfall in a particular week (starting on May
1) will exceed the threshold level of 1", 34" and %2". These graphs can
be used to derive an estimate of rainfall risk and the probability of
receiving ¥2", %", and 1" of rainfall per week (Figures 1, 3, and 5).

For nearly all of the growing season, the probability of receiving
1" of rainfall per week is less than 50%. The graphs also indicate a
distinct decrease in the probability of rainfall during the critical
period from mid-July (week 11) through August (week 17). This
valley is more apparent in Figure 1 (Jonesboro) and Figure 3
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(Ellsworth). During this period, the probability of receiving any
rainfall reaches its lowest in the season. There is less than a 20%
chance of 1" of rainfall during this period.

While the first series of graphs concentrate on receiving a
particular amount of rainfall every week, Figures 2, 4, and 6
illustrate cumulative rainfall over the growing season. These graphs
thus allow for “catching up” from week to week. These three graphs
plot the cumulative rainfall during the growing season from all 40
years for Jonesboro and Belfast or 35 years for Ellsworth.! Three
straight lines are superimposed upon the yearly cumulative totals
to indicate thresholds for receiving %", 34", and 1" of rainfall per
week. Points that lie above each of these threshold lines exceed
rainfall requirements.

Overall, by mid-July, less than 33% of all years exceeded one
cumulative inch per week in Jonesboro, only 21% in Ellsworth, and
25% in Belfast indicating that early rainfall deficits were not made
up during mid-season. During the same period, Jonesboro and
Belfast received %" of rainfall nearly two-thirds of the 40 years,
while Ellsworth received the same amount approximately 50% of
the time. Jonesboro and Belfast are both virtually assured of at least
5" (approximately nine out of every 10 years) while Ellsworth is
likely to receive at least ¥2" of rainfall eight out of every 10 years.

The figures indicate several trends. First, there are distinct
intra-seasonal patterns of decreased rainfall beginning in mid-July
and continuing through August. Across the blueberry-growing
region, this translates to high probability of not receiving 1" per
week of rainfall during the critical fruiting stage, a 50-50 chance of
receiving at least 3" per week during this stage, and a high chance
of receiving at least »2" of rainfall per week. While absolute levels of
rainfall are higher in Jonesboro and Ellsworth, Figures 1 and 3
indicate extreme volatility from week to week. Weekly rainfall
variability is less in Belfast, but the probability of achieving higher
levels of rainfall are lower. Highly variable weather patterns con-
tribute to blueberry yield risk.

Topography and field shape

Irrigation systems vary in their ability to effectively cover the
landscape with a consistent amount of water and work most effec-
tively on fields with limited slope. Slope influences system choice by
controlling runoff from application and in the system’s ability to
move about the field. To facilitate comparisons between irrigation

Data were missing for some years. Cumulative totals were calculated up until
the missing rainfall observations. Several missing observations occurred in July
and August thereby limiting calculation of seasonal totals.
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systems, this analysis will assume rectangular-shaped fields with
limited slope.

Area coverage with center pivot systems is dependent upon
boom length and whether the end of the boom is fitted with a corner
extension system or an end gun. According to Patterson et al.
(19964a), center-pivot systems in a 40-acre square field? can reach a
land-coverage efficiency? (irrigated acres = field acres) of up to 90%
with the use of a corner system attachment, but only about 85%
land-use efficiency using an end gun attachment. On a rectangular
80-acre field*, a center pivot system could be designed to travel in
a half-circle. Under this configuration, the corner system attach-
ment could reach about 76 acres of the 80-acre field (about 96%
efficient), but only 66 acres could be covered with the end gun (83%
efficient). Center-pivot systems for a 160-acre square field can be
configured to cover between 83% to 95% of the field, 133 and 152
acres, by end gun and corner system attachments, respectively.

Other systems have greater flexibility in coverage. Permanent
set and moveable systems can be tailored through differing nozzle
attachments, gun capacities, and placement to virtually cover the
entire field. Using the three field sizes as examples, and restricting
equipment to operate within field boundaries, it is common to
achieve 96% coverage with these systems.

Soil and water characteristics

Soil and water characteristics will affect the productivity of
irrigation investment. Soil characteristics such as texture, topsoil
depth, and organic matter content will affect water-holding capac-
ity. This study assumes that the irrigation system is set upon a
typical Colton gravelly loamy sand soil. Soils with a greater water-
holding capacity will require less irrigation than those with less
water-holding capacity, with everything else constant. Slope also
interacts with soil characteristics and will increase erosion unless
measures are put in place to control the effect of water runoff.

Water resources must also be considered when planning the
irrigation decision. Careful consideration of the quantity of water
available for pumping throughout the growing season must be
assessed. In addition, if water scarcity is an issue, then tradeoffs
between water application efficiencies (effective soil moisture -+
water applied) of the alternative systems should be considered.
Water application efficiency is affected by wind and other weather
conditions but on the average, center-pivot systems apply water
more efficiently than handline or permanent set systems. Center-

21,320 feet by 1,320 feet
3Also referred to as land-use efficiency.
4A field with a length two times the width (2,640 feet by 1,320 feet).
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pivot systems apply water at an 80% efficiency rate, meaning that
1.25" of water must be applied for every 1" of desired moisture.
Handline and permanent set systems are only 65% efficient, due to
spray drift and nonuniformity, indicating that slightly more than
1.5" of water must be applied to produce 1" of soil moisture (Patterson
et al. 1996a, 1996b).

Labor requirements

Labor requirements for the different irrigation options vary
dramatically. Center-pivot systems require the least amount of
time to operate. Labor requirements can increase if the mainline
delivery system is used for multiple systems and requires setup for
each irrigation and take down for other usages. Permanent set
systems are buried subsurface and do not require substantial labor
during the season as long as those lines remain undisturbed by
tractor activities. They may, however, require substantial amounts
of labor if sprinklers are removed at the end of the season and
replaced at the beginning. On the average, studies have estimated
that about two minutes per acre per irrigation can be budgeted for
labor with center-pivot systems with slightly more if a corner
system is employed. Permanent set systems require slightly more
time, about three minute per acre per irrigation (Patterson et al.
1996a, 1996b).

On the other hand, gun and handline systems require consider-
able amounts of labor for setup, movement, and take-down for each
irrigation. Patterson et al. (1996a, 1996b) have estimated that each
irrigation can require up to 45 minutes per acre for set up and take
down labor combined. Thus the flexibility of this system is offset by
the variable labor requirement per irrigation. Total annual costs of
labor, under this system, can vary dramatically from year to year
depending upon system use. In addition, the variable labor require-
ment may constrain adoption if the farm is located in an area where
part-time labor is expensive or difficult to hire.

General investment considerations

System components will vary according to farm-specific condi-
tions. But in general, a decision to invest in irrigation machinery
must consider four components: (1) water source development, (2)
pumping system, (3) mainline water delivery system, and (4) water
application system. The water application system (either gun,
center-pivot, or small sprinkler system) will affect the sizing of the
first three components.

Pumping systems can be elaborate, as in the form of anew diesel
motor and pump, or nearly costless, if there is a second-hand tractor
available with an available power take-off (PTO). If a PTO is
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available, the pumping investment will be reduced to selecting the
proper delivery pump.

Mainline systems consist of buried PVC or aluminum pipe laid
over ground with a diameter matched to water delivery require-
ments. Mainline systems will require additional fittings to connect
with lateral lines in the case of permanent set, handline, and
traveler systems, irrespective if they are buried or laid on top of the
field surface.

Water application systems are variable in their capacity to
deliver water over time, required operating pressure, and total
system capacity. Handline and permanent set systems require
investment in lateral lines, risers, and sprinklers spaced according
to delivery design. The cost of each of these systems is broken into
detail in the following section.

IRRIGATION SYSTEM DESCRIPTION AND COSTS

Four different irrigation systems are considered in this analy-
sis: a handline moveable large gun system, a large gun attached to
a hose-reel system, a handline moveable small sprinkler system,
and a permanent set small sprinkler system. The last system is
capable of watering the entire field at one time while the first three
canonly water a portion of the field at one time. These systems were
selected to represent the range of tradeoffs in terms of investment
capital, ability to protect against frost damage, management re-
guirement, seasonal labor needs, and expansion ability. The de-
scriptive differences of the systems are presented in Table 1.

In this analysis, each field is assumed to be equally divided
between fruit-bearing and non-bearing plants. All systems were

Table 1. Irrigation system characteristics.

