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Abstract

The acquisition of farmland by Alberta Transportation is necessary for highway,
overpass, and other related construction proi=cts throughout the province of Alberta.
In 1979 the Land Compensation Board ruled that "fixed gosts" should be compen-
sated in addition to fair market value for the land. There were no set guidelines for
such compensation cases and ad hoc measures were subsequently used for
determining the money value of fixed costs to be paid.

This analysis is based upon the theory of production and welfare economics.
The study is designed to determine the appropriate compensation for landown-
ers/farmers who have had a portion of their land taken by expropriation and have
endured a loss in addition to the market value of land. Non land fixed costs
constitute these additional costs to the landowner. Capital investment analysis is
used in this study to derive the net present value of the change in fixed costs and
machinery repair costs as a result of a partial taking. It is this change in the cost
structure which determines the appropriate level of compensation (in addition to
market value of land) to the landowner.

Compensation levels varied as a result of the size of the taking, the size of the
farm, the general geographical location of the farm, and the cultural practices com-
mon to the area. Under scenarios where farm machinery could be re-sized after the
partial taking compensation would be lower. However, with takings between 1 and
20 acres (the most common) very few re-sizing options were available due to the
"lumpiness" of farm equipment. Fixed cost compensation amounts ranged from $190
per acre in the light soil regions of southeastern Alberta to over $400 per acre in the

heavy soils in the Peace River region.
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L. Introduction

A. Background

The acquisition of farmland by Alberta Transportation is necessary for highway,
overpass, and other related construction projects throughout the province of Alberta.
In 1979 the Land Compensation Board (LCB) ruled that "fixed costs"l should be
compensated in addition to fair market value for the land (Berry et al, V. The Queen,
March 8, 1979). There were no set guidelines for such compensation cases and ad
hoc measures were subsequently used for determining the money value of fixed costs
to be paid.

This study is an extension of a project completed by Bauer and Phillips (1988)
for Alberta Transportation. The purpose of the Bauer and Phillips study was to:

...provide an analysis of the issue of compensation for ;::irtial land removal from
bona fide farming operations.

The analysis was based upon the theory of production and welfare economics and
was carried out within the context of theory; no empirical analysis was employed.
However, it provides an important conceptual overview of the problem and the
theory which can be used to apply the physical data. In the Bauer and Phillips study,
the question of whether or not fixed costs are embodied in fair market value of farm-
‘and was also addressed. The findings suggested that the amount of compensation
for partial takings of land that is required to make the affected party as well off as
they would be without the action occurring is equal to or greater than the market

land value but is not in general equal to the amount commensurate with current pol-

icy.

1 Fixed costs are described in detail later in the study



B. Objectives

This study is designed to determine the appropriate compensation for landown-
ers/farmers who have had a portion of their land taken by expropriation and have
endured a loss in addition to the market value of land. Non land fixed costs
constitute these additional costs to the landowner. The objective of this study is to
calculate the total costs of owning non-land fixed assets, and in particular machiner.
These fixed costs are estimated for the farming operation both before and after the
partial taking. The difference between these before and after costs is the appropri-
ate compensation payment in addition to the market value of land.

Presently, Alberta Transportation pays fixed cost compensation. No previous
studies have empirically examined what these payments should be and how other
costs on the farm are changed as a result of the partial taking. Capital investment
analysis is used in this study to derive the net present value of the change in fixed
costs and machinery repair costs as a result of a partial taking. It is this change in the
cost structure which determines the appropriate level of compensation (in addition
to market value of land) to the landowner.

Fixed cost compensation for partial takings of land will vary with the size of
compensation depending on the size of the taking, the size of the farm, the general
geographical location of the farm, and the cultural practices common to the area.
The derivation of the appropriate compensation payment in light of these factors just

mentioned is the central objective of this study.



I1. Conceptual Overview

A. Land Value and the Compensation Issue

It is recognized that the market value of land is a reflection of future earnings
from that land in its highest and best use. Specifically a purchaser is willing to pay up
to the present value of the future net revenue stream from the land.2 The seller
requires a price for the land which is above his/her anticipated revenues less costs
(fixed and variable costs)3,4 associated with keeping the land in order to sell. The
market price for land in a competitivé inarket is a measure of such a value.

Compensation using fair market value should leave the landowner just as well
off after the taking as before the taking. The widely accepted income approach used
by appraisers can be usec'l to illustrate this point. These calculations are based on the
present value of the future net revenue stream from the land as explained above.

The following equation shows how such a calculation can is made.

T
LV =) {(Py"y,~vc,~Tc,)-FC,: (1+r)"}y+SV,(1+r)T (I1.1)
{=}]

Where: LV is the value of one unit of land (acre)
Py, isthe gross revenue (price x yield) for one unit of 1and in year t
vc, are the variable costs per acre associated with growing some crop (fertil-
izer, chemicals etc.) in year t
rc, are the repair costs per acre associated with the machinery component
of the farming operation
FC, is the cost of owning the machinery per acre in year t on a per unit basis
SV, is the terminal sale value of one acre of land at the end of the planning
horizon, year T
r is the discount rate.

2 Net revenue is equal to gross sales from product attributable to the land less fixed and variable
costs.

3 This section borrows heavily from the Bauer and Phillips Fpaper. See Bauer, L. and Phillips, W., An
Economic Analysis of Compensation For Partial Takings of Farmland, Staff Paper No. 88-06, Univer-
sity of Alberta, Department of Rural Economy.

4 Fixed costs are comprised of the ownership costs (i.e., depreciation and opportunity cost) of invest-

ment in machinery, buildings and livestock, and other depreciable items. Variable costs include
annual costs for feed, seed, fertilizer, fuel, labour and other non-depreciable items.



This series can be reduced by using an annuity function and results in:

_ -T
LV=[p'y-vc—rc-FC]-[l-—(-l-'_:—':)—-]+[SVT(l+r)"7] (1.2)

If we now assume that both prices and ~rsts are constant through time we are imply-
ing that no anticipated technical, structural or other time related trends exist that will
affect either the revenue or the cost side. This simplifying assumptior allows us to
make some assumptions about the salvage value as well. The constancy through time
assumption results in the salvage value being identical at T, 2T or n'T? and equal to
the initial market value. Therefore, the :alvage value for the first planning horizon

can be estimated by:

- -T
SV,=[p'y-vc-rc-FCl- [1_-(1—:-2-—}[31/2,( 1+r) 7] (11.3)
The salvage value kT periods away can be expressed as:

1-(1+r)T

- ]+[sv(k,,,7(1 +r) T .4)

SVkT=[p~y-vc—rc—FC]-[
Therefore the salvage value at any point in the future is equal to the salvage value in

the original time period. Further reduction of the land value formula is possible.

—(1+r) T
LV=[p-y—vc—rc-FC]-[l——(-l-;—r-)——jl+[LV(l+r)°T] (11.5)

LV—LV(I+r)'T]=[p-y-vc—rc—FC]'[l—_—(—l-Fﬂ:] (11.6)

LV[l—(1+r)"']=[p-y—uc—rc—FC]-[l_’i-l:—’):] (11.7)

LV___[p-y-vcr—rc—FC] (11.8)

5 T, 2T, nT are successive planning horizons.



The estimated land value is the net annual anticipated revenue divided by the dis-
count rate. |
The income approach shown above, accounts for all costs and returns associated with
the derivation of the market value of any given unit of farmland. Furthermore, it
should be noted that fixed costs were deducted from gross revenues in the estima-
tion. Market value apparently fully compensates the landowner. If the size of the
taking is large, say 160 acres, fixed costs would not require adjustment since the
landowner could purchase another quarter section on the open market. Afte. this
purchase his/her fixed asset base would once again be optimized and he/she would be
as well off after the taking as before the taking. Regularly traded parcels of land for
agricultural purposes are quarter sections (160 acres). Table II.1 shows that the vast

majority of land sales in rural Alberta are between 155 and 165 acres.



, Tabe I.l: Avge f ; t cti

1Size Frequency Cumulative
Acres Acres Cases Percent Percent

10-5 126 47 0.0

(=]
(=]

16-10 409 49 0.5 0.0
§11-15 3713 32 0.0 0.1
16-20 470 27 0.0 0.1
21-25 487 22 0.0 0.2
26-30 617 22 0.1 0.2
§31-35 551 17 0.0 0.3
§36-40 1,865 48 0.2 0.4
i 41-45 1,009 24 0.1 0.5
§46-50 761 16 0.1 0.6
§51-55 1,095 21 0.1 0.7
| 56-60 1,455 25 0.1 0.8
161-65 1,806 29 0.2 1.0
| 66-70 2,107 31 0.2 1.2
171-75 3,000 41 0.3 14
§ 76-80 29,543 373 2.6 4.0
181-100 9,914 113 0.9 4.9 i
1101-120 14,145 125 1.2 6.1
1121-140 26,665 201 2.3 8.5
1141-150 49,028 334 43 12.8
j151-155 68,367 447 6.0 18.8
1156-165 639,360 4,015 56.1 74.9
1 166+ 286,492 867 25.1 100.0

' above brea from the Mnnici

A partial taking for the purposes of highway construction (or some other use for
that matter) will cause a re-allocation of the resource inputs and perhaps a change in
the overall efficiency of the operation. Inputs such as fertilizer, chemicals and labour
are divisible and can be purchased in virtually any :mount. Some of the inputs used
in crop production may not be divisible to the order necessary to allow full adjust-
ment after a partial taking of farmland. Fixed costs, for instance, are derived from

some capital asset purchases necessary for the farming operation. These purchases

6 All {and transfers are given titles through the land titles offices in Calgary and Edmonton. The

Department of Municipal Affairs catalogues each transfer which occurs in rural municipalities. A

{urg.l master tape is available which excludes cities, towns, and villages leaving primarily agricultural
an



tend to be "lumpy" in nature. For example a tractor or combine are only available in
a limited number of sizes. Depending on the change in lan base it may not be
possible to purchase the appropriate size of asset.

The Bauer and Phillips study results showed that small parcels which cannot be
replaced easily in the market place warrant compensation for fixed costs in addition
to the market value of the land taken . However, fixed cost compensation (propor-
tional to the ratio of land taken relative to total area) may not reflect the fair com-
pensation rate since other economic adjustments will dampen the net revenue
change. These dampening factors include:

i). The ability to re-size equipment so that fixed costs are at a new optimum for
the smaller land base after the partial taking.

if). Changes in the ownership costs of machinery as a result of the partial taking
(wkich includes repair, downtime and net capital outlay costs).

iii). The optimum replacement strategy for farm machinery. In cases where re-
sizing is possible, the replacement age will determine the length «f time com-
pensation is required.

The adjustments that may be possible to the machinery asseis and other adjust-
ments which occur to repair and downtime costs are at issuc is ti+is study. The size of
the taking, the initial size of the farm and the location: of i t . will also affect the
magnitude of these adjustments to the machinery compler: .

B. Organization of the Study

The remainder of the study is organized into three major sections; section III
Economic Analysis, section IV Operational Models and section V Results.

In Section III the theoretical framework is presented and discussed. Within sec-

tion III there are three main topic areas, ownership costs, the discount rate and capi-



tal investment analysis. As discussed earlier, the adjustment to ownership costs is a
key factor in the non-land compensation issue. Techniques for predicting ownership
costs (capital, repairs, and downtime) are analyzed in section III. Also included in
this section is an explanation of rationale behind the choice of the discount rate. A
Capital Asset Pricing Model (CAPM) was considered in this study to assist in deter-
mining the risk factor of machinery ownership. Finally in section III an outline of
capital investment analysis is given. Capital investment analysis will be used to derive
present values and optimal replacement cycles.

Section IV contains the framework for the operational models including details
on the structure and methods used within the computer models. These models are
used to determine machine sizing, ownership costs, replacement cycles and compen-
sation payments. The machine sizing model is an engineering based mode! designed
to size farm machinery for various farm sizes and cultural practices. The asset
replacement model is used to derive annual ownership costs and optimum replace-
ment strategies for the machines chosen and sized with the sizing model. From these
results compensation payments are derived, and explanation of these calculations are
in section IV.3.

The final section of the study deals with results. Tables are constructed which
can be used to determine compensation payments based on farm size and location.
A summary and conclusion, including recommendations for further research, are also

provided in this section.



HI. Economic Analysis

This section outlines the various techniques which will be used to estimate own-
ership costs of farm machinery. There are three major componerits of ownership
costs, capital costs and repair and downtime costs. The American Society of
Agricultﬁral Engineers have estimated ownership cost functions since 1970. These
have been updated somewhat and the strengths and weakness of these functions will
be discussed below. Following the ownership cost section is a description of the
methodology used to determine the discount rate. The discount rate has paramount
importance to the level of fixed cost compensation payments. A capital asset pricing
mode] was tested to determine the appropriate risk adjustment to the discount rate,
this method prbved unsuccessful for this study. An alternative approach will be out-
lined. Finally this section describes the capital investment approach used to deter-
mine annual present values of ownership costs and optimal replacement cycles.
A. Ownership Costs

Machinery investment typically represents the second largest investment on a
grain farm (second to land). Surveys of grain farms across Alberta show that machin-
ery investment varies from $118/acre to $360/acre.” The ownership costs associated
with machinery are clearly significant. The relative amount or size of machinery held
affects profitability. In calculating ownership costs the time value of money as well as
opportunity costs must be incorporated into the calculation to fully capture the total
costs of farm asset ownership.

