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Machinery and equipment represent an important factor

of agricultural production that accounts for a substantial

share of production costs. One of the largest components of

machinery and equipment costs is depreciation. Actual

economic depreciation costs are known only when an asset is

disposed of at the end of its useful life, but estimated

depreciation costs are needed prior to this to facilitate

enterprise budgeting, machinery replacement decisions,

policy analysis, and many other economic analyses.

Most previous depreciation studies have estimated

depreciation using simple linear or geometric models,

resulting in inaccurate depreciation estimates. Prior

studies often relied on data that had a particular

depreciation pattern embedded within the data calculations.

This study contributes to the body of knowledge on

depreciation in three ways. First, a relatively new source
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of data is used which better reflects true market value of

agricultural machinery and equipment. Secondly,

depreciation patterns are explained using a hedonic pricing

approach, which relates the value of machinery and equipment

to the value of their attributes, including age, hours of

use, and condition. Finally, a flexible functional form is

used to estimate depreciation patterns using Box-Cox power

transformations on both dependent and independent variables.

A flexible form allows the data to determine the most

appropriate depreciation pattern.

Depreciation functions were estimated for four sizes of

tractors, combines, swathers, balers, planters, disks, and

plows. In most cases, the estimated transformation values

indicate that linear depreciation is inappropriate in

explaining machinery values for this data set over time,

although several functions included segments of depreciation

which were close to linear. Cobb-Douglas and sum of year

digits were the most common functional forms estimated.

The hedonic pricing approach enhanced the explanatory

power of each depreciation function estimated. Age,

condition, manufacturer, and net farm income were

significant for almost all machinery and equipment. Other

attributes, such as size, hours of annual use, drive type,

and the inclusion of a front-end loader were significant in

estimating depreciation of tractors, combines, swathers, and

balers. Tillage and planting equipment values were also

influenced by size, hydraulics, and region.
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ESTIMATION OF AGRICULTURAL MACHINERY AND

EQUIPMENT DEPRECIATION PATTERNS USING

FLEXIBLE FUNCTIONAL FORNS

CHAPTER I

INTRODUCTION

During the twentieth century U.S. agriculture has

changed from a labor-intensive to a capital-intensive

industry. Machinery and equipment assets account for a

substantial percentage of capital used in agriculture. In

1950 total machinery and equipment asset values in U.S.

agriculture amounted to $14.1 billion. By 1988 machinery

and equipment values on U.S. farms had grown to $79.3

billion [USDA, 1989]

Several factors have contributed to increasing use of

machinery and equipment in agricultural production. First,

supplies of agricultural labor have apparently decreased,

especially during the last ten years [Mason, 1988] . Growers

cite increasing governmental regulations and immigration

reform laws as reasons for labor supply declines. As labor

supplies decline, growers turn to mechanized inputs as

substitutes for labor in the production process. Barkley

[1990) demonstrated that technological growth has been

associated with decreasing agricultural employment.
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Another factor contributing to increasing reliance on

machinery and equipment is the continued reduction in farm

numbers and increased size of farms [USDA, 1990] . As the

remaining farms increase in size, scheduling and timeliness

of operations become critical concerns. Greater machinery

capacity is needed to ensure that tillage, planting,

cultivation, and harvest operations are completed in timely

manners.

A third factor leading to increased machinery and

equipment use is the recent trend towards sustainable

agricultural production. In particular, growers are seeking

to substitute machinery inputs for chemical inputs as one

method of maintaining profits while minimizing adverse

environmental impacts. To cite two examples1 chemical

herbicides are being replaced by mechanical tillage and

cultivation practices [National Research Council, 1989], and

mechanized insect vacuums are taking the place of chemical

insecticides [Street, 1990] . This trend will likely exert

more pressure on mechanical innovations during the next five

to ten years as consumers demand more chemical-free foods

and society imposes stricter environmental controls on

agricultural producers.

As the use of machinery and equipment rises, we would

expect costs for these production factors to also rise as a

percentage of total production cost. Machinery and

equipment costs include repairs, maintenance, fuel, lube,
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insurance, interest, and depreciation. Total machinery

costs (including repairs, fuel, interest, and depreciation)

per acre for dryland wheat production in Oregon rose from

$28.78 in 1974 to $56.23 in 1989, representing a 95 percent

increase in nominal cost [Macnab, et.al., 1989]. Similar

increases have occurred in USDA cost of production

estimates. This study will focus on one component of

machinery and equipment costs -- depreciation. Machinery

and equipment depreciation costs account for a significant

share of total farm expenses each year. Table 1.1 shows

aggregate total farm expenses and machinery and equipment

depreciation expenses from 1950 to 1988. This table shows

that machinery and equipment depreciation has ranged from

12.6 to 17.1 percent of total farm expenses, illustrating

that depreciation is indeed an important cost component.

This table also shows that depreciation has declined as

a percentage of total expenses since 1977. Prior to 1977,

depreciation remained fairly constant at about 15 percent of

total farm expenses. Since then, it has dropped to 12.6

percent. To explore the possible reasons for this decline

in depreciation, an understanding of the concept of

depreciation is needed.

Depreciation provides a means of allocating the costs

of owning machinery and equipment over the time period it is

used. Depreciation expenses arise because machinery and

equipment declines in value over time due to age, use, and



Table 1-1. Total farm and depreciation expenses.

MACHINERY
AND DEPRECIATION

TOTAL EQUIPMENT AS A PERCENT
YEAR EXPENSES DEPRECIATION OF TOTAL

4

Billion Dollars
1950 19.5 2.5 12 . 8

1951 22.3 2.9 13 . 0

1952 22.8 3.2 14 . 0

1953 21.5 3.3 15.4
1954 21.8 3.4 15.6
1955 22.2 3.5 15.8
1956 22.7 3.6 15.9
1957 23.7 3.7 15. 6

1958 25.8 3.9 15.1
1959 27.2 4.1 15.1
1960 27.4 4.2 15.3
1961 28.6 4.2 14.7
1962 30.3 4.4 14 . 5

1963 31.6 4.5 14.2
1964 31.8 4.7 14 . 8

1965 33.6 4.9 14. 6

1966 36.5 5.2 14.3
1967 38.2 5.6 14.7
1968 39.5 6.0 15.2
1969 42.1 6.3 15.0
1970 44.4 6.7 15.1
1971 47.1 7.2 15.3
1972 51.7 7.6 14.7
1973 64.6 8.6 13 . 3

1974 71.0 10.3 14.5
1975 75.0 12 . 0 16.0
1976 82.7 13.5 16.3
1977 88.9 15.2 17.1
1978 103.3 16.6 16.1
1979 123.3 18.9 15.3
1980 133.1 20.8 15.6
1981 139.4 22.8 16.4
1982 140.0 23 .5 16.8
1983 140.4 23.0 16.4
1984 142.7 22.2 15.6
1985 140.0 20.0 14.3
1986 122.4 18.1 14.8
1987 124.5 16.5 13.3
1988 132.0 16.6 12.6



obsolescence. Because depreciation expenses in Table 1-i

appear to be declining relative to other farm expenses, we

may suspect that machinery and equipment values are not

declining as rapidly in absolute value as they did prior to

1977. A number of reasons for this phenomenon could be

hypothesized: faimers may be taking better care of

machinery and equipment (less depreciation due to use); a

reduction in the rate of technological change may be

occurring (less depreciation due to obsolescence) ; or older

machinery and equipment may be used which tends to be fully

depreciated (less depreciation due to age) . A reduction in

use caused by acreage diversions could also be partly

responsible. This study will examine depreciation patterns

for agricultural machinery and equipment and explore the

impacts of these and other variables on depreciation.

Depreciation estimates appear in many types of

microeconomic and macroeconomic analyses. In the area of

farm management, depreciation is included in enterprise

budgets; machinery replacement decisions; buy, lease, or

custom-hire decisions; and custom charge determinations.

Agricultural policy analysis often relies upon cost-of-

production information, which must include depreciation

expenses to provide true estimates of economic profits.

Depreciation is an important component of tax policy

analyses, as well.

5
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Depreciation is also important at the aggregate level.

Annual net farm income is determined after making allowances

for machinery and equipment depreciation. Balance sheets of

the farming sector are adjusted for depreciation from the

previous year's stock of machinery. Aggregate investment

analyses also account for deprecation. Finally, indices of

production cost and input usage include depreciation charges

in their estimation.

The wide range of problems in which depreciation is

included as a cost component indicate the importance of

accurate estimates. The wide variety of uses also create

the need for different types of depreciation estimates.

DEPRECIATION TYPES

Because depreciation is a non-cash cost, it is not

directly observable. Estimates of depreciation expenses

must be based on a model or set of rules which provide

approximations of actual depreciation patterns. Three types

of depreciation commonly used are economic, accounting, and

tax depreciation. Proper interpretation of a depreciation

expense requires an understanding of the situation in which

it is used. The three depreciation types are discussed

below.



Economic Depreciation

Economic depreciation is an attempt to estimate the

"true" cost associated with asset ownership and use. This

type of depreciation is typically used only by economists.

Economic depreciation uses acquisition prices, sales values,

and actual useful lives to calculate annual and accumulated

depreciation expenses. Actual economic depreciation can

only be calculated after disposal of an asset, when the sale

value and useful life are known and prices have been

adjusted for changes in price levels.

Several economic theories have been postulated to

explain depreciation. The most popular theory discounts the

value of quasi-rents obtained from the services of the asset

over its useful life [Burt, 1991) . An alternative theory is

based on Hick's definition of income [Hicks, 1946) and

operationalized by Wright [1964]. This theory, described by

Burt as the unit cost theory, uses the concept of

opportunity values to measure depreciation costs.

Opportunity value of asset service is defined as the least

expensive alternative avoided by owning the asset.

Following Burt, a discrete time model of unit cost

theory of depreciation is developed below as an example of

the type of models suggested by economic theory. Assume:

t = age of the asset in years

T = planned replacement age

7



I = purchase price of a new asset

= annual operating and maintenance costs

= output provided by asset

r real discount rate

B = 1/ (l+r), a discount factor

ST = salvage value of asset at age T

D = depreciation charge in year t

Vt = book value of asset at age t

u = unit cost for the service provided by the asset

is a standardized physical measure of output, and may

need to be adjusted for quality of the services provided.

Define purchase price as

1= (uQ-C) +TST
j =1

which simply shows that the discounted value of rents plus

salvage value must equal the purchase price. Solving for u

we obtain

Equation (1-2) specifies that unit cost is simply the

discounted value of all costs less the discounted salvage

value, allocated over a weighted sum of output for the life

of the asset.

The present value of the remaining services in the

asset after its purchase is

8

(I_TsT)
U- =1 (1-2)
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V +TtST (1-3)
j t+1

Annual depreciation charges are defined as

D =V1-V (1-4)

Several modifications can be made to this model, including

continuous time and random economic life for assets.

Accounting Depreciation

Accountants use generally accepted accounting

principles to allocate durable asset ownership costs over

established useful lives. Accounting depreciation does not

usually depend upon use, only ownership. It is simply a

bookkeeping procedure used to adjust profit and loss

statements for durable asset ownership costs. Annual

depreciation charges are based on accounting book values.

Tax Depreciation

Tax authorities recognize that asset ownership is a

production expense which should be included in business

income statements. However, these same authorities also

recognize that changes in depreciation provisions can be

used to stimulate or slow investment in depreciable assets.

Tax depreciation is usually based on standard prescribed
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methods or formulas, depending on the nature of the asset

[Internal Revenue Service, 1990).

Tax depreciation accounts for ownership costs, and to a

certain extent, use. For example, an automobile used for

both personal and business purposes must have more than 50

percent business use in order to include depreciation as a

business expense. The amount of depreciation allowed for an

asset used 100 percent in a farm business is not affected by

alternative use levels. A producer who operates a 2-year

old tractor 100 hours during a tax year is allowed the same

tax depreciation write-off as a producer who operates an

identical tractor for 1000 hours.

In an ideal world, one approach would be used

reflecting actual changes in values. This would allow a

producer to estimate depreciation once, and use it for

economic analysis, accounting reports, and tax reporting.

In reality, all three types will usually result in different

depreciation expenses for a number of compelling reasons.

These differences are due to differences in assumptions

about useful lives, salvage values, and other parameters;

tax policy objectives; fluctuating market values; and lack

of accounting for asset use in estimating depreciation

allowances.

This study will not attempt to reconcile these three

types and suggest one correct, comprehensive depreciation

type (which rightly doesn't exist). However, this study
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will develop a model which estimates depreciation patterns

for agricultural machinery and equipment that can be used in

a wide variety of analyses. These analyses have often used

depreciation patterns first estimated by the American

Society of Agricultural Engineers [1983) in 1963.

OBJECTIVES

Of the three depreciation types discussed above,

economic depreciation is the only one which reflects the

change in value of durable assets. This study will examine

economic depreciation and apply it to agricultural machinery

and equipment. In the remainder of this study, any ref-

erence to depreciation is meant to refer specifically to

economic depreciation unless otherwise noted. Specifically,

the objectives of this study are:

To develop a model for estimating depreciation

which accounts for asset use, age, and obsoles-

cence without imposing a pre-specified functional

form;

To estimate economic depreciation functions for

seven major types of agricultural machinery and

equipment; and

To explore the impacts of manufacturer, use,

condition, net farm income, and size on

agricultural machinery and equipment depreciation.



THESIS ORGANI ZATION

The organization of this thesis is as follows. Chapter

two begins with a review of literature dealing with

depreciation and related topics in chapter two. Chapter two

will also discuss the theory of input demand, review

pertinent estimation methods, derive the model to be

estimated, and describe the data used in the study.

Chapter three presents estimated depreciation patterns

for four sizes of tractors based on pto horsepower. Chapter

four presents estimated depreciation patterns for harvest

equipment, including combines, swathers, and balers.

Tillage and planting equipment depreciation functions are

presented in chapter five. Differences in depreciation

patterns among the classes of machinery are examined in

chapter six. Finally, chapter seven summarizes the research

findings and suggests limitations and needs for further

research.

12



CHAPTER II

LITERATURE REVIEW AND CONCEPTUAL DEVELOPMENT

References to agricultural machinery and equipment

depreciation appear many times in agricultural economics

literature, but surprisingly little agreement exists as to

the manner in which economic depreciation is calculated.

Given that depreciation is a significant cost of production

for most agricultural products, every analysis of total

production costs must use (either explicitly or implicitly),

some depreciation method to calculate one of its major cost

components. This chapter begins with a review of the

literature concerning alternative depreciation methods, data

sources, and estimation techniques. Next, a hedonic pricing

model is postulated using the economic theory of input

demand. Finally, the estimation techniques and data used in

this study are presented.

LITERATURE REVIEW

Four general approaches have been used to estimate

depreciation in the economics literature: traditional

budgeting, capital budgeting, aggregate investment behavior,

and hedonic pricing. Each of these approaches requires a

different data set. A summary of significant studies of

13
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each approach is presented in this section, along with their

advantages and disadvantages. The hedonic pricing approach

is examined most closely, beginning with a review of its

theoretical development. An overview of hedonic pricing

methods is then presented.

Traditional Budgeting Approach

The most common approach used to estimate depreciation

is the traditional budgeting approach. This approach is

characterized by the use of one of a number of standard

formulas, such as straight-line, declining balance, sum-of-

the-year's digits, or double-declining balance. These

formulas are often used to estimate accounting or tax

depreciation, as well as economic depreciation. Finance and

accounting texts such as Weston and Brigham [1978] and

Walgenbach, Dittrich, and Hanson [1976], discuss the mechan-

ics of these formulas. The traditional budgeting approach

to depreciation is also commonly used in farm management

texts and in applied studies (Kay, 1981; Castle, Becker, and

Nelson, 1987)

Traditional budgeting formulas are easy to understand

and simple to compute. This makes their use with Extension

clientele popular and readily accepted. In particular, the

concept of depreciation appears to be easily grasped by non-



economists when straight-line depreciation formulas are

used.

Most of the traditional budgeting formulas require

users to make a number of assumptions. In general, asset

purchase prices, useful lives, and salvage values must be

known or assumed. Another important assumption (often made

implicitly) is the pattern of depreciation over time. By

choosing a straight-line formula, linear depreciation is

imposed on machinery and equipment assets. Likewise,

selecting a declining balance pattern implies that

depreciation occurs according to a geometric pattern, with

the bulk of depreciation occurring in the early years of an

asset's life. These patterns may not accurately reflect

economic depreciation patterns over time.

Another concern is the interaction of depreciation

formulas and repair cost functions. Watts [1982] explored

the conditions imposed on repair functions by straight-line,

sum-of-years-digits, and declining balance depreciation

formulas. He then examined the American Society of

Agricultural Engineers' repair functions and found that they

were not always consistent with the required conditions.

Watts concluded by suggesting that new data be gathered and

new functional forms be estimated, given the widespread use

of depreciation and repair functions in farm management

teaching and research.

15
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A final limitation of the traditional budgeting

approach is that it ignores macroeconomic conditions on

values and depreciation. Inflation is a particularly

important condition which may exist. During periods of low

inflation rates, this is obviously not a critical concern.

However, Watts and Helmers [1979] found that traditional

budgeting significantly underestimated economic depreciation

costs during periods of moderate and high levels of

inflation. They suggest that a capital budgeting approach

provides a better estimate of economic depreciation.

Capital Budgeting Approach

Capital budgeting is a well-established method used in

economics and finance to evaluate the costs and returns of

investments with lives of more than one year [Barry, Hopkin,

and Baker, 1979). Capital budgeting has also been examined

as an approach to estimating depreciation [Watts and

Helmers, 1979; Watts and Helmers, 1981) . In their 1981

study, Watts and Helmers compare the traditional budgeting

approach to the capital budgeting approach.

The capital budgeting approach begins by discounting

depreciation and interest costs over an ownership period to

a net present cost. It then amortizes this cost over the

ownership period, as shown in equation (2-1).
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PV=[Vo_Vn(l+r)-n][(l+r)-i (2-1)

V0 is the asset purchase price, VT is the salvage value

after n years, and r is the discount rate. This annualized

cost represents both depreciation and interest (opportunity)

costs associated with the investment.

The primary advantage of the capital budgeting approach

is that it accounts for the time value of money, and can be

used during periods of high inflation to estimate real

costs. On the negative side, it is more difficult to

understand and estimate than the traditional budgeting

approach. It requires the same data and assumptions as the

traditional approach, including useful lives and salvage

values, but also relies on estimates for interest and

inflation rates. The results of the capital budgeting

approach are difficult to use since both depreciation and

interest (opportunity) costs are included in the annualized

total cost.