Investment Manage- Labor
Capital Frost ment Require- Expand-
Irrigation System Requirement Protection Input ments able
Handline Moveable  Low No Moderate High Yes!
Large Gun to High
Hose Reel Low No Low Low Yest
Large Gun
Handline Small Medium Limited Moderate High Yes!
Sprinkler to High
Permanent Set High Yes Low Low NA2

Small Sprinkler

Limited by pump capacity.
2The systems are designed to cover the entire field so expansion is not considered.
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designed to minimize rainfall risk on both the fruiting and non-
fruiting sides of the field. Due to limited water-holding capacity of
many soils in the blueberry- growing region, systems were designed
to apply ?/," of water, twice a week to ensure that the field would
receive 1" of water per week net of application losses. In aworst case
scenario, thisisequivalent to having the capacity to water the entire
field to ensure bud formation on the vegetative half and berry filling
on the fruiting half during one week. The base models assume that
12 of these applications will occur on fruit-bearing land (effectively
6" of water per season) and four on non-bearing land (2" of water per
season).

Only the permanent set small sprinkler system can provide
complete field protection against frost. The handline small sprin-
kler system can provide limited protection depending upon how
much area can be covered by the equipment. If frost damage is the
primary concern of the operator, then only these systems can
effectively reduce yield loss due to frost damage.

All irrigation systems were assumed to be located on level, on
rectangular fields. The 25-acre field measures approximately 1200’
(length) by 900" (width), the 50-acre, 2400 by 900, and the 100-acre,
2400 by 1800. Water is pumped from a farm pond located 100’ from
theirrigatedfield and all systems are assumed to have the same cost
to develop the water source: $15,000. The power unit, sized to meet
system peak capacity, and pump are located at the site of the pond.®
Water is pumped by a diesel power unit from the pond through the
mainline to the lateral delivery lines and subsequently to the
delivery systems.

Table 2 presents a technical description of the systems broken
down by the three acreage sizes. Design capacity of the system
indicates the quantity of water applied per acre during operation
while total system capacity reflects the pumping capacity of the
water pump and the total number of acres that can be irrigated at
one time. Based upon these two components, pumping units are
selected with capacity to supply these needs at the required operat-
ing pressure, and then slightly oversized to provide limited expan-
sion capacity, with the exception of the permanent set small sprin-
kler system. The system horsepower is presented in the third
column of Table 2. The final column of the table calculates the
approximate length of time that is required to supply %/," of water on
one acre. A brief description of each system is provided below and
tables with all equipment requirements are presented in Appendix
A, Tables Al to A12.

5Any fixed structures required to house the motor and pump system are not
included in this analysis.
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Table 2. Design parameters of sample irrigation systems.

Design Total System  System Time to Apply
Capacity Capacity =~ Horsepower ?/, inch of water

Irrigation Systems  (gpm/acre) (gpm) (hp) (min/acre)
Handline Moveable Large Gun

25 acres 350 420 75 52

50 acres 350 840 100 52

100 acres 350 1680 200 52
Hose Reel Large Gun

25 acres 125 125 40 145

50 acres 250 250 100 72

100 acres 350 350 100 52
Handline Small Sprinkler

25 acres 102 420 75 177

50 acres 102 840 100 177

100 acres 102 1680 200 177
Permanent Set Small Sprinkler

25 acres 65 1600 100 279

50 acres 65 3200 150 279

100 acres 65 6400 300 279

Handline Moveable Large Gun

The handline moveable large gun system is connected to the
pumping unit by an aluminum mainline system. The mainline runs
the length of the field and connects to aluminum lateral delivery line
(or lines in the 50-acre and 100-acre scenarios). Approximately one
gun station per acre is sufficient to ensure consistent coverage
assuming that the sample gun delivers water over a 150' radius and
a 35% overlap in spray patterns.

This system is configured with shut-off valves on the mainline
so that the pump does not need to be shut down and recharged on
each movement of the gun. Nonetheless, considerable labor is
required for each irrigation as pipe addition or removal is required
when the gun moves from station to station. In these scenarios, one-
half hour is allocated per irrigation per acre for this labor. Organiz-
ing and orchestrating the sequence of irrigations is management
intensive as well.

As acreage increases, additional mainline and lateral piping is
required and the diameter of the piping increases in order to handle
greater flow requirements from the additional guns. In the 25-acre
scenario, one gun is operated at a time with a second available to
facilitate switching for subsequent sets. In the 50-acre scenario, two
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guns are operating simultaneously and a third available for switch-
out. In the 100-acre case, four guns operate at one time with one
available for switch-out.

Hose-Reel Gun Systems

Hose-reel systems are more appropriate for flat or slightly
rolling fields and are considered because they require significantly
less management time and labor than moveable pipe systems. The
25-acre system consists of a mainline that runs 600' to the middle
of the field and then a 90 degree turn for 300'. The hose-reel system
is set up at the end of the pipe and is unreeled for the remaining
length of the field. A 125-GPM gun is attached to the end of the hose
and slowly reeled in providing a uniform application of water over
the tow path. When the application is complete, the reel is moved
down the mainline to another station and the process repeated.
Under this system, approximately three acres can be watered with
one set of the hose reel system.

The 50- and the 100-acre scenarios use a larger reel system and
250-GPM and 350-GPM guns respectively. Both systems use the
same hose reel system, but it is used twice as frequently, and with
a slightly larger gun, in the 100-acre case. Under this system,
approximately seven acres can be irrigated per pull, and two to
three pulls per day can be achieved. Slightly higher investment
costs are incurred for the 100-acre system due to a longer mainline.

Handline Moveable Small Sprinkler

The handline moveable small sprinkler is set up similarly to the
handline moveable large gun. A mainline system runs on center the
length of the field with laterals branching outwards. Laterals are
connected to the mainline every 60'. Instead of mounting alargegun
onto the end of the lateral line, small sprinklers (7.0 GPM) are set
on risers every 50' along the laterals. Under this set-up, four acres
can be irrigated at one time in the 25-acre case, eight and 16 in the
50- and 100-acre scenarios, respectively, using multiple lateral
lines. Lateral valves are installed on the mainline to allow the
pumping system to remain running while laterals are manually
moved.

This system requires the most labor per irrigation, but it also
allows for frost protection on those acres covered by a single
irrigation set. Large amounts of management time are required to
organize and orchestrate lateral pipe movement.



MAFES Technical Bulletin 183 21

Permanent Set Small Sprinkler

Permanent set small sprinkler systems are the most capital-
intensive irrigation systems. The system consists of small 7.0 GPM
sprinklerssetonrisersspacedona50"x60"grid. The water delivery
system, composed of large diameter PVC pipe on the mainline and
smaller diameter polyethylene pipe on the laterals, is buried under-
ground. The pumping system is sized so that it can provide water to
the entire field at one time in order to provide full frost protection
coverage.

Permanent systems average between $2000 and $2500 per acre
to construct, including materials and installation. At the beginning
of the irrigation season, sprinkler heads and risers must be set-up
and checked for leaks and performance. During the season, how-
ever, very little labor is required for operation.

ECONOMIC ANALYSIS OF IRRIGATION COSTS

This study focuses on calculating the ownership and operating
costs of these four systems at three different acreage sizes. Owner-
ship costs consist of depreciation and interest charges for the
irrigation system plus taxes and insurance charges. Depreciation
and interest charges are calculated on an annual cost basis using
the Capital Recovery Method described in Appendix A. This is the
approach approved by the National Task Force on Commodity Costs
and Return Measurement Methods. Appendix A provides a detailed
description of the investment costs for the different systems.

Ownership Expenses

Total investment costs are presented in Table 3. These figures
represent the approximate cost to establish the four different
systems described earlier including water source development,
diesel engine, pump, mainline, and lateral delivery lines, sprinkler
system, and installation labor. These costs were derived from
interviews with irrigation equipment dealers conducted during
2001. Sales tax is not added to the total cost under the assumption
that the grower holds a commercial agricultural production sales
tax exemption certificate.

To derive the annual cost of these systems, each piece of
equipment is depreciated over its estimated lifespan. Interest
charges are added to the depreciation calculation and any salvage
value at the end of the lifespan deducted from the annual charge.
Long-term interest rates on irrigation equipment range between
7.5% to 10% depending upon the loan amount and buyer qualifica-
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Table 3. Total investment costs for irrigation system establishment

($/field).
Irrigation System 25 Acres 50 Acres 100 Acres
Handline Moveable Large Gun $41,000 $56,780 $80,760
Hose Reel Large Gun $39,900 $53,759 $54,630
Handline Small Sprinkler $45,038 $61,615 $93,315
Permanent Set Small Sprinkler $63,564 $103,329 $185,750

Source: Authors’ calculation from model results

tions (FCS). A fixed nominal investment interest rate of 9%, repre-
sentative of “average” credit for loans written over afive- to ten-year
period, is inflation adjusted to a real rate of 5.6%*° Lifespan and
salvage coefficients used for calculating annual costs are presented
in Table 4. Ownership costs are calculated by totaling depreciation,
interest, taxes, and insurance charges.