1. Capital Costs of Owning Equipment
Bauer and Phillips (1988) describe fixed costs as comprised of...

7 Crop Case Study results from 1988 (Production Economics Branch, Alberta Agriculture) show cur-
rent market value of farmi machinery.
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..the ownership costs (ie., depreciation ans ogportun' cost) of investment in
machinery, buildings and livestock, and other depreciable items. Variable costs
include annual costs for feed, seed, fertilizer, fuel, and other non-depreciable
items.

Depreciation is the loss of value of capital assets as a result of age (obsoles-
cence), and normal wear and tear. The investment of capital in machinery forgoes
the opportunity for other investments. These capit=! costs of owning machinery will
be calculated. The primary focus of this study is a typical grain farm enterprise and
therefore fixed costs were calculated for machinery only.

Remaining values of farm machinery will be calculated using depreciation for-
mulas developed by the American Society of Agricultural Engineers (ASA'E).8 A
capital investment approach is used to account for the time value of money and
foregone investment alternatives. Sections ITI.A.2 and IIL.C describe the analytical
framework for these two issues respectively.

2. Salvage Values

The estimation of salvage values is a difficult task. Machinery values vary
greatly depending on make, age, hours of use, past use, and historical maintenance.
The American Society of Agricultural Engineers (ASAE) has developed a series of
equations which predict remaining values for farm machinery.® These regression
equations are based on data from the U.S. Midwest from the early 1970’s. They take
*he basic form:

Salvage Value,=D,%x(D,;)*xC (111.1)

Where; 1 - D, isfirst year depreciation
(1~ D,) isthe annual rate of depreciation; and
n isthe a™ year.

8 There are various definitions for the "market value® of a piece of farm machinery. The more com-
monly used terms are market value, current value, remaining value and salvage value. For the pur-
poses of this study the term used will be salvage value.

9 ASAE Standards, 1989, Standards, Engineering Practices and Data developed and adopted by the
American Society of Agricultural Engineers.
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Four equations were estimated for a wide range of farm equipment. The equations

are:

Tractors Salvage Value,=.68%(0.920)"xC
All combines, Self Propelled Windrowers Salvage Value,=.64x(0.885)"xC
Balers, forage harvesters, blowers, SP sprayers Salvage Value,=.56x (0.885)"xC
All other field machines (tillage etc.) Salvage Value,=.60X (0.885)"xC

The equations heavily discount the first year of ownership. Sales datal0 and survey
work done at Alberta Agriculture11 confirm this relationship.

Figure II1.1: Depreciation Schedules For Farm Machinery12
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10 See Marshall’s Farm Guide to Used Farm Machinery, various years.
11 Crop Case Study, Alberta Agriculture, Production Economics Branch, various years.
12 Graphical data based on American Society of Agricultural Engineers, ASAE, Transactions.
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Notice that the shape of the curves (rate of depreciation) are similar for all types of
machines. The main difference is the degree of depreciation in the first year and, in
the case of tractors, the salvage value.
3. Repair Costs

Estimates for repair costs are also based on ASAE calculations. In the mid
1970’s data on tractors and implements were collected in the Mid-West U.S.. Most
research and extension work still relies heavily on the functional forms estimated by
the ASAE, though several adjustments have been made to the formulas since their
inception, (Hunt, 1977; ASAE, 1979). Adjustments were made as a result of short-
comings in the original functional forms for tractors. The original equations for trac-
tors derived by ASAE, set R1 at 0.12 and Rj at 1.5. This would represent repair
costs which would increase smoothly at a decreasing rate (since the exponent (R2) is
less than 2.0). Such a function would likely underestimate the major cost items such
as overhauls which typically occur late in the life of the machine, (Bradford and Reid,
1982). Hunt (1977) recognized this problem and presented two other formulas ,al-
though, neither covered machine use beyond 4000 hours. The ASAE took note and
made changes in their own equations which were published in their Standards
beginning in 1979.13 The repair cost factor R1 remained unchanged whereas Ry was
changed to 2.033. Table III.1 shows repair cost factors for major farm equipment.

Equation (I11.2) shows the general form of the repair cost equations:

H, 1%
TAR % = R 2 111.2

13 See the ASAE Standards, published annually by the American Society of Agricultural Engineers.



13

Where; T AR,% is the total acce nulated repair costs as a percentage of the
machines original cost
R, isRepair Factor 1
R, isRepair Factor 2; and
H, is the accumulated hours of use.

This function expressed in dollars rather than a percentage of purchase price is:

H, 1%
R.=(R)) 1000 -C (111.3)

Where; R, -is the total accumulated repair costs up to year n
C is the initial capital outlay.

These repair cost factors R1 and R are regression coefficients estimated using the
data collected in the U.S. Midwest.14 Unfortunately technical data on how these

estimates were derived are not documented by the ASAE.

Table II1.1: Repair Cost Factors for Farm Equipment

Wear Out
Description R1 R Life (hrs)
Tractors 2wd 0.012 2.033 10,000
Tractors 4wd 0.010 2.033 10,000
Combines Sl? 0.120 2.100 2,000
Combines (P.T.0.) 0.180 2.300 2,000
Swathers I? 0.120 1.800 2,500
Swathers (P.T.0.) 0.120 1.800 2,500
Seed Dirills 0.540 2.100 1,200
Discs 0.180 1.700 2,000
Cultivators 0.300 1.400 2,000
Plows 0.430 1.800 2,000
Rodweeders 0.160 1.300 2,000
Harrows 0.160 1.320 2,000

SOURCE: American Society of Agricultural Engineers, Standards.

1134 The results were originally published in the Transactions of the American Society of Agricultural
ngineers.
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Other than the adjustments mentioned above the repair cost formulas have
remained unchanged.15 Despite their shortcomings (eg: data are somewhat out-
dated and apply to the U.S. mid-west), these equations are used in much research
including this project. Figure IIL2 shows the annual repair costs as a percentage of
original purchase cost for two wheel drive tractors, self propelled combines, and cul-
tivators. Figure IIL.3 shows the cumulative repair costs of the same equipment, again
expressed as a percentage of original purchase cost. 16

Figure 111.2: Annual Repair Costs17

Repairs (% of purchase price annually)
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15 The author, in conjunction with Alberta Agriculture, is presently collecting farm level data to
address the issue of repair costs. Data will be collected from crop case study participants throughout
the province of Alberta.

16 Annual use of the machines were assumed at 500 hours per year for tractors, 150 hours per year
for combines and 200 hours per year for cultivators for the purposes of illustration.

% b'{‘hﬁsflgraphs are based on the American Society of Agricultural Engineers data as presented in
e IIL1.
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Figure II1.3: Cumulative Repair Costs
Repairs (cumulative % of purchase price)
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4. Downtime Costs
a). Traditional Approach

Some evidence exists which suggests that farmers have sized equipment larger
than can be justified from an engineering point of view (Brown and Schoney, 1985).
This trend towards bigger and newer equipment has been linked to the cost of down-
time (Parsons ef al, 1981). Downtime or timeliness costs are part of, or a result of,
repair costs. Preventative repair and maintenance can, to a certain degree, offset the
cost of not having optimum timing of field operations. Nevertheless, downtime
remains an unavoidable cost associated with owning farm machinery. Various meth-
ods are used in determining the extent of such downtime and the economic penalties

which result.
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Hunt (1977) and ASAE (1989) have estimated yield loss and grade reductions
resulting from machinery breakdowns. Brown and Schoney (1985) also used this
approach in their machinery sizing program for grain farms in Saskatchewan. The
method has merit, however it is region and crop specific. Large yield grade varia-
tions are apparent as a result of weather alone. Separating the effects of weather
and machinery downtime is very difficult. The following equation represents the
method developed by Hunt and accepted in the ASAE standards.

T - cA . KYVC,
‘" Swe Uh(sc)(nt)

Where; T, is the timeliness cost of implement i (§)
¢ is a the constant 8.25 to convert to acres/hour
A is the area covered (acres)
S is speed of operation (mph)
w is width of implement (feet)
e is the field efficiency of the implement (%)
K
) 4

(111.4)

is the timeliness loss factor (yield/day of delay)
is potential crop yield (bu/acre)
V is the value of the crop ($/bu)
C,. iscrop area (acres)
U is the fractional utilization of time (integer)
h is total hours available per day
sc is a scheduling factor (2 or 4)
nt numberoftimes C, should be divided because of dispersed optimum
times (Eg: different varieties or different crops mature at various times).
Usually setat 1.

There are several factors in the equation which are difficult to estimate, in particular
the timeliness loss factor (K). Other variables in the equation are region specific or
typically have a high variance (ie: crop yield and price). Also, much of the data
required for this equation are only available for Saskatchewan and the U.S. mid-west.
For these reasons it was decided to depart from this traditional approach and use
machinery downtime estimates. A flat rate charge can be applied to the estimated
downtime which alleviates most of the problems four:d in the above timeliness esti-

mate.
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b). The "Bathtub Curve" Approach
Engineers have depicted failure rates for machinery with a "bathtub curve"
(Hardesty and Carman, 1988). Figure II1.2 Shows the general shape of such a
curve.18
Figure IT1.4: Relative Failure Rates During A Machine’s Life

Failure
Frequency

Early failure period Random failure period Wear—out failure period

Adopted from Hardesty and Corman, 1988
Failures which occur in the early stages of machine life are typically manufacturing
defects or machine flaws and though they may be covered under warranty, downtime
costs may still exist. The random breakdown period covers most of the operating life
but during the wear-out failure stage there is an increase in breakdowns due to parts
degradation from age. An exponential distribution is used to characterize the failure
rates during the random and wear-out periods (Hardesty and Carman, 1988). The
exact shape of the curve depicted in figure II1.4 will vary depending on the complex-

ity of the machine, engineering design, field testing, and quality control during assem-

18 For more details see Reliability Mathematics by Bertram L. Amstadter, McGraw-Hill, 1973,
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bly. The main problem with this system is that it does not reflect the cost of failure
only the frequency. The amount of time lost, the cost of repairs and the cost to the
crop are all undetermined in the "bathtub" approach.

c). Study Approach to Downtime Costs

Downtime can be predicted for any particular machine, although the variance is
usually large. Most work which has been done to date is centered around the power
equipment on the farm, usually the tractor and combine since these machines are
complex in design and break down more frequently than non-powered machinery.

The Hardesty and Carman (1988) study was used as the basis for downtime
costs for this study. The study, funded by the Giannini Foundation (University of
California), focused on 2 very large farming operations in the San Joaquin Valley.
Access to detailed records were gained for common types of farm machinery on Cali-
fornia row crop farms, including tractors and grain combines. Other row crop
machinery were also studied, however, these are not put to use in this study. Data on
pre-season maintenance and seasonal repairs and downtime costs were kept for sev-
eral large fleets of machinery over the period 1971 to 1982. The ASAE repair cost
schedules, which are available for a wide range of equipment and are basedona
large sample size, were considered to most accurately reflect repair costs for the pur-
poses of this study. Downtime costs, however, have been neglected as noted in the
above sections. Therefore the Hardesty and Carman study was used for estimating
downtime.

The farming operations (from which the data are collected) use extensive pre-
ventative maintenance programs. Tomatoes represented a large proportion of the
crop grown on these farms. Downtime is particularly expensive since tomatoes are

perishable and processors either discount late deliveries heavily or reject them alto-
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gether. For this reason pre-season maintenance programs were very well defined
and carried out meticulously. With this in mind, we would expect that downtime
estimates derived from these farms may be considered as a lower bound.

Hardesty and Carman incorporated the exponential function for downtime as

suggested in the theoretical literature (Amstadter, 1973). The equation used is:

DTH,, e oM a1y )
AMH

Where; mn is an observation for machine m in yearn
DTH,,, isthe annual hours of downtime for machine m in year n
AMH ,, is the annual machine (:») hours in year n
CMHL is the cumulative machise hours lagged one year
a isanequation parameter
b also an equation parameter.

(111.5)

With this specification the hours of downtime per hour of use changes at a constant
rate b with cumulative machine hours (Hardesty and Carman, 1988). In natural log

form the downtime equation becomes:

DTH .

Where; a° isthenaturallogof a

Results from the estimation are presented in the following table IIL.2.

[ Table I11.2: Estimated Downtime Relathips by Machine T ype <.
Machine Constant CMHL R2 F-Stat

-3.9967  .0001872 79 33.86
(-37.20) (9.11)

-4.3058 0005401 67 65.77

1 t-satistics are in parentheses.