Watts and Helmers [1981) found that the differences in

the two methods were not large except in the case of after-

tax inflationary settings. The added benefits of this

approach do not appear to outweigh the disadvantages

discussed above. A further drawback identified by Perry and

Glyer [1990) is that the capital budgeting approach is

inappropriate to use in studies which estimate aggregate

investment and depreciation.



Investment Behavior Approach

The investment behavior approach infers patterns of

economic depreciation from the behavior of actual capital

expenditures. Coen [1975] modelled depreciation five

different ways, and found that geometric and linear decay

patterns did not underlie actual spending decisions for

equipment and structures used in 21 manufacturing

industries. A study following Coen's approach obtained

similar results for tractors in U.S. agriculture [Penson,

Hughes, and Nelson, 1977]

This approach is impractical to use at the farm level.

Although estimated aggregate depreciation patterns may

represent individual patterns, there is no reason to expect

this to always hold true. The data requirements for this

approach also make its use difficult to justify at the

microeconomic level. The investment behavior approach

appears best suited for aggregate analyses and index

construction.

Hedonic Pricing Approach

Hedonic pricing models use characteristics and quality

attributes of assets to estimate current values over time,

thus tracing out depreciation patterns. Hedonic pricing is

based on the economic theory of input demand, as developed

18



19

by Ladd and Martin [1976]. Their premise was that inputs

are really collections of characteristics, and the price of

a purchased input should equal the sum of the value of the

input's characteristics to the buyer. Given machinery and

equipment assets are inputs in the production process, it is

reasonable to assume that the characteristics of these

assets largely determine their value.

In this section, the economic theory of input demand is

presented, based largely on Ladd arid Martin's development.

Next, hedonic pricing models are reviewed. Finally, a

number of studies are examined which use hedonic pricing

models to estimate machinery and equipment values over time.

Assume that the production functions of a firm are

independent, and define the following variables:

quantity of input ± used to produce output h;

price of input 1;

price of output h;

= quantity of output h produced;

x1h = amount of characteristic j provided by one unit

of input ± in producing output h; and

Xj*h = total quantity of characteristic j that enters

into production of h output.

The production function for output h is

VIb =

r =

Ph =

= F (x1h , X2 . . I X) (2-2)



It = PhFh (xjh, . . . , Xm*h) - rv
h=1 h=1 i1

(2-4)

Profits are maximized where a1/aVlh=0 . Solving (2-4)

results in H equations of the form

20

This shows that the total quantity of h produced depends on

the various input characteristics used in its production.

For example, if h represents finished beef, then total

pounds of finished beef produced might depend on the

characteristics of the feeds used in producing this beef.

Feed characteristics may include protein content, mineral

levels, and fiber percentage (x1, x2, and x3) . The total

quantity of each characteristic in (2-2) is a function of

the quantities of inputs used (vj and of each

characteristic's input-output coefficient (x±h) . Thus, the

inputs used in our example might include grain (v1) and

forage (v2). The total amount of protein (x1) used in

finishing the beef depends on the protein content of grain

(x11) and forage (x12) and the amounts of each fed.

Similarly, the minerals fed to the beef are determined by

mineral levels in grain and forage (x21 and x22) and the

amounts of each which are fed.

The profit function for the firm is

It = phqh- (2-3)
h1 h1 i1

Substituting the production function into (2-3) yields
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a /aVIh Ph (aFh / .h) (ax *h' aVlh) - r = 0 (2-5)
j 1

Rearranging terms in (2-5)

r1 =Ph3 (aFh/aXSh) (Xh/aVIh) (2-6)

In equation (2-6), Fh/xJh is the marginal physical

product of characteristic j used in producing output h, and

XSh/aVh is the marginal yield of characteristic j from

input i used in producing output h. Note that Ph(fh/aXh)

is the implicit price paid for characteristic j in producing
output h. Let Tjh be defined as

Th=Ph(aFh/aXJ (2-7)

Substitute (2-7) in equation (2-6) to obtain

r1 =Tjh (xJSh/v1h) (2-8)

Finally, assume that

aXSh/dVh Xjih (2-9)

and XIh is a constant. This assumption means that the

change in the total quantity of characteristic j that is
used in producing output h due to a change in the quantity
of input ± used to produce output h is constant and
therefore linear. Using the previous feed example, the
first pound of grain (input i) used to fatten beef (output
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h) provides the same units of protein (characteristic j) as

the last pound of protein fed.

Finally, assume that the production process is linear

and the price of output h (Ph) 15 constant. This means that

Th is constant. Equation (2-8) can now be restated as

r (2-10)

Equation (2-10) shows that the price for input i used in

production of output h is determined by summing the value of

the input's n characteristics. Thus, the price of grain

equals the value of its protein, mineral, and fiber levels

when used to fatten beef.

The input dharacteristic approach to input demand

provides a framework for estimating the value of input

characteristics to buyers. Given a series of data which

includes input sale prices and descriptions of the input's

characteristics, prices can be regressed on the

characteristics to estimate

(2-11)

where represent estimated values of T. Models estimated

in this manner are generally referred to as hedonic pricing

models.

Early studies using the hedonic pricing approach

attempted to construct quality-adjusted price indices

[Court, 1939) . Griliches [1971a) used automobile prices to

estimate hedonic pricing models. In a later study,
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Griliches [197Th) refined his approach to estimation of

hedonic prices. In this study, he suggests that there are

two issues a researcher must address in constructing hedonic

prices. First, the relevant characteristics of the good

must be identified and measured. This is largely an

engineering or physical sciences issue, but also reflects

personal preferences of the researcher. Secondly, the form

of the relationship between these characteristics and prices

must be specified. This issue is an economic one, and

determines the functional form used in econometric

estimation.

Griliches [l97lb] extended his automobile analysis to

include time series data for automobile list prices. A

semi-log model was used for convenience in estimation and to

allow easy interpretation of coefficients as elasticities.

However, the study claims that "There is no reason a priori

to expect price and qualities (characteristics) to be

related in any particular fixed fashion." Thus, the

desirability of a flexible functional form was suggested in

this study. Another suggestion made by Griliches was to use

transaction prices instead of list prices, since few sales

of goods, especially durables, are made at list prices.

Rosen [1974) examined hedonic pricing models under the

hypothesis that goods are valued for the utility of their

underlying characteristics. This study demonstrated that

hedonic price functions do not identify supply or demand
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relationships, but instead reveal market equilibriums.

Observed characteristic values are more precisely marginal

hedonic prices that reveal nothing about supply and demand.

Recently, agricultural commodities have received

considerable attention in the form of hedonic pricing

models. Hedonic prices were estimated for cotton by

Ethridge and Davis [1982]. Rough rice was examined by

Brorsen, et. al. [1984,1988] and malting barley was

examined by Wilson [1984]. Each of these models utilized

transactions prices of the commodities and included

characteristics such as grades, protein levels, and

varieties. Linear and semi-log relationships were used as

functional forms.

A number of studies have used hedonic pricing models

(or modified hedonic pricing models) to estimate

depreciation patterns for agricultural machinery and

equipment. Fettig [1963] used twelve years of cross-section

data from eight manufacturers to estimate a hedonic model

for tractors. He regressed price on horsepower and engine

type and obtained good statistical results using both linear

and semilog models. While this study used only list prices

for new tractors, it does provide evidence that hedonic

models can be used for valuing agricultural machinery.

A real depreciation function was developed by McNeil

(19791 for farm tractors in British Columbia. The data for

this study consisted of prices and characteristics for 32



used tractors from 35 to 70 horsepower which were offered

for sale by machinery dealers. Original list prices were

estimated and remaining values were calculated for each

tractor as

Market Value (1977=100)Remaining Value = (2-12)
List Price (1977=100)

Both market value and list price were adjusted to 1977

dollars, to adjust for inflation. The estimated model

included remaining value as a function of age and condition

RV = f (age, condition) (2-13)

where age was measured in years, and condition was assigned

by visually inspecting each tractor. The model was

estimated using exponential and logistic functional forms,

which gave similar results. Age was found to be the most

important determinant of value, but condition also was

significant.

A similar model was developed by Leatham and Baker

[1981] for use in an optimal replacement model. This study

used 16 years of data for four manufacturers of tractors arid

combines. List prices and salvage values were obtained from

the National Farm and Power Equipment Dealers Association

(NFPEDA). NFPEDA publishes the Official Guide, Tractors and

Farm Equipment, which reports list prices for new machines,

as well as representative "as-is" prices for used machinery

and equipment sold by its member dealers. After

establishing a price for a particular manufacturer, model,

and year, subsequent model year prices are always a linear

25
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function of the base price. For example, a 1978 John Deere

tractor model 4440 has an as-is value of $17,834 in 1989. A

1979 model 4440 in 1989 is assigned an as-is value of

$18,800, an increase of 5.41% over the 1978 model year. A

1980 model 4440 is reported to have an as-is value of

$19,818, again a 5.41% increase from the previous year.

Thus, the data are linear for each make and model.

Leatham and Baker's models include remaining value as

the dependent variable. Independent variables include

engine type, drive train options, horsepower, manufacturer,

size, and a price index. A geometric depreciation pattern

was assumed. They found that salvage values decline at a

diminishing rate with machine age, depreciation rates vary

by manufacturer and horsepower, and large horsepower

tractors have greater initial declines in value.

Other recent studies have also estimated depreciation

patterns only because a depreciation component was needed as

part of a larger model. Weersink and Stauber [1988]

determined optimal replacement strategies for grain combines

using a stochastic dynamic programming model. They

estimated a remaining value function using prices from

NFPEDA for five combine makes and models up to six years

old. Their estimated remaining value equation included only

age as an explanatory variable. Their limited data set and

the nature of the data lead to concerns about the

appropriateness of their remaining value estimates.
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Several tractor replacement models have also relied on

estimated depreciation functions in determining optimal

equipment replacement strategies [Kay and Rister, 1976; Reid

and Bradford, 1983; and Short and McNeil, 1985]. Each of

these studies estimated remaining value functions based on

tractor attributes and characteristics. Kay and Rister used

a linear model with remaining value a function of age.

Short and McNeil used McNeil's [1979] model discussed above.

Reid and Bradford's model added external factors repre-

senting supply and demand forces in the tractor market.

They also used a log-linear transformation, representing a

Cobb-Douglas functional form.

Hansen and Lee [1990] used a pricing model devised by

Hall [1968] to estimate prices for used 60 horsepower

tractors based on NFPEDA data. Their model related used

prices to indexes for depreciation, technical change, and

list prices using a Cobb-Douglas functional form. Results

of their study showed that tractors depreciate at a linear

rate of 8.3% annually. Again, the linearity of depreciation

in this study could be the result of their use of NFPEDA

data.

ESTIMATION METHODS

As discussed above, most previous studies have assumed

a specific functional form for depreciation patterns.



28

Linear, log, and semi-log forms are the most commonly used.

By assuming a pre-specified functional form, researchers

have imposed restrictions on data used to estimate

depreciation functions. A preferred approach is to use a

flexible functional form, permitting the data to dictate the

functional form which most closely approximates depreciation

patterns.

A transformation technique suggested by Box and Cox

[19641 provides just such an approach. They suggest the

following transformation for variables in cases where there

are no a priori reasons to specify a functional form.

yXl
A

my ?=O

Using this transformation, Box and Ccx show that linear

functional forms are simply special cases where ?=l, while

log functional forms occur when 2=O. They suggest that use

of this transformation allows the data to estimate both

functional form (by estimating A) and parameters through

standard methods of inference.

Originally, Box and Ccx were concerned only with

transformations of dependent variables. Spitzer [1982]

generalized the Box-Cox transformation to include both

independent and dependent variables. The general model

becomes

(2-14)
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y1ji+12x22+.. +kXx+E (2-15)

where each of the dependent and independent variables are

transformed in the same manner as (2-14). The full Box-Cox

transformation is used when neither reasoning nor theory

determine the functional form used in a model. The

transformations allow the functional form to be determined

by the X, which are all estimated. The model is estimated

by maximizing a nonlinear likelihood function.

Two concerns related to estimation using ox-Cox

transformations were found in the literature. First, Poirer

[1978] examined the use of Box-Cox transformations in models

which include limited dependent variables. The data set

used in this study, which will be described below, includes

remaining value as a dependent variable, which is limited in

range from 0 to 100 percent. Poirer recognizes that social

scientists often work with data which is limited, and

expects that much of this data tends to be skewed. The Box-

Cox transformation not only yields maximum likelihood

parameter estimates, it also compensates for the problem of

skewness by estimating ?.

A second concern is the impact of transformations on

the validity of statistical tests. Wong and Doksum [1983]

examined problems of hypothesis tests when data have been

transformed, using both asymptotic properties and Monte

Carlo simulations. Their asymptotic efficiency results show

that when the Box-Cox transformation is used, tests based on



transformed data have good power properties. Monte Carlo

simulations showed that these results carry over to small

and moderate sample sizes as well.

Since the two concerns raised about Box--Cox

transformations have been sufficiently addressed, the

approach appears to have a great deal of merit. Judge et.

al. summarize their opinions of Box-Cox transfoLluations as

"The main use for the Box-Cox transformation in
empirical econometrics has been as a device for
generalizing functional form. [Box-Cox transformations
represent] one way of letting the data determine the
most appropriate functional form. The approach has a
great deal of appeal." [Judge, et. al., 1985, pp. 839-
842]

Several examples of economic studies are cited next to

illustrate the use of Box-Cox transformations.

Chang [1977] estimated a meat demand model using Box-

Cox transformations. Chang's reasoning was that most

previous studies had estimated demand for meat using linear

or log functional forms. However, there is no real reason

for the choice of either one, outside of the convenience of

parameter interpretation. His approach was to use Box-Cox

transformations to allow the data to choose the functional

form, and his results showed that the "best" functional form

was neither log nor linear.

Hulten and Wykoff [1981] suggest using vintage prices

in conjunction with Box-Cox transformations to estimate

depreciation patterns over time. This approach was followed

by Bayaner [1988] and Perry et. al. [1990], described above.
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Their results showed that real tractor depreciation most

closely mimicked a sum-of-the-year's digits depreciation

pattern, as opposed to the linear, log, and Cobb-Douglas

patterns used in most previous studies. Table 2-1

summarizes the values that Box-Cox transformation values

must take in order to represent several different functional

forms.

Based on the desirable features of the Box-Cox approach

to estimation and its use and acceptance in previous

economic studies, it seems appropriate to use it in this

study. Using the Box-Cox approach will overcome one of the

criticisms of previous depreciation studies -- it will

estimate depreciation patterns without imposing an arbitrary

functional form on the data. The other difficulty to

overcome is the data available for use with the Box-Cox

approach. Previous agricultural depreciation studies have

relied heavily upon data which were calculated based on a

specific functional form. Not surprisingly, many of these

studies subsequently found that depreciation patterns were

adequately described using geometric models. A description

of the data used in this study is presented next.



Table 2-1. Box-Cox power transformations associated with
selected functional forms1.

Power Transformation for Variables

Linear 1.0 1.0

Cobb-Douglas 0.0 0.0

Geometric 0.0 1.0

Logarithmic 1.0 0.0

Square Root 1.0 0.5

Sum-of-the-Year's 0.5 1.0
Digits

Double Square Root 0.5 0.5

1Source: Bayaner, Abinet. "An Econometric Analysis of Used
Tractor Prices." Unpublished M.S. Thesis, Oregon State
University, 1988, p. 19.
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DATA USED AND MODEL SPECIFICATION

Following Bayaner [1988] and Perry, et.al. [1990),

actual market data is used in this study. Auction sale

prices are reported monthly by Hot Line, Inc. in their Farm

Equipment Guide [Hot Line, Inc. 1990]. The auction prices

reported are collected from auction sales throughout the

United States, and cover machinery and equipment

manufactured from 1971 to 1990. Information provided for

each sale includes manufacturer, model, year manufactured

(when known), sale price, location of the sale, auction type

and condition. Hours of use, optional equipment included,

and other descriptive information is also included as

available for each sale item.

Each machine or implement is assigned one of four

condition evaluations. These condition evaluations are

defined as follows [Hot Line, Inc.]

EXCELLENT The implement has seen little or no use in
the field. Engine is in perfect condition
with 0 to 600 hours of use. The tires have
80 to 100 percent tread remaining, and no
breaks or cracks. The paint is original and
bright in appearance. The parts have little
or no wear. The equipment has been well
taken care of.

GOOD Engine is in good running condition. The
tires have about 70 percent of the tread
remaining. The paint is original or has a
good repaint job. Bearings are showing
little wear.
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FAIR Replacement of parts would enhance
performance. The tires have only 60 percent
tread remaining with possibly some scars



visible. Paint may be weathered and show
some signs of rust. The parts are becoming
worn.

POOR Needs a major overhaul to restore power. The
tires have 50 percent or less tread remaining
with possible cracks or scars. Paint and
appearance are rough. Rust is quite evident.
Bearings need replacement. Rebuilding is
necessary.

Binary variables representing condition were included in the

models and joint hypothesis tests were performed to

determine the impacts of conditions on remaining values.

Four auction types were included in the data: farmer

retirements, bankruptcy sales, consignments, and dealer

closeouts. Information on farmer retirement and bankruptcy

sales are generally reported by private entities, while

consignment sales and dealer closeouts are reported by

dealers. Dealer closeouts refer to sales of items which

dealers will no longer handle. To test for impacts of

auction type on values, binary variables were assigned for

each auction type and joint hypothesis tests were performed.

Based on the descriptive information provided for each

item sold, list prices were obtained from manufacturers'

price lists and the Official Guide, Tractors and Farm

Eiipment [NFPEDA]. Unlike the "as-is" prices published in

the Official Guide, list prices are not determined by

NFPEDA, but rather are provided by manufacturers. Thus, the

problems identified previously in the Hedonic Pricing

Approach section concerning NFPEDA data are avoided. List

prices serve as proxies for actual original sale prices.
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Following the approach used in previous studies,

remaining values were used as the dependent variables.

Remaining values were calculated using list prices and

auction sale prices as

ASP *MPI.
RV 1 1

LP *MPI
where RV is remaining value, ASP1 is auction sale price in

year 1, LP is list price in year j, and MPI is a machinery

price index used to convert all prices to 1982 dollars. The

machinery price index was constructed based on prices

reported in Aqricultural Prices [USDA, 1974-19901

Age was identified as the dominant explanatory variable

in previous depreciation studies. In this study, age was

calculated for each machine as the difference between the

auction sale date and year manufactured. Auction sale date

was assumed to be the year in which the auction data was

published.