This method of calculating the depreciation and interest cost of
the investment differs from a financial analysis. A financial analy-
siswould calculate principal and interest payments and then add an
accounting measure of depreciation, which would differ from a
depreciation measure based upon the useful economic lifespan of
the implement. At the end of the loan repayment period, the
equipment would be held free and clear of any encumbrance, but
still have a remaining operational life. This remaining lifespan
would be costless, in the financial sense, since the asset would be
fully depreciated and interest charges paid. Financial returns
during this period would be elevated since the equipment was
“costless.” An economic analysis, on the other hand, considers
depreciation and interest as a “use” cost, similar to a lease payment
or what one would need to set aside in a bank account to establish
a system in the future.

In addition to depreciation and interest, ownership costs in-
clude insurance charges and property tax adjustments. Insurance
rates range from $0.0056 to $0.0075 per $100 dollars of coverage for
irrigation equipment (Diversified Agrisurance). The baseline analy-
sis assumes a rate of $0.0068 per $100 dollars of coverage, calcu-
lated over the replacement value of the piece of equipment. Three of
the four systems are aboveground systems that should not be
considered as a land improvement and hence should not affect land
valuation and taxable base. The permanent set system may be
considered as a land improvement that could increase land value.

SInflation averaged 3.2% annually for the 15-year period between 1987 and
2001.



MAFES Technical Bulletin 183 23

Table 4. Lifespan, salvage value, and maintenance coefficients for
irrigation components.

Lifespan Salvage Maintenance?
Components (years) Value!(%) (%)
Water Source 33 0 2.0
Pumping System 15 15 4.0
PVC Tubing 20 0 1.0
Aluminum Tubing 20 33 1.0
Polyethylene Tubing 10 0 0.5
Sprinkler Guns 10 15 2.0
Hose Reel 10 15 4.0
Fittings 10 15 0.0

1As a percentage of total investment cost.

Ponds and impoundments may also increase land values as well.
Evidence of tax reassessment after irrigation developmentis highly
variable and specific to municipalities. In the baseline models, no
new tax liability is assumed.

Operating Expenses

Operating costs to run and maintain the irrigation systems are
calculated in a partial budget format; that is only costs associated
with the operation of the irrigation system are captured. Each of
these models assumes that there will be 12 irrigations per season on
the land producing fruit and four upon non-bearing acreage. There
are four primary components of the operating cost budgets: labor,
power, maintenance, and interest charges.

Labor costs accumulate from two different sources: initial setup
and end-of-season take-down of the system and variable labor usage
per irrigation. The figures used to calculate labor charges are
presented in Table 5. Managerial time is not included in the labor
cost calculation. These per acre coefficients are applied uniformly
across the three different acreage examples. A $9.40 hourly wage
rate is applied in the calculations. This wage rate is based upon the
2001 Adverse Effect Wage Rate of $8.17 and inflated by 15% to
account for meals and other benefits entitled to immigrant workers
(USDA 2001a, USDA, 2001b). Alternatively, it can be seen as the
benefits premium (Social Security, Unemployment Compensation,
Workers Compensation Insurance) attached to attract local work-
ers from non-agricultural employment alternatives. Since manage-
rial labor is not included in the calculation, a constant cost-per-acre
labor charge is calculated for the four different systems.
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Table 5. Set-up/take-down and per irrigation labor requirements

(hrs/acre).
Irrigation System Set Up and Take Down? Per Irrigation?
----------- (Hours of labor/per acre) -----------
Handline Moveable Large Gun 1 0.5
Hose Reel Large Gun 0.25 0.16
Handline Small Sprinkler 1 0.8
Permanent Set Small Sprinkler 2.4 0.083

This figure represents the amount of time required at the beginning of the irrigation
season to set up and end of the season to store the system.

2This figure represents the amount of time required to set up for an irrigation
application, including moving pipe, moving guns, towing reel lines, and operating the
pumping unit and valves.

Power costs are calculated by determining the number of hours
that the pumping unit will operate in order to apply 8" of water on
bearing land and 2%/." on non-bearing growth. Total pumping time
is inflated by 10% to account for flushing, system testing, and
mistakes. Total pumping time is then multiplied by hourly fuel-
consumption rates of the different diesel motors and then by the per
gallon price of diesel fuel ($1.25). This diesel price is based upon
sales-tax-free prices from summer 2001. Average fuel costs decline
as acreage increases reflecting economies of size in motor pumping.

Maintenance and upkeep charges are calculated for these sys-
tems as a fixed coefficient of initial purchase price. Maintenance
and upkeep coefficients are derived from Paterson et al. (1996b) and
are presented in the fourth column of Table 4. These coefficients
represent an average charge that should be incurred over the life of
the irrigation component, not one representing a new piece of
equipment with little or no maintenance nor an old one with high
upkeep costs. Pieces of equipment with moving parts require higher
maintenance costs than fittings for example. Maintenance and
upkeep on tubing represents limited unforseen breakage.

The final component of the operating budget is an interest
charge on working capital used during the production season. The
interest charge represents the financial cost of a short-term operat-
ing loan or the opportunity cost of producer capital used to pay for
these expenses before blueberry receipts are received. A short-run
nominal interest rate of 8%, inflation adjusted to 4.7%, is applied
over aseven-month period of time, i.e., April through October on the
balance of labor, fuel, and maintenance charges. This rate is a
representative rate provided to producers by the Farm Credit
Service for short-term operating loans.
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RESULTS

The results presented in this section calculate the total annual
costfor the differentirrigation systemsandthe three field sizes. The
total investment cost presented in Table 3 is annualized into
depreciation and interest charges to derive the basis for annual
ownership expense. Annual operating costs are added to the owner-
ship costs to produce an estimate of the total annual cost of the
irrigation system. This is a partial budget of the blueberry system
because it only captures the costs associated with the irrigation
system, notafull enterprise budget which would include all variable
and fixed costs of production.” A summary of important price and
cost assumptions used to calculate the partial budgets, breakeven
yield, and payback period is summarized in Table 6.

From the annual cost budgets, breakeven yield impacts due to
field irrigation are calculated. The breakevenyield is the minimum
additional blueberry yield per acre every other year to pay off the
total annual cost of the system. This additional (or incremental)
yield is above the baseline yield of the field without irrigation. The
third performance measure is an estimate of the earliest possible
payoff period for the investment.

Since the price of blueberries has fluctuated dramatically over
the past ten years, both the breakeven and repayment period
calculations are evaluated over prices ranging from $0.30/1b to
$0.65/Ib. In addition, the yield response of blueberries to supple-
mental irrigation is also not known. As a result, the yield impact
from irrigation is also varied from between 400 additional pounds
per acre every other year to 4000 additional pounds per acre every
other year.

Table 6. Price and cost assumptions applied to all models in the
baseline scenarios.

Water source development cost ($/pond or $/well) $15,000
Labor ($/hr) $9.40
Diesel ($/gallon) $1.25
Annual nominal capital investment interest rate (%/year) 9.0%
Annual nominal operating loan interest rate (%/year) 8.0%
Inflation rate (%/year) 3.2%
Insurance rate for irrigation equipment 0.7%

"These budgets can also be referred to as the incremental, or additional, cost of
irrigation that should be added to production cost budget to produce the total
enterprise budget.
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Partial Cost Budgets

Incremental cost budgets are calculated on a total field basis
and on a per acre account. The cost budget of the irrigation system
is composed of two elements: ownership costs tied to depreciation,
interest, tax, and insurance costs and operating charges distinctly
attributable to the irrigation process. These budgets are presented
in Tables 7, 8, 9, and 10 for the large gun, hose-reel traveler,
handline small sprinkler, and permanent set small sprinkler sys-
tems, respectively. Overall, the hose-reel systems are the least
expensive to own and operate, followed by the handline big gun
system, and the handline sprinkler system. The permanent set
system is the most costly. These illustrative budgets can be used to
examine the tradeoffs between capital investment and annual
operating charges, in particular tradeoffs between equipment and
labor. The largest cost component lies with depreciation and inter-
est of the irrigation equipment. Depreciation and interest accounts
for 50% to 63% of total cost in the handline systems, 40% to 62% in
the traveler systems, and 75% for the permanent set sprinkler
arrangement. The importance of this cost category decreases as
field size increases, illustrating economies of field size.