The estimated coefficients are significantly different from zero at the one
percent levei. g1 y
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The percentage of variation of the downtime rate explaized by machine use (kears)
varied from 0.67 to 0.79, which is acceptable given the relatively small sample sizes
(Hardesty et al). The annual amount of downtime increases as comulative machine
hours increase, as expected. These functional forms were usci to estimate downtime
hours in this study. A flat rate charge per hour was charged .»7 every hour of down-
time. Custom rates were used as a proxy for opportunity costs of downtime.19

B. The Discount Rate

Procedures for choosing a discount rate are often controversial. In this study
the appropriate discount rate needs to capture the risk of correctly predicting salvage
values and repair costs at various stages of machine life. Initial effort was given using
a capital asset pricing model (CAPM). This model defined the relationship between
changing machinery values and repair costs (over time) vis a vis the rest of the mar-
ket. This relationship is estimated as a "beta" coefficient and is used to adjust a real
discount rate for risk associated with the project. A "beta" coefficient was estimated
for new machinery values and repair costs relative to a well diversified portfolio, rep-
resented by the Toronto Stock Exchange (TSE 300), (Jacob et al, 1984).

1. Capital Asset Pricing Model (CAPM)

The CAPM model has been used extensively to analyze portfolio risk. Specifi-
cally, it helps define risk of a single security in terms of its contribution to the riski-
ness of the entire portfolio as opposed to its risk in isolation (Brigham and Gapenski,
1985). To measure the correlation between a single security (or project) against that
of a well diversified portfolio, a beta coefficient is calculated. Coles (1989) states
that:

19 See Farm Machinery Costs as a Guide to Custom Rates, Alberta Agriculture, Farm Business
Management Branch.
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Ariskless investment which does not contribute any additional risk to a portfolio
will have no risk premium and a beta of zero while an investment which con-

tributes the same amount of risk to a market portfolio as the A)aorlfolio already
exhr:fbl?s will have a beta of one and a risk premium equal to that of the market
portfolio.

The CAPM is a useful tool to estimate beta coefﬁcientszo, and is used to estimate
the relative risk of machinery values and repair costs over time compared to the TSE
300 index. The general functional form in estimating the project risk is:

Fp = T+B(rp—ry) (111.7)

Where: r, is the project risk (return)
r, is the risk free rate of return
r. isthe rate of return in the market
B is the beta value.

2. TSE 300 aitd Machinery Indices
Listings of the TSE 300, treasury bill rates, power machinery, non-power
machinery and farm machinery repair indices are found in Appendix A. All three
machinery indices were regressed on Rmy-Rf (TSE 300 - Treasury bill) to estimate
the beta. The power and non-power machinery indices were available for the years
1961 through 1988 while the repair index was only available from 1972 through 1988.
The TSE was available for all years. Results are shown in Table I111.3.

Power  Non-Power
Machinery Machinery Repairs

002764  -0.02803  -0.02170
001867  -0.00301  -0.00396
0.6021 01244 -0.2000

20 For more detailed discussions on CAPM and beta coefficient estimations see Brealy et al (1986),
Brigham et al (1985), and Jacob et al (1984).

21 The null hypothesis is B = 0. No beta coefficients were significant at a 20 percent level of confi-
dence, therefore, the null hypothesis could not be rejected for any of the regressions. It follows 1
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None of the estimated beta coefficients were significant. The use of a CAPM
model to determine an appropriate discount rate was therefore not possible. The
machinery price indices had very little relationship with historical market returns.
This suggests that better measures of machinery investment risk22 are necessary.
Future research in optimal replacement decisions will require a discount rate which
accurately depicts farm machinery investment risk.

An alternate, less desirable, approach was taken to determine an appropriate
discount rate. Long term real rates of return on the TSE 300 and treasury bills were
used to derive the discount rate. Brealy (et al, 1986) show that the average real rate
of return on the TSE 300 was approximately 9 percent. The average real rate of
return on treasury bills were estimated at .5 percent.23 A conservative discount rate
of 10 percent was chosen for this study. Future research in machinery investment
risk would benefit this work. A discount rate which is based on the risk which is
internal to the model, machinery investment risk, obviously would have advantages
over the method used in this study.

3. Further Adjustments to the Discount Rate

In this study a real after-tax risk adjusted rate is desired to accurately reflect tax
and risk considerations. All cash flows are in 1988 dollars, and inflation is assumed to
affect all cash flows equally and therefore, no inflation adjustments to cash flows

were necessary.

the R Squared values are also extremely low.

22 Risk from changing machinery values (new and used) plus risk of repairs and the costs associated
with repairs constitute total machinery investment risk.

23 They based their ﬁndinaaon Canadian corporate bond data (1949-1981), treasury bills
(1926-1981) and the TSE 300 (1956-1981).



The discount rate was adjusied to account for tax and capital cost allowance.
Tax benefits from repair costs and CCA24 write-offs can have significant impact on
cash flows and thus the replacement decision. Adjustments to the capital cash flows
to an after tax basis (incorporating tax savings from CCA) is incorporated by equa-
tion (II1.8).

dt
d+r

CCA tax savings=1- (111.8)

Where: d isthe CCArate
t is the marginal tax rate
r is the after-tax, risk adjusted discount rate.

These tax and capital cost adjustments are incorporated into the asset replace-
ment model presented in the following sections.
C. Capital Investment Analysis

1. Overview of Approach

Total ownership costs of machinery are required in order to determine the
additional non-land fixed costs incurred by the landowner as a result of expropri-
ation. Traditional cost accounting for depreciation and interest opportunity costs
have not taken into account the time value of money. These methods underestimate
ownership costs since future salvage values are not discounted to present value
terms. Determination of the optimal time to replace must be based on full owner-
ship costs (repairs and depreciation) which are discounted. A capital investment
approach is employed to estimate ownership costs.

Furthermore the decision of replacement is not only based on the present
machine’s ownership costs but also on costs associated with the new asset. A com-

mon technique to deal with asset replacement is the use of an identical challenger

24 CCA is capital cost allowance and is the amount of depreciation allowed under Federal tax laws.
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replacement model (Bradford and Reid, 1982). The capital investment tools applied
to an identical challenger replacement scheme should provide useful insight to opti-
mal replacement cycles and costs of farm machinery.

The identical challerger replacement model assumes the asset owner will
replace the asset at the end of each replacement cycle with an identical asset. This
approach in one form or another has been a generally accepted procedure for choos-
ing asset replacement patterns. Unfortunately, the identical challenger method does
not account for various changes in technology nor does it account for general
changes in farm structure such as;

i). Increasing farm sizes over time.

ii).  General movement of the labour force away from farms and therefore
increasing the use of capital.

iii).  Changing Labour/leisure trade-offs.

These changes can have iznportant impacts on the capital structure of farms. How-

ever, dealing with these soc’>-economic implications is outside the scope of this

paper though it would provide a useful basis for future research. For the purposes of

calculating fixed cost compensation payments the assumptions of the identical chal-

lenger methodology were not considered overly restrictive.

Others have dealt with the asset replacement problem with much the same
methodology as is used in this study. A depreciating capital asset should only be kept
for another production peried if the ownership costs are less than the average cost of
a new replacement machine. Perrin (1972) summarizes the cost minimization prob-
lem as:

A machine should be kept another period if the marginal costs of retaining it
... are less than the ’average’ periodic costs of a replacement machine.



Bradford and Reid (1982) showed that the optimal replacement age for a

machine to be successively replaced by an infinite series of identical challengers can be

determined in the discrete case by finding the age (S) which minimizes the absolute

value of the expression:

S
PV (S)=[1-(1 +r)‘s]"[-M(0)— Y (1+r)'R(EY+ (1 +r)‘sM<S)}
t=]

Where:

(111.9)

PV(S) is the present value for each vaiue of &

[1-(1+7)°]" isthe presentvalue of a $1 pe:  'ual annuity received
(paid) at the beginning of each and every S years

M(0) is the new cost of the machine, assumed to be constant for the identi-
cal challenger problem

M(S) is the remaining value of each machine when replaced, also assumed
to be constant

R(t) are the costs attributabie to the machine during each time period ¢,
including repairs, opportunity costs of breakdown time and tax savings due to
depreciation

r the after-tax discount rate.

The capital investment problem for a planning horizon of "S" years is character-

S
ized by the variables; M (O )the value of the machine at t=0, Zl (1+r)'R(t), the
tw

discounted revenues and/or costs expected during the machines life; and

(1+r)°M(S) the salvage value of the machine discounted to t=0. The annuity

factor which converts the capital investment into a perpetuity so that the replace-

ment issue can be solvedis [1-(1+r)"5) ah (Bradford and Reid, 1982). It is basi-

cally this approach which is taken to solve the replacement problem for the fixed cost

compensation issue.

Total ownership costs of each machine are discounted over s years and

expressed as an annual equivalent cash flow where s varies from 1 to «. In order to
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find the optimal replacement age the minimum present value of all cycles generated
from s to «is determined. This process was defined above and is defined in the con-
text of this study within the next two sections.
2. Capital Investment Analysis and Capital Costs

The change in machinery values over time are calculated using ASAE formulas
as described in earlier sections. In this section capital investment analysis will be
used to incorporate the time value of money and therefore account for all costs, both
loss in asset value and opportunity costs. Annual cash flows in real terms generated

using the ASAE standards are discounted to present value terms as follows:

4
NCO.yeer = [—C+(———l+r7)7] (111.10)

Where:  NCO.y,, is the present value of depreciation and opportunity costs
-C is the capital outlay in period 0
SV, isthesalvage value atyear T
T is the number of years the machine is kept

r is the discount rate.
Under the identical challenger assumption the current niachine is replaced with an
identical machine. Therefore upon replacement of the worn out machine the pres-

ent value of the second machine will be:

NCO - L[ g, SVar C(111.11)
cycle2 (1 +I‘)2T (l +r)27 o P
Where: NCO,,.,. isthe present value of repairs for machinz 2
SV, is the salvage value of a machine at the end ¢ neE -, Time
*T"is the length of time the machine is kept.
Assuming multiple replacements of the asset under conside. . -~ - it
expand the present value of any one asset to the present value of "¢« - a2

cycles. Expansion of equation (II1.11) to the general case of "k" replac.: = . ‘28

is:
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NCO S RARLE B - TP [ — — (-]
"k~ cycles (l+r)T (1 +r)7' (l+r)27' rer (l+r)(k-l)1‘
(/11.12)
Where: & is assumed to approach infinity and

T
[-] represents [—C+ R

By factoringout [-] the above equation simplifies to:

NCO N SV, 1+ 1 - 1
“k-cyclas — (l"'I‘)T (l'H“)T (1+r)7("'”

(/11.13)
and if we take the limit of this equation as k - «the result is:
SV +r)7
NCO-k-c,ca.,=[-C+ TT 1 rT) (171.14)
(1+r) (1+r)" -1
Where; [-C + “svr’),] is the net present value of the initial cash outlay less the future

salvage value of the machine kept for "7T" years

oy T
[ (:' r;:_ - ] represents the net present value of all future replacements of an

asset kept each time a period of "7" years.

So far the present value of all future machine replacement decisions have been rep-
resented in terms of a "total" present value. In order to define the average annual
equivalent (AAE) cash outlay for equipment ownership costs we multiply the

discounting part of equation (I11.14) by the discount rate "r".

SV 1+r)7
AAE~C0=[-C+(1”’)T][r(f”)r,)_l] (111.15)

This reduces as follows:

+r)T r
AAENCO=[-C SVr ](l r) l:'l'f"T_] (111.16)

+
(1+r)" (1 +r)T ay

SV r -

(l+r)T (1+r)7




Equation (II1.17) represents the average annual ownership costs in present value
terms of a given asset. The final step required is to adjust the discount rate for tax
and capital cost allowance (CCA). In section [1L.B.3 it was shown that the cash fiows
could be adjusted to account for tax and CCA with the following equation:

- g (111.18)

d+r

Where: d is the CCA rate
t is the marginal tax rate
r is the after-tax, risk adjusted discount rate.2>

The after tax adjusted equation for the present value of depreciation and ownership

AAE = -C+—s-&r—— 1- at : (111.19)
NCO (l"’r)T d+r l_(l’lr).r .

3. Capital Investment Analysis and Repair/Downtime Costs

costs is then:

An approach similar to that taken in the ownership cost section is taken to dis-
counting repair costs. Annual cash flows in real terms for repair costs were gener-
ated using the ASAE repair cost equations (explained in earlier sections). Cash
flows for annual downtime costs were also generated using the methodology outlined

in section IILA.4. These cash flows are converted to present value as follows:

RDT, RDT, RDT,
PV RDT eyosa; ( + -

1+0) (1+r)2 7 (1+r)”

Where: PV RDT is the present value of repair and downtime costs from years 1
ton
RDT, are the repair and downtime costs in year n

r is the discount rate.