To investigate impacts on remaining values due to

locations of sales, the U.S. was divided into nine regions

as shown in figure 2-1. Binary variables were then defined

corresponding to each of these regions, and joint hypothesis

tests were performed to determine their significance.

Real net farm income in 1982 dollars lagged one year

was used to reflect the general health of the farm economy

for the seven years of data in the data sets. When the

economy is healthy, used equipment demand is up because

35
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Figure 2-1. Regions used for classifying locations of sales.
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producers have greater disposable income, they tend to

divert less acreage from production, and the net present

value of expected returns to machinery and equipment is

increased. Thus, remaining values are expected to be

influenced by aggregate net farm income values.

Data was collected for seven types of agricultural

machinery and equipment, including tractors, combines,

swathers, balers, planters, disks, and plows. The following

three chapters summarize the data for this machinery and

describe the process used to construct each model.



CHAPTER III

TRACTOR DEPRECIATION PATTERNS

Tractors are widely used in agricultural production for

many different operations. Heavy and light tillage,

planting, spraying, and harvesting operations all rely upon

tractor power. In addition, tractors also serve a number of

support roles on farms such as moving heavy objects or

operating stationary pto-driven equipment. In essence, they

serve as a portable source of power in carrying out most

mechanized farming operations. Among the general public,

tractors are synonymous with farming.

Tractors have undergone a number of changes since they

were first introduced, and several of these are examined in

the analysis which follows to determine their effects on

values. Two of the most important changes are size and

drives. Tractor size is typically measured by pto

horsepower. New technologies have resulted in tractors

which are more specialized by virtue of their size. Very

small tractors, in the 10 to 30 horsepower range, have

recently been introduced which allow operations such as

spraying to be performed in smaller row spacings or on

wetter ground than more traditional, larger tractors. At

the same time very large tractors, with more than 300
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horsepower, are being used for faster performance in very

heavy ripping and tillage operations.

Two-wheel drive tractors were used for many years in

agriculture, but most new tractors are offered with other

drive options as well. Four-wheel drive tractors are

popular when traction and power are needed for performing

operations. Mechanical front-wheel assist is also available

on many models to provide additional traction only when

needed. A recent development in drives promotes the use of

tracks, rather than wheels, to provide improved traction and

less compaction.

Data were collected from a total of 1664 tractors sold

around the U.S. from 1984 to 1990. The data set originally

included many more tractors, but only those which reported

hours of use were retained for analysis. These tractors

ranged in size from 16 to 304 horsepower. To allow

depreciation patterns to vary by size of tractor, the data

set was divided into four size categories: 0 to 79

horsepower, 80 to 119 horsepower, 120 to 139 horsepower, and

greater than 140 horsepower. A depreciation model is

estimated for each of these size categories in the sections

that follow, and the final section of this chapter

sunirnarizes the findings.



0 TO 79 HORSEPOWER TRACTORS

The 0 to 79 horsepower tractor data set contains 226

observations and is summarized in tables 3-1 and 3-2. The

average remaining value of these tractors is 38 percent.

The range is from 10.5 to 120.6 percent. A remaining value

greater than 100 percent occurs when a tractor appreciates

in real value over time, and this was observed for three of

the tractors in the data set. The average age for these 226

tractors is 10.1 years, with a standard deviation of 4.2

years. The minimum age tractor is 1 year, while the maximum

age is 18 years. These tractors were used an average of

204.7 hours per year (HPY) . The average size tractor in the

data set was 60 horsepower, with a range of 16 to 78

horsepower.

Table 3-2 summarizes the tractor data for dummy vari-

ables. Tractor sales occurred fairly uniformly throughout

the 6 year time period. There are no apparent trends in

tractor sales by year of sale. Tractor sales were recorded

throughout the U.S., with the majority occurring in the Corn

Belt. The Western and Eastern Corn Belt states account for

61 percent of the tractors in the data set, while the

Southeast also has a large share of sales at 15 percent.

Because auction types were not reported by Hotline until

April 1985, the 1984 and early 1985 tractors in the data set

did not contain this information. This included a total of
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Table 3-1. Summary statistics for 0 to 79 horsepower
tractors.

VARIABLE N MEAN STANDARD MINIMUM MAXIMUM
DEVIATION

RV 226 0.382 0.152 0.105 1.206
Age 226 10.084 4.221 1.0 18.0
Size 226 60.0 11.3 16.0 78.0
HPY 226 204.7 109.5 22.9 672.7



Table 3-2. Frequency statistics for 0 to 79 horsepower
tractor dummy variables.

Sale Year 1984 11 5

1985 39 17

1986 22 10

1987 47 21

1988 37 16

1989 47 21

1990 23 10

Auction Type A0 Unknown 32 14

Al Retirement 129 57

A2 Bankruptcy 13 6

A3 Consignment 50 22

A4 Dealer closeout 2 1

Manufacturer M3 Ford 60 27

M4 John Deere 58 26

M5 International 54 24

MOTH Other mfg. 54 24

Condition Cl Excellent 79 35

C2 Good 122 54

C3 Fair 18 8

C4 Poor 7 3

Loader LDR Loader present 44 19

42

VARIABLE DESCRIPTION FREQUENCY PERCENT

Region Rl Western Plains 10 4

R2 Northern Plains 18 8

R3 Southern Plains 7 3

R4 Western Corn Belt 90 40

R5 Eastern Corn Belt 48 21

R6 Northeast 9 4

R7 Southeast 35 15

R8 Delta 4 2

R9 West 5 2
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32 tractors, or 14 percent of the data set. Farmer

retirements accounted for 57 percent of the tractor sales.

Bankruptcy and consignment sales accounted for all but 1

percent of the remaining sales.

Three major manufacturers were represented in this data

set: Ford, John Deere, and International. In addition, 54

sales were recorded for several other manufacturers, and

these were grouped to form the "Other manufacturer" category

(including Allis-Chalmers, Case, Massey-Ferguson, and White

tractors) . Almost 90 percent of the tractors were in either

excellent or good condition, with the remaining observations

representing fair and poor conditions. About 20 percent of

the tractors were equipped with front-end loaders, a common

accessory on with smaller tractors.

The regression models estimated for the tractor data

set are shown in table 3-3. The first model estimates

remaining value as a linear function of age and hours of use

using ordinary least squares.

RV=p0+P1AGE+I32HPY (3-1)

This model shows that age and HPY are both significant. The

adjusted R2 value is relatively low at 0.3962. The model

estimates that remaining value of a tractor drops to 69

percent initially, and further decreases by 2 percent with

each additional year of age and 0.05 percent with each

additional hour of use.



lndicates coefficients significant at the 95 percent confidence level.

Table 3-3. Regression coefficients and t-statistics for 0 to 79 horsepower
tractors.

OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3
Independent Adj. R2.3962 Adj. R2.4874 Adj. R2=.6810 Adj. R2=.6730
Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio
Constant 0.6924 26.10* 3.5019 8.50* 2.1716 5.96* 2.8776 6.44*
AGE -0.0199 _10.66*
HPY -0.0005 _743*
? (RV) 0.37 0.35 0.35
AGE* -0.0829 _11.69* -0.0784 _11.32* -0.0426 _i1.56*
y (AGE) 0.61 0.61 0.90
HPY* -1.9146 _9.63* -1.3213 _7.21* -1.9203 7.60*
ö (HPY) -0.43 -0.43 -0.50
HP -0.0035 _3.1l* -0.0032 _3.02*
LDR 0.1640 5.80* 0.1505 5.42*
M3 0.0970 3.03* 0.1007 3.18*
M4 0.1673 5.21* 0.1807 5.69*
M5 0.0780 2.70* 0.0925 3.07*
C2 -0.0488 _1.97* -0.0483 _1.98*
C3 -0.2462 _5.69* 02451 _574*
C4 -0.1692 _2.59* -0.1398 _2.13*
Al 0.0348 0.80
A2 -0.0252 -0.42
A3 -0.0098 -0.22
A4 -0.0965 -0.83
Ri 0.0578 1.11
R2 -0.0872 _2.19*
R3 -0.0414 -0.66
R5 0.0455 1.66
R6 -0.0735 -1.34
R7 0.0105 0.33
R8 -0.0096 -0.11
R9 0.0063 0.57
NFl 0.0029 3.03* 0.0028 444*



The next model reported in table 3-3 was estimated

using Box-Cox transfoiivations on remaining value, age, and

HPY, as shown in equation (3-2)

RV*=0+1AGE*+2HPY* (3-2)

where

RV-1 AGE-1 HPY-1RV*= AGE= HPY*= (33)
a

This model has a significantly higher adjusted R2,

indicating that imposition of linearity reduced the

explanatory power of the OLS model. Referring to table 2-1,

the transformation values of 0.37 for remaining value and

0.61 for age suggest that depreciation patterns for tractors

approximate a double square root functional form, rather

than the linear form assumed in the OLS model. Both the

transformed age and HPY coefficients were again significant.

The third model reported in table 3-3 includes AGE*,

HPY*, and additional explanatory variables to estimate a

hedonic pricing model for tractors.

RV*0AGE*+HpY*+3HP4LDR+5M+
(3-4)

E15c +E 7 A33 R1 +E8 R1 9NFI

Dumnry variables were included for manufacturer, condition,

auction type, and region. The variables for Other

Manufacturers, (MOTH), condition 1 (excellent), auction

45
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type 0 (unknown), and region 4 (Western Corn Belt) were

omitted for estimation purposes. Coefficients for manufac-

turer, condition, auction type, and region are all intercept

shifters.

The horsepower (HP) variable was included to

investigate differences in depreciation patterns for

different sized tractors within the 0 to 79 horsepower

range. A variable representing the presence of a loader was

also used to further describe the tractors, and the net farm

income variable was included to capture macroeconomic

effects on remaining values.

The third model used a Box-Cox transformation on

remaining value, age, and HPY, and estimated transformation

values very similar to the second model, again indicating a

double square root pattern. The following test was

performed to examine the joint effects of condition

variables on remaining value.

H0 : 162 16, - I6 - 0
Ha:

(3-5)

The resulting F-test value of 11.51 was greater than the

critical value of 2.68 at the 95 percent confidence level,

so the null hypothesis that all three coefficients were

jointly zero was rejected. In this case it appears that

depreciation rates for 0 to 79 horsepower tractors are

influenced by care, as measured by condition.



The next variable examined was auction type. A joint

hypothesis test was formulated as follows.

H0: - P7 = P7, l37 = 0

Ha:
(3-6)

The computed F value of 1.32 was less than the critical

value of 2.45, so the null hypothesis was not rejected.

Remaining values for 0 to 79 horsepower tractors are not

significantly influenced by auction type. To insure that

the 32 tractor sales with unknown auction types were not

influencing the known auction type variables, a separate

model was run excluding the unknown auction types. A joint

F test was then run on the auction type variables, and the

null hypothesis was again not rejected.

Finally, a joint test was performed on the region

variables.

H0: P81 P8, P83P 13 P8 P8, P8,

Ha: P8 P8 P8 P8 P8
(3-7)
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The estimated F value of 1.83 was less than the critical

value of 2.02 at the 95 percent confidence level, so the

null hypothesis was not rejected. This implies that

depreciation patterns for 0 to 79 horsepower tractors are

not significantly different across regions of the U.S.

Both the age and HPY coefficients are negative, meaning

that as either variable increases, remaining value declines.

The coefficient for size, (HP), is negative and significant,



48

indicating that larger tractors may decline in value faster

initially relative to smaller tractors. All three

manufacturer coefficients are positive and significant,

indicating slight premiums for major manufacturers relative

to all other manufacturers. The loader variable is also

positive and significant. This shows that front loaders

significantly increase the value of small tractors.

Finally, the net farm income coefficient is positive (as

hypothesized) and it is also significant.

Because auction type and region coefficients were not

significant according to their joint F-tests, they were

dropped from the tractor model. Variables representing

condition were all retained since their F-test showed them

to be jointly significant. The variables for size and

loader were also retained, as were age, HPY, and NFl. The

final tractor model was estimated as

RV* = + 1AGE HPY* + HP+ LDR +
(3-8)

213c +7NFI

and reported as Box-Cox model 3 in table 3-3.

In the final tractor model, all variables are signif-

icant at the 95 percent confidence level. The age trans-

formation variable, y, was estimated at 0.90, and the HPY

transformation variable, ö, was estimated at -0.50. The

remaining value transformation variable, A, was estimated to

be 0.35. This approximates a sum-of-the-year's digits pat-
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tern. Condition variables were jointly significant, and

exhibited the expected directions and magnitudes of

influence, with the exception of C3. In this model, fair

condition tractors dropped in value more quickly than poor

condition tractors. This may be caused by a fairly active

market for older, small tractors in poor condition purchased

to be restored by collectors and mechanics. It may also be

due to the small sample size. The net farm income

coefficient is positive and significant, suggesting that

tractor values are influenced by farm income.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 3-1. The Box-Cox model

represents a 60 horsepower tractor with no loader, in good

condition, and used 205 hours per year throughout its life.

Net farm income is held constant at the 1990 level of $42

billion. This graph shows that given these assumptions, the

OLS model overestimates remaining value throughout most of

the tractor's useful life. Consequently, depreciation based

on linear depreciation patterns underestimates actual

depreciation expenses during this period. Based on the

significance of the loader variable, small tractors with

loaders maintain their values better over time relative to

those without loaders.



Figure 3-1. Comparison of OLS and Box-Cox models for
0 to 79 horsepower tractors.
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80 TO 119 HORSEPOWER TRACTORS

The 80 to 119 horsepower tractor data set contains 421

observations and is summarized in tables 3-4 and 3-5. Table

3-4 shows that the average remaining value of these tractors

is 30 percent, and the range is from 4.4 to 76.0 percent.

The average age for these 421 tractors is 10.5 years, with a

standard deviation of 3.8 years. The minimum age tractor is

2 years, while the maximum age is 19 years. These tractors

were used an average of 276.2 hours per year (HPY) . The

average size tractor in the data set was 98 horsepower, with

a range of 80 to 117 horsepower.

Table 3-5 summarizes the tractor data for dummy vari-

ables. The tractor sales occurred fairly uniformly

throughout the 6 year time period, with the exception of

1987, which accounted for almost one-third of all sales.

Tractor sales were recorded throughout the U.S., with the

majority occurring in the Corn Belt. The western and

eastern Corn Belt states account for 58 percent of the

tractors in the data set, while the Northern Plains also has

a large share of sales at 19 percent. Approximately 14

percent of the data had no auction type indicated. Farmer

retirements accounted for 57 percent of the sales in this

category. Bankruptcy and consignment sales accounted for

all but 1 percent of the remaining sales.

51



statistics for 80 to 119 horsepower
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Table 3-4. Summary
tractors.

VARIABLE N MEAN STANDARD MINIMUM MAXIMUM
DEVIATION

RV 421 0.300 0.141 0.044 0.760

Age 421 10.492 3.825 2.0 19.0

Size 421 98.2 11.6 80.0 117.0

HPY 421 276.2 126.6 26.0 1083.3



Table 3-5. Frequency statistics for 80 to 119 horsepower
tractor dummy variables.

Sale Year 1984 8 2

1985 85 20

1986 34 8

1987 122 29

1988 64 15

1989 64 15

1990 44 10

Region Ri Western Plains 22 5

R2 Northern Plains 79 19

R3 Southern Plains 17 4

R4 Western Corn Belt 192 46

R5 Eastern Corn Belt 52 12

R6 Northeast 12 3

R7 Southeast 35 8

R8 Delta 7 2

R9 West 5 1

Auction Type A0 Unknown 57 14

Al Retirement 246 58

A2 Bankruptcy 43 10

A3 Consignment 69 22

A4 Dealer closeout 6 1

Manufacturer M4 John Deere 202 48

MS International 83 20

MOTH Other mfg. 136 32

Condition Cl Excellent 142 34

C2 Good 238 57

C3 Fair 33 8

C4 Poor 8 2

53
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Two major manufacturers are represented in this data

set: John Deere and International. John Deere tractors

comprise almost half of all 80 to 119 horsepower tractor

sales recorded. In addition, 136 sales were grouped in the

"Other manufacturer" category. Over 90 percent of the

tractors were in either excellent or good condition, with

the remaining observations representing fair and poor condi-

tions. Less than one percent of these tractors were

equipped with loaders, so that attribute was not included in

the remaining value models.

The regression models estimated for the tractor data

set are shown in table 3-6. The first model estimates

remaining value as a linear function of age and hours of use

using ordinary least squares and specified according to

equation 3-1. In this model both age and HPY are

significant with an adjusted R2 value of 0.4273. This

linear model suggests that remaining value of a tractor

drops to 61 percent initially, and further decreases by 2

percent with each additional year of age and 0.03 percent

with each additional hour of use. The next model reported

in table 3-6 was estimated using Box-Cox transformations on

remaining value, age, and HPY, as shown in equation 3-2.

This model has only a slightly higher adjusted R2 than the

linear model, indicating that a non-linear model showed only

a modest improvement in explanatory power compared to the

OLS model. The transformation values of 0.40 for remaining



Table 3-6. Regression coefficients and t-statistics for 80 to 119 horsepower
tractors.

Independent
Variable

OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3
Adj. R2.4273 Adj. R2=.4344 Adj. R2=.6837 Adj. R2=.6839
Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio

Constant 0.6148 32.02* -0.2346 _4.32* -0.6697 -7.20 -0.6951 _7.36*
AGE -0.0226 _16.70*
HPY -0.0003 _6.82*

(RV) 0.40 0.44 0.44
AGE* -0.0532 _16.79* -0.0511 _19.98* -0.0284 .19.72*
'y (AGE) 0.95 0.98 1.2
HPY -0.0107 _6.57* -0.0099 _7.48* -0.0166 .7.36*

(HPY) 0.48 0.48 0.38
HP -0.0008 -1.13 -0.0007 -1.16
M4 0.2243 12.50* 0.2158 13.70*
M5 0.0210 0.97
C2 -0.0506 _2.74* -0.0606 333*
C3 -0.1271 .3.89* -0.1382 .4.24*
C4 -0.1786 _2.97* -0.2046 _345*
Al -0.0119 -0.42 -0.0131 -0.47
A2 -0.0549 -1.57 -0.0550 -1.61
A3 -0.0948 _3.02* -0.0996 _3.29*
A4 -0.0371 -0.55 -0.0309 -0.46
Rl 0.0608 0.17
R2 0.0241 1.13
R3 0.0179 0.43
R5 -0.0111 -0.45
R6 0.0738 1.60
R7 -0.0558 _l.97*
R8 -0.0772 -1.28
R9 -0.0170 -0.24
NFl 0.0132 7.32* 0.0137 7.63*
In.icates coe icients signi icant at t e percent con i.ence eve
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value and 0.95 for age suggest that depreciation patterns

for tractors approximate the sum-of-the-year's digits form.