Labor is the second most important cost component. Both
handline systems require considerable seasonal labor to move and
operate the irrigation systems. Total labor cost is the highest on the
handline sprinkler system, followed by the handline big gun system.

Table 7. Cost estimates for moveable big gun sprinkler systems
($/field or $/acre).

----- 25 Acre ---- ----- 50 Acre----- --- 100 Acre ----
Costs Total Per Acre Total Per Acre Total Per Acre
$

Annual Operating Costs
Labor 1,410 56.40 2,820 56.40 5,640 56.40
Fuel 830 33.19 1,060 21.20 2,040 20.40
Maintenance & Upkeep 921 36.82 1,179 23.59 1,569 15.69
Interest 86 3.44 138 2.75 252 2.52

Total Operating Costs 3,246  129.85 5,197 103.94 9,501 95.01

Annual Ownership Costs
Depreciation & Interest4,279  171.16 5,788 115.76 8,088 80.88
Tax and Insurance 279 11.15 386 7.72 549 5.49
Total Ownership Costs 4,558  182.31 6,174 12348 8,637 86.37

Total Annual Cost 7,804 312.16 11,371 227.42 18,137 181.37

Source: Authors’ calculation.
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Table 8. Cost estimates for hose-reel systems ($/field or $/acre).

----- 25 Acre ----  ----- 50 Acre----- --- 100 Acre ----
Costs Total Per Acre Total Per Acre Total Per Acre
$

Annual Operating Costs
Labor 418 16.73 837 16.73 1,673 16.73
Fuel 1,394 55.76 3,518 70.36 7,036 70.36
Maintenance & Upkeep1,144 45.77 1,538 30.76 1,546 15.46
Interest 80 3.22 160 3.20 279 2.79

Total Operating Costs 3,037 121.47 6,053 121.05 10,534 105.34

Annual Ownership Costs
Depreciation & Interest4,386 175.43 5,754 115.09 5,822 58.22
Tax & Insurance 271 10.85 366 7.31 371 3.71
Total Ownership Costs 4,657 186.28 6,120 122.40 6,193 61.93

Total Annual Cost 7,694 307.75 12,173  243.45 16,727 167.27

Source: Authors’ calculation.

Table 9. Cost estimates for handline small sprinkler systems ($/field

or $/acre).
----- 25 Acre ----  ----- 50 Acre----- --- 100 Acre ----
Costs Total Per Acre Total Per Acre Total Per Acre
$

Annual Operating Costs
Labor 2,444 97.76 4,888 97.76 9,776 97.76
Fuel 830 33.19 1,047 20.94 2,064 20.64
Maintenance & Upkeep 851 34.04 1,036 20.72 1,364 13.64
Interest 112 4.49 190 3.79 359 3.59

Total Operating Costs 4,237  169.48 7,161 143.21 13,563 135.63

Annual Ownership Costs
Depreciation & Interest6,751  270.06 9,133  182.66 12,661 126.61
Tax & Insurance 306 12.25 419 8.38 635 6.35
Total Ownership Costs 7,058 282.31 9,552 191.04 13,296 132.96

Total Annual Cost 11,295 451.78 16,712 334.25 26,859 268.59

Source: Authors’ calculation.

Permanent set systems have the third highest labor cost due to
initial set-up and take-down requirements. Hose-reel traveler sys-
tems have the lowest labor cost. Labor cost accounts for 16% to 33%
of total cost in the handline systems, but only 5% to 12% in the
traveler and permanent set systems.
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Table 10. Cost estimates for permanent set small sprinkler systems
($/field or $/acre)

----- 25 Acre ----  ----- 50 Acre----- --- 100 Acre ----
Costs Total Per Acre Total Per Acre Total Per Acre
$

Annual Operating Costs
Labor 1,284 51.36 2,568 51.36 5,136 51.36
Fuel 271 10.82 439 8.78 878 8.78
Maintenance & Upkeepl1,009 40.36 1,292 25.84 2,307 23.07
Interest 70 2.79 117 2.34 226 2.26

Total Operating Costs 2,633 105.33 4,416 88.32 8,548 85.48

Annual Ownership Costs
Depreciation & Interest7,996 319.84 14,601 292.02 27,156 271.56
Tax & Insurance 432 17.29 703 14.05 1,263 12.63
Total Ownership Costs 8,428 337.13 15,304 306.08 28,419 284.19

Total Annual Cost 11,062 44246 19,720 394.39 36,967 369.67

Source: Authors’ calculation.

The third most important cost category is linked to fuel costs.
Although the permanent set systems require the largest diesel
engines for pumping, they run the fewest hours to deliver the
required water. As aresult, fuel costs are only 2% of the budget. Fuel
costs are 6% to 10% of the handline budgets. Hose-reel traveler
systems require the longest operation for water application, creat-
ing fuel costs of between 16% and 38% of the total budget. Com-
bined, these three cost components account for about 90% of total
irrigation costs.

Modified Breakeven Analysis

Using the cost estimates in the previous section, a modified
breakeven analysis was conducted. A typical breakeven analysis
would derive the minimum yield impact attributable to irrigation to
pay off the total annual cost, if price were known, or it could derive
the minimum price if yield response curves were available.

This study calculates the breakeven point by using a modified
approach. The approach calculates the net return to irrigation
investment by varying both components of net revenue: price and
yield response. Price varies between $0.30/Ib and $0.65/Ib. Yield
response varies from a low of 400 Ibs/acre to a high of 4000 Ibs/acre.®
Returns calculated using this approach represent the incremental
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gainorlosstoirrigation, notameasure of an entire enterprise profit
or loss. Total enterprise profit and loss could be calculated by
combining the partial budget on the irrigation decision with an
enterprise budgetwithoutirrigation. The resultisacalculation that
represents the return to management time and water. Complete
tables presenting the modified breakeven approach are presented
in Appendix Table B1 to B12

Tables B1to B12 derive the yield advantage and price combina-
tions that will pay for the total annual costs of the systems. Across
the top of each table, yield advantage varies from 400 Ibs/acre to
4000 Ibs/acre. Along the first column, price varies from $0.30/Ib to
$0.65/Ib. In each table, the approximate breakeven yield and price
combination is shaded. The breakeven line descends from the upper
rightcorner of the table (where prices are low and yields high) to the
bottom left (where prices are high and yield low). These tables are
presented in this manner to illustrate the yield-price combinations
that generate profits or losses for the blueberry producer.

A more precise presentation of breakeven yield impact is pre-
sented in Table 11. Table 11 examines just the $0.40/lb price
scenario and derives the minimum yield to recover total annual
costs in order to compare this case against the state average yield.
In Maine, the statewide average yield is about 2200 Ibs/acre. In two
cases out of the 12, yields will need to more than double for a grower
to recover the total annual cost of the irrigation investment. On the
other hand, yields need to increase by less than 50% above the
statewide average in the handline and hose-reel large gun systems
on 100 acres.

Consistent with the previous table showing decreasing cost
with size, Table 11 indicates that the breakeven yield to pay for the
annual ownership and operating expenses is the lowest for the 100-
acre field. This effect is more dramatic for the over-ground systems
where the 25-acre cases are between 70% to 91% more expensive
than their 100-acre counterparts. Per acre breakeven yield is the
highest for the permanent set system, but the difference between
the 25-acre and the 100-acre systems is less than 22%.

Payoff Period
The final measure of economic performance is calculation of the
number of years required to pay for the investment. This measure
is calculated differently from the cost budgets or the breakeven

8Yield response research is currently under investigation at The University of
Maine’s Blueberry Hill Farm in Jonesboro, Maine. As an alternative to subjec-
tive yield response estimates, compare yields from years when water was
abundant to yields when water was limiting.
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Table 11. Breakeven yield impact to pay off total annual cost at a

blueberry price of $0.40/Ib.
----- 25 Acre ----  ----- 50 Acre----- --- 100 Acre ----
% % %
above above above
state state state
average average average
Irrigation System Yield* yield Yield* yield Yield* vyield
Handline Moveable
Large Gun 1,561 71 1,137 52 907 41
Hose Reel Large Gun 1,539 70 1,217 55 836 38
Handline Small Sprinkler 2,259 103 1,671 76 1,343 61
Permanent Set
Small Sprinkler 2,212 101 2,972 90 1,848 84

*lbs/acre every other year.
Source: Authors’ calculation.

calculation in that it assumes that all investment costs are paid at
installation. Operating costs from the budget calculations are sub-
tracted from revenue in order to calculate returns over incremental
operating cost (ROIOC). Ownership costs are not included in the
calculation since payment for the equipment occurred before the
first year. However, the opportunity cost of the investment capital
is included as a cost. The opportunity cost of the investment is
calculated as the investment amount multiplied by the real invest-
ment interest rate. The ROIOC amount (including the opportunity
cost of the investment) is used to payoff the investment. Each year,
the static ROIOC calculation is discounted by 5.6% in the same
manner as one would conduct a net present value analysis. The
payoff year is the first season when the whole investment is paid off.