] (111.20)

This one cycle repair cost present value can be simplified to:

25 See section on "The Discount Rate" for a more detailed discussion on the derivation of the dis-
count rate.
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L RDT,
a1 (1+1)°
Since the repair costs change each year within each cycie "k" a summation of the

PV RDT .y

(111.21)

present value of repair costs for each of the yearsn=1- 7 isrequired. The pres-
ent value of taking the number of cycles to infinity is then derived using the same
process as outlined in the previous section on ownership costs.
Expanding equation (II1.21) to "k" cycles leaves:

L. RDT, | L RDT, 1 L. RDT,
v RDT*""“’[ZU +r)"]+(1 +r>[zcl+r>"}”‘+cl +r>‘*'”’[zcl+r>“]

re] n=} n=1

(111.22)
Where: k=19
Simplifying as in section I11.C.2 we have:
L RDT, (1+r)T ]
AAE = 11.23
wor [;mr)"][mr)’—l ' (29
And by factoring further simplification leads to:
AAE [i RDT"] - (171.24)
= 1 P
T st (1+7)" l-'“")7

Equation (IIV.24) represents the annual equivalent cash flow of repair and downtime
costs for an asset kept "T" years and replaced with an identical a<set at each interval
IIT'.

Tax adjustments can also be made to the repair cost cash flows using a tax
adjusted discount rate. The result is:

N (1-t) r
AAE ppr = [ZRDT,,W][I_ ; ] (111.25)

n=1 (l‘f)T

The key formulas specifically used in the asset replacement model are I11.20 and
II.25. These are used to calculate annual repair costs (in present value terms) and

average annual repair costs for the entire range of plausible replacement cycles.
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Suniming the average annual repair/downtime costs with the average annual capital
outlay for each possible replacement cycle will determine the optimum replacement

cycle for each machine.

Section IV outlines the operational modeis which size the farm equipment and

determine the optimal replacement pattern for each machine.
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IV. Operational Models
A. Machine Sizing Model
1. Overview

Machine sizing has been an important farm level decision since machinery has
become an integral part of farm capital stock. There are many factors which influ-
ence machinery purchasing decisions including status, efficiency (technology), finan-
cial status of the farm, required field use, timeliness and ability or desirability to bear
risk. All the factors listed (including status) have economic consequences for each
individual farmer.

Perhaps the two most important factors to consider when sizing equipment are:

i. The total acreage to be covered and the amount of time available to do the

work.
ii. The risk of downtime and the relative costs associated with the occurrence of
downtime.

A farmer typically sizes his/her machinery complement so that the costs of
downtime are equated with the cost of purchasing the next largest size of equipment.
This assumes indifference between paying the downtime costs or having larger equip-
ment. As described earlier downtime was valued at equivalent custom rate charges.
Though downtime could not be implicitly integrated with the sizing equations the
costs of downtime were calculéted for the replacement model. Since the costs of
downtime were not incorporated directly in the sizing equations the size of equip-
ment chosen will represent the upper bound in terms of size. A least cost comple-
ment derived using timeliness costs will necessarily be smaller in size than the

complements chosen using this studies apprcach;26 As a result the compensation

26 [For a more detailed explanation on this matter see section 3.A.4.a and Brown and Schoney, 1985.
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payments outlined in later sections will also represent upper bounds. The larger the
machine chosen the larger the compensation payment for a given farm size. These
are important considerations for future policy and research in fixed cost compensa-
tion.

The following sections describe the sizing model in more detail.

2. Data Input and Flow of the Sizing Model

In the sizing model initial machinery complements are chosen and cultural prac-
tices of the farm are defined. Most of the common types of machinery are supported
by the model. Corresponding drafts, speeds, field efficiencies and tractive
efficiencies are listed for all machinery which enter the sizing program. Cultural
practices for the areas being studied (Peace River, Edmonton-Red Deer, Airdrie and
Oyen) are also input at this stage. The types of equipment ahd the typical number of
field operations made by each piece of equipment are entered. Appendix C shows
the number of field operations by machine for each region under study. Similar data
are required for non-sized equipment for use in the asset replacement model.27

Once the machinery is sized the number of hours each machine operates for a
given farm size is calculated. This is done for both machinery which is sized and
machinery which is not sized.2Z8 These estimates are required for the "Asset
Replacement" model to derive repair and downtim:= costs. These variable costs
along with the fixed ownership costs will determine the total ownership costs and
optimal replacement cycles.

The farm size is then incrementally decreased 20 times by 1 acre to represent

27 Handling of non-sized equipment for compei:szi;on payments is described in more detail in the
“Asset Replacement Model'e;lectgon later in the paper. pe

28 E;lluipment which is not used in the seeding window is still eligible for compensation. Also, the
annual use is important to the replacement issue and therefore, the compensation issue.
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the most probable expropriation situations. Once again, a series of average annual
hourly uses is generated for each machine. These are generated while holding the
machine complement fixed and calculating the number of hours spent on all farm
operations. Secondly, the equipment is re-sized for every increment in farm size to
determine if a feasible smaller piece of equipment could be substituted on the
smaller land base.2?

The following flow chart represents the workings of the sizing model.

29 It would be ed that small incremental changes of say one acre would have minimal impact
on machine complement sizes. This held true, thougﬁ for slightly larger il)szmial takings there are cases
where machinery could be re-sized, see the results section for more details.



Figure IV.1: Flowchart Of The Machine Sizing Model
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3. Seeding Window and Workday Probabilities

The time available for seeding is generally the constraining {actor for machine
sizing. Late seeding due to under-capacity of machines and/or excessive downtime

can reduce net revenue through reduced yields and/or grades. This is a result of a

34
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shortened growing season and pushing the harvest schedule later than would other-
wise occur.

Rutledge and Russell30 generated a series of work day probabilities for tillage
operations in Alberta. These probabilities are based on weather parameters such as
rainfall, temperature, and wind which affect the moisture content of the soil and in
turn influence the operation of tillage and seeding machinery (Rutledge and Russell,
1971).

Based on the relationship between available hours and farm machinery sizes
Rutledge and Russell state that:

Since the size of machinery system required to complete a given task is inversely

proportional to the amount of time available, it is necessary to have an estimate
of available time before the least cost machinery system can be determined.

Their model incorporated field tractability (based on type and moisture of soil),
evaporation and evapotranspiration estimates, and machine draft requirements. To
derive "field tractability" and other related estimates accurate weather data was
required. Daily or monthly observations of temperature, precipitation, wind speed,
hours of sunshine and dew-points were necessary and were available only through
the Edmonton, Calgary, Lethbridge, Medicine Hat, and Fairview weather stations.
These stations however, cover the province quite well.

These workday probabilities were used to determine the available time for
seeding in the Fairview, Edmonton, Calgary and Lethbridge areas. An average
workday of 10 hours was assumed and a seven day work week. Table IV.1 shows the

breakdown of working hours available for seeding for the four study areas.

30 Rutledge, P.L. and Russell, D.G., Work Day Probabilities for Tillage Operations in Alberta, Agricul-
tural Engineering Research Bulletin, University of Alberta, 1971.



[Table IV.1: Available Hours by Study Area

i Description Peace
River Edmonton  Airdrie Oyen

| Prob. of workday J7 13 .
| Work Day (hrs) 10 10 10 10
i Work Week 7 7 7 7
| Start Date May 01 May01  April 27 April 23
| Finish Date June7  Junel5 une 5 May 31
i Total Days 38.00 46.00 40.00 39.00
| Available Days 29.12 33.44 26.70 .

| Available Ho 291 334

Source: Derived from Rutledge and Russell (1971) and Best Field Records from
Alberta Agriculture (ﬁoduction Economics Branch).

The following sections describe how the available working hours are used to

determine implement and tractor sizes.
4, Implement Power Requirements

The analytical framework for sizing farm machinery is based on work done by
Anderson.31 Once the available hours for seeding are derived the power require-
ments for each implement are calculated. The power requirement is a function of
the draft of the implement, reserve capacity of the tractor, tractive efficiency and
field efficiency. The power requirement is derived using the following equation:

2.8935X KN

Pi(l(lllhalhr) = m (v.1)

Where:  Puyxwinarnry is the power requirement of implement i

KN is the implement draft (KN/m)
rc is the reserve capacity of tractor
u is the tractive efficiency and approximates
.88 on concrete
.78 on stubble
.65 on tilled soil
.55 on soft soil
E field efficiency.

31 Anderson, A.W., Determining Optimal Machine Capacity For Cropping Systems, iculture and
Forestry Bulletin, March 1985. pping Sye A



37

These measurements are only taken for implements which are required during the
seeding window for seedbed preparation and seeding. Other implements and opera-
tions (such as sunimerfallowing) are not under time constraints and therefore do not
enter the sizing equations.32
5. Tractor and Implement Sizing

In order to find tractor size the total coinplement power requirements are
summed, converted to kilowatt-hours (KW-HRS) and divided by the total hours
available for seeding as calculated in section IV.A.3. A description of the equations
for calculating tractor and implement sizes follow.

The power requirement of ¢ach implement i as defined in section IV.A.4 are

first converted to kilowatt hours (KW-HRSs) by:

2.935X KN

P‘(xw/ha/hr)=m (1V .2a&2b)

KW —HRSS,= P xw/narnry* RQ otaicoveredciy

Where: KW -hrs, is the conversion to kilowatt hours for each implement i

Pyxwinarary i the power requirement of implement i in Kilowatts per hect-
are per hour

hQoaicovereaqsy 1S the total area implement i is required to cover.
Total tractor power requirements are calculated by summing the individual

power requirements of each implement (from i=1 to /).

/i
‘ZI(KW—hrs,)

= V.3
T powerckw) Total Working Hrs Available ( )

32 For example combines and swathers are not included in the sizing model.
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7
Where: Y (KW -HRSs,) is the sum of power requirements for all implements
t=1

Total Working hrs Available is the total working hours available
for seeding.

The required work rate for each implement is then established by dividing the
total power requirement (T pouer k) by the power requirement of each implement

(in kilowatts per hectare per hour) as follows:

Tpowar(l{l/)
o) 4
KW/ha/hr; (v.4)

Where:  Implement asaryis the work rate of implement i in hectares per hour

Implement; g4y =

T pousr (xv)iS the tractor power in kilowatts.

The final step is to calculate the width of each implement. Equation (IV.5)
converts the work rate to width. This step determines the necessary machine width

to complete the assigned tasks (field work) within the allotted time.

10X Implement pa/nry
(speed;Xef ficiency,)

Implement qm) = (1V .5)

Where:  Implement g, n,is the width in meters of implement i
10 s a conversion factor to meters
S peed, s the field speed of implement i

E f ficiency, is the field efficiency of implement i.33

Table IV.2 shows the field efficiencies, drafts, speeds, and tractive efficiencies

for the equipment available in the sizing model.

33 Field efficiency takes into account lost time as a result of turning, working of headlands, overlap
and in the case of seed drills re-filling.
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[Table IV.2: Field Coefficients for Machine Sizing Model (Edmonton)
Field Draft Speed Tractive
{ Description Eff.(%) (KN/m) (Km/hr) Eff.(%)

| Combine SP 75 n/a 4.9 n/a
i Combine P.T.O. 75 n/a 49 n/a

SP Swather 80 n/a 9.0 n/a
| P.T.O. Swather 75 n/a 9.0 n/a
| Hoe Drill 75 3.0 8.0 .63
Double Press Drill 75 3.0 8.0
t Hoe Drill W/Trans 75 3.0 8.0
| Air Seeder W/F.Cult 75 40 6.4
Air Seeder W/Chisel 75 4.0 6.4
Offset Disc Single 80 4.0 7.2
Offset Disc Double 80 4.0 72
| Tandem Disc Rigid 80 4.0 7.2
Tandem Disc Foldiag 80 4.0 7.2
Field Cult 80 4.0 8.0
| HD Field Cult 80 4.0 8.0
i Cult W/Anhyd 80 4.0 8.0
| Moldboard Plow 80 5.0 7.0
1 Rodweeder W/Multi 80 4.0 8.0
Harrows No Autofold 80 2.0 8.0
| Harrows W/ Autofold 80 20 80
g FField Sprayer 80 n/a 10.7

|

SOLJRCE:ASAFE Standards and ASAE Transactions (various years).
? #ypendix B shows coefficients for all soil types.

B. Asset Reglacemvent Model

1. Overview

The purpose of the asset replacement model is to determine the optimal

replacement period of some given farm machine and the average annual ownership
costs associated with that asset and replacement period. Many factors are invoived
in the asset replacement decision. The 1e-sale value, expected future repair costs,
availability of new technology and labour constraints are some of the most obvious.
This model is an identical challenger replacement model and therefore rules out any
improvements in machine design over time as a motivating factor for replacement.

This is a weakness of such models, however, the primary focus of this research is to



determine fair compensation payments for fixed costs. While the modelling of asset
replacement behavior is important, minor changes in replacement cycles should not
bias the compensation payments greatly. The primary influences in this replaceinent
model are changing repair and downtime costs over time along with annual depreci-
ation/opportunity costs of holding that asset. It is the interaction of these factors
over the assets life expectancy which determine the optimum replacement cycle.

It should be noted that only new machines are used in the analysis. This study
determines optimal replacement cycles for farm machinery assuming all equipment is
purchased new. Should replacement of a machine happen before it wears out there
must also be a market for used machinery (it is this market which the salvage value
formulas are predicting). An analysis on the economics of purchasing used versus
new machinery was beyond the scope of this work.

The following sections describe the workings of the asset replacement model.
As in the sizing model, Lotus 1-2-3 is used to facilitate the process.