Both the transfoiiiied age and HPY coefficients were again

significant.

The third model reported in table 3-6 includes AGE*,

HPY*, and additional explanatory variables to estimate a

hedonic pricing model for tractors.

RV +,AGE +2Hpy* +3HP + 4M1 +± +
(3-9)

6A +ER1 +E7 R1 + 8NFI

Dummy variables were included for manufacturer, condition,

auction type, and region. Variables for Other

Manufacturers, (MOTH), condition 1 (excellent), auction type

0 (unknown), and region 4 (western Corn Belt) were omitted

for estimation purposes. Variables for horsepower and net

farm income were added for reasons already explained.

The third model used a Box-Cox transformation on

remaining value, age, and HPY, and estimated transformation

values very similar to the second model, again indicating a

sum-of-the-year's digits pattern. The test outlined in

equation 3-5 was used to examine the joint effects of

condition variables on remaining value. The resulting F-

test value of 6.78 was greater than the critical value of

2.68 at the 95 percent confidence level, so the null

hypothesis that all three coefficients were jointly zero was

rejected. Consequently we assume that depreciation rates
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for 80 to 119 horsepower tractors are influenced by

condition.

The next statistical test addressed different auction

types. This test is identical to that in equation 3-6. The

computed F value of 4.41 was greater than the critical value

of 2.45, so the null hypothesis was rejected. Remaining

values for 80 to 119 horsepower tractors are significantly

influenced by auction type. To insure that the 57 tractor

sales with unknown auction types were not influencing the

known auction type variables, a separate model was run

excluding all tractors with unknown auction type. A joint F

test was then run on the auction type variables, and the

null hypothesis was again rejected.

Finally, a joint test of the type outlined in equation

3-7 was performed on the region variables. The estimated F

value of 1.42 was less than the critical value of 2.02 at

the 95 percent confidence level, so the null hypothesis was

not rejected. This implies that no significant price

premiums or discounts occur for tractors in this size

category across the U.S.

Both the age and HPY coefficients are negative, as

expected. The coefficient for size, HP, is also negative

but insignificant. Only the John Deere manufacturer coeffi-

cient was significant, indicating large premiums relative to

all other manufacturers. Finally, the net farm income

coefficient is positive and significant.
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Because region coefficients were not significant

according to their joint F-test, they were dropped from the

tractor model. Variables representing condition and auction

type were all retained since their F-test showed them to be

jointly significant. The variable for size, HP, was also

retained, as were age, HPY, and NFl. Because the

coefficient for International tractors was not significant,

these tractors were included with the "other manufacturers"

and the MS variable was dropped. The final tractor model

was estimated as

EI3GAJ +f37NFI

and reported as Box-Cox model 3 in table 3-6.

The age transformation variable, y, was estimated at

1.20, and the HPY transformation variable, was estimated

at 0.38. The remaining value transformation variable, X,

was estimated to be 0.44. This again approximates a sum-of-

the-year's digits pattern. The remaining variables, though

different in value, were similar in size and significance to

those reported for the similar model in the 0 to 79

horsepower range.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 3-2. The Box-Cox model

represents a 98 horsepower tractor in good condition used

205 hours per year throughout its life, and sold at a farmer

j 1

(3-10)
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retirement auction. Net farm income is held constant at the

1990 level of $42 billion. This graph shows that, given

these assumptions, the two models imply almost identical

remaining value patterns. The OLS model slightly

overestimates remaining value throughout most of the useful

lives of tractors. Consequently, depreciation based on

linear depreciation patterns may slightly underestimate

actual depreciation expenses during this same period.
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Figure 3-2. Comparison of OLS and Box-Cox models for 80 to
119 horsepower tractors.



120 to 139 HORSEPOWER TRACTORS

The 120 to 139 horsepower tractor data set contains 528

observations and is summarized in tables 3-7 and 3-8. The

average remaining value of these tractors is 33 percent, and

the range is from 6.4 to 72.9 percent. The average age for

these 528 tractors is 9.4 years, with a standard deviation

of 3.3 years. The minimum age tractor is 2 years, while the

maximum age is 18 years. These tractors were used an

average of 327.6 hours per year (HPY) . On the average,

tractors in this category were used a greater number of

hours per year than tractors in the previous two categories,

and they were not as old when they were sold. The average

size tractor in the data set was 129 horsepower, with a

range of 121 to 138 horsepower.

Table 3-8 summarizes the tractor data for dummy vari-

ables. The greatest number of tractor sales occurred in

1985 and 1987. Tractor sales were recorded throughout the

U.S., with the majority occurring in the Corn Belt. The

Western and Eastern Corn Belt states account for 57 percent

of the tractors in the data set, while the Northern Plains

also has a large share of sales at 19 percent. No auction

type was indicated for 79 tractors, or 15 percent of the

data set. Farmer retirements accounted for 56 percent of

the tractor sales. Bankruptcy and consignment sales

accounted for all but 1 percent of the remaining sales.
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Table 3-7. Summary statistics for 120 to 139 horsepower
tractors.

VARIABLE N MEAN STANDARD MINIMUM MAXIMUM
DEVIATION

RV 528 0.325 0.143 0.064 0.729

Age 528 9.409 3.337 2.0 18.0

Size 528 129.0 3.6 121.0 138.0

HPY 528 327.6 152.3 6.7 892.2



Table 3-8. Frequency statistics for 120 to 139 horsepower
tractor dummy variables.

Sale Year 1984 12 2

1985 139 26

1986 39 7

1987 138 26

1988 94 18

1989 71 13

1990 35 7

Region Ri Western Plains 34 6

R2 Northern Plains 98 19

R3 Southern Plains 40 8

R4 Western Corn Belt 240 45

R5 Eastern Corn Belt 63 12

R6 Northeast 7 1

R7 Southeast 32 6

R8 Delta 13 2

R9 West 1 1

Auction Type A0 Unknown 79 15

Al Retirement 297 56

A2 Bankruptcy 46 9

A3 Consignment 99 19

A4 Dealer closeout 7 1

Manufacturer M4 John Deere 303 57

M5 International 144 27

MOTH Other mfg. 81 16

Condition Cl Excellent 182 34

C2 Good 290 55

C3 Fair 51 10

C4 Poor 5 1

63
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Two major manufacturers were represented in this data

set: John Deere and International. John Deere tractors

comprise almost 60 percent of all 120 to 139 horsepower

tractor sales recorded, indicating that John Deere holds a

considerable share of the market in this range of tractor

sizes. In addition to John Deere and International, 81

sales were grouped in the "Other Manufacturer' category.

Almost 90 percent of the tractors were in either excellent

or good condition, with the remaining observations represen-

ting fair and poor conditions. Less than one percent of

these tractors were equipped with loaders, so that attribute

was not included in the remaining value models.

The regression models estimated for the tractor data

set are shown in table 3-9. The first model represents

remaining value as a linear function of age and hours of

annual use (see equation 3-1). Age and HPY are both

significant, with an adjusted R2 value of 0.3056. The model

results suggest that remaining value of a tractor drops to

59 percent initially, and further decreases by 2 percent

with each additional year of age and 0.02 percent with each

additional hour of annual use.

The next model reported in table 3-9 was estimated

using Box-Cox transformations on remaining value, age, and

HPY, following the model reported in 3-2. This model has a

slightly higher adjusted R2, indicating that a non-linear

model showed only a modest improvement in explanatory power



Table 3-9. Regression coefficients and t-statistics for 120 to 139 horsepower
tractors.

OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3
Independent Adj. R2.3056 Adj. R2.3l20 Adj. R2=.7739 Adj. R2=.7750
Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio
Constant 0.5932 30.79* -0.2652 _4.69* -1.1469 _5.42* -1.2469 _6.02*
AGE -0.0228 _14.65*
HPY -0.0002 4.82*
? (RV) 0.52 0.52 0.52AGE* -0.0584 _14.85* -0.0623 _22.80* -0.0316 _23.03*

(AGE) 0.83 0.83 1.14HPY* -0.0156 475* -0.0190 _8.61* -0.0038 _9.68*
(HPY) 0.30 0.30 0.60

HP -0.0022 1.44 -0.0017 1.11
M4 0.3275 20.57* 0.3246 20.49*
MS 0.0682 4.04* 0.0586 3.51*
C2 -0.0587 _4.69* -0.0592 _477*
C3 -0.1098 _5.05* -0.1110 _5.21*
C4 -0.2402 437* -0.2303 _4.17*
Al -0.0214 -1.19 -0.0234 -1.31
A2 -0.0467 -1.92 -0.0514 _2.12*
A3 -0.0775 34* -0.0835 _4.29*
A4 0.0792 1.64 0.0551 1.15
Ri 0.0224 1.00
R2 0.0231 1.61
R3 -0.0298 -1.36
R5 0.0315 1.86
R6 -0.0342 -0.74
R7 -0.0303 -1.35
R8 -0.0413 -1.20
R9 -0.0585 -0.49
NFl 0.0157 13.12*
In.icates coe icients signi icant at t e percent con i.ence eve

0. 0162 13 54*



compared to the OLS model. The transformation values of

0.52 for remaining value and 0.83 for age suggest that

depreciation patterns for tractors approximate the sum-of-

the-year's digits form. Both the transformed age and HPY

coefficients were again significant. The third model

reported in table 3-9 includes AGE*, HPY*, and additional

explanatory variables to estimate a hedonic pricing model

for tractors.

RV* = + 1AGE + HPY + HP + M1+ C3 +

4 3 9

2t36 A+E137 R1+137R1+133NFIk1 k 1 3 1 1 5

Dummy variables were included for manufacturer, condition,

auction type, and region. Again, variables for Other

Manufacturers (MOTH), condition 1 (excellent), auction type

0 (unknown), and region 4 (Western Corn Belt) were omitted

for estimation purposes.

The third model used a Box-Cox transformation on re-

maining value, age, and HPY, and estimated transformation

values identical to the second model, again indicating a

sum-of-the-year's digits pattern. The test presented in

equation 3-5 was performed to examine the joint effects of

condition variables on remaining value. The resulting F-

test value of 14.22 was greater than the critical value of

2.68 at the 95 percent confidence level, so the null

hypothesis that all three coefficients were jointly zero was

rejected. In this case it appears that depreciation rates
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for 120 to 139 horsepower tractors are influenced by

condition.

The next test examined different auction types. The

joint hypothesis test shown in equation 3-6 resulted in a

computed F value of 6.67. This value was greater than the

critical value of 2.45, so the null hypothesis was rejected.

Remaining values for 120 to 139 horsepower tractors are

significantly influenced by auction type. To insure that

the 79 tractor sales with unknown auction types were not

influencing the known auction type variables, a separate

model was run excluding all tractors with unknown auction

type. A joint F test was then run on the auction type vari-

ables, and the null hypothesis was again rejected.

The last test performed followed equation 3-7, which

investigated the influence of regions on remaining values.

The estimated F value of 1.89 was less than the critical

value of 2.02 at the 95 percent confidence level, so the

null hypothesis was not rejected. The results are the same

as the 80 to 119 horsepower tractors.

Both the age and HPY coefficients are negative, as

expected. The coefficient for size, HP, is also negative

but insignificant. Both the manufacturer coefficients were

significant, with the John Deere variable indicating very

large premiums relative to all other manufacturers. Final-

ly, the net farm income coefficient is positive and

significant.



RV* =f30 + 1AGE* + 2HPY* + 3HP + 134

t36Ak + 13,NFI

and reported as Box-Ocx model 3 in table 3-9.

The age transformation variable, y, was estimated at

1.14, and the HPY transformation variable, & was estimated

at 0.60. The remaining value transformation variable, 2,

was estimated to be 0.52. This again approximates a sum-of-

the-year's digits pattern. Results for the other variables

were very similar to those obtained for the previous two

tractor categories.

A graphical comparison of the OLS model and Box-Ocx

model 3 is shown in figure 3-3. The Box-Ocx model

represents a 129 horsepower tractor in good condition used

328 hours per year throughout its life, and sold at a farmer

retirement auction. Net farm income is held constant at the

1990 level of $42 billion. This graph shows that given

these assumptions, the two models estimate similar remaining

value patterns. However, the OLS model overestimates re-

+ C
j=2 (3-12)
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Because region coefficients were not significant

according to their joint F-test, they were dropped from the

tractor model. Variables representing condition and auction

type were all retained since their F-test showed them to be

jointly significant. The variable for size, HP, was also

retained, as were age, HPY, and NFl. The final tractor

model was estimated as
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maining value throughout most of the useful lives of trac-

tors. Consequently, depreciation based on linear deprecia-

tion patterns may slightly underestimate actual depreciation

expenses during this same period. It could also mean that

the assumptions used for the Box-Cox model aren't typical of

the data set.
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Figure 3-3. Comparison of OLS and Box-Cox models for 120 to
139 horsepower tractors.
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140 PLUS HORSEPOWER TRACTORS

The 140 and greater (140+) horsepower tractor data set

contains 489 observations and is summarized in tables 3-10

and 3-11. The average remaining value of these tractors is

30 percent, and the range is from 4.6 to 95.5 percent. The

average age for these 489 tractors is 8.6 years, with a

standard deviation of 3.3 years. The minimum age tractor is

1 year, while the maximum age is 17 years. These tractors

were used an average of 322.6 hours per year (HPY). The

average size tractor in the data set was 166 horsepower,

with a range of 140 to 304 horsepower. These tractors

received the largest hours of annual use and were sold at

younger ages than tractors in the other three categories, on

the average.

Table 3-11 summarizes the tractor data for dummy vari-

ables. The greatest number of tractor sales occurred in

1985 and 1987. Tractor sales were recorded throughout the

U.S., with the majority occurring in the Corn Belt. The

Western and Eastern Corn Belt states account for 55 percent

of the tractors in the data set, while the Northern Plains

also has a large share of sales at 19 percent.

Approximately 13 percent of the data had no auction

type indicated. Farmer retirements accounted for 53 percent

of the tractor sales. This data set had a larger percentage

of consignment and dealer closeout sales than any of the
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Table 3-10. Summary statistics for 140+ horsepower
tractors.
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VARIABLE N MEAN STANDARD MINIMUN MAXIMUM
DEVIATION

RV 489 0.297 0.158 0.046 0.955

Age 489 8.562 3.318 1.0 17.0

Size 489 166.0 25.6 140.0 304.0

HPY 489 322.6 176.6 2.3 1516.6



Table for 140 horsepower3-11. Frequency statistics
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tractor dummy variables.
VARIABLE DESCRIPTION FREQUENCY PERCENT
Sale Year 1984 8 2

1985 121 25
1986 53 11

1987 121 25

1988 77 16

1989 74 15

1990 35 7

Region Ri Western Plains 38 8

R2 Northern Plains 91 19

R3 Southern Plains 17 3

R4 Western Corn Belt 222 45

R5 Eastern Corn Belt 49 10

R6 Northeast 15 3

R7 Southeast 43 9

R8 Delta 8 2

R9 West 6 1

Auction pe A0 Unknown 62 13

Al Retirement 260 53

A2 Bankruptcy 34 7

A3 Consignment 110 22
A4 Dealer closeout 23 5

Manufacturer M2 Case 63 13

M4 John Deere 213 44

M5 International 134 27

MOTH Other mfg. 79 16

Condition Cl Excellent 149 30

C2 Good 274 56

C3 Fair 55 11

C4 Poor 11 2

Drive 2WD Two-wheel drive 373 76

4WD Four-wheel drive 117 24
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other tractor data sets, with a small number of bankruptcy

sales.

Three major manufacturers were represented in this data

set: Case, John Deere, and International. John Deere is

the dominant manufacturer at 44 percent of all sales,

followed by International with 27 percent and Case with 13

percent. In addition to these three manufacturers, 79 sales

were recorded for several other manufacturers, and these

were grouped to form the "Other manufacturer" category.

Almost 90 percent of the tractors were in either excellent

or good condition, with the remaining observations represen-

ting fair and poor conditions. None of these tractors was

equipped with a loader, so that attribute was not included

in the remaining value models. However, about one-fourth of

the 140+ horsepower tractors were equipped with four-wheel

drive, and that attribute was judged an important one to

consider for the large tractors.

The regression models estimated for the tractor data

set are shown in table 3-12. The first model estimates

remaining value as a linear function of age and hours of

annual use using ordinary least squares, as shown in

equation 3-1. In this model both age and HFY are

significant with an adjusted R2 value of 0.3631. This

linear model suggests that remaining value of a tractor

drops to 60 percent initially, and further decreases by 3



Indicates coefficients significant at the 95 percent confidence level.

Table 3-12. Regression coefficients and t-statist±cs for 140+ horsepower tractors.
OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3

Independent Adj. R2.3631 Adj. R2=.3939 Adj. R2.7739 Adj. R2=.7831
Va r ± able Coeff. t-Rat±o Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio
Constant 0.5984 29.64* 00873 -10.31 -1.1469 _7.8l* -0.7950 _9.12*
AGE -0.0287 _16.52*
HPY -0.0002 _5.29*
A. (RV) 0.22 0.52 0.32
AGE* -0.2552 _17.55* 00623 _114.49* -0.1323 _114.65*
(AGE) 0.40 0.83 0.67

HPY* -0.0034 _5.69* -0.0190 _7.25* -0.0033 _7.23*
S (HPY) 0.66 0.30 0.62
HP -0.0022 _2.27* -0.0009 _2.44*
FWD -0.0716 _3.30* -0.0751 _3.40*
M2 0.0360 1.32
M4 0.3889 17.78* 0.3779 24.17*
M5 0.0283 1.24
C2 -0.0700 _3.86* -0.0722 _3.89*
C3 -0.1122 _33* -0.1164 _3.88*
C4 -0.2955 _5.28* -0.2930 -5.10k
Al -0.0108 -0.40 -0.0192 -0.70
A2 -0.0103 -0.27 -0.0097 _0.25*
A3 -0.0958 _339* -0.1041 _3.60*
A4 0.0348 0.83 0.0354 0.83
Ri 0.0298 1.02 0.0320 1.08
R2 0.0308 1.46 0.0335 1.56
R3 -0.0346 -0.81 -0.0384 -0.88
R5 -0.0139 -0.54 -0.0166 -0.64
R6 0.0399 0.92 0.0390 0.88
R7 -0.0560 -1.90 -0.0548 -1.82
R8 -0.2709 _4.62* -0.2758 459*
R9 -0.0414 -0.61 -0.0579 -0.84
NFl 0.0174 10.04* 0.0184 10.37*
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percent with each additional year of age and 0.02 percent

with each additional hour of annual use.