Calculating the earliest possible payoff of the investment is also
dependent upon whether the equipment is fully used from year to
year. As Figures 1 to 6 indicate, there are years when irrigation
would not be necessary and the equipment would stand idle. In a
very good rainfall year, nonirrigated yield would be comparable to
irrigated yield thereby eliminating any incremental yield effect. At
the same time, some operating costs plus the opportunity cost of the
investment would accumulate.

The payoff period calculation does not control for this type of
uncertainty. Itassumes very strong conditions: (1) the equipmentis
used as described above, for the same number of hours and irriga-
tions from year to year; (2) it is used consistently from purchase
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until the payoff period; and (3) price and yield effects are constant
over time. These calculations thus assume a string of poor rainfall
years and well-managed agronomic treatment of the crop. This
calculation therefore represents the earliest possible payoff period
for the investment. The earliest possible payoffyear is presented for
two yield impact scenarios—1600 lbs/acre and 3200 Ibs/acre—at
$0.40/lb in Table 12. Appendix C presents repayment tables for all
systems with prices ranging from $0.35/Ib to $0.55/Ib and yield
effects from 400 Ib/acre to 4000 Ib/acre. Calculation of the breakeven
payoff year is not carried beyond 15 years.

Table 12 indicates a wide range of repayment periods that
decrease as field size increases. Repayment periods also decrease as
yield impact increases, as expected.® The opportunity cost of the
investment is a large additional charge that must be factored into
the investment decision since it represents a forgone alterative use
for the investment funds. The table also illustrates the importance
of having a well-managed field that can take advantage of addi-
tional moisture. When the yield impact doubles, repayment period
declines by more than a proportional factor. Limited yield effects
and small field size make it difficult to payoff large capital invest-
ment.

Table 12. Earliest possible repayment period at a blueberry price of
$0.40 per Ib (years).

1600 Ib/acre yield impact 3200 Ib/acre yield impact
25 50 100 25 50 100

Irrigation System  Acres  Acres  Acres Acres  Acres  Acres
Handline Moveable

Large Gun >15 10 6 5 3 2
Hose Reel Large

Gun >15 11 4 5 3 2
Handline Small

Sprinkler >15 >15 10 6 4 3
Permanent Set

Small Sprinkler >15 >15 >15 9 6 5

Source: Authors’ calculation.

SInterpretation of this table, and Appendix C, should be done cautiously since it
is constructed upon very strong assumptions. A yield effect from an “average” or
“good” year should be assumed as a representative yield effect rather than a
“poor” rainfall year, which would artificially speed forward the repayment
calculation.
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Sensitivity of Results

The three most important cost components were identified as
depreciation and interest, labor, and fuel. Depreciation and interest
are calculated on the cost of developing the water source, the prices
of the equipment, their economic lifespan, and the interest rate used
for capitalization. Labor costs are determined largely by the prevail-
ing wage rate and fuel through the diesel price.

This study has concentrated on deriving cost estimates for
irrigation systems. While the cost of these system did not vary much
from dealer to dealer, the cost of developing the water source is
highly variable. The current assessments assume that $15,000 is
required to construct a water source. This is a low estimate if a well
is drilled and an impoundment constructed but likely on the high
end if a pond is scraped with the hope of locating an artesian spring.
Labor cost was calculated based upon an hourly wage rate of $9.40
and fuel costs using a $1.25 diesel price.

The impact of doubling water source development costs to
$30,000 is presented in Table 13. Agricultural well-drilling costs in
Washington County ranged from $10,000 to $25,000 in 2001
(Pennell). This would put the baseline figure of $15,000 within the
range of observed costs, but on the lower end. The cost to develop a
well is dependent upon numerous factors including underlying
geology and location within the field and the regional watershed.
Since this expense is one of the largest in the budgets, the results
were recalculated using a $30,000 water development cost in order
to derive its impact upon cost. The impact of increasing the cost to
$30,000 is presented in Table 13, and it is also presented in
percentage terms as a change in total cost, from the original base of
$15,000, in Table 14.

Doubling the cost of the water source can be used to simulate
more expensive drilling or pond development expenses or it can also
be attributed to the addition of permitting costs.'® Overall, doubling
the amount spent on developing the water source has a greater
impact upon the results of the 25-acre field than the 50- or 100-acre
fields. This is due to the fact that the water source is a larger
proportion of the ownership cost in the small fields than in the larger
fields where equipment costs dominate ownership costs.

Under the scenario of an every-other-year yield increase of 1600
Ib/acre, doubling the water development cost alters the repayment
period analysis. All systems on the 25- and 50-acre fields are repaid

1°The additional cost could also represent a system consisting of a well with an
adjacent impoundment, plus the purchase of a high-volume low-pressure feeder
pump. The operating cost budget, however, would need to be adjusted to account
for the additional fuel or electricity required to operate this pump.
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Table 14. The percentage change of total cost to a 10% change in
the price of three key inputs (percentage change).

Water Development Diesel Price
($/pond or $/well) Labor Wage ($/hr) ($/gallon)
Acres

Irrigation System 25 50 100 25 50 100 25 50 100
Handline Moveable

Large Gun 18 12 0.8 19 25 32 11 10 1.2
Hose Reel Large

Gun 1.8 12 0.8 06 0.7 10 19 3.0 43
Handline Small

Sprinkler 1.3 09 05 22 30 37 0.8 06 0.8
Permanent Set

Small Sprinkler 1.3 0.7 0.4 12 13 14 03 02 0.2

Source: Authors’ calculation.

in more than 15 years. The additional investment cost adds one to
three years on the 100-acre fields. Under the high yield scenario
(3200 Ib/acre yield impact every other year), the higher water
development costs add three to five years on the 25-acre fields and
a maximum of only three years on the 50-acre fields, and one year
to the 100-acre fields. In two cases— the hose-reel traveler and the
handline small sprinkler— doubling the cost of the water source did
not alter the repayment period on the 100-acre fields.

The sensitivity of the total annual cost estimates to a 10%
change in the price of these three inputs is presented in Table 14. If
anincrease inone of these pricesisaprimary concern in the decision
process, then identifying the impact upon output and determining
whether cost is highly sensitive to increases in these input prices
can shed light on the implications of unforseen or unpredictable
changes. Each entry represents the percentage change in total cost
when water development, the hourly wage rate, or the per gallon
cost of diesel increases by 10%. For example, total annual cost of the
permanent set small sprinkler systems increase by about 1/5 of 1%
when diesel prices increase by 10% (Table 14 columns seven, eight,
and nine of the bottom row of the results). On the other hand, total
annual cost increases by 3.7% for the 100-acre handline small
sprinkler scenario when the wage rate increase by 10% (Table 14
column six, row three).

The current budgets estimate that the cost of developing the
water source is $15,000. While no system is highly sensitive to
changes in this cost, a 10% increase only represents $1,500 of
additional cost. On the other hand, both the moveable gun system
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and the moveable sprinkler systems are moderately sensitive to
increases in the wage rate due to their high reliance upon seasonal
labor for pipe movement and operation. Hose-reel systems are the
most sensitive to an increase in diesel prices due to the time that the
power unit must operate to distribute irrigation water.

Financial Risk

This study has presented analysis based upon an economic
methodology used to calculate commodity costs and returns. A
financial analysis would differ from this method in several areas;
however, the most important would be in the treatment of the
capital investment, repayment, depreciation, and income tax bur-
den (Robinson and Barry 1996: 201). If the irrigation investment is
financed through loans, the producer would assume additional debt
burden and repayment responsibility. Loans for irrigation equip-
ment are usually written for five- to ten-year terms. As a result,
financial calculations, as compared to economic calculations, would
increase ownership costs by up to 50%. Breakeven yield impact
would increase by a proportional amount.