2. Data Input and Lookup Tables

Data from the sizing model is used as input tc the replacement model. Recall
that, in the sizing model, all required machinery was chosen and details on the farm
structure and cultural practices were defined. The replacement model brings the fol-
lowing data from the sizing model for further analysis:

i). inventory of machinery
ii). initial size of complement for given farm size
iii). annual hourly use of all equipment for initial farm size
iv). annual hourly use for all equipment for all farm sizes (farm size decreased in

increments of 1-5 acres)
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v). equipment sizes after re-sizing for all farm sizes
vi). annual houfly use for all equipment after re-sizing34

In section III (Economic Analysis), the methodology for calculating repairs and
salvage values were defined. In the case of repair cost estimation there are equations
which use regression coefficients to derive hourly costs. These coefficients vary for
each type or group of farm machinery. A lookup table is used so that repair coeffi-
cients are matched automatically with the farm machinery brought in from the sizing
model. These are then used in the necessary repair cost calculations which are
explained later in this chapter. Coefficients for salvage value estimation are handled
in the same manner as the repair cost coefficients, through the lookup table.

Other data brought into the lookup table include; annual houriy use of each
machine in the base case scenario39, the hourly use of each machine in the sceiario
under examination, and the machine size being used.36

Also included in the lookup table are the financial data used by the model.
These data include the discount rate (see section I11.B), downtime opportunity cost
per hor (see section I11.A.4), labour cost per hour and the machine risk coefficient
(the latter two will be discussed in more detail later in this chapter). The factors

mentioned above can be changed easily and allow for sensitivity analysis.

34 Note that some equipment is assumed to be fixed at the outset (ie: combines), and annual hourl
use will therefore change as farm size change. If equipment is available at a size which is optirysm for
the new smaller farm, annual use will remain relatively unchanged since the seeding window 2.+
the same hours for seeding after the taking as were available before the taking. Jobs which axc :aone
outside the seeding window (ie: summerfallowing) will result in a different total hours of us¢ if the
size of equipment has changed.

35 The base case scenario is the initial farm machinery complement used in the farming operation
before the partial taking.

36 The machine size and annual hourly use for all scenarios are brou?ht into the lookup table in a
"loop" and used for determining ownership costs and replacement cycles as described later in this
chapter.
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Fcllowing sections explain the subsequent steps in the model which are taken to
determine annual ownership costs, optimal replacement cycles and compensation
payments.

3. Determining Initial Purchase Prices

It was assumed that all machinery is purchased new for the purposes of this
study. A market for used equipment exists, however, it was beyond the scope of this
study to evaluate the economic alternatives of used versus new versus leased equip-
ment. Clearly there must be a portion of equipment on farms which was purchased
new, however, only new equipment was evaluated.

The Production Economics Branch of Alberta Agriculture have done several
dealer surveys of new machinery values with their most recent being 1985. The study
"Farm Machinery Costs" typically used manutacturers suggested list prices. In the
early 1980’s however, it was believed that these prices were likely higher than actually
received by the dealers. Therefore, the 1985 study collected average actual sales
data rather than suggested list prices. Where not enough sales existed suggested list
prices were used. The data was colle¢ied by machine type and size. Prices were
indexed to 1989 using the farm input price index.

For the purposes of this study and the programming aspect of the models it was
preferable to have purchase prices in the form of an equation rather than strictly a
data set since the sizing model generated sizes in integer increments. Ordinary Least
Squares (OLS) regression: estimates were applied to the data set of new mackhinery
values. The data for all machinery fit well with linear regression. Figures IV.2 and
IV.3 show a sample of the results for 2 and 4 wheel drive tractors, press drills and
cultivators. Shown in the figures are the actual data points, best fit lines and the OLS

coefficients. The coefficients of determination (R2) values were all extremely high,
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usually above 95 per cent. An R2 of 95 percent implies that 95 percent of the varia-
tic .1 in the dependant variable (price of the machine) is explained by the indepen-
dent variable (size of machine). The t-stats for ail coefficients were significant at the
1% percent confidence level.

Figure IV.2: Regression Results For Tractor Pricing
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Table IV.3 contains the results from the regressions run for the equipment

iricorporated in this study.

Table IV.3; Regression Estimates for B

Description Constant Siope t-stat R2
i Tractor 2WD -2324.62 440.55 3820  .9905
Tractor 4WD 34894.70 304.15 2139 9871
Combine SP -21079.80 6778390 12.86 .9822
Combine P.T.O. -4628.00 3540.25 427  .9480
SP Swather 11762.21 177.05 674 9380
P.T.O. Swather 1789.10 240.60 693  .9600
Hoe Dirill 754.57 916.95 3945  .9962
Double Press Drill 1352.76 945.88 1828  .9824
Hoe Drill W/Trans 95.79 1327.05  151.18  .9998
il Air Seeder W/F.Cult 22988.75 502.77 1022 9721
Air Seeder W/Chisel2 23853.09 626.07 320 .7733
Offset Disc Single -2691.81 947.75 1096  .9525
Offset Disc Double 3085.06 516.50 20.77  .9840
Tandem Disc Ri%id 844.60 372.93 1133  .9554
Tandem Disc Folding 1632.01 626.03 785 9249
Field Cult -1847.43 487.87 4031  .9843
HD Field Cult -1396.20 520.46 2379 9792
Rodweeder W/Multi -2379.16 369.97 21.16  .9868
Harrows No Autofold -2003.62 131.49 9.33 9561
Harrows W/ Autofold 2099.84 76.12 19.26  .9867

1 Note: All t-statistics significant at the 1% confidence level.
t-statistic significant at the 5% confidence level.

4. Present Value of Repair and Downtime Costs
In this stage the present value of annual repair and downtime costs are calcu-
lated. They are calculated for each year up to a maximum of 21 years or the machi-
ne’s wear-out life, whichever occurs first. For each year repair and downtime costs
are estimated and calculated in present value terms. An example follows for
illustrative purposes. A tractor in year 2 of the analysis has the following data as

would appear in the lookup tables.
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[Table IV.4: Repair and 2 Data for Tractor
Annual Wearout
Size Price Use Life
(h.p.) 6)) (hrs) (hrs)

1201 00088 498 10,000

The repair formula has the form:

AH-n|"
TAR, (R,)[ 1000] PP (v .6)
Where; TAR, isthe Total Accumulated Repair costs at year n
R, is the repair coefficient 137
R, is the repair coefficient 2
AH is the annual use in hours
n is theyear
PP is the purchase price.

Therefore, in our example the repair costs in year two would be:

498 27> 498-17*%
TAR, =| (0. - . + $49,900
2 [(o 012)[ 1000 ] (0 012)[ 000 ] $

(v.7)
TAR, = $445.31
The repair costs for year 2 are then put into present value terms by standard dis-
counting techniques. The present value of a sum of money received in the future is
derived by:

Fv
PV, = - (v .8)
(1+r)"

Where; PV, is the present value of a lump sum of money to be received in year n
FV, is the non-discounted lump sum of money received in year n.

In the example then, the present value of the second year repair costs are:

($445.31)

(205" $381.78  (IV.9)

PV, of (TAR,)

37 See section I11.A.3 for details on their source and derivation.



The estimated costs of downiime also need to be calculated for each year in the 21

year analysis. Recall that the function for estimating downtime hours is:

DT = [a-AMH,, " ="].DTOC (IV.10)

Where, mn is an observation for machine m in year
DT, isthe cost of downtime for machine m in year n
AMH,,, isthe annual machine (m) hours in year n
CMHL,,., isthecumulative machine hours jagged one year
DTOC is the downtime opportunity cost per hour.

Once again for the tractor example the cost of downtime in year 2 would be:
DT, = [0.0184-498 (00001872 (48Z2-11. §0.20/hrx 121.1H.P.
(v.l)
DT, = $243.62

In present value terms the downtime costs for the tractor in year 2 are:

(243.62)
(1+.08)2

This process is carried out for years 1 to 21 or until the machine reaches its

PV, of (DT,) $208.86 (v.2)

wear-out life (whichever occurs first). These results are incorporated with the depre-
ciation costs to determine the optimal replacement cycle. Figure IV.4 shows the
present value of annual repair costs expressed as a percentage of original purchase
cost. Discounting has a significant impact on the form of the repair cost schedule.
The non-discounted (nominal) annual repair cost schedule retains a positive slope
throughout the machines useful life (recall figure II1.2 in section IIL.3). This is quite

different from the discounted annual repair costs shown in figure IV 4.
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Figure IV.4: Present Value of Annual Repair Costs
Present Value of Annual Repairs (% of Purchase$)
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5. Present Value of Capital Costs

The present value of depreciation and opportunity costs are calculated in much
the same manner as the repair and downtime costs in section 4. As was the case with
repair costs the costs of ownership (depreciation and opportunity costs) are calcu-
lated for each of 21 years or until the machine wears out, whichever occurs first. The
cost in each year represents the total present value of ownership costs if the machine
is kept from new (year=0) to the year being evaluated (year-n). For instance year 2
in this section of the model would represent the present value of ownership costs
from year 0 to year 2.38

An example using the 2WD tractor (also used in the example with repair and

38 This differs slightly from tke grevious section on repairs and downtime costs. In that section the
costs associated with each individual year were calculated. The sum of inividual years yields the
same results as this section on ownership costs.
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downtime costs) will more clearly show Ziow the calculaq+. = 1re made. The lookup
table values used in the calculation of ownership costs for tiie fractor are sk:«::1in

Table IV.5.

— ]

Table IV.5: Depreciation and Annual Use Data for 2WD Tractor

Annual Yzarout
Size Price Use Life Dq Do
| Machine (h.p) ) (hrs) (hrs)

Tractor 2WD 120.1 50,588 498 10,000 0.68 0.92

These values are used to estimate depreciation and opportunity costs. Recall that

the equation to calculate depreciation costs take the form:

NCO —[-c+l SVa ] 1V .13)
o (1+r)" '

Where: € is the initial capital outlay
SV, is the salvage value in year n
r is the discount rate.

Also recall that the salvage value is calculated using the form:

SV, =[D,X(D,)"xC] (IV.14)

Where: D, adjusts for the first year depreciation
1- D, isthe annual rate of depreciation.

These equations are used in the calculation of total accumulated ownership costs
from year 0 to year n. Once again as an example the 2WD tractor is used. We
assume year two of the analysis and use the appropriate data from table IV.5. To

simplify we can also combine the previous to equations to obtain:

+(D.x(bz)"xm]
(1+r)"

In the example the actual present value of ownership costs incurred through year two

NCO,,=[—C (IV .15)

would be:
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2 X
Ncon=|:_49'9oo+(.68x(.92) x49.900)][1_ 2%.3

(1+.08)2 3+.08
NCO,=%21,286

This calculation for the present value of ownership costs is performed for each of the

](1V.l6)

21 years in the asset replacement model. Data in the lookup table (table IV.5.)
which have not yet been used includes annual hours of use and wearout life of the
machine. The following section outlines the purpose these factors have in the calcu-
lation of ownership costs.
6. Depreciation Rate Recalculation

Previous sections have outlined the methodology for calculating salvage values
which are based on the ASAE formulas. The functional form is derived from sales
data of farm machinery. The parameters used were sale price and age of machine.
No efforts were made to correlate the accumulated hours use with the resale value of
the machine. This is a significant drawback of the ASAE approach to estimating sal-
vage values, however, better estimates are not currently available. Therefore, the
ASAE approach was adopted.39

Note that table IV.5 listed not only the coefficients used for calculating depreci-
ation (D1 and D»), but also annual hours of use and machine wearout life. This
information is used in conditional statements to determine if a machine reaches its
physical wearout life before the end of the models 21 year analysis. Upon physical
wearout of a machine it is assumed that the salvage value is ten percent of the initial
capital outlay. Since the estimation for depreciation is based on machine age only, it

is possible that machines wear out either before or after they reach the ten percent

39 Earlier it was mentioned that Alberta Agriculture and the Univetsil¥ of Alberta are currently stu-
dying this issue in order that better estimation techniques are available for salvage values.
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salvage value figure. In these cases an adjustment must be made to the annual rate
of depreciation (1-D3) such that the machine reaches a salvage value of ten percent
of initial capital outlay upon wearing out. Figure IV.5 and IV.6 show a hypothetical
case where a machine reaches its wearout life before and then after its salvage value

reaches ten percent.
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Figure IV.5: Wearout Life and Salvage Value
Machine Wears Out Before SV=10%
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Figure 1IV.6: Wearout Life and Salvage Value
Machine Wears Qut After SV=10%
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In the event that a machine wears out either before or after its salvage value
reaches ten percent the salvage value equations are re-worked and solved for a new
D7 which will depreciate the machine at the appropriate annual rate. In these cases

the machine will depreciate to ten percent of its original cost at the point in which it
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wears out. The functional ¥orm of the equations remains unchanged, however, the
depreciation rate is either accelerated or decelerated. Following are the steps taken
to determine the appropriate depreciation rate.
The salvage value equation can also be expressed in terms of a percentage of
capital outlay as:
SV(%),=D,X(Dy)" (v .17)
Where: SV (%), isthe salvage value as a percentage of the original purchase price.
We assume the salvage value at the end of the machines physical life to be ten per-
cent. Therefore, equation (IV.17) is represented as:
SV(%),=D,X(D;)"=0.10 (1V.18)

Since D1 remains unchanged we have an equation with only one unknown, D3. Solv-

ing for Dy:
nlog(D2)=log(9-'DlTﬂ) (1v.19)
0.10"
o a(5)
9(Dp)=———= (1V .20)
0.10
expyilog| 5~
D,= ( n(”' ) (v .21)
\"
10™(5)
Dy= —— (1v .22)

Where: D, andn are known variables
n is the year in which the machine wears out.