The next model reported in table 3-12 was estimated

using Box-Cox transformations on remaining value, age, and

HPY, according to equation (3-2). This model has a slightly

higher adjusted R2, indicating that a non-linear model

showed some improvement in explanatory power compared to the

OLS model. The transformation values of 0.22 for remaining

value and 0.40 for age suggest that depreciation patterns

for tractors approximate a double square root functional

form. Both the transformed age and HPY coefficients were

again significant.

The third model reported in table 3-12 includes AGE*,

HPY*, and additional explanatory variables to estimate a

hedonic pricing model for tractors.

RV* = + 131AGE + 132HpY* + 133HP + FWD + t3S M2 +

EI3SM, +ECj +E7A+E8 R1 + (3-13)

8R1 +9NFI

Dummy variables were included for manufacturer, condition,

auction type, and region. Variables for Other Manufacturers

(MOTH), condition 1 (excellent), auction type 0 (unknown),

region 4 (Western Corn Belt), and two-wheel drive (2WD) were

omitted for estimation purposes.
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The third model used a Box-Cox transformation on

remaining value, age, and HPY, and estimated transformation

values identical to the second model, again indicating a

double square root pattern. The test performed in equation

3-5 was used to examine the joint effects of condition

variables on remaining value. The resulting F-test value of

12.10 was greater than the critical value of 2.68 at the 95

percent confidence level, so the null hypothesis that all

three coefficients were jointly zero was rejected. In this

case it appears that depreciation rates for 140+ horsepower

tractors are influenced by condition.

The next variable examined was auction type. The joint

hypothesis test shown in equation 3-6 resulted in a computed

F value of 6.27 which was greater than the critical value of

2.45, so the null hypothesis was rejected. Remaining values

for 140+ horsepower tractors are significantly influenced by

auction type. To insure that the 62 tractor sales with

unknown auction types were not influencing the known auction

type variables, a separate model was run excluding all

tractors with unknown auction type. A joint F test was then

run on the auction type variables, and the null hypothesis

was again rejected.

Finally, a joint test was performed on the region

variables following equation 3-7. The estimated F value of

4.03 was greater than the critical value of 2.02 at the 95

percent confidence level, so the null hypothesis was
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rejected. This implies that significant price premiums and

discounts do occur for large tractors in various parts of

the country.

Both the age and HPY coefficients are negative, as

expected. The coefficient for size, HP, is negative and

significant. The 4WD coefficient is also negative and

significant, showing that buyers discount used four-wheel

drive tractors more heavily than two-wheel drive tractors.

This is likely due to the higher repair and maintenance

costs associated with four-wheel drive tractors, as well as

a shorter useful life between major repairs. Only the John

Deere manufacturer coefficient was significant, indicating

very large premiums relative to all other manufacturers.

Finally, the net farm income coefficient is positive, as

hypothesized, and significant.

All variables were retained in the model with the

exception of the two insignificant manufacturer variables,

which were dropped and grouped with the other manufacturers.

Variables representing condition, auction type, and region

were all retained since their F-tests showed them to be

jointly significant. The final tractor model was estimated

as

RV*=30f31AGE*+2HPYm+33HP+i4FWD+i35M4+

6C +tA +±38 R1 + 8R1 +9NFI

and reported as Box-Cox model 3 in table 3-12.

(3-14)
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The age transformation variable, y, was estimated at

0.67, and the HPY transformation variable, 3, was estimated

at 0.62. The remaining value transformation variable, X,

was estimated to be 0.32. This again approximates a double

square root pattern. The size and drive variables were

again negative and significant. Condition variables were

jointly significant, and exhibited the expected directions

and magnitudes of influence. Auction type and region

variables were also jointly significant according to joint F

tests. Net farm income is positive and significant.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 3-10. The Box-Cox model

represents a 166 horsepower two-wheel drive tractor in good

condition used 323 hours per year throughout its life, and

sold at a farmer retirement auction in the Western Corn

Belt. Net farm income is held. constant at the 1990 level of

$42 billion. This graph shows that given these assumptions,

the two models estimate similar remaining value patterns for

3- to 12-year old tractors. However, the OLS model

underestimates remaining value from years 0 through three

and years 12 through 20. Consequently, depreciation based

on linear depreciation patterns may overestimate actual

depreciation expenses during these two time periods.



Figure 3-4. Comparison of OLS and Box-Cox models for 140+
horsepower tractors.
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TRACTOR SUNMARY

Remaining values for tractors were shown to be

dependent upon several variables. Age was highly

significant in each of the final Box-Cox models estimated.

Figure 3-4 compares the four models estimated in this

chapter with the ASAE standard equation for estimating

remaining value of tractors. The ASAE equation is

RV=0.68 * 0.920E (3-15)

which estimates tractor values strictly as a function of

age. The functions for the four sizes of tractors are taken

from equations (3-8) , (3-10) , (3-12) , and (3-14) , and the

coefficients are from tables 3-3, 3-6, 3-9, and 3-12. Hours

of annual use are assumed the average value of HPY in each

of the size categories, and condition is held good

throughout. Net farm income is held constant at $42

billion.

In figure 3-4, it appears that there is variation among

the depreciation patterns shown, although there are also

ranges in which similarities exist. The 0 to 79 horsepower

tractors decline most slowly in value over time, and have

the highest salvage values (in percentage terms) at the end

of 20 years. The remaining values for 80 to 119 horsepower

tractors were very similar to those estimated by ASAE, a

result consistent with the fact that this size tractor was
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Figure 3-5. Comparison of tractor depreciation models.
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widely used during the time period studied by ASAE in

calculating its RV equation.

The 120 to 139 horsepower tractors lost the most value

initially, and also had the lowest salvage values after 20

years. Until recently, when tractor sizes began increasing

rapidly, the 120 to 139 horsepower tractors were among the

largest found on farms. Subsequently, they were commonly

used for difficult, demanding operations. This heavy use

may have contributed to their lower overall values. Another

possibility is that increasing availability of larger

tractors leaves the 120 to 139 horsepower tractors heavily

discounted, since they are not as well-suited for the

tougher operations.

The 140+ horsepower tractors held their value better in

their early years, but declined quickly from ages 2 to 12.

Beginning at age 5, the 120 to 139 horsepower tractors and

the 140+ horsepower tractors exhibited almost identical

depreciation patterns. The larger tractors likely

depreciate more rapidly because of the high demands placed

on them by large commercial growers. Their values drop

quickly as they become unreliable and repair expenses mount.

Alternatively, it could be due to faster rates of

technological change for these tractors.

The ASAE pattern is generally above all others until 8

years of age, suggesting that the ASAE equation

overestimates remaining values for tractors less than 8
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years old. This would result in underestimated depreciation

during these first 8 years. The ASAE equation appears to

fit the 80 to 119 horsepower tractors very well from age 8

to 20. During the same periods, it overestimates remaining

values for the larger tractors and underestimates remaining

values for the smaller tractors.

What has been gained by estimating the 4 new remaining

value functions? The most obvious gain is in the ability to

estimate economic depreciation for tractors based on values

determined by the markets in which they are traded. For

instance, small tractors may be influenced by small, part-

time, and hobby farms that do not demand larger tractors.

When depreciation is only estimated based on age, this

market influence is not captured in the resulting model.

Another significant gain is in the areas of care and

use. Including condition variables as proxies for the care

machinery and equipment receives, and incorporating

information that is used by buyers to determine market

values (such as hours of previous use) increases the

accuracy of estimated depreciation patterns. Hours of use

per year are included to account for intensity of use, so

that a 120 horsepower tractor used 100 hours annually is

worth more than the same size tractor used 1000 hours per

year.



CHAPTER IV

HARVEST EQUIPMENT DEPRECIATION PATTERNS

Machinery and equipment used in harvesting crops tends

to be more specialized than tractors, and in some cases may

be manufactured exclusively for harvest of one or two crops.

Because of this specialization, advances in harvest

equipment tends to relate to gains in efficiency -- faster

performance of harvest operations, reduced waste and crop

losses, and improved quality of harvested products. Because

crop production varies throughout regions of the country, it

is hypothesized that regional differences in values will be

observed in harvest equipment values.

Depreciation patterns are reported in this chapter for

three types of harvest equipment: combines, swathers, and

balers. These three were chosen because they are widely

used throughout the U.S., providing adequate sales data to

estimate hedonic pricing models. The depreciation patterns

estimated for combines, swathers, and balers should be

representative of other harvest equipment.

COMBINES

The combine data set contains 511 observations and is

summarized in tables 4-1 and 4-2. The average remaining
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value of the combines is 23 percent, and the range is from

1.6 to 68.9 percent. List prices for combines are difficult

to determine due to the presence or absence of headers in

manufacturer price quotes. The average age for these 511

combines is 8.9 years, with a standard deviation of 3.4

years. The minimum age combine is 1 year, while the maximum

age is 18 years. These combines were used an average of

185.8 hours per year (HPY) . Combines in the data set are

(on the average) newer with lower remaining values and hours

of use than tractors.

The most common available measure of combine size is

the capacity of its grain tank, in bushels. Other size

attributes sometimes used include header width and engine

horsepower, but not all combine sales reported these

attributes on the machines sold. Since grain capacity was

reported for almost every combine, it was used as the size

variable for combines. The maximum size combine in the data

set is 275 bushels, and the average size is 138 bushels.

Table 4-2 summarizes the combine data for dummy vari-

ables. The majority of the combine sales included in the

data set occurred in 1985, 1987, and 1989, with a few sales

observed in the remaining years. There are no apparent

trends in combine sales by year of sale, although this short

time series may indicate increased sales in years with large

Conservation Reserve Program enrollment.
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Table 4-l. Summary statistics for combine data.

VARIABLE N MEAN STANDARD MINIMUM MAXIMUN
DEVIATION

RV 511 0.231 0.134 0.016 0.689

Age 511 8.904 3.448 1.0 18.0

Size 511 138.1 49.1 0.0 275.0

HPY 511 185.8 106.1 25.5 1763.5



Table 4-2. Frequency statistics for combine dummy
variables.

Sale Year 1984 32 6

1985 118 23

1986 70 14

1987 114 22

1988 50 10

1989 87 17

1990 40 8

Region Ri Western Plains 40 8

R2 Northern Plains 104 20

R3 Southern Plains 12 2

R4 Western Corn Belt 230 45

R5 Eastern Corn Belt 73 14

R6 Northeast 3 1

R7 Southeast 35 7

R8 Delta 8 2

R9 West 6 1

Auction pe A0 Unknown 96 19

Al Retirement 278 54

A2 Bankruptcy 32 6

A3 Consignment 91 18

A4 Dealer closeout 14 3

Manufacturer M4 John Deere 275 54

MS International 102 20

MOTH Other mfg. 134 26

Condition Cl Excellent 167 33

C2 Good 267 52

C3 Fair 69 14

C4 Poor 8 2

88
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Combine sales were recorded throughout the U.S., with

the majority occurring in the Corn Belt and the Plains

states. The Western and Eastern Corn Belt states account

for 59 percent of the combines in the data set, while the

Northern and Western Plains states account for 28 percent of

the combine sales. Soybeans and grains are the primary

crops in these regions, both of which are harvested using

combines. Thus, larger numbers of combine sales were

expected in these regions.

Auction types were not available for 96 combines, or 19

percent of the data set. Farmer retirements accounted for

54 percent of the combine sales. Bankruptcy and consignment

sales accounted for all but 3 percent of the remaining

sales. John Deere and International were the two major

manufacturers represented in this data set. In addition,

over 100 sales were grouped to form the "Other manufacturer"

category from five additional manufacturers (Allis-Chalmers,

Massey-Ferguson, White, New Holland, and New Idea). Almost

85 percent of the combines were in either excellent or good

condition, with the remaining observations representing fair

and poor conditions.

The regression models estimated for the combine data

set are shown in table 4-3. The first model estimates

remaining value as a linear function of age and hours of use

using ordinary least squares according to equation 3-1.



*Indlcates coefficients significant at the 95 percent confidence level.

Table 4-3. Regression coefficients and t-statistics for combines.
OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3

Independent Adj. R2=.6121 Adj. R2.6370 Adj. R2=.7231 Adj. R2=.7262
Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio
Constant 0.5594 40.96* -0.1452 _3.10* -0.3763 _6.99* -0.4261 _8.83*
AGE -0.0314 _28.48*
HPY -0.0003 733*
? (RV) 0.50 0.53 0.54
AGE* -0.1225 _30.03* -0.1133 _23.93* -0.1043 _24.29*
y (AGE) 0.73 0.73 0.75
HPY* -0.0156 _8.14* 00131 _7.71* -0.0086 ..794*
6 (HPY) 0.42 0.42 0.50
SIZE 0.0003 1.77 0.0003 1.81
M4 0.1463 9.25* 0.1511 9.98*
M5 0.0590 3.08* 0.0650 349*
C2 -0.0560 _3.70* -0.0610 _4.18*
C3 -0.1223 _545* -0.1264 _5.80*
C4 -0.2415 _439* -0.2430 473*
Al -0.0171 -0.76
A2 -0.0278 -0.85
A3 -0.0503 _2.06*
A4 -0.0307 -0.70
Ri -0.0317 -1.26
R2 0.0040 0.23
R3 -0.0003 0.01
R5 -0.0022 -0.11
R6 0.0167 0.20
R7 -0.0167 -0.61
R8 -0.0385 -0.73
R9 -0.0838 -1.40
NFl 0.0029 2.20* 0.0022 2.11*
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This model shows that age and HPY are both significant, and

the adjusted R2 value is 0.6121. The model estimates that

remaining value of a combine initially drops to 56 percent

of list price, and further decreases by 3.1 percent with

each additional year of age and 0.03 percent with each

additional hour of use.

The next model reported in table 4-3 was estimated

using Box-Cox transformations on remaining value, age, and

HPY following equations 3-2 and 3-3. This model has a

slightly higher adjusted R2, indicating that imposition of

linearity reduced the explanatory power of the OLS model.

The transformation values of 0.50 for remaining value and

0.73 for age suggest that depreciation patterns for combines

approximate the Sum-of-the-year's digits functional form,

rather than the linear form assumed in the OLS model. Both

the transformed age and HPY coefficients were again

significant.

The third model reported in table 4-3 includes AGEW,

py* and additional explanatory variables to estimate a

hedonic pricing model for combines.

RV*= + 1AGE* + 2HPY + 3SIZE + E4M1 +

15 Ci + 136 A+ E137 R1 + E137 R1 +138NF1
j2 k.1 k 1 is 1

(4-1)

Binary variables were included for manufacturer, condition,

auction type, and region. Variables for Other Manufacturers

(MOTH), condition 1 (excellent), auction type 0 (unknown),
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and region 4 (western Corn Belt) were omitted for estimation

purposes. The size variable described above and summarized

in table 4-2 was included to investigate differences in

depreciation patterns for different sized combines.

The third model again used a Box-Cox transformation on

remaining value, and estimated transformation values very

similar to the second model, again indicating a Sum-of-the-

year's digits type pattern. The hypothesis test described

in equation 3-5 was performed to examine the joint effects

of condition variables on remaining value. The resulting F-

test value of 13.94 was greater than the critical value of

2.68 at the 95 percent confidence level, suggesting that

depreciation rates for combines are influenced by condition.

The next variable examined was auction type, using the

test described in equation 3-6. The computed F value of

1.34 was less than the critical value of 2.45, implying

that remaining values for combines are not significantly

influenced by auction type. To insure that the 96 combine

sales with unknown auction types were not influencing the

known auction type variables, a separate model was run

excluding the unknown auction types. A joint F test was

then run on the auction type variables, and the null

hypothesis was again not rejected.

Finally, a joint test was performed on the region

variables according to equation 3-7. The estimated F value

of 0.56 was less than the critical value of 2.02 at the 95
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percent confidence level, leading to the conclusion that no

significant price premiums or discounts exist for used

combines across regions of the U.S. This contradicts the

hypothesis of regional differences in depreciation patterns

discussed at the beginning of this chapter. Combines may be

such widely used machines with active used markets that

regional discounts or premiums are not noticeable.

Both the age and HPY coefficients are negative, as

expected. The coefficient for size is positive but not

highly significant, indicating that larger combines may

decline in value slower initially relative to smaller com-

bines. Both the manufacturer coefficients are positive and

significant, indicating slight premiums relative to all

other manufacturers. Finally, the net farm income coeff 1-

cient is positive and significant.

Based on the previously reported F-tests, auction type

and region coefficients were dropped and condition variables

were retained in the final model. The variable for size was

also retained, as it was felt that a hedonic model for com-

bines must include this attribute to more fully describe

each combine. Age, HPY, and NFl were also retained in the

model. The final combine model was estimated as shown in

equation 4-2 and reported as Box-Cox model 3 in table 4-3.

RV* =10 + AGE* + 2HPY + 3SIZE + +
(4-2)

j2
c, +6NFI
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In the final combine model, all variables were signif-

icant at the 95 percent confidence level with the exception

of the size variable, which was significant at the 90 per-

cent confidence level. The age transfoLluation variable, 7,

was estimated at 0.75, and the HPY transformation variable,

was estimated at 0.50. The remaining value transforma-

tion variable, , was estimated to be 0.54. This again

approximates a Sum-of-the-year's digits pattern. Condition

variables were jointly significant, and exhibited the

expected directions and magnitudes of influence. Net farm

income is positive and significant.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 4-1. The Box-Cox model repre-

sents a 138 bushel capacity combine in good condition used

186 hours per year throughout its' life. Net farm income is

held constant at the 1990 level of $42 billion. This graph

shows that given these assumptions, the OLS model overesti-

mates remaining value throughout most of the useful lives of

combines. Consequently, depreciation based on linear depre-

ciation patterns underestimates actual depreciation expenses

during this same period.



Figure 4-1. Comparison of OLS and Box-Cox models for
combines.
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SWATHERS

The swather data set contains 140 observations and is

summarized in tables 4-4 and 4-5. The swather data

represents both pull-type and self-propelled swathers and

windrowers. From a technical standpoint, swathers usually

condition material as they cut and windrow it, while

windrowers simply cut and place materials in windrows. This

distinction is not maintained consistently throughout the

industry. Consequently, a machine of a given make and model

that is sold as a windrower in one auction may be referred

to as a swather at a different location. In this study

swathers and windrowers are treated as being the same for

depreciation purposes and are referred to generically as

"swathers".