The financial risk that accompanies investment in supplemen-
tal irrigation occurs when the equipment is not used or when there
is no yield advantage to irrigation. In such a situation, there is no
additional revenue for irrigation debt repayment. Careful consider-
ation of capital debt recovery capacity is required to ensure that
default on loan payments will not occur in years when irrigation
does not provide additional revenue. The economic analysis pre-
sented in the preceding section should be used as a first step in the
decision question. The economic analysis measures whether irriga-
tion is a good use of production resources. A subsequent step is to
calculate whether the financial risk can be supported by examining
budget and cash flow statements.

CONCLUSIONS

Rainfall in Maine’s blueberry growing region is highly variable.
There is 1" or more of rainfall per week during the critical period
from mid-July to late August in fewer than one in every five years.
There is a 50% chance or receiving at least %" during the same
period.

This study has estimated the investment, annual operating,
and ownership costs of four types of supplemental irrigation sys-
tems for three different acreage sizes. Using these cost estimates,
the breakeven yield impact was calculated over a range of prices
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ranging from $0.30/1b to $0.65/Ib. Based upon the cost estimates, the
earliest possible year to pay off the investmentwas calculated under
the assumption of constant and consistent usage and prices.

Overall, the investment cost for irrigation systems ranges from
alow of $39,900 for a 25-acre field fitted with a traveling gun system
to a permanent set small sprinkler system on a 100-acre field for
$185,750. Ownership costs, calculated by summing depreciation,
interest, and insurance costs for the equipment varied from $62/
acre to $337/acre. All investment scenarios assume that it will cost
$15,000 to develop the water source to supply the irrigation system.
This is on the low end for a drilled well and impoundment system,
but on the high side for a pond. Total costs for the systems increase
from 0.4% to 1.8% when the cost of the water source increases by
10%. While the sensitivity of the results to ponds cost does not seem
strong in relative terms, this cost can be dramatically different
depending on geography and underlying geology and whether the
pond is located in an unorganized township requiring permitting.

Operating costs varied significantly between the systems. Op-
erating costs are composed of labor, fuel, maintenance, and interest
chargesattributable to the irrigation system. Operating cost ranged
from $85/acre to $169/acre. Labor and fuel costs were the largest
expenses. Both handline moveable systems were moderately sensi-
tive tochangesin the prevailingwage rate due to their large reliance
on labor for moving, setting, and operating the systems. Given that
the Adverse Agricultural Wage Rate increased 6.3% from 2000 to
2001, labor costs may continue to increase faster than the rate of
inflation. The hose-reel traveler systems were the most sensitive to
fuel price variability since their pumping systems are operated the
longest. Overall, traveler systems were the least expensive systems,
followed by moveable big gun, moveable small sprinkler, and per-
manent set small sprinkler systems.

Based upon these cost estimates, the breakeven yield impacton
fruit-bearing acreage was calculated over prices from $0.30/Ib to
$0.65/Ib. The breakeven yield is defined as the minimum additional
yield, attributed to irrigation, to pay for total per acre irrigation
costs. Breakeven yield is calculated based upon an average acre
composed of half fruit-bearing and half vegetative growth. The
breakeven requirements ranged from 918 Ibs/acre every other year
to 2,542 Ibs/acre every other year.

The minimum length of time to pay off the investment was
calculated using a net-present-value approach and ranged over
several price and yield response scenarios. This calculation was
based upon the assumption that irrigation would be used consis-
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tently and at a constant rate from year to year. Under the assump-
tion of a price of $0.40/Ib, irrigation investment was difficult to
repay with only a 1600-Ib/acre yield response every other year,
especially on the 25-acre fields. Under the assumption of an in-
crease of 1600-Ib/acre every other year, the repayment period was
greater than 15 years for all acreages under the permanent set
system. When the yield response doubled to 3200 Ib/acre every other
year, the repayment period decreased to between two to six years in
the aboveground systems to between five and nine years for the
permanent set system.

Under conservative price assumptions and a yield response of
2300 Ibs/acre every other year, supplemental irrigation systems are
repayable and can add income per acre to a farm, as long as
production without irrigation is profitable. This study has high-
lighted the key differences in system design, cost, and variable input
requirement in order to improve farmer decisionmaking when
considering irrigation investment. Irrigation investment requires
considerable personal investigation in order to decide which system
is the most appropriate given the constraints and opportunities
facing individual growers. Given the highly variable and largely
insufficient rainfall patterns of the past 40 years, irrigation has the
potential to dramatically reduce production risk, but at the same
time increase the exposure of farmers to financial risk.
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APPENDIX A-ESTIMATING OWNERSHIP COSTS

Ownership costs differ from investment cost in that they repre-
sent the value of service provided by a long-term asset over time
rather than a one-time outlay. The primary component of owner-
ship cost is the depreciation and interest charge tied to the invest-
ment itself. Secondary costs include maintenance and upkeep and
taxes and insurance.

Depreciation and Interest

The investment costs of the irrigation decision should be allo-
cated over the useful life of the asset in order to derive an estimate
of the annual ownership costs. Ownership costs are composed of the
annual charge for depreciation of the equipment, based upon wear-
and-tear and obsolescence, and the opportunity cost of financial
capital tied to the investment. The opportunity cost of the invest-
ment is the real interest rate.

Intuitively, this amount can be thought of as the amount of
money that should be budgeted for the equipment in order to pay it
off during its useful life. In many situations, the useful life of an
asset can exceed the repayment period thereby providing the
impression that the equipment is costless. This method is also
similar to the idea of saving for the purchase of a new implement in
the future based upon a current price and an expected rate of
inflation.

Depreciation and interest were calculated using the capital
recovery method which is recommended over the straight-line
depreciation plus average rate of return on investment. The annu-
alized cost of the asset is calculated as

where ) )

A=px MAFXD" gy T )
@a+n-1 @a+n-1
A = the annual cost of the implement;
P = the purchase price;
i = the real interest rate;
SV = the salvage value of the implement at the end of its
useful life; and
n = the economic life of capital good.

Annual costs are divided into two parts. The first part of the
formula calculates the depreciation and interest charge on the
purchase amount. The second part of the equation calculates the
annualized value of the salvage receipt. This receipt occurs at the
end of the implements life as a lump sum pay-out. Analogous to the
amortization of a purchase amount, this component of depreciation
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and interest must be accounted for in order to establish the annu-
alized net cost—net of salvage income at the end of the lifespan—of
an implement.

Maintenance and Upkeep
In addition to the depreciation of the equipment, annual
maintenance and upkeep charges are included. These costs are
often computed as a percentage of the purchase price of the piece of
equipment. Engines, pumps and other mechanical items usually
require more annual maintenance than non-moving parts. This
charge is calculated as

M=Px AM (2)

where

M = Annual maintenance charge; and

AM = Estimate average percentage of original cost re-
quired for upkeep.

Taxes and Insurance
Irrigation investment requires insurance coverage, especially if
bank financed. The cost of insurance is calculated over the average
level of the investment using a rate of 0.68%. In addition, irrigation
investment can raise the value of your property and thereby in-
crease property tax charges. This charge is calculated as

IN=rx P (3)

where
IN = Annual insurance and tax charge; and
r = Combined insurance and tax mill rate.

Total ownership costs can be calculated as the sum of deprecia-
tion plus interest and insurance plus taxes or

OC=A+IN (4)

This calculation can be used to estimate the economic cost of any
investment that has a lifespan greater than one year. The purpose
of annualizing the investment cost is to derive the annual cost
associated with purchase and to compare it with expected benefits.
This cost can also be used to calculate a breakeven yield increase to
pay for the investment decision. The list of equipment used for the
calculations is presented in Tables Al through A12. Maintenance
costs are included in the operating cost budgets.
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APPENDIX B—MODIFIED BREAKEVEN

CALCULATIONS

Modified breakeven calculations are presented in Table B1 to
B12 of this appendix. Since the yield response of wild blueberries to
supplemental irrigation is not known, a range of potential yield
effectsis presented along the top row of each table, ranging from 400
Ibs/acre every other year to 4000 lbs/acre every other year. To
capture the uncertainty in future blueberry prices, the per pound
price is also varied along the first column. Prices range from $0.30/
Ib to $0.65/Ib.