The asset replacement model vses a conditional statement in each year to determine

if the machine has reached its physical wearout life or depreciated to less than ten
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percent of its purchase cost. If either of these conditions are met the factor D5 is
re-calculated so that the machine will have reached ten percent of its original value in
the same year in which it wears out.
7. Optimal Replacement Strategy

In previous sections the present value of annual repair and downtime costs and
capital costs were determined. These present value annual ownership costs are used
in the calculations for optimum replacement cycles. This section outlines the capital
investment analysis which was incorporated in the asset replacement model to
accomplish this task.

Recall from section II1.3 that the annual average capital costs were determined

by:
sV, dt r
PP e [ (1+r){“t d""jl[l-(hlr)’jl ( :

Also recall that the annual average repair and downtime costs were estimated using

AAE

the following:

s r
(r-t) | —I
rapoirs [Z iy || 1o ( )

(+r)7

For each implement (i) in the machinery complement the above capital and repair
costs are calculated. The total average annual ownership costs (Equation IV.25) for

each implement are calculated for each of tlie 21 years in the model.

p SV ~t) I
AAE“‘"""’""”"{[ - (1+r>7}[ d+r] [M‘:RD "(1+r )]}{ u.',)r>

(v .25)
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These average annual ownership costs are the present value of all future costs based
on replacing the machine every "T" years to infinity.40 These costs are calculated for
each of the 21 years available in the model. Replacement cycles (represented as "T")
can be no longer than 21 years. This seems reasonable given the life span of most
agricultural machinery. The minimum value in the 2} year string of present values
represents the optimum age to replace. This is the point at which average annual
costs of ownership have reached a minimum. Conversely if a machine were replaced
every year (T=1) the expected average annual costs are extremely high. This follows
from earlier discussions on salvage values and repair costs. Farm machinery is
depreciated quite heavily after the first year of ownership while repair"‘1 costs are
quite low. If the machine is replaced every year the burden of first year depreciation
would be spread only over the one year. Clearly it makes sense to hold the machine
while the annual costs are decreasing,.

Figure 1V.7 shows typical optimal replacement curves for a combine and trac-
tor. The average annual ownership costs decline quickly in the first few years, reach
a minimum then begin to increase. As the annual capital costs are declining over
time the cost of repairs are increasing. After the point at which average annual costs
reach a minimum, the cost of repairs begin to increase at a faster rate than the capi-
tal costs are decreasing and therefore total annual costs begin to rise. Before the

minimum the opposite was true.

40 The H{(%ccss for annualizing the total present value of all future replacement cycles was shown in
section I1L.3.

41 Repair costs include both repairs and cost of downtime.



Figure IV.7: Optimal Replacement of a Combine and Tractor
Average Annual Ownership Costs
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a). Tolerance Coefficient

In some cases, especially where machines typically have low lifetime repair
costs, the optimal replacement curve decreases at a decreasing rate but never
actually reaches a minimum. Often low maintenance tillage equipment falls into this
situation.

The optimal replacement curve "flattens" out and usually there is a minimal dif-
ference in actual costs from one year to the next. For instance, in some cases the dif-
ference between two years in total ownership caosts have been as small as $150 to
$500. Various factors which have not been incorporated into the asset replacement
model would likely force the annual costs to a minimum at some point less than 21
years. Some of these factors include technical improvements in machinery, risk of

further breakdown, and ease of use. It is likely that incorporation of technical
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changes in machinery would have more than offset small differences in annual own-
ership costs experienced with some of the machinery analyzed.

A tolerance coefficient was used to overcome this problem. The method used
was to measure the difference in ownership costs between years on a percentage
basis. If this percentage difference between two consecutive years was less than the
tolerance coefficient, the annual ownership costs were assumed to have reached a
minimum. This tolerance level is 4 percent and was chosen arbitrarily. Choosing a
replacement cycle with the 4 percent rule resulted in replacement strategies for till-
age equipment similar to those experienced on Alberta farms.42
C. Fixed Cost Compensation

This section deals with the determination of compensation payments for fixed
costz. The equipment has been sized for various farm sizes both before and after
pariial takings and annual ownership costs have been derived. These data are used
to develop the compensation payments necessary for various sizes of partial takings.

The basic premise of the compensation payment is to calculate the difference
between the total annual ownership costs before and after the taking. Compensation
payments will vary depending on whether some or all of the machinery can be re-
sized. Cases where re-sizing was possible are discussed followed by the method used
for calculating compensation payments when re-sizing was not possible.

1. Compensation When Machines are Re-Sized

In previous compe.sation payments no consideration was given to the possibil-

ity of re-sizing equipment. Where the size of the taking is large enough say 80 to 160

acres no further compensation is necessary since the landowner can purchase an

42 The crop case study (Alberta Agriculture) was used as a guide to help determine an appropriate
tolerance level.
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equivalent amount of land on the open market. His/her asset base has remained
unchanged under such a scenario. Where the taking is smaller and no equivalent
blocks of land are available on the market the issue of fixed cost compensation arises.
However, if some or all of the equipment can be re-sized the landowner would once
again be economically efficient with the bundle of capital assets and compensation
should be based only on the length of the old machine’s replacement cycle. The asset
replacement model calculates the compensation payment for equipment which can
be re-sized using the principals just described.

The replacement cycle of the initial machinery complement may well be altered
as a result of the partial taking. Since the structure of capital and repair costs has
changed with the smaller land base these changes in costs are also calculated. The
net change in the cost structure for non-land fixed costs are measured and used for
the compensation payment. The loss then is the difference in annual ownership costs
(before and after the taking) caiculated for the duration of one replacement cycle of
each machine. Ownership costs have been calculated as annualized net present val-
ues and therefore represent an annuity. In order to calculate the compensation pay-
ment the present value of an annuity will be calculated. This annuity is the difference
between the annualized net present value of the fixed costs befcre and after the

partial taking. The present value of an annuity can be expressed as:43

PVa,.nuuy=PMT/(l—(l;r)-n)) (IV .26)

Where: PV gy S the present value of an annuity
PMT is the annual annuity or payment
PMT( )" recall that this is the single period present value formula used

earlier in the capital investment analysis
n is theyear.

43 See Brigham and Gapenski, "Intermediate Financial Management", 1985, for more details.
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The fixed cost compensation is then derived using the annuity factor defined above

multiplied by the difference in annual ownership costs as a result of the partial tak-
ing.

-7
-— l+ m
FCf.,,_ui“dn‘-:AAOCm-PMT(l ¢ rr) ), (IV .27)

The compensation for the farm is then the summation of the compensation for all
machines which were re-sized to the new smaller farm size as a result of the partial
taking.

M

-T.=
FCCregizea™ . [AAOCm-PMT(l—(l:r) )] (1V .28)

m=1

M
Where: Y is the summation of all machines from m=1 to M.
me=1

2. Compensation When Machines Cannot be Re-Sized
Farm size, the size of the taking and the type of machine will influence whether
a machiiie can be re-sized. In cas:: where a machine cannot be re-sized the land-
owner will have incurred a permanent loss in efficiency. Since he/she will not be as
well off after the taking as before, compensation is necessary. These compensation
payments are based on the appraisers approach to estimating land value. The loss
has been incurred permanently and thus can be expressed in present value terms by:

AAOC
FCCnore-sizing. = r = (IV.29)
Where:  FCCaore-sizing, 1S the fixed cost compensation for machine m which cannot

be re-sized
AAOC,, isthe change in annual ownership costs (AOC) for machine m.

Figure IV.8 is a basic flowchart of the Asset Replacement Model.



Figure IV.8: Flowchart Of The Asset Replacement Model
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V. Results

The purpose of this study was to determine the effects paitial takings of farm-
land have on non-land fixed costs. Results shown in this section outlinc specifically
what these additional costs are. Tables have been organized by region and farm size.
Within each table are the appropriate compensation payments for various sizes of
partial takings and four typical farm sizes (640, 960, 1280, and 1600 acres). Determi-
nation of an appropriate compensation payment is done by looking up the farm size
and the size of the partial taking within the correct region. The correspondixg value
is the compens ' payment on a per acre basis#4 which is required to leave the
landowner as well off after the taking as he/she was before the taking.45 Tables V.1
to V.4 show the compensation payments for the Edmonton, Peace River, Airdrie,
and Oyen.
A. Compensation Payments by Farm Size and Region

The results from running the sizing and asset replacement model are in tables
V.1to V.4. Three farm sizes were run for each region. A total of 2046 jterations on
each of the farms were used to estimate compensation payments for various sizes of
partial takings. Payments appear to be linearly related to the size of takings which
ranged from 1 to 19 acres. Earlier simulations (not included here) using 5 acre incre-
ments showed significant changes where the partiai taking was quite large, say 50 to
75 acres. The optimal replacement period does not vary with takings less than 50

acres. As a result the compensation payments on a per acre basis are fairly uniform.

44 The compensation payments are represented by dollars per acre taken. In other words if the par-
tial takin 1“6%50 5 acres with a compensation payment of $200 per acre, the total payment to the land-
owner is .

45 These compensation payments are for fixed costs, the market value of land is assumed to have
already been compensated for.

46 The first iteration is the base case scenario (ie: no change in farm size) a further 19 iterations were
run to compare to the base case.
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Payments differ between regions since machinery use, cultural practices,
machine drafts, and available working hours all vary significantly around the prov-

ince. These relationships have important consequences for the final compensation

payment.

Table V.1: Compensation Payments (Edmonton Region)
Initial Farm Size
Size of 640 960 1280
Taking Acres Acres Acres
Compensation Pa&nents ($/acre)
1 385.52 316. 284.94
2 385.59 316.11 284.98
3 385.65 316.15 285.02
4 385.72 316.20 285.06
5 385.78 316.25 285.10
6 380.40 311.42 280.55
7 380.46 311.46 280.58
8 380.53 311.51 280.62
9 365.63 311.56 280.66
10 367.19 311.60 280.70
11 368.48 311.65 280.74 .
12 345.43 2871.79 256.99
13 346.35 272.98 257.02
14 347.15 274.09 257.06
15 347.85 275.05 257.10
16 348.48 275.90 257.13
17 349.03 276.65 242.38
18 324.73 277.33 243.24
‘ 19 326.49 277.94 244.01




Table V.2: Compensation Payments (Peace River Region)

Initial Farm Size
Size of 640 960 1280
Taking Acres Acres ~ Acres

Compensation Payments ($/acre)

i 1 411.98 336.44 302.12
2 41204 33648  302.15
3 41209 33652 30218
4 41214  336.56 302.22
5 41220  336.60 302.25
6 412.25 336.64 302.28
7 40731 33226  298.18
8 397.84 33230 298.21
9 398.95 332.34 298.24

10 399.85 332.38 298.27
11 40059 32131 20831
12 401.23 268.54 298.34
13 37920 25125 276.24
14 373.88  255.50 276.27
15 37469  259.19 265.09
16 36754  254.04 257.17

18 368.74 259.44 258.40

19 369.26 258.92

17 36818 25690  257.82




| Table V.3: Cormpensation Payments (Airdrie Region)

. Initial Farm Size
1 Size of 960 1280 1600
i Taking Acres Acres Acres

Compensation Payments ($/acre)

1 261.38 240.49 220.69
2 261.41 240.52 220.71
3 261.44 240.54 220.73
4 261.47 240.57 220.75
5 261.50 240.59 220.77
6 261.53 240.62 220.79
7 174.79 240.64 220.81
8 185.66 240.67 220.84
9 190.60 237.45 217.78
10 197.38 237.47 217.80
11 202.93 237.50 217.82
12 207.56 237.52 217.84
13 211.49 237.55 217.86
14 214.85 237.57 217.89
’5 212.32 237.59 217.91
16 215.22 237.62 217.93
17 217.79 237.64 217.95
18 202.92 220.65 201.03
19 204.96 220.67 201.05
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Table V.4: Compensation Payments (Oyen ~egion)

Initial Farm Size

Size of 960 1280 1600

Taking Acres Acres Acres
Compensation Payments ($/acre)

1 237.21 216.38 194.42

2 237.23 216.39 194.43

3 237.25 216.41 194.44

4 237.26 216.42 194.46

5 237.28 216.44 194.47

6 237.30 21645 194.48

7 237.32 216.47 194.50

8 237.34 216.48 194.51

9 237.35 216.50 194.52

10 237.37 216.51 194.53

11 234.37 213.79 191.98

12 234.39 213.81 191.99

13 234.41 213.82 192.01

i 14 234.43 213.84 192.02

15 234.44 213.85 192.03

16 234.46 213.86 192.04

17 234.48 213.88 192.06

18 234.50 213.89 192.07

I 19 234.52 213.91 192.08

Notice that the relative compensation amounts on a per acre basis increase
from the lighter soils in the Oyen and Airdrie regions to the heavier soils in the Peace
region. This is mainly due to the increased draft requirements on heavier soils in the
more northern areas of the province which causes higher power requirements per
unit width of machinery. Also, the number of field operations required during the
critical seeding window will have an affect on machine sizing. An increased number
of field operations will require relatively larger equipment, this is the case in Peace
River and Edmonton regions as compared to southern Alberta.