The average remaining value of the swathers is 19 per-

cent, and the range is from 1.4 to 77.0 percent. The

average age for these 140 swathers is 8.6 years, with a

standard deviation of 3.9 years. Hours of use were not

typically reported for swathers. The minimum age swather is

1 year, while the maximum age is 18 years. Swather size is

measured as the width of the cutting head. Not all swather

sales reported the width of the headers on the machines

sold, so the size variable for swathers has a number of

96
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Table 4-4. Summary statistics for swather data.
VARIABLE N MEAN STANDARD MINIMUM MAXIMUM

DEVIATION

RV 140 0.192 0.135 0.014 0.770

Age 140 8.621 3.851 1 18

Size 140 8.686 7.862 0 30



Table 4-5. Frequency statistics for swather dummy
variables.

Sale Year 1984 0 0

1985 11 8

1986 28 20

1987 41 29

1988 30 21

1989 11 8

1990 19 14

Auction Type Al Retirement 95 68

A2 Bankruptcy 20 14

A3 Consignment 24 17

A4 Dealer closeout 1 1

Manufacturer M4 John Deere 31 22

MS International 19 14

M8 New Holland 27 19

M9 Hesston 30 21

Mb Versatile 16 11

MOTH Other mfg. 17 12

Condition Cl Excellent 26 19

C2 Good 83 59

C3 Fair 26 19

C4 Poor 5 4

Swather Type PL Pull-type 79 56

SP Self-propelled 61 44

98

VARIABLE DESCRIPTION FREQUENCY PERCENT

Region Ri Western Plains 35 25

R2 Northern Plains 34 24

R3 Southern Plains 1 1

R4 Western Corn Belt 37 26

R5 Eastern Corn Belt 13 9

R6 Northeast 9 6

R7 Southeast 6 4

R8 Delta 2 1

PS West 3 2
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missing values. The maximum size swather in the data set is

30 feet, and the average size is 9 feet wide.

Table 4-5 summarizes the swather data for binary vari-

ables. The majority of the swather sales included in the

data set occurred from 1986 to 1988, with a few sales

observed in the remaining years. The lack of observations

in 1984 is because swather ages were not reported in that

year. There are no apparent trends in swather sales by year

of sale, suggesting that swather sales have remained

relatively constant.

Swather sales were recorded throughout the U.S., with

the majority occurring in the Corn Belt and the Plains

states. The Western and Eastern Corn Belt states account

for 35 percent of the swathers in the data set, while the

Northern and Western Plains states account for 49 percent of

the swathers sales. Given hay and forage production take

place in virtually all regions, one would expect swather

sales to be more evenly distributed by region. The

abundance of swather sales in the Plains and Corn Belt

regions is most likely influenced by the number of farms,

the number of auction sales, and auctioneer participation in

reporting data, rather than by proportionately higher use of

swathers in this regions.

Farmer retirements accounted for 68 percent of the

swather sales. Bankruptcy and consignment sales accounted

for all but 1 percent of the remaining sales. Five major



100

manufacturers were represented in this data set: John

Deere, International, New Holland, Hesston, and Versatile.

In addition, a few sales were recorded for several other

manufacturers, and these were grouped to form the "Other

manufacturer" category (including Massey Ferguson, Oliver,

Owatonna, and Gehl). Almost 80 percent of the swathers were

in either excellent or good condition, with the remaining

observations representing fair and poor conditions.

The regression models estimated for the swather data

set are shown in table 4-6. The first model uses equation

3-1 to estimate remaining value as a linear function of age

using ordinary least squares. This model shows that,

although age is a significant variable, the amount of

variation explained is somewhat low, as measured by the

adjusted R2 value of 0.4888. The model estimated that

remaining value of a swather drops to 40 percent initially,

and further decreases by 2.5 percent with each additional

year of age.

The next model reported in table 4-6 was estimated

using Box-Cox transformations on both remaining value and

age according to equation 3-2. This model has a slightly

higher adjusted R2, indicating that imposition of linearity

reduced the explanatory power of the OLS model. The

transformation values of 0.37 for remaining value and 0.30

for age suggest that depreciation patterns for swathers

approximate a double square root functional foiiit, rather



Table 4-6. Regression coefficients and t-statistics for swathers.
OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3

Independent Adj. R2=.4888 Adj. R2=.5129 Adj. R2.7207 Adj. R2=.7256
Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio
Constant 0.4041 20.29* -0.5236 _7.65* -10531 _7.0l* -1.2088 _7.92*
AGE -0.0246 1l.66*
? (RV) 0.37 0.34 0.31
AGE* -0.2772 _12.23* -0.2478 l0.i1* -0.1813 _10.48*
y (AGE) 0.30 0.30 0.50
SIZE 0.0035 1.39 0.0040 1.50
Sp -0.0558 -1.32 -0.0521 -1.18
M4 0.0163 0.26 0.0121 0.19
M5 0.1394 2.00 0.1468 1.99
M8 0.2382 3.48* 0.2536 3.50*
M9 0.0894 1.42 0.0986 1.50
M10 0.1160 1.62 0.1306 1.75
C2 -0.1059 _2.09* -0.1219 _2.32*
C3 -0.3227 _5.21* -0.3480 _5.42*
C4 -0.4450 _3.63* -0.4940 _4Q3*
A2 -0.0177 -0.33
A3 -0.0613 -1.19
A4 0.0308 0.15
Ri 0.0374 0.70 0.0539 0.98
R2 0.0892 1.74 0.1019 1.90
R3 0.0588 0.26 0.0433 0.18
R5 0.2119 3.14* 0.2374 3.40*
R6 -0.1520 -2.00 -0.1788 _2.24*
R7 0.1875 2.16* 0.2193 2.41*
R8 0.0789 0.54 0.1095 0.72
R9 -0.2008 -1.63 -0.2090 -1.64
NFl 0.0115 2.81* 0.0133 3.12*
*Indlcates coefficients significant at the Yb percent confidence level.
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than the linear form assumed in the OLS model. The

transformed age coefficient is again significant.

The third model reported in table 4-6 includes trans-

formed age (AGE*), and introduces additional explanatory

variables to estimate a hedonic pricing model for swathers.

RV*=I30+1AGE*+132SIZE+133SP+ E 134M1+
5, 8, 9, 10

+ E
6
A+ + E37 R1 +8NFI

k..2 k 1 is 1

(4-3)

Binary variables were included for manufacturer, condition,

auction type, and region. Variables for Other Manufacturers

(MOTH), condition 1 (excellent)1 auction type 1 (farmer

retirement), and region 4 (Western Corn Belt) were omitted

for estimation purposes.

The size variable described above and summarized in

table 4-5 was included to investigate differences in

depreciation patterns for different sized swathers. A

variable representing self-propelled swathers, SP, was also

included to determine whether there were differences in

depreciation patterns for pull-type versus self-propelled

swathers.

The third model again used a Box-Cox transformation on

remaining value, and estimated transformation values very

similar to the second model, again indicating a double

square root pattern. The test described in equation 3-5 was

performed to examine the joint effects of condition

variables on remaining value. The resulting F-test value of
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12.69 was greater than the critical value of 2.68 at the 95

percent confidence level, leading to the conclusion that

depreciation rates for swathers are influenced by condition.

The joint hypothesis test shown in equation 3-6 was

used to jointly test the significance of auction types in

the model. The computed F value of 0.48 was less than the

critical value of 2.68, implying that remaining values for

swathers are not significantly influenced by auction type.

The final joint test was performed on the region

variables following equation 3-6. The estimated F value of

3.30 was greater than the critical value of 2.02 at the 95

percent confidence level, suggesting that depreciation

patterns for swathers are significantly different across

regions of the U.S., as hypothesized.

The age coefficient is negative and significant. The

coefficient for size is positive but not highly significant,

indicating that larger swathers may decline in value faster

initially relative to smaller swathers. The coefficient for

self-propelled swather types is negative but also not highly

significant. Self-propelled swathers may face a slightly

larger initial decline in value relative to pull-type

swathers. All the manufacturer coefficients are positive,

indicating slight premiums relative to all other

manufacturers. However, only one of these coefficients is

individually significant. A joint F-test of the hypothesis

that all manufacturer coefficients were equal to zero
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resulted in an F statistic of 4.52, compared to a critical

value of 2.29. Thus, the manufacturer variables are jointly

significant in the model. Finally, the net farm income

coefficient is positive and significant.

Since auction type coefficients were not significant

according to their joint F-tests, they were dropped from the

swather model. Variables representing manufacturer,

condition, and region were all retained since their

respective F-tests showed them each to be jointly

significant. Variables for size and type of swather were

also retained, as it was felt that a hedonic pricing model

for swathers must include these attributes to more fully

describe each swather. The final swather model was esti-

mated as

RV*=130+31AGE*+32SIZE+i33SP+
i=4 5, 8, 9, 90

E135 c + E36 Rk+ tC Rk7'I
j=2 k=1 ' k=5 '

(4-3)

and reported as Box-Cox model 3 in table 4-6.

In the final swather model, the transformed age vari-

able was significant at the 95 percent confidence level.

The size variable was positive but not significant. The

lack of significance for this variable may be due to the

missing data for width as reported by the auctions, or it

could indicate that there is no difference in depreciation

patterns for different sized swathers. The swather type

variable was negative but not significant, suggesting that
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both pull-type and self-propelled swathers depreciate at the

same rates.

The age transformation variable, y, was estimated at

0.50, while the remaining value transformation variable, X,

was estimated to be 0.31. This again approximates a double

square root pattern. Condition variables were jointly

significant, and exhibited the expected directions and

magnitudes of influence. A joint F-test on the region

coefficients indicated that they also were significant at

the 95 percent confidence level. Given the signs of the

estimated region coefficients, it appears that swathers in

all regions but the Northeast hold their value better than

swathers in the Western Corn Belt. Net farm income is

positive and significant.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 4-2. The Box-Cox model

represents a self-propelled, 9-foot wide swather in region 4

in good condition throughout it's life. Net farm income is

held constant at the 1990 level of $42 billion. This graph

shows that given these assumptions, the OLS model

overestimates remaining value throughout most of the useful

lives of swathers. Consequently, depreciation based on

linear depreciation patterns underestimates actual

depreciation expenses during this same period.



Figure 4-2. Comparison of OLS and Box-Cox models for
swathers.
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BALERS

The baler data set contains 108 observations and is

summarized in tables 4-7 and 4-8. The baler data represents

only pull-type balers, and does not include any self-

propelled models. Pull-type balers far outnumber the self-

propelled models currently in use. The average remaining

value of the balers is 29 percent, and the range is from 2.6

to 95.5 percent. The average age for these 108 balers is

7.0 years, with a standard deviation of 3.4 years. The

minimum age baler is 1 year, while the maximum age is 14

years.

The average remaining value of balers (29 percent) is

substantially higher than the average remaining value of

swathers (19 percent) discussed in the previous section.

This may be due to lower average ages of the balers relative

to the swathers, or it may indicate that balers tend to have

higher salvage values.

No size attribute is readily available for balers from

the auction data reported. While balers do vary in

capacity, it is difficult to categorize them in any

meaningful way, and capacity information was generally not

available from the Hotline auction reports. Thus, no size

or capacity variables were used in the baler models.

Table 4-8 summarizes the baler data for binary vari-

ables. The majority of the baler sales included in the data

107



Table for baler4-7. Summary statistics

108

VARIABLE N
DEVIATION

MEAN STANDARD MINIMUM MAXIMUM

RV 108 0.289 0.162 0.026 0.955

Age 108 6.982 3.379 1 14



Sale Year 1984 0 0

1985 8 7

1986 25 23

1987 35 32

1988 19 18

1989 10 9

1990 11 10

Region Ri Western Plains 8 7

R2 Northern Plains 26 24

R3 Southern Plains 8 7

R4 Western Corn Belt 35 32

R5 Eastern Corn Belt 12 ii

R6 Northeast 7 6

R7 Southeast 7 6

R8 Delta 3 3

R9 West 2 2

Auction Type Al Retirement 71 66

A2 Bankruptcy 16 15

A3 Consignment 19 18

A4 Dealer closeout 2 2

Manufacturer M4 John Deere 41 38

MB New Holland 39 36

MOTH Other 28 26

manufacturer

Condition Cl Excellent 27 25

C2 Good 71 66

C3 Fair 8 7

C4 Poor 2 2

Baler Type SQR Square baler 67 62

RND Round Baler 41 38

109

Table 4-8. Frequency statistics for baler dummy variables.
VARIABLE DESCRIPTION FREQUENCY PERCENT



110

set occurred in 1986 and 1987, with a few sales observed in

the remaining years. The lack of observations in 1984 is

because ages of balers were not reported by Hotline in that

year. There are no apparent trends in baler sales by year

of sale, suggesting that baler sales have remained

relatively constant.

Baler sales were recorded throughout the U.S., with the

majority occurring in the Corn Belt and the Plains states.

The Western and Eastern Corn Belt states account for 43

percent of the balers in the data set. This distribution of

sales by region is probably most indicative of active

auction markets rather than actual use levels. The Western

and Southern regions are known to produce large quantities

of hay, although the baler sales data does not reflect this

fact.

Over 70 percent of the baler sales were due to farmer

retirements. Bankruptcy, consignment sales, and dealer

closeouts accounted for the remaining sales. Two

manufacturers dominated this data set: John Deere and New

Holland. Five other manufacturers, each with less than 10

sales observations, were grouped to form the other

manufacturer category. The other manufacturers group

includes Ford, International, Massey Ferguson, Hesston, and

New Idea. Over 90 percent of the balers were in either

excellent or good condition, with a few observations repre-

senting fair and poor conditions.
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Two types of balers are represented in the data set:

round balers and square balers. Dummy variables were used

to identify this attribute and investigate depreciation

pattern differences between these two types of balers.

Because use of round balers requires more specialized

handling, storage, and feeding equipment by livestock

producers, it is hypothesized that round balers do not

maintain their values as well as square balers.

The regression models estimated for the baler data set

are shown in table 4-9. The first model estimates remaining

value as a linear function of age using ordinary least

squares following equation 3-1. This model shows that while

age is a significant variable, the amount of variation

explained is low, as measured by the adjusted R2 value of

0.3278. The model estimates that remaining value of a baler

drops to 48 percent initially, and further decreases by

almost 3 percent with each additional year of age.

The next model reported in table 4-9 was estimated

using Box-Cox transformations on both remaining value and

age following equation 3-2. This model has a slightly

higher adjusted R2, indicating that imposition of linearity

reduced the explanatory power of the OLS model. The lambda

values of 0.24 for remaining value and 0.42 for age suggest

that depreciation patterns for balers approximate a double

square root functional form, rather than the linear form

assumed in the OLS model. Age was again significant.



*Indlcates coetticients signiticant at the 95 percent confidence level.

Table 4-9. Regression coefficients and t-statistics for balers.
OIS Model Box-Cox 1 Box-Cox 2 Box-Cox 3

Independent Adj. R2=.3278 Adj. R2=.3824 Adj. R2=.6046 Adj. R2=.6007
Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio
Constant 0.4834 16.52* -0.5586 _7.17* -0.8310 _4.41* 10144 _5.09*
AGE -0.0278 _735*
X (RV) 0.24 0.33 0.28
AGE* -0.2097 _8.28* -0.1810 _943* -0.1123 _9.51*
-y (AGE) 0.42 0.42 0.74
M4 0.2731 5.15* 0.3091 5.46*
M8 0.1658 3.01* 0.1857 3.10*
C2 -0.1272 _2.45* -0.1584 _2.87*
C3 -0.2174 _2.42* -0.2540 _2.61*
A2 -0.0829 -1.33
A3 -0.1073 -1.81
A4 0.1295 0.83
Ri -0.2011 _2.43* -0.1838 _2.06*
R2 -0.1572 _2.84* -0.1472 _2.54*
R3 -0.2356 _2.70* -0.2247 _2.45*
R5 -0.1323 -1.83 -0.0980 -1.29
R6 0.0949 1.07 0.0828 0.89
R7 -0.1175 -1.31 -0.0975 -1.02
R8 -0.2681 -1.96 -0.3492 _2.42*
R9 -0.4266 _2.74* -0.3852 _2.29*
RND -0.0905 _2.04* -0.1061 _2.23*
NFl 0.0105 2.16* 0.0127 2.45*
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The third model reported in table 4-9 includes trans-

formed age (AGE*), and introduces additional explanatory

variables as shown in equation 4-5.

RV*=p0+1AGE*+ E +2 34 A+
k=2 'i4, 8

3 9

E1SR, +E35 R1 +6RND+I37NFI
(4-5)

Dummy variables were included for manufacturer, condition,

auction type, and region. Variables for other manufacturers

(MOTH), condition 1 (excellent), auction type 1 (farmer

retirement), and region 4 (Western Corn Belt) were omitted

for estimation purposes. The variable for condition 4

(poor) was omitted since there were only two poor condition

balers. The RND variable described above and summarized in

table 4-11 was included to investigate differences in

depreciation patterns for different types of balers.

The third model used Box-Cox transformations on

remaining value and age. The estimated transformation

values were very similar to the second model, again

indicating a double square root pattern. Following the test

described by equation 3-5, the joint effects of condition

variables on remaining value were examined. The resulting

F-test value of 4.11 was greater than the critical value of

3.07 at the 95 percent confidence level, suggesting that

depreciation rates for balers are significantly influenced

by condition.
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The next variable examined was auction type using the

joint hypothesis test formulated in equation 3-6. The

computed F value of 1.77 was less than the critical value of

2.68, implying that remaining values for balers are not

significantly influenced by auction type.

The final joint test was performed on the region

variables according to equation 3-7. The estimated F value

of 3.46 was greater than the critical value of 2.02 at the

95 percent confidence level, leading one to conclude that

significant price premiums and discounts do exist in used

baler markets across the U.S.

The age coefficient is negative, as expected. John

Deere and New Holland balers appear to retain higher

remaining values relative to balers manufactured by other

manufacturers, as evidenced by the positive coefficients for

M4 and M8. The round baler dummy variable has a negative

coefficient, indicating that square balers do retain higher

remaining values than round balers. The net farm income

coefficient is positive.

Because auction type coefficients were not significant

according to their joint F-tests, they were dropped from the

baler model. The final baler model was estimated as

RV*=0 p1AGE* + E f32M1 + J33 c
1=4,8 j=2

EI34Rk + 5RND + 6NFI

and is reported as Box-Cox model 3 in table 4-9.