The amount listed in the intersection of a row and column
represents the net returnto the irrigation investment. The account-
ing convention of bracketing negative amounts is employed in the
tables. Breakeven price and yield combinations can be derived by
finding where the values switch from negative to positive. For
example in Table B1, in the first row of $0.30/lb, the investment
breaks even just below 2400 Ibs/acre every other year. Any yield
advantage level below this amountwould produce a negative return
toirrigation investment. Two lines down, at $0.40/1b, the breakeven
point is just below 1600 lIbs/acre every other year. Using the
switching point between negative and positive values will produce
a close approximation to the breakeven yield at the different price
levels. Ingeneral, the breakeven line descends from the upper right
of the table to the lower left.
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Table B1. Breakeven calculations for a 25-acre moveable big gun
system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (252) (192) (132) (72) (12) | 48 108 168 228 288
$0.35 (242) (172) (102) (32) | 38 108 178 248 318 388
$0.40 (232) (152) (72) 8 88 168 248 328 408 488
$0.45 (222) (132) (42) 48 138 228 318 408 498 588
$0.50 (212) (112) (12) | 88 188 288 388 488 588 688
$0.55 (202) (92) | 18 128 238 348 458 568 678 788
$0.60 (192) (72) = 48 168 288 408 528 648 768 888
$0.65 (182) (52) = 78 208 338 468 598 728 858 988

Table B2. Breakeven calculations for a 50-acre moveable big gun
system ($/acre).

Price  -----mmmmeemeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (167) (107) (47) | 13 73 133 193 253 313 373
$0.35 (157) (87) (17) = 53 123 193 263 333 403 473
$0.40 (147) (67) | 18 93 173 253 333 413 493 573
$0.45 (137) (47) = 43 133 223 313 403 493 583 673
$0.50 (127) (27) | 73 173 273 373 473 573 673 773
$0.55 (117) (7) 103 213 323 433 543 653 763 873
$0.60 (107) | 13 133 253 373 493 613 733 853 973
$0.65 (97) 33 163 293 423 553 683 813 943 1,073

Table B3. Breakeven calculations for a 100-acre moveable big gun
system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (121) (61) (1) 59 119 179 239 299 359 419
$0.35 (111) (41) 29" 99 169 239 309 379 449 519
$0.40 (101) (21) 59 139 219 299 379 459 539 619
$0.45 (91) (1) 89 179 269 359 449 539 629 719
$0.50 (81) 719 119 219 319 419 519 619 719 819
$0.55 (71) | 39 149 259 369 479 589 699 809 919
$0.60 (61) = 59 179 299 419 539 659 779 899 1,019
$0.65 (51) | 79 209 339 469 599 729 859 989 1,119




MAFES Technical Bulletin 183 55

Table B4. Breakeven calculations for a 25-acre hose-reel traveler
system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (248) (188) (128) (68) (8) @ 52 112 172 232 292
$0.35 (238) (168) (98) (28) |42 112 182 252 322 392
$0.40 (228) (148) (68) | 12 92 172 252 332 412 492
$0.45 (218) (128) (38) 52 142 232 322 412 502 592
$0.50 (208) (108) (8) = 92 192 292 392 492 592 692
$0.55 (198) (88) | 22 132 242 352 462 572 682 792
$0.60 (188) (68) & 52 172 292 412 532 652 772 892
$0.65 (178) (48) 82 212 342 472 602 732 862 992

Table B5. Breakeven calculations for a 50-acre hose-reel traveler
system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (183) (123) (63) (3) | 57 117 177 237 297 357
$0.35 (173) (103) (33) | 37 107 177 247 317 387 457
$0.40 (163) (83) (3) 77 157 237 317 397 477 557
$0.45 (153) (63) |27 117 207 297 387 477 567 657
$0.50 (143) (43) 57 157 257 357 457 557 657 757
$0.55 (133) (23) 87 197 307 417 527 637 747 857
$0.60 (123) (3) 117 237 357 477 597 717 837 957
$0.65 (113)| 17 147 277 407 537 667 797 927 1,057

Table B6. Breakeven calculations for a 100-acre hose-reel traveler
system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (107) (47) 13" 73 133 193 253 313 373 433
$0.35  (97) (27) = 43 113 183 253 323 393 463 533
$040 (87) (7) = 73 153 233 313 393 473 553 633
$0.45 (77) | 13 103 193 283 373 463 553 643 733
$0.50 (67) = 33 133 233 333 433 533 633 733 833
$0.55 (57) = 53 163 273 383 493 603 713 823 933
$0.60 (47) = 73 193 313 433 553 673 793 913 1,033
$0.65 (37) = 93 223 353 483 613 743 873 1,003 1,133
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Table B7. Breakeven calculations for a 25-acre moveable small
sprinkler big gun system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (392) (332) (272) (212) (152) (92) (32) |28 88 148
$0.35 (382) (312) (242) (172) (102) (32) | 38 108 178 248
$0.40 (372) (292) (212) (132) (52) | 28 108 188 268 348
$0.45 (362) (272) (182) (92) (2) 88 178 268 358 448
$0.50 (352) (252) (152) (52) | 48 148 248 348 448 548
$0.55 (342) (232) (122) (12) = 98 208 318 428 538 648
$0.60 (332) (212) (92) | 28 148 268 388 508 628 748
$0.65 (322) (192) (62) = 68 198 328 458 588 718 848

Table B8. Breakeven calculations for a 50-acre moveable small
sprinkler big gun system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (274) (214) (154) (94) (34) | '261 86 146 206 266
$0.35 (264) (194) (124) (54) | 16 86 156 226 296 366
$0.40 (254) (174) (94) (14) = 66 146 226 306 386 466
$0.45 (244) (154) (64) | 26 116 206 296 386 476 566
$0.50 (234) (134) (34) 66 166 266 366 466 566 666
$0.55 (224) (114) (4) 106 216 326 436 546 656 766
$0.60 (214) (94) | 26 146 266 386 506 626 746 866
$0.65 (204) (74) = 56 186 316 446 576 706 836 966

Table B9. Breakeven calculations for a 100-acre moveable small
sprinkler big gun system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (209) (149) (89) (29) 31 91 151 211 271 331
$0.35 (199) (129) (59) 11 81 151 221 291 361 431
$0.40 (189) (109) (29) 51 131 211 291 371 451 531
$0.45 (179) (89) 1 91 181 271 361 451 541 631
$0.50 (169) (69) 31 131 231 331 431 531 631 731
$0.55 (159) (49) 61 171 281 391 501 611 721 831
$0.60 (149) (29) 91 211 331 451 571 691 811 931
$0.65 (139) (9) 121 251 381 511 641 771 901 1,031
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Table B10. Breakeven calculations for a 25-acre permanent set
small sprinkler system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (382) (322) (262) (202) (142) (82) (22)| 88 98 158
$0.35 (372) (302) (232) (162) (92) (22) | 48 118 188 258
$0.40 (362) (282) (202) (122) (42) 88 118 198 278 358
$0.45 (352) (262) (172) (82) 8 08 188 278 368 458
$0.50 (342) (242) (142) (42) 58 158 258 358 458 558
$0.55 (332) (222) (112) (2) = 108 =218 328 438 548 658
$0.60 (322) (202) (82) | 88 158 278 398 518 638 758
$0.65 (312) (182) (52) 78 208 338 468 598 728 858

Table B11. Breakeven calculations for a 50-acre permanent set
small sprinkler system ($/acre).

Price  -----mmmmmemeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (334) (274) (214) (154) (94) (34) | 26 86 146 206
$0.35 (324) (254) (184) (114) (44) 26 96 166 236 306
$0.40 (314) (234) (154) (74) 6 86 166 246 326 406
$0.45 (304) (214) (124) (34) 56 146 236 326 416 506
$0.50 (294) (194) (94) 6 106 206 306 406 506 606
$0.55 (284) (174) (64) = 46 156 266 376 486 596 706
$0.60 (274) (154) (34) 86 206 326 446 566 686 806
$0.65 (264) (134) (4) 126 256 386 516 646 776 906

Table B12. Breakeven calculations for a 100-acre permanent set
small sprinkler system ($/acre).

Price  -----mmmmmemeeeee Yield Advantage on bearing acre (Ibs/acre) -----------------
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.30 (310) (250) (190) (130) (70) (10) 50 110 170 230
$0.35 (300) (230) (160) (90) (20) | 50 120 190 260 330
$0.40 (290) (210) (130) (50) | 30 110 190 270 350 430
$0.45 (280) (190) (100) (10) | 80 170 260 350 440 530
$0.50 (270) (170) (70) | 80 130 230 330 430 530 630
$0.55 (260) (150) (40) = 70 180 290 400 510 620 730
$0.60 (250) (130) (10) = 110 230 350 470 590 710 830
$0.65 (240) (110)| 20 150 280 410 540 670 800 930
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APPENDIX C—EARLIEST PAYOFF CALCULATIONS

Tables C1 through C12 present the earliest possible payoff
periods given the assumptions detailed in the text. As discussed in
Appendix B, the payoff period is calculated over a range of price and
yield scenarios. Prices in this appendix vary from $0.35/Ib to $0.55/
Ib. The yield levels remain the same.