Although the results show a linear trend as the size of taking increases they are
sensitive to a number of factors. Already mentioned were machine drait and cultural

practices, others include available time for seeding, types of machines required,



repair and depreciation schedules and discount rate.

The amount of time available for seeding has a significant affect on the size of
equipment required. It follows that as the amount of time available to complete a
given task decreases the size of machine required increases. This translates into
higher purchase prices (recall that purchase price is linearly related to size). Higher
purchase prices result in. higher compensation payments on a per acre basis.

Repair and depreciation schedules also have an affect on the compensation
payments. The compensation payment is based on the net present value of the
change in fixed costs as a result of the taking. The absolute level and change in fixed
costs is directly affected by the repair and depreciation schedules. For example if the
repair and depreciation schedules changed such that the minimum average annual
ownership costs were shifted this would also shift the relative compensation levels.

The discount rate is clearly a dominant factor in determining compensation
payments. It has impact in the capital investment analysis (section IIL.C) and on
computation of the final compensation payment. In cases where re-sizing is not pos-
sible the change in fixed costs as a result of the partial taking are divided by the
discount rate to derive the present value of all future losses. Clearly in this case a

change in the discount rate has a proportional impact on the compensation payment.



VI. Summary, Conclusions and Limitations

The models developed in this study are no different than most other models
which are designed to predict some real world situation. Mathematics and other
physical relationships allow us to build models which can provide reasonable esti-
mates of complex situations and alternatives. The study of many different real life
situations is often not practical or even possible. Modelling provides a tool which can
be used to study or predict many different alternatives in a relatively short period of
time. Also, it is often required that the issue be reviewed periodically, modelling
allows us :hat convenience. Most of the problems which arise from the use of models
is a result of inappropriate application of the model itself. Models must be used
within the boundaries of the input data. Assumptions were made in developing the
models in this study, careful attention was given to ensure that these assumptions
were reasonable and did not affect the credibility of the models.

This study employed two main models, a machine sizing model and an asset
replacement model. Various types of input data were required for these models
ranging from drafts of tillage equipment to a discount rate. All the assumptions and
physical/economic coefficients used in the models affect the results and the quality of
those results. The next few paragraphs deal with some of the limitations of the data,
and limitations of the models.

The machinery sizing model was developed using widely accepted engineering
practices. However, it was beyond the scope of this paper to determine optimum
harvest systems and the sizing of a two tractor tillage system. These components
would be useful additions to the sizing model at a future date. Only the primary trac-
tor was evaluated for re-sizing opportunities, the secondary tractor and a harvest sys-

tem were incorporated in the models, they were not however, tested for re-sizir.g
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possibilities.

Another drawback of the sizing model is that it is developed as an engineering
optimum and not a least cost complement. Others have developed such approaches
(Brown and Schoney, 1985), however, the critical timeliness costs which are required
for these models were not available for Alberta. As better data become available on
the costs of timeliness it would be a definite asset to the models presented in this
study.47 This study will have erred by overcompensating rather than under-
compensating as aresus ..£ - - i'iion cf a least cost approach.

The assumption that the {z1.:. -~ .gins, and replaces with only new equipment
will also generate compe. . “~ »ayments which reflect an upper bound. Compen-
sation payments would likely decrease with the use of a mixed line of equipment
(new and used).

The tables in the results section are, by design, general in nature. They apply to
large regions and assume homogeneous farming practices throughout the regicn, It
was felt that the possible error of such generalities were small. That is not to say that
more region specific farm models should not be developed. Once the concepts and
methods of this study are accepted additional farm models may be required. On-
farm survey work carried out by Alberta Agriculture could prove useful for such
extensions.

A. Recommendations For Future Work

The previous section outlined some limitations of the models developed for

machinery sizing and replacement. This section will briefly discuss current research

work and future research work which would assist in alleviating some of these limita-

47 The inclusion of timeliness costs essentially allows a trade-off between smaller less expensive
machinery and higher losses in revenue due to untimely field operations. Losses in revenue result
from lower yields and/or grades due to late seeding, late harvesting, or a combination of the two.



tions.

Downtime costs in this study were calculated using equations based on data
from California (annual downtime hours) and applying Alberta faﬁn machinery cus-
tom costs to these ann=:al downtime hours. It would be useful to have information on
the most likely method farmers use to mitigate downtime costs. For instance, during
the period of time a particular machine is down a farmer may rent the required
machinery, custom hire the job out, simply delay the fieli operation, or some combi-
nation of the above depending on the machine, time of year, workload, and time
required for repairs. Information in this regard would go a long way in not only
defining downtime costs more accurately but also determining the penalties to reve-
nue as a result of such decisions. Some studies (Brown and Schoney, 1985) assume
that all downtime costs are reflecte? :n yield/grade reductions. However, this is likely
an oversimpiification. Further research in this area is required.

A two tractor tillage system with both tractors being sized to match field
requirements would be an improvement to the sizing model in this study. A closer
look at the possibility of re-sizing harvest equipment would be prove useful for the
purposes of determining compensation payments.

The asset replacement model depends heavily on the estimation of repair,
downtime and capital costs. The need for improved downtime costs has been dis-
cussed. Repair and capital cost estimation also could use improvement. The repair
data are based on a Mid-West U.S. survey in the early 1970’s. Clearly farming
practices have changed along with machine technology over the past 20 years.
Repair cost functions have also likely changed with the advent of high-tech machin-
ery (monitoring devices, instrumentation, computerization etc.). The capital costs

were derived using ASAE functions based on similar data as the repair cost
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functions. They also have limitations. Perhaps the biggest drawback of the depreci-
ation formulas is that they are based only on machine age with no emphasis on
machine use. It is unlikely that two machines of the same age but dissimilar hours of
use would sell for the same price. To resolve these issues Alberta Agriculture#3 has
begun collecting on farm data for both repair costs and current market value of farm
machinery. Over 200 hundred farms are surveyed annually for the crop case study.
Tﬁis data over several years should prove extremely useful in defining repair and
depreciation cost functions for farm machinery operated on Alberta farms.

Researchers at the University of Alberta4? are also working on establishing
improved data on salvage values (resale value) of farm machinery in Alberta. Their
objective is to establish a computerized database of machinery sales in Alberta.

As the research on repair and depreciation costs are completed it is recom-

mended that the models in this study be updated.

48 The Production Economics Branch of Alberta Agriculture is located in Edmonton, Alberta, and
anpually carries out survey work on Alberta farms

49 The Department of Rural Economy and Faculty of Business are workieg on a study to determine
salvage values of farm machinery in Alberta.
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Yr/Qrt TSE300
%
6101 n/a
6102 36.22
6103 9.77
610%  25.57
6201 -5.28
6202 -49.52
6203 1.82
6204  46.15
6301 22.80
6302 11.22
6303 4.58
6304 14.18
6401  26.85
6402 32.82
6403 2790
6404 4.00
6501  19.52
6502 -19.56
6503  16.27
6504 1.98
6601 -0.59
6602 -11.01
6603 -36.12
6604 17.08
6701 54.44
6702 -0.11
6703  15.34
6704 -9.14
6801 -31.04
6802 62.87
6803 28.38
6804 30.90

APPENDIX A. Real Annualized Rates of Return5¢

T-Bill
%

n/a
3.09
2.50
0.03
3.09
1.07
3.91
1.55
3.71
0.86
1.05
1.14
2.56
2.41
2.49
0.09
2.51

-2.14
4.06
-0.50
0.00
1.55
1.55
2.79
2.26
-2.53
-0.09
1.91
3.10
2.43
1.54
1.44

Powero1
Mach.
%

n/a
0.00
4.64

-2.49
7.73
3.41
7.66

-2.45
7.31
0.32
0.31

-2.41

13.14
0.12
1.45

-3.53
8.27

-3.28
2.59

-4.56
6.92
4.02

-2.16

-2.22
6.36

-3.04

-4.27

-3.19
6.23

-3.05

-4.11

-4.07

50 All rates of return are annualized and expyessed on a quarterly basis.

Non-Power32
Mach. Repairs
% %
n/a n/a
122 n/a
2.44 n/a
-2.49 n/a
7.40 n/a
1.02 n/a
3.46 n/a
=245 n/a
591 n/a
-0.20 n/a
-1.31 n/a
-2.41 n/a
8.03 n/a
-0.11 n/a
-1.20 n/a
-3.53 n/a
5.51 n/a
-3.68 n/a
1.08 n/a
-4.56 n/a
5.08 n/a
-0.29 n/a
-2.33 n/a
-2.22 n/a
6.18 n/a
-4.50 n/a
-3.29 n/a
-3.19 n/a
5.95 n/a
-2.25 n/a
-4.11 n/a
-4.07 n/a

Marh.93

RP-R§4Rm-R§5

(/] (/]
n/a n/a
-3.09 3313
2.14 1.27
253 2554
4.64 -8.38
234 -50.59
3.75 -2.10
-4.00 4460
3.60 19.09
-0.54 10.36
-0.73 3.53
-3.55 13.03
10.58 24.29
-2.29 3041
-1.04 2541
-3.63 3901
5.76 17.01
-1.14  -17.42
-1.47 12.20
-4.06 248
6.92 -0.59
247 -12.55
-3.71  -37.67
-5.02 14.29
410 52.18
-0.50 242
-4.18 1543
-5.10 -11.05
318 -34.14
-5.48 6043
-5.65 26.84
-5.51 29.47

51 Statistics Canada price index for powered farm machinery in Western Canada.

§2 Statistics Canada price index for non-powered farm machinery in Western Canada.

83 Statistics Cana > price index for machinery repair costs for Canada.

54 Rate of return from the project Ry (powered machinery index) minus the rate of return from risk
free investment R (Treasury bills).

55 Rate of return from the market Ry, (TSE 300 index index) minus the rate of return from risk free

investment Ry (Treasury bilis).
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Yr/Qrt TSE300

6901
6902
6903
6904
7001
7002
7003
7004
7101
7102
7103
7104
7201
7202
7203
7204
7301
7302
7303
7304
7401
7402
7403
7404
7501
7502
7503
7504
7601
7602
7603
7604
7701
7702
7703
7704
7801
7802
7803
7804
7901
7902
7903
7904

%

3.36
-25.03
-£.98
10.58
-4.80
-55.21
60.40
22.76
22.92
-7.64
-10.79
10.58
42.89
6.09
15.57
20.21
-0.49
-31.34
28.38
-20.93
0.74
-55.50
-50.38
-11.17
387.75
19.80
-20.58
-11.40
45.92
-228
-10.03
-7.12
-2.35
-0.25
-13.53
19.39
-2.28
18.15
64.40
3.11
43.69
40.06
30.60
8.50

T-Bill
%

3.19
-1.52
4.44
3.53
4.48
3.33
4.61
5.85
0.18
-2.67
-0.99
-1.27
-0.33
0.83
-6.27
0.00
-3.03
-5.99
-4.85
-0.27
-4.99
-6.71
-0.36
-4.01
-0.90
-4.47
-2.64
0.15
3.24
1.53
3.65
2.84
-3.45
-1.31
-0.72
-2.19
-1.32
-1.98
3.05
1.16
«1.56
1.76
2.84
3.45

PowerNon-Power

Mach.
%

8.56
-5.73
-1.88
-3.89

3.69
-0.76
-0.97

4.29
-0.67
-3.56
-3.60
-4.56

2.62

0.36
-8.51
-1.49
-1.90
-6.86
-8.45

2.37

4.21
-6.12

5.58
18.92
25.84
-5.67
-7.62

4.68

4.19
-5.50
-6.94
12.48
-2.24
-4.92
-2.33

3.72
11.95
-4.39

1.10
11.51

5.14

-0.11 -

0.90
14.63

Mach.
%

4.81
-6.01
-2.96
-3.89

5.75
-1.97
-0.04

5.78
-1.11
-3.84
-3.74
-4.56

4.52

1.70
-1.84
-1.78

0.8
-1.42
-1.94
-0.64

6.15
-1.30

9.56

8.08

7.64
-6.23
-4.11
-3.31

3.89
-1.36
-2.52

2.45

0.46
-4.69
-2.87

293

1.66
-7.38
-1.01

9.49

4.54
-5.87

0.96
11.82

Ry-R
quf

537
421
-6.31
742
-0.79
-4.09
-5.58
-1.56
-0.84
-0.89
-2.61
-3.29
2.95
-0.47
-2.24
-1.49
1.13
-0.87
-3.60
2.63
9.20
0.59
5.94
22.93
26.74
-1.21
-4.98
4.54
0.95
7.0
-10.59
9.64
121
-3.61
-1.61
5.91
1327
-2.42
-1.95
1035
6.70
-1.87
-1.94
11.18