(4-6)
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In the final baler model, the transformed age variable

was significant at the 95 percent confidence level. The age

transformation variable, y, was estimated at 0.74, while the

remaining value transformation variable, ?., was estimated to

be 0.28. This approximates a Sum-of-the-year's digits

pattern. Condition variables were jointly significant, and

exhibited the expected directions and magnitudes of

influence. A joint F-test on the region coefficients

indicated that they were significant at the 95 percent

confidence level. The coefficient for round balers was

again negative and significant. The net farm income

coefficient was positive and significant.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 4-3. The Box-Ocx model

represents a square baler in region 4 in good condition

throughout its' life. Net farm income is held constant at

the 1990 level of $42 billion. This graph shows that the

OLS model overestimates remaining value until balers reach

about 14 years of age. The Box-Ocx model estimates

remaining values of 5 to 10 percent less than the OLS model

throughout the early years of balers. This implies that,

under the assumptions given for the Box-Ocx baler model, use

of a linear model overstates remaining values of balers, and

therefore underestimates depreciation.



Figure 4-3. Comparison of OLS and Box-Cox models for
balers.
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HARVEST EQUIPMENT SUMMARY

The estimated models for harvest machinery and

equipment exhibited several similarities to each other. In

this section, comparisons will be made among the models and

general conclusions will be drawn.

Age and condition variables were negative and

significant in each of the three models. The condition

variables also exhibited the expected influences in terms of

magnitude of impact. Also, as age increases, remaining

value declines. The addition of the condition variables as

proxies for care seem to have added explanatory power to

traditional depreciation models which have assumed constant

condition over time.

Size variables were included in the combine and swather

models, but were unavailable for balers. Size coefficients

were positive but not significant at the 95 percent

confidence level for both combines and swathers. This

result may suggest that larger harvest equipment enjoy

higher remaining values relative to smaller equipment, but

some questions remain as to the accuracy of the data. The

alternative conclusion is that depreciation patterns for

harvest equipment are unaffected by the size of the

equipment.

Regional coefficients were hypothesized to be

significant for harvest equipment due to its specialized

117
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nature. Regional coefficients were indeed significant for

swathers and balers, but were insignificant for combines.

The lack of significance for combines may be caused by the

greater versatility found in combines as compared to

swathers and balers. Combines may be used for harvesting a

wide variety of grain and seed crops, while swathers and

balers are only suitable for forage harvesting. Since every

region produces some amount of grains and seeds, there

appear to be no particular premiums or discounts applied to

combines across regions.

While regional coefficients were significant for both

swathers and balers, the signs of the regional coefficients

were almost exactly opposite. For swathers, all regions

received premiums relative to R4 with the exception of R6.

This suggests that swathers are discounted in the Western

Corn Belt and Northeast relative to most of the U.S. This

is in contrast to balers, in which every regional

coefficient is negative except for R6, suggesting that

balers command premiums in the western Corn Belt and the

northeast. Regional premiums in values should reflect the

costs of moving equipment from one region to another. Those

areas exhibiting premiums for harvest equipment may be

experiencing shortages of balers or swathers, while those

with discounts may have excess supplies.
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Lagged net farm income was positive and significant for

all three models. Thus, increased profits in the farming

sector lead to higher remaining values of harvest equipment.

Figure 4-4 compares the remaining value patterns for

the three types of harvest equipment. Swathers have the

highest initial remaining values, but depreciate more

rapidly than either combines or balers. Swathers appear to

reach near-terminal values at about 10 years of age. Their

lower salvage values and shorter lives may indicate that

technological change is occurring more rapidly in swathers

relative to other harvest equipment. Combines and balers

depreciate at almost identical rates until 4-5 years of age,

at which time combine values drop faster than balers.

Balers reach salvage values of approximately 10 percent in

year 15, while combines continue to drop to almost 0 by year

20.

Finally, comparisons of all three models to the ASAE

model for combines and swathers shows that ASAE remains

higher than the three estimated models until about 10 years

of age, at which time the ASAE model depreciation pattern

follows the new combine and baler models. Throughout the 20

years shown, swathers remain lower than the ASAE model.

Depreciation costs based on SAE equations will be low

relative to each of the other models shown in the first 10

years of harvest equipment life.



Figure 4-4. Depreciation patterns for harvest equipment.
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CHAPTER V

PLANTING AND TILLAGE EQUIPMENT

DEPRECIATION PATTERNS

The final set of depreciation models to be estimated

are for planting and tillage equipment. This include three

major types of implements: planters, disks, and plows. All

three of these are tractor-pulled, and are commonly used in

almost all types of production agriculture. However,

changes are occurring, especially related to heavy tillage.

No-till and reduced-till grain production methods are

becoming increasingly popular, and these new systems of

production will affect the demand for, (and value of),

planters, disks, and plows. Previous studies have not

examined depreciation patterns for planting and tillage

equipment, primarily because data has not been available.

Since these are very basic implements used in a variety

of cropping systems, regional coefficients are not expected

to be significant in determining depreciation patterns. Net

farm income coefficients are also not expected to show large

impacts on remaining values of planting and tillage

equipment, since they perform very basic tasks forwhich

there are few substitutes. However, it does seem logical to

expect positive coefficients for lagged net farm income.
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PLANTERS

The planter data set contains 129 observations and is

summarized in tables 5-1 and 5-2. The average remaining

value was 37 percent, and the range is from 5.0 to 89.4

percent. The average age for these 129 planters was 7.3

years, with a standard deviation of 3.1 years. The minimum

age planter is 1 year, while the maximum age is 15 years.

Planter sizes are usually measured by the number of

rows they plant and the spacing between the rows. A single

variable, SIZE, was included to represent the size attribute

of planters, and measured only the number of rows planted.

The average size planter was 7.5 rows, with a standard

deviation of 2.6 rows. The smallest planter was a 4-row

planter, and the largest was a 16-row planter. No drills

were included in the data set.

Table 5-2 summarizes the planter data for binary

variables. The majority of the planter sales included in

the data set occurred from 1986 through 1989, with a small

number observed in 1990. The lack of observations in 1984

is because planter ages were not reported in that year.

There are no apparent trends in planter sales by year of

sale, suggesting that planter sales have remained relatively

constant.

122
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Table 5-1. Suirimary statistics for planter data.

VARIABLE N MEAN STANDARD MINIMUM MAXIMUM
DEVIATION

RV 129 0.371 0.189 0.050 0.894

Age 129 7.279 3.142 1 15

Size 129 7.450 2.625 4 16



Table 5-2. Frequency statistics for planter dummy
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variables.

VARIABLE DESCRIPTION FREQUENCY PERCENT

Sale Year 1984 0 0

1985 7 5

1986 29 23

1987 33 26

1988 22 17

1989 25 19

1990 13 10

Region Ri Western plains 14 11

R2 Northern plains 24 19

R3 Southern plains 3 2

R4 Western Corn Belt 55 43

R5 Eastern Corn Belt 16 12

R6 Northeast 0 0

R7 Southeast 17 13

R8 Delta 0 0

PS West 0 0

Auction Type Al Retirement 102 79

A2 Bankruptcy 8 6

A3 Consignment 14 11

A4 Dealer closeout 5 4

Manufacturer M4 John Deere 102 79

M5 International 27 21

Condition Cl Excellent 39 30

C2 Good 74 57

C3 Fair 15 12

C4 Poor 1 1
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Planter sales were recorded throughout the U.S., with

the majority occurring in the Corn Belt and the Plains

states. The Western Corn Belt alone accounts for 43 percent

of the planters in the data set. The Southeast region also

had a substantial number of planter sales, while the

Northeast, Delta, and Western states had no sales recorded.

This distribution of sales by regionappears reasonable,

given that planters are most widely used for corn and

soybean production, which takes place largely in the Corn

Belt.

Over 79 percent of the planter sales were the result of

farmer retirements. Bankruptcy, consignment sales, and

dealer closeouts accounted for the remaining sales. Two

manufacturers were represented in this data set: John Deere

and International. This is because planter list prices were

only available for these two manufacturers. The majority of

the planters were manufactured by John Deere. Almost 90

percent of the planters were in either excellent or good

condition, with a few observations representing fair and

poor conditions.

The regression models estimated for the planter data

set are shown in table 5-3. The first model estimates

remaining value as a linear function of age using ordinary

least squares and equation 3-i. This model shows that,

although age is a significant variable, the amount of

variation explained is low, as measured by the adjusted R2
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value of 0.4149. The model estimates that remaining value

of a planter drops to 66 percent initially, and further

decreases by almost 4 percent with each additional year of

age.

The next model reported in table 5-3 was estimated

following equation 3-2 and uses Box-Cox transformations on

both remaining value and age. This model has a slightly

higher adjusted R2, suggesting that a flexible functional

form does not greatly add to improving the fit of the

regression model. The lambda values of 0.62 for remaining

value and 0.73 for age suggest that depreciation patterns

for planters approximate a double square root functional

form, rather than the linear form assumed in the OLS model.

The transformed age coefficient is again significant.

The third model reported in table 5-3 includes trans-

formed age (AGE), and introduces additional explanatory

variables to estimate a hedonic pricing model for planters.

+
(5-1)

EoRk+ E PGRk+7NFI
k=1 k k5,7

Binary variables were included for manufacturer, condition,

auction type, and region. The variables for manufacturer 5

planters (International), condition 1 (excellent), auction

type 1 (farmer retirement), and region 4 (Western Corn Belt)

were omitted for estimation purposes. The variable for



Table 5-3. Regression coefficients and t-statistics for planters.

Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio

Constant 0.6553 20.47* -0.3435 _733* -0.7050 _433* -0.7525 _4.52*

AGE -0.0390 _9.65*

?. (RV) 0.62 0.48 0.47
AGE* -0.0977 _9.92* -0.0974 _7.90* -0.0968 _8.12*

y (AGE) 0.73 0.75 0.75

SIZE -0.0007 -0.10 -0.0041 -0.55

M4 0.2080 4.17* 0.2006 394*

C2 -0.0835 -1.74 -0.0853 -1.78

C3 -0.2979 _4.02* -0.2983 _393*

A2 -0.0573 -0.71

A3 -0.1228 -1.94

A4 0.1039 1.03

Ri 0.0450 0.67 0.0613 0.91

R2 0.1572 2.99* 0.1669 3.12*

R3 -0.0013 -0.01 0.0598 0.47

R5 -0.0099 -0.16 0.0047 0.07

R7 0.1446 2.31* 0.1355 2.10*

NFl 0.0050 1.14 0.0069 1.53
*Ind1caes coefficients signiticanb at the Yb percent confidence level.

OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3
Independent Adj. R2=.4149 Adj. R2.4281 AdI. R2=.5788 Adj. R2=.5722
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condition 4 (poor) was also omitted since there was only one

poor condition planter. The size variable described above

and summarized in table 5-2 was included to investigate

differences in depreciation patterns for different sized

planters.

The third model again used a Box-Cox transformation on

remaining value, and estimated transformation values very

similar to the second model, again indicating a double

square root type pattern. A joint test was performed on the

condition variables, following equation 3-5. The resulting

F-test value of 8.22 was greater than the critical value of

3.07 at the 95 percent confidence level, suggesting that

depreciation rates for planters are influenced by condition.

The next variable examined was auction type, using

equation 3-6. The computed F value of 1.89 was less than

the critical value of 2.68, supporting the idea that

remaining values for planters are not significantly

influenced by auction type.

Finally, a joint test was performed on the region

variables according to equation 3-7. The estimated F value

of 2.85 was greater than the critical value of 2.29 at the

95 percent confidence level, implying that regional price

premiums and discounts exist for planters across the U.S.

The age coefficient is negative, consistent with

previous models. The coefficient for size is negative but

not significant. John Deere planters appear to command a
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significant premium in value relative to planters manufac-

tured by International, as evidenced by the positive coeffi-

cient for M4. The net farm income coefficient is positive.

In the final model the auction type coefficients were

dropped from the planter model and net farm income was

retained despite its insignificance in the earlier model.

Size was also retained, as it was felt that a hedonic

pricing model for planters must include a size attribute to

better describe each planter. The final planter model was

estimated as

+6NFI -

- j=1 (5-2)

and reported as Box-Cox model 3 in table 5-3.

In the final planter model, the transformed age vari-

able was significant at the 95 percent confidence level.

The size variable was negative but not significant. A

potential explanation for this is that other attributes of

planters are more important than size. These attributes

might include row markers, hoppers, and insecticide and

herbicide attachments. The auction data did not report

these attributes for most planters in the data set, so they

were not included in the model.

The age transformation variable, y, was estimated at

0.75, while the remaining value transformation variable, A,

was estimated to be 0.47. This approximates a square root
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pattern. Condition variables were jointly significant, and

exhibited the expected directions and magnitudes of

influence. A joint F-test on the region coefficients

indicated that they were significant at the 95 percent

confidence level. Given the signs of the estimated region

coefficients, it appears that planters in the Northern and

Western Plains and Southeast states maintain their value

better relative to the Corn Belt and Southern Plains states.

Net farm income is positive but not significant, suggesting

that planter values are not highly influenced by farm

income. Since there are no real substitutes for planters,

they may be necessary components of farm planting systems,

and their values are therefore not responsive to changes in

income.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 5-1. The Box-Cox model

represents an 8-row planter in region 4 in good condition

throughout its' life. Net farm income is held constant at

the 1990 level of $42 billion. This graph shows that the

OLS model overestimates remaining value until planters reach

about 14 years of age. The Box-Cox model estimates

remaining values of 5 to 10 percent less than the OLS model

throughout the early years of planters. This implies that,

under the assumptions given for the Box-Cox planter model,

use of a linear model overstates remaining values of plant-

ers, and therefore underestimates depreciation.



Figure 5-1. Comparison of OLS and Box-Cox models for
planters.
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DISKS

The disk data set contains 89 observations and is

summarized in tables 5-4 and 5-5. The average remaining

value is 29 percent, and the range is from 2.1 to 67.3

percent. The average age for these 89 disks is 7.7 years,

with a standard deviation of 3.3 years. The minimum age

disk is 2 years, while the maximum age is 15 years.

Two types of disks are included in the data: tandem

and offset disks. Both are measured in terms of their

width, so a single variable, SIZE, was used to represent the

size attribute of disks. The average size disk is 21.2

feet, with a standard deviation of 6.2 feet. The smallest

disk is 10 feet wide, and the largest is 46 feet wide.

Table 5-5 summarizes the disk data for binary

variables. The majority of the disk sales included in the

data set occurred from 1986 through 1989, with a small

number observed in 1990. No observations were available in

1984 because disk ages were not reported in that year.

There are no apparent trends in disk sales by year of sale,

suggesting that disk sales have remained relatively

constant.

Disk sales were recorded throughout the U.S., with the

majority occurring in the Corn Belt and the Plains states.

The Southeast region also had a substantial number of disk

sales, while the Northeast, Southern Plains, Delta, and

132



Table 5-4. Summary statistics for disk data.

133

VARIABLE N MEAN STANDARD MINIMUM MAXIMUM
DEVIATION

RV 89 0.290 0.169 0.021 0.673

Age 89 7.674 3.261 2 15

Size 89 21.236 6.173 10 46



Region Ri Western plains

R2 Northern plains

R3 Southern plains

R4 Western Corn Belt

R5 Eastern Corn Belt

R6 Northeast

R7 Southeast

R8 Delta 2 2

R9 West 1 1

Auction pe Al Retirement

A2 Bankruptcy

A3 Consignment

A4 Dealer closeout

Manufacturer M4 John Deere

M5 International

M6 Massey-Ferguson

M23 Kewanee

M24 Krause

Condition Cl Excellent

C2 Good

C3 Fair

C4 Poor

Hydraulics HYDR None
HYDR Present

134

Table 5-5. Frequency statistics for disk dummy variables.
FREQUENCY PERCENT

0 0

2 2

24 27

19 21

19 21

20 22

5 6

11 12

21 24

2 2

26 29

11 12

1 1

14 16

66

13

10

74

15

11

0 0

34 38

36 40

4 4

5 6

10 11

15 17

55 62

9 10

10 11

76 85

13 15

VARIABLE DESCRIPTION

Sale Year 1984

1985

1986

1987

1988

1989

1990
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Western states had only one or two sales recorded. This

distribution of sales by region appears reasonable, given

the numbers of farms in each region. It may indicate a lack

of disk usage in the Southern Plains, and perhaps greater

reliance on no-till faiming.

Almost 75 percent of the disk sales were the result of

farmer retirements. Bankruptcy and consignment sales

accounted for the remaining sales. Five manufacturers are

represented in this data set: John Deere, International,

Massey-Ferguson, Kewanee, and Krause. The majority of the

disks were either John Deere or International. Most of the

disks were in good condition, with a few observations repre-

senting excellent, fair, and poor conditions. One

additional attribute reported for disk sales was the

presence of hydraulics for lifting or folding. Thirteen

disks included hydraulics, while 76 did not.

The regression models estimated for the disk data set

are shown in table 5-6. The first model estimates remaining

value as a linear function of age using equation 3-1 and

ordinary least squares. This model shows that, although age

is a significant variable, the amount of variation explained

is low, as measured by the adjusted R2 value of 0.3357. The

model results suggest that remaining value of a disk drops

to 52 percent initially, and further decreases by 3 percent

with each additional year of age.



*Indjcates coetticients signiticant at the 95 percent confidence level.

Table 5-6. Regression coefficients and t-statistics for disks.
OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3

Independent Adj. R2=.3357 Adj. R2.3766 Adj. R2.5094 Adj. R2=.5281
Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio
Constant 0.5232 14.08* 0.0091 0.07 -0.4019 -5.89 -0.0914 -0.46
AGE -0.0304 _6.82*

? (RV) 0.58 0.58 0.61
AGE* -0.0698 _744* -0.6173 -2.94 -1.0117 _6.86*

T (AGE) -0.39 -0.39 -0.75
SIZE 0.0061 1.59 0.0060 1.65
HYDR 0.0998 1.55 0.1256 2.23*
M4 -0.1036 _2.40* -0.0806 _1.98*
C2 -0.0242 -0.39 -0.0495 -0.89
C3 -0.0209 -0.22 -0.0544 -0.62
C4 -0.2529 _2.68* -0.2780, _3.38*
A2 -0.1042 -1.41 -0.1651 _2.69*

A3 -0.1823 _2.72* -0.1567 _2.48*

Ri -0.0236 -0.32
R2 0.0967 1.76
R3 -0.0700 -0.48
R5 0.0067 0.10
R6 0.2258 1.12
R7 0.0798 1.14
R8 -0.0481 -0.34
R9 -0.1098 -0.54
NFl 0.0071 1.34 0.0055 1.10
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The next model reported in table 5-6 was estimated

using Box-Cox transfoLinations on both remaining value and

age following equation 3-2. This model has a slightly

higher adjusted R2, indicating that imposition of linearity

reduced the explanatory power of the OLS model. The lambda

values of 0.58 for remaining value and -0.39 for age suggest

that depreciation patterns for disks do not approximate any

of the standard functional forms, and certainly differ from

the linear form assumed in the OLS model above.