In a number of the 25- and 50-acre cases, the returns over
operating costs are negative. In such a situation, the investment
would never pay itself off. In those situations, the payoff period is
not indicated but replaced with ROIOC<0, which indicates that the
return over incremental operating cost is negative. In situations
where the returns of incremental operating costs were positive, but
still low, repayment would take more than 15 years. This is a very
long-term planning period and indicated by >15 years to pay off the
investment.
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Table C1. Earliest payoff of investment costs on a 25-acre moveable big
gun system (years).

Price e Yield Advantage on bearing acre (Ibs/acre) -----------=-=--=----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35 ROIOC<0 ROIOC<0 ROIOC<0 >15 >15 12 8 6 5 4
$0.40 ROIOC<0 ROIOC<0 >15 >15 14 9 6 5 4 4
$0.45 ROIOC<0 ROIOC<0 >15 >15 10 7 5 4 4 3
$0.50 ROIOC<0 ROIOC<0 >15 14 8 6 4 4 3 3
$0.55 ROIOC<0 ROIOC<0 >15 11 7 5 4 3 3 3

Table C2. Earliest payoff of investment costs on a 50-acre moveable big
gun system (years).

Price  —-mmemmmeeeeeees Yield Advantage on bearing acre (lbs/acre) ----------==-=-==----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35 ROIOC<0 ROIOC<0 >15 >15 8 6 5 4 3 3
$0.40 ROIOC<0 ROIOC<0 >15 10 6 5 4 3 3 2
$0.45 ROIOC<0 >15 >15 8 5 4 3 3 2 2
$0.50 ROIOC<0 >15 13 6 4 3 3 2 2 2
$0.55 ROIOC<0 >15 10 5 4 3 3 2 2 2

Table C3. Earliest payoff of investment costs on a 100-acre moveable
big gun system (years).

Price  -----mm-mmeeeee- Yield Advantage on bearing acre (Ibs/acre) ---------------------

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35 ROIOC<0 ROIOC<0 >15 8 5 4 3 3 2 2
$0.40 ROIOC<0 >15 12 6 4 3 3 2 2 2
$0.45 ROIOC<0 >15 8 5 3 3 2 2 2 2
$0.50 ROIOC<0 >15 7 4 3 2 2 2 2 1
$0.55 ROIOC<0 >15 6 4 3 2 2 2 2 1
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Table C4. Earliest payoff of investment costs on a 25-acre hose-reel
traveler system (years).

Price  ---ememeemeeeees Yield Advantage on bearing acre (Ibs/acre) -------------=-------

($/1b) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35ROIOC<0ROIOC<0 ROIOC<0 >15 >15 11 8 6 5 4
$0.40ROIOC<0ROIOC<0 >15 >15 12 8 6 5 4 4
$0.45ROIOC<0ROIOC<0 >15 >15 9 6 5 4 3 3
$0.50ROIOC<0ROIOC<0 >15 12 7 5 4 4 3 3
$0.55R0OI0C<0 >15 >15 10 6 5 4 3 3 2

Table C5. Earliest payoff of investment costs on a 50-acre hose-reel
traveler system (years).

Price  —-mmmemmeeeeeees Yield Advantage on bearing acre (Ibs/acre) -----------=----=----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35ROIOC<0ROIOC<0 >15 >15 9 6 4 4 3 3
$0.40ROIOC<0ROIOC<0 >15 11 6 5 4 3 3 2
$0.45ROI0OC<0ROIOC<0 >15 8 5 4 3 3 2 2
$0.50ROIOC<0 >15 14 6 4 3 3 2 2 2
$0.55R0I0C<0 >15 10 5 4 3 2 2 2 2

Table C6. Earliest payoff of investment costs on a 100-acre hose-reel
traveler system (years).

Price  —-mmemmmeeeeeees Yield Advantage on bearing acre (lbs/acre) ---------===-====----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35R0OI0C<0 >15 10 5 3 3 2 2 2 2
$0.40ROIOC<0 >15 7 4 3 2 2 2 1 1
$0.45R0OI0C<0 >15 5 3 2 2 2 1 1 1
$0.50R0OI0C<0 12 4 3 2 2 2 1 1 1
$0.55R0OI0C<0 9 4 2 2 2 1 1 1 1
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Table C7. Earliest payoff of investment costs on a 25-acre moveable
small sprinkler system (years).

Price e Yield Advantage on bearing acre (Ibs/acre) -----------=-=--=----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35ROIOC<0ROIOC<0ROIOC<0 >15 >15 >15 12 8 7 5
$0.40ROIOC<0ROIOC<0ROIOC<0 >15 >15 13 8 6 5 4
$0.45ROIOC<0ROIOC<0ROIOC<0 >15 >15 9 7 5 4 4
$0.50ROIOC<0ROIOC<0 >15 >15 11 7 5 4 4 3
$0.55ROI0OC<0ROIOC<0 >15  >15 9 6 5 4 3 3

Table C8. Earliest payoff of investment costs on a 50-acre moveable
small sprinkler system (years).

Price  —-mmemmmeeeeeees Yield Advantage on bearing acre (Ibs/acre) ---------===-====----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35ROIOC<0ROIOC<0ROIOC<0 >15 13 8 6 5 4 3
$0.40ROIOC<0ROIOC<0 >15 >15 9 6 5 4 3 3
$0.45R0OIOC<0ROIOC<0 >15 12 7 5 4 3 3 2
$0.50ROIOC<0ROIOC<0 >15 9 6 4 3 3 2 2
$0.55R0OI0C<0 >15 >15 7 5 4 3 3 2 2

Table C9. Earliest payoff of investment costs on a 100-acre moveable
big gun system (years).

Price  --mmemmmeeeeeees Yield Advantage on bearing acre (Ibs/acre) --------====-====----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35ROIOC<0ROIOC<0 >15 >15 8 5 4 3 3 2
$0.40ROIOC<0ROIOC<0 >15 10 6 4 3 3 2 2
$0.45R0OIOC<0ROIOC<0 >15 7 5 3 3 2 2 2
$0.50ROI0C<0 >15 12 6 4 3 2 2 2 2
$0.55R0OI0C<0 >15 9 5 3 3 2 2 2 2
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Table C10. Earliest payoff of investment costs on a 25-acre permanent
set small sprinkler system (years).

Price e Yield Advantage on bearing acre (Ibs/acre) -----------=-=--=----
($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000

$0.35ROIOC<0ROIOC<0ROIOC<0 >15 >15 >15 >15 12 9 7
$0.40ROIOC<OROIOC<0OROIOC<0 >15 >15 >15 12 9 7 6
$0.45ROIOC<0ROIOC<0 >15 >15 >15 13 9 7 6 5
$0.50ROIOC<0ROIOC<0 >15 >15 >15 10 7 6 5 4
$0.55ROI0OC<0ROIOC<0 >15 >15 12 8 6 5 4 4

Table C11. Earliest payoff of investment costs on a 50-acre permanent
set small sprinkler system (years).

Price  -----mmommeeeee- Yield Advantage on bearing acre (Ibs/acre) ---------------------

($/b) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35ROI0OC<0ROIOC<0 >15 >15 >15 >15 10 8 6 5
$0.40ROIOC<0ROIOC<0 >15 >15 >15 11 8 6 5 4
$0.45ROI0OC<0ROIOC<0 >15 >15 12 8 6 5 4 4
$0.50ROIOC<0ROIOC<0 >15 >15 10 7 5 4 4 3
$0.55R0OI0C<0 >15 >15 13 8 6 5 4 3 3

Table C12. Earliest payoff of investment costs on a 100-acre permanent
set small sprinkler system (years).

Price  —-mmemmmeeeeeees Yield Advantage on bearing acre (lbs/acre) ---------===-====----

($/Ib) 400 800 1,200 1,600 2,000 2,400 2,800 3,200 3,600 4,000
$0.35ROI0OC<0ROIOC<0 >15 >15 >15 12 8 7 5 5
$0.40ROIOC<0ROIOC<0 >15 >15 13 9 7 5 5 4
$0.45ROI0C<0ROIOC<0 >15 >15 10 7 5 5 4 3
$0.50R0OI0C<0 >15 >15 13 8 6 5 4 3 3
$0.55R0OI0C<0 >15 >15 10 7 5 4 4 3 3
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