Rm-Rf

(]

0.16
-23.51
-10.42

7.05

-9.27
-58.54
55.80
1691
22.75
-4.98
-9.80
1185
4321
5.27
21.84
20.21

2.55
-25.35

33.22
-20.67

5.73
-48.78
-50.02

-1.16
88.65
24.27
-26.94
-11.55
42.67
-3.81
-13.68
-9.97

1.10

1.06
-12.80

21.58
-0.96
20.12
61.35

1.95
45.24
38.29
27.75

5.05

75



Yr/Qrt TSE300
%
8001 -9.01
8002 57.81
8003  33.69
8004  -5.69
8101 0.17
8102  -4.66
8103 -59.12
8104 9.79
8201 -56.52
8202 -45.91
8203  82.55
8204 115.73
8301  43.60
8302 60.16
8303 8.00
8304 7.94
8401 -24.78
8402 -23.23
8403  34.90
8404 1.33
8501  36.66
8502 13.96
8503 -10.31
8504  43.79
8601  19.68
8602 4.79
8603 -13.75
8604 9.81
8701 114.14
8702  -2.68
8703  17.07
8704 -55.40
8801  18.89
802 1421
8803 -17.14

8804

13.44

T-Bill
%

3.11
0.87
-0.43
1.90
1.20
3.7
9.51
5.99
1.24
2.68
71.72
5.14
4.19
3.36
5.28
5.44
4.22
7.59
9.47
7.08
4.88
4.53
6.54
3.84
6.03
5.46
3.83
3.22
2.73
2.44
5.49
4.85
3.88
4.17
5.49
7.29

PowerNon-Power

Mach.
%

5.89
-6.18
-1.19

1.05

1.04
-0.26
-0.68

4.86
-4.00
-5.57

-23.00

1.28
18.18
-4.65
-6.76
-3.63

3.76
-2.89
-2.58
-6.55

-14.5)

038
-6.66

0.82

0.75
-5.75
-5.51
-3.62
-2.59
-5.79
-9.25
-8.57
-3.45
-2.96
-4.16
-1.17

Mach.
%

5.18
-3.97
-5.72
.i6
-7.33
3.4}
-0.66

4.89
-1.43
-1.36

-15.74

1.78
10.43
-5.34
-2.98
-2.26

5.97
-1.57

0.45
-3.82
-8.80

0.70
-9.52
-1.56

8.47
-1.38
-0.29
-6.21
-3.07

-19.40
11.48
-8.35
-0.60
-4.07
-3.81

4.25

-6.92

Wohudmdd
BRYVBRRE

—
WO

0 O L
w w
BS8IV

-1.59
2.65
-0.90
0.10
-1.53
-1.21
0.96
-5.05
-3.91
7
1.20
-1.94
-3.73
-4.63
-7.53
3.97
-4.29
-1.06
-0.38
-1.68
3.53

Ry-R
p%f

2.77
-7.06
-0.76
-0.85
-0.16
-3.97

-10.19
-1.13

gy re .,3
@i F

-10.48
-12.05
-13.63
-19.38
-4.15
-13.01
-3.02
-5.28
-11.20
-9.35
-6.84
-5.32
-8.23
-14.74
-13.42
-7.33
-7.13
-9.65
-8.46

Rm-Rf

0

-12.12
56.94
34.12
-7.59
-1.03
-8.37

-68.63

3.80

-58.06

-48.59
74.83

110.59
39.42
56.79

2.7
2.50

-29.00

-30.83
25.42

-5.75
31.78
9.43

-16.65
39.95
13.65

-0.66
-17.58
6.59
111.41
-5.12
11.58

-60.26
15.01
10.04

-22.64

6.15
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APPENDIX B. Field Coefficierits Yised in the Sizing Model

{ Table B1: Field Coefficients Sizing Model (Light Soils) 96

: Field Draft Speed Tractive
| Description Eff.(%) (KN/m) (Km/hr) Eff.(%)

{ Combine 75 ma 50  na

| Swather 80 n/a 9.0 n/a
| Plow 80 4.9 7.0 70
- Heavy Duty Cultivator 80 26 8.0 58
| Field Cultivator 80 1.9 8.0 58
IRodweeder 8 14 80 58
| Hoe Drill 75 15 8.0 58
Double Disc Drill 75 1.1 8.0 58
Air Seeders 75 39 6.5 58
Tandem Disc 80 34 7.0 58
| Offset Disc 80 4.4 7.0 58
Harrows 80 08 8.0 58 |

e p————y

SOURCE:- ASAE Standards and ASAE Transactions (various years),
- Prairie Agricultural Machinery Institute (PAMI, various years
- Lorne Turner, Program Planning for a Machinery Sizing and Cost of Own-
ership Workshop.
- Consultations with Wayne Anderson, Associate Professor, University of
Alberta, Department of Agricultural Enginecring.

56 "Light" soils included the brown and dark brown soil zones.



Table B2: Field Coefficients Sizing Model (Medium Soils)>? |

Field Draft Speed Tractive
Description Eff.(%) (KN/m) (Km/hr) Eff.(%)

n/a 5.0 n/a
n/a 9.0 n/a
55 7.0 70
35 8.0 63
2.5 8.0 63
1.8 8.0 63
20 8.0 63
1.5 8.0 63
53 6.5 63
4.5 7.0 63
58 7.0 63
1.0 8.0

SOURCE:- ASAE Standards and ASAE Transactions (various years),
- Prairie Agricultural Machinery Institute (PAMI, various years
- Lorne Turner, Program Planning for a Machinery Sizing and Cost of Own-
ership Workshop.
- Consultations with Wayne Anderson, Associate Professor, University of
Alberta, Department of Agricultural Engineering.

Combine

Swather

Plow

Heavy Duty Cultivator
Field Cultivator '
Rodweeder

Hoe Drill

Double Disc Drill

Air Seeders

Tandem Disc

Offset Disc

Harrows

BEBIAAA8B8888 A

§7 "Medium" soils are the thin black soil zones.

8



‘Fable B3: Field Coefficients Sizing Model (Heavy Soils)58

Field Draft Speed Tractive
Description Eff.(%) (KN/m) (Km/hr) Eff.(%)

Combine
Swather

Plow

Heavy Duty Cultivator
Field Cultivator
Rodweeder

Hoe Drill
Double Disc Drill
Air Seeders
Tandem Disc
Offset Disc
Harrows

EXEX DD E-E-X-R-R-E

SOURCE:- ASAE Standards and ASAE Transactions (15

- Prairie Agricultural Machinery Institute

§8 "Heavy" soils include the black and grey wooded soil zones.

n/a 5.0
n/a 9.0
6.4 7.0
4.4 8.0
31 8.0
23 8.0
2.5 8.0
19 8.0
6.6 6.5
5.6 7.0

7.0

various yea

8.0

1s),
AMI, various) years
- Lorne Turner, Program Planning for a Machinery Sizing and
ership Workshop.
- Consultations with Wayne Anderson, Associate Professor, University of
Alberta, Department of Agricultural Engineering.

n/a
n/a
70
58
58
58
58
58
58
58
58

t of Own-
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APPENDIX C. Field Operations by Region

ﬂTable C1: Field Operations For Peace Riveri

Seeding? Other3 Seeding Other’
MACHINERY ST S ST SF Fallow? Total Total

COMBINE SP 0 0 1 1 0.0 0.0 0.8
FIELD CULT 1 1 0 0 2.0 0.8 04
FIELD SPRAYER 0 0 2 1 0.0 0.0 1.4
HARROWS 2 2 0 0 0.0 1.6 0.0
HD FIELD CULT 1 1 1 0 1.0 0.8 0.8
HOE DRILL 3 1 0 0 0.0 0.8 0.0
P.T.O.SWATHER ( 0 1 1 0.0 0.0 0.8
TANDEMDISC 1 1 1 1 0.0 0.8 0.8

; A 20% summerfallow rotation was assumed for Peace River.
epresents the number of operations required during the critical seeding period on
gt&blﬁe fﬁ% and &llow (SFf) sgeded cropsf1 g gp
Represents the number of operations required for proper seedbed preparation but
occuP outs?de the sgedllpng window. : " Prop prep .
4 Represents the number of operations carried out on summerfallow fields.
5 The total of non-critical time operations for each machine.

Table C2: Field Operatials For Edmonton RegionT

Seeding Other Seed Other
MACHINERY ST SF ST SF Fallow Total Total

COMBINE SP 0 0 1 1 0.0 0.0 0.9
FIELD SPRAYER 0 0 2 1 0.0 0.0 1.7
HARROWS 1 1 0 0 0.0 0.9 0.0
HD FIELD CULT 2 1 1 1 2.0 1.7 11
HOE DRILL 1 1 0 0 0.0 0.9 0.0
P.T.O.SWATHER 0 0 1 1 0.0 0.0 0.9
TANDEM DISC 2 1 1 1 2.0 1.3 1.1

1 A 10% summerfallow rotation was assumed for Edmonton Region.



Table C3: Field Operatic ; For Airdrie RegionT “

1 A 25% summerfallow rotation was assumed for Airdrie Region.

Seedin Other Seed Other
MACHINERY ST S ST SF Fallow Total Total
COMBINE SP 0 0 1 1 0.0 0.0 0.8
FIELD CULT 1 1 0 0 2.0 0.8 0.5
FIELD SPRAYER 0 0 2 1 0.5 0.0 14
HARROWS 2 2 0 0 0.0 1.5 0.0
HD FIELD CULT 1 1 1 1 1.0 0.8 1.0
HOE DRILL 1 1 0 0 0.0 0.8 0.0
P.T.O.SWATHER. 0 0 1 1 0.0 0.0 0.8

e S e e

lr’?‘able C4: Field Operations For Oyen Region

Seeding Other Seed Other

ACHINERY ST SF ST SF Fallow {owal Total
MBINE SP 0 0 0 1 0.0 0.0 0.5
LD CULT 0 1 0 0 2.0 0.5 i0
TDSPRAYER 0 0 0 1 0.5 0.0 0.8
RROWS 0 2 0 0 0.0 1.0 0.0
TELD CULT 0 2 0 0 1.0 1.0 0.5
DRILL 0 1 0 0 0.0 0.5 0.0

.8 .(_); SWATHER 0 0 0 1 0.0 0.0 0.5

1 A 50% summerfallow rotation was assumed for Oyen Region.
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APPENDIX D. Optimum Replacement Cycles59

'TABLE D1: Optimum Replacement Cyclesea s

---- Farm size ----
640 960 1280
Machine ACRES ACRES ACRES
---- Cycle (years) --—-
COMBINE SP 10 & 9(y ) 8
FIELD CULT 10 10 10 P
FIELD SPRAYER 11 i1 10 f
HARROWS 11 11 11
J|HD FIELD CULT 8 8 8
HOE DRILL 10 10 10
P.T.O0.SWATHER 11 11 10
TANDEM DISC RIGID 8 8 8
TRACTOR 2wd (80hp) 10 10 10
| TRACTOR 2wd 7 8

.
FT—ABLE D2: Optimum Replacement Cycles For Edmonton Region
---- Farm size ----
640 960 1280
Machirnie ACRES ACRES ACRES
---- Cycle (years) -—
COMBINE 5P 10 8 8
FIELD SPRAYER 11 11 10
HARROWS 11 11 11
HD FIELD CULT 7 7 7
HOE DRILL. 10 10 10
P.T.0. SWATHER 11 10 10
TANDEM DISC RiGID 7 7 7
TRACTOR 2wd (80hp) 10 10 10
TRACTOR 2wd 7 7 7

59 In all regions the size of partia? taking (1-19 acres) did not influence the length of the optimum
replacement cycle. In other simulations where large takings were assumed (fe: greater than 50 acres)
optimum replacement cycles were shortened.



OPTIMUM REPLACEMENT CY CLES FOR FARM MACHINERY

4—"—:1;#—-‘

TABLE D3: Optimum Replacement Cycles For Airdrie Region

---- Farm size ----

960 1280 1600

Machine ACRES ACRES ACRES

- Cycle (years) ----
COMBINE SP 9 9 8
FIELD CULT 8 8 8
FIELD SPRAYER 11 10 10
HARROWS 11 11 11
HD FIELD CULT 7 7 7
HOE DRILL 9 9 9
P.T.O.SWATHER 11 10 10
TRACTOR 2wd (80hp) 10 10 10
TRACTOR 2wd 8 8 8
TABLE D4: Optimum Replacement Cycles For Oyen Regicn T‘

---- Farm siz2 ----

960 1280 1600

Machine ACRES ACRES ACRES

---- Cycle (years) -
COMBINE SP 10 10 9
FIELD CULT 8 8 8
FIELD SPRAYER 11 11 11
HARROWS 11 11 11
HD FIELD CULT 7 7 7
HOE DRILL 10 10 10
P.T.0.SWATHER 11 11 11
TRACTOR 2wd (80hp) 10 10 10
TRACTOR 2wd 7 7 7