The third model reported in table 5-6 includes trans-

formed age (AGE*), and introduces additional explanatory

variables.

(4-3)

E 16 A+ E137 Rk+ E7 Rk+ENFIj2 ' k=1 k=5 '

Binary variables are included for manufacturer, condition,

auction type, and region. Manufacturers were divided into

two groupsJohn Deere and other manufacturers. Variables

for other manufacturers, condition 1 (excellent), auction

type 1 (farmer retirement), and region 4 (Western Corn Belt)

were omitted for estimation purposes. The size variable

described above and summarized in table 5-5 is included to

investigate differences in depreciation patterns for

different sized disks. A variable representing the presence

of hydraulics was also included to further describe the

disks.
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The third model again uses a Box-Cox transformation on

remaining value, and estimates transformation values very

similar to the second model. The test described in equation

3-5 was perfoLiued to examine the joint effects of condition

variables on remaining value. The resulting F-test value of

3.76 was greater than the critical value of 2.76 at the 95

percent confidence level, meaning that depreciation rates

for disks are significantly influenced by condition.

Remaining values for disks are also significantly influenced

by auction type, based on rejection of the null hypothesis

(a computed F value of 4.38 versus a critical value of

3.11)

The final test was performed on the region variables

following equation 3-7. The estimated F value of 0.82 was

less than the critical value of 2.06 at the 95 percent

confidence level, suggesting that depreciation patterns for

disks are not significantly different across regions of the

U.S.

The age coefficient is negative, and the coefficient

for size is positive, indicating that smaller disks decline

in value faster initially relative to larger disks. This

result may be due to a trend towards larger implements and

tractors on commercial farms which use disks in their

tillage systems. John Deere disks appear to be discounted

in value relative to other disk manufacturers, as evidenced
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by the positive coefficient for M4. The net farm income

coefficient is positive, as hypothesized.

In the final model region coefficients were dropped,

while net faLlLI income, size, and hydraulics coefficients

were retained because of a priori expectations. The final

disk model is estimated as

RV = + 1AGE +2SIZE 3HYDR+4M4 + +

(5-4)

+ 7NFI

and reported as Box-Cox model 3 in table 5-6.

In the final disk model, age and hydraulics variables

are both significant at the 95 percent confidence level.

The size variable is significant at the 90 percent

confidence level. The age transformation variable, y, is

estimated at -0.75, while the remaining value transformation

is estimated to be 0.61. No standard functional forms are

implied by these transformation values. Condition variables

are jointly significant, and exhibit the expected directions

and magnitudes of influence. A joint F-test on the auction

type coefficients indicates that they are significant at the

95 percent confidence level. Since both of these

coefficients are negative, it suggests that values of disks

at bankruptcy and consignment sales are less than the values

of disks sold due to farmer retirements. Net farm income is

not significant, suggesting that disk values are not highly

influenced by farm income. Like planters, disks are basic
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tillage implements; therefore their values are apparently

not responsive to changes in income.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 5-2. The Box-Cox model

represents a 21 foot disk with no hydraulics in good

condition throughout it's life. Net farm income is held

constant at the 1990 level of $42 billion. This graph shows

that between 3 and 9 years of age, both models estimate

similar depreciation patterns for disks. The linear model

is not able to explain depreciation early or late in the

life of disks, as evidenced by the difference in the two

models prior to age 3 and after age 9. In particular, the

linear model understates remaining values of old disks, and

therefore overestimates depreciation.
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Figure 5-2. Comparison of OLS and Box-Cox models for disks.



PLOWS

The plow data set contains 74 observations and is

summarized in tables 5-7 and 5-8. The average remaining

value is 27.2 percent, and the range is from 5.9 to 60

percent. The average age for these 74 plows is 10 years,

with a standard variation of 2.7 years. The minimum age

plow is 2 years, while the maximum age is 15 years.

Two types of plows are included in the data: chisel

plows and moldboard plows. Chisel plow sizes are measured

in terms of their width, while moldboard plow sizes are

typically measured by number of bottoms and bottom width.

In this study, a single variable, size, was estimated to

represent the size attribute of plows. For chisel plows,

size is the width of the plow measured in feet. Moldboard

values of size are calculated by multiplying the number of

bottoms times the width of each bottom plus 6 inches. The

resulting average size is 12 feet, ranging from 0 (because

of missing data) to 41 feet.

Table 5-8 summarizes the plow data for binary

variables. The majority of the plow sales included in the

data set occurred from 1986 through 1988, with a small

number observed in 1989 and 1990. The lack of observations

in 1984 and 1985 is the result of age not being reported

during those years. Even with this short time series of

plow sales, the data appear to show a declining number

142



Table for5-7. Summary statistics
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VARIABLE N MEAN STANDARD MINIMUM MAXIMUM
DEVIATION

RV 74 .272 0.122 0.059 0.579

Age 74 8.960 2.681 2 15.000

Size 74 12.000 7.750 0 41.000
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Table for dummy variables.5-8. Frequency statistics plow

VARIABLE DESCRIPTION FREQUENCY PERCENT

Sale Year 1984 0 0

1985 0 0

1986 28 39

1987 17 23

1988 12 16

1989 9 12

1990 8 11

Region Ri Western Plains 22 30

R2 Northern Plains 15 20

R3 Southern Plains 0 0

PA Western Corn Belt 21 28

R5 Eastern Corn Belt 12 16

R6 Northeast 0 0

R7 Southeast 4 5

R8 Delta 0 0

R9 West 0 0

Auction Type Al Retirement 58 78

A2 Bankruptcy 5 7

A3 Consignment 10 14

A4 Dealer closeout 1 1

Manufacturer M4 John Deere 32 43

M5 International 42 57

Condition Cl Excellent 7 9

C2 Good 58 78

C3 Fair 8 11

C4 Poor 1 1
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of plow sales over time. This could suggest that changes in

tillage systems, such as no-till systems, are reducing the

number of plows used in production. This is subsequently

being reflected as a reduction in the numbers of used plows

being sold. It could also reflect that farmers are keeping

plows longer before selling or trading them.

Fifty percent of the plow sales occurred in the Western

and Northern Plains regions. The Eastern Corn Belt, Western

Corn Belt, and the Southeast regions accounted for the

remaining plow sales. No sales were recorded for the

Western, Southern Plains, Northeastern, and Delta regions.

Over 75 percent of the plow sales occurred as part of

farmer retirement auctions. Bankruptcy and consignment

sales accounted for 21 percent of the plows, leaving 1

percent in dealer closeout sales. List prices were

available for only John Deere and International plows.

Consequently, the analysis is limited to plows manufactured

by these two companies. The majority of the plows were in

good condition, with a few observations representing

excellent and fair conditions. Only one poor condition plow

was recorded.

The regression models estimated for the plow data set

are shown in table 5-9. The first model estimates remaining

value as a linear function of age using ordinary least

squares and equation 3-1. This model shows that while age

is a significant variable, the amount of variation explained



Table 5-9. Regression coefficients and t-statistics for plows.

OLS Model Box-Cox 1 Box-Cox 2 Box-Cox 3
Independent Adj. R2=.1202 Adj. R2=.1352 Adj. R2=.2815 Adj. R2=.1984

Variable Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio

Constant 0.4204 _3.31* -0.8455 _18.0l* -1.0837 -5.89 -1.0023 _5.89*

AGE -0.0166 8.98*

? (RV) 0.50 0.54 0.62

AGE* -0.0008 _357* -0.0006 -2.94 -0.0013 _3.05*

y (AGE) 2.76 2.76 2.40

SIZE 0.0062 1.88 0.0096 2.58*

M4 0.0913 1.70 0.0445 1.03

C2 -0.1020 -1.20 -0.1098 -1.48

C3 -0.1594 -1.37 -0.1498 -1.53

C4 -0.3492 -1.56 -0.2706 -1.40

A2 -0.0024 -0.02

A3 -0.0527 -0.69

A4 -0.3515 -1.68

Ri 0.1349 1.95

R2 0.1127 1.56

R5 -0.0315 -0.42

R7 0.0971 0.88

NFl 0.0045 1.09 0.0044 0.98

*Indlcates coefficients significant at the Yb percent confidence level.
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is quite low, as measured by the adjusted R2 value of

0.1202. The model estimates that the remaining value of a

plow drops to 42 percent initially, and further decreases by

1.66 percent with each additional year of age.

The next model reported in table 5-9 was estimated

using equation 3-2 and Box-Cox transfoLluations on both

remaining value and age. This model has a slightly higher

adjusted R2, indicating that imposition of linearity reduced

the explanatory power of the OLS model. The lambda values

of 0.50 for remaining value and 2.76 for age suggest that

depreciation patterns for plows approximate a Sum-of-the-

year's digits functional form.

The third model reported in table 5-9 includes trans-

formed age (AGE*), and introduces additional explanatory

variables.

+

(5-5)
E5A+ E 36Rk+t37NFIj2

Binary variables are included for manufacturer, condition,

auction type, and region. Since only two manufacturers are

represented in the data set, John Deere and International,

one is omitted for estimation purposes. Likewise, the

variables for condition 1 (excellent), region 4 (Western

Corn Belt), and auction type 1 (farmer retirement), are also

omitted. No plow sales occurred in regions 3, 6, 8, and 9,

so they were omitted. The size variable described above and
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summarized in table 5-8 is included to investigate

differences in depreciation patterns for different sized

plows.

The third model has transformation values very similar

to the second model, again indicating a Sum-of-the-year's

digits type pattern. The test described in equation 3-5 was

performed to examine the joint effects of condition

variables on remaining value. The resulting F-test value of

1.12 was less than the critical value of 2.76 at the 95

percent confidence level, meaning that the hypothesis that

depreciation rates for plows are not influenced by condition

was not rejected.

The joint hypothesis test of auction types formulated

according to equation 3-6 computed an F value of 1.02, which

is less than the critical value of 2.76, suggesting that

remaining values for plows are not significantly influenced

by auction type.

A third test was performed on the region variables

following equation 3-7. The estimated F value of 1.83 was

again less than the critical value of 2.53 at the 95 percent

confidence level, leading to the conclusion that

depreciation patterns for plows are not significantly

different across regions of the U.S.

The age coefficient is negative, consistent with

previous models. The coefficient for size is positive,

indicating that smaller plows decline in value faster
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initially relative to larger plows. This may be the result

of technological change, with a resulting movement towards

larger implements and tractors on commercial farms using

plows in their tillage systems. John Deere plows appear to

command a slight advantage in value relative to

International plows, as evidenced by the positive

coefficient for M4.

Because region and auction-type coefficients were not

significant according to their respective joint F-tests,

they were dropped from the plow model. Even though

condition and net farm income were also not statistically

significant, their behavior was quite consistent with a

priori expectations, and they were therefore retained in the

model. The final plow model is estimated as

RV*=130+131AGE*+2SIZE+3M4 +

2134c1 + f35NFI
(5-6)

and reported as Box-Cox model 3 in table 5-9.

In the final plow model, age and size variables are

significant at the 95 percent confidence level. The age

transformation variable, y, is estimated at 2.40, while the

remaining value transformation is estimated to be 0.62.

This again approximates a Sum-of-the-year's digits pattern.

Condition variables are not jointly significant, but exhibit

the expected directions and magnitudes of influence. Net

farm income is also not significant, suggesting that plow

values are not highly influenced by farm income. Like
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planters and disks, plows are basic tillage implements.

Thus, their values less responsive to changes in farm

economic conditions.

A graphical comparison of the OLS model and Box-Cox

model 3 is shown in figure 5-3. The Box-Cox model

represents a 12 foot plow in good condition throughout its'

life. Net farm income is held constant at the 1990 level of

$42 billion. This graph shows that between 6 and 14 years

of age, both models estimate similar depreciation patterns

for plows. The linear model is ill-suited for explaining

depreciation early or late in the life of plows, as

evidenced by the difference in the two models prior to age 6

and after age 14. This implies that use of a linear model

overstates remaining values, and therefore underestimates

depreciation.
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Figure 5-3. Comparison of OLS and Box-Cox models for plows.
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PLANTING AND TILLAGE EQUIPMENT SUMMARY

The planting and tillage equipment models behaved

largely as expected, although the results are less appealing

because of smaller data sets. Over time, these models will

improve as more sales observations are available, increasing

the rather low coefficients of variation currently

estimated.

Regional coefficients were not significant in disks and

plows, but were significant for planters. This may be due

to the fact that planters are used largely for corn and

soybean production, and this tends to be concentrated in the

Corn Belt states. Plows and disks, on the other hand, are

used throughout the U.S. and did not exhibit regional

influences on remaining values.

Condition variables were generally insignificant in all

three models. Size variables were also not significant in

any of the three models. Again, the insignificance of size

is probably the result of smaller data sets, with too few

observations to estimate hedonic prices for this attribute.

The other obvious explanation is that remaining values are

not influenced by the size of tillage and planting

equipment.

Age variables were negative and significant in each

model, while lagged net farm income was positive and

insignificant in each model. The lack of significance in

152
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the farm income variables was expected, due to the basic

nature of tillage and planting equipment.

Figure 5-4 compares the depreciation patterns for

planters, disks, and plows with the ASAE equation used for

this equipment. This graph shows that there is a wide range

in the depreciation patterns for these three types of

equipment. The planter model appears to fit very closely

with the ASAE model, while disks and plows exhibit vastly

different depreciation patterns.

The disk model estimates very high remaining values

during the early years of life, but quickly falls to near-

salvage values by 8 years of age. Disks maintain the

highest salvage values at over 20 percent. Plows exhibit

very different depreciation patterns, starting at very low

remaining values and then dropping to almost 0 salvage

values by age 20. However, both the disk and the plow model

estimate similar depreciation patterns from ages 6 to 12.

This is the age range in which most of these implements

fell, so the differences at both ends of the models could be

due to a few observations that don't represent average value

in the marketplace.



Figure 5-4. Comparison of planter, disk, and plow
depreciation models.
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CHAPTER VI

ANALYSIS OF RESULTS

The three previous chapters reported estimates of ten

depreciation models for a variety of agricultural machinery

and equipment and compared these models to linear models and

models adopted by ASAE. In this chapter, the models will be

examined further to determine the usefulness of the hedonic

pricing approach in estimating depreciation. How do the

various attributes of machinery and equipment affect

remaining values and depreciation patterns?

Because the numerical coefficients estimated in Box-Cox

models are difficult to interpret, two different techniques

will be used to help understand the models estimated.

First, a graphical analysis will examine the impacts of

manufacturers, hours of use, and size on depreciation

patterns. The second technique will use derivatives with

respect to condition and net farm income to estimate their

impacts on depreciation patterns.

The chapter concludes by presenting a table of

simplified depreciation functions suitable for use in

various research and extension analyses. These functions

are based on a set of realistic assumptions which enable

them to be used in 'generic" budgeting and machinery
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replacement problems where specific attributes of machines

may not always be known or desirable.

MANUFACTURERS

All 10 models estimated included one or more variables

representing specific manufacturers. In addition, when

sufficient observations were not available for individual

estimation, several manufacturers were grouped to form an

"Other Manufacturer" category. This section presents a

discussion of graphs that illustrate the differences various

manufacturers make in depreciation patterns. All machines

are assumed to be of average size and in good condition in

their respective categories. When auction types were

included in models, farmer retirements were used as the

sales method. Those models including regional variables

were estimated for the Western Corn Belt region. Lagged net

farm income was held constant at the 1990 level of $42

billion (in 1982 dollars)

Tractors

Depreciation patterns for tractors by manufacturers are

shown in figures 6-1 through 6-4. In figure 6-1, John Deere

tractors are shown to hold remaining values of 10 to 20



Figure 6-1. 0 to 79 horsepower tractor
depreciation patterns, by
manufacturer.
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Figure 6-3. 120 to 139 horsepower tractor
depreciation patterns, by
manufacturer.

Figure 6-4. 140+ horsepower tractor
depreciation patterns, by
manufacturer.
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percent higher than tractors from other manufacturers in the

o to 79 horsepower size range. Ford and International

Harvester tractors also enjoy a slight premium relative to

other manufacturers, though not as large as John Deere.

John Deere tractors receive a large premium compared to

all other manufacturers in the 80 to 119 horsepower

category. The premium is approximately 20 percent of list

price for tractors under 6 years of age, and shrinks to

about 10 percent by the time the tractors reach 20 years of

age.

For tractors in the 120 to 139 horsepower range, John

Deere once again dominates all other manufacturers in

remaining values. Again, the gap between John Deere and all

other manufacturers is greatest early in the life of the

tractors, and shrinks as the tractors age. For this size

category, International tractors also retain their values

slightly better than other manufacturers with the exception

of John Deere. The same results hold for the large tractors

in the 140 plus horsepower size range. John Deere tractors

retain higher remaining values compared to other

manufacturers, although the gap narrows as age increases.

Relative to other tractors, however, age increases the

percentage premiums enjoyed by John Deere tractors.

These results indicate that John Deere tractors hold

their values regardless of tractor size. This is a view

commonly held by many agricultural producers, and has at
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times also been used by John Deere in their advertisements.

One potential problem in the data used is that, since John

Deere controls a good share of the market for tractors,

there tended to be a much larger number of John Deere

tractors sold and included in the auction data. Additional

observations of tractors from other manufacturers would

improve robustness of the models estimated, especially

concerning the manufacturer attributes.

Harvest Equipment

Depreciation patterns for manufacturers of combines,

swathers, and balers are shown in figures 6-5 through 6-7.

For combines, differences in remaining values are large for

combines less than 10 years of age, and small or negligible

for combines over 10 years of age, as shown in figure 6-5.

John Deere maintains about a 10 percent advantage in

remaining value for newer combines, while International

combines maintain a 5 percent premium relative to other

manufacturers. The combines for all manufacturers

depreciate to about 10 percent of their original value after

14 years, and continue declining to a 0 value by age 20.

Swather values are higher for New Holland relative to

all other manufacturers, as shown in figure 6-6. The

difference in remaining values of swathers is greatest at

less than 12 years of age, and declines after that age.



Figure 6-5. Combine depreciation patterns, by
manufacturer.
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Figure 6-7. Baler depreciation patterns, by
manufacturer.
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Swathers by other manufacturers reach their salvage values

of about 10 percent by 16 years of age, with New Holland

swathers retaining about 15 percent of their value at that

age. Producers commonly think of New Holland as a

manufacturer of high quality forage harvesting equipment,

and the premiums received by swathers tend to support that

view.

Figure 6-7 displays baler depreciation patterns for

John Deere, New Holland, and other baler manufacturers. In

this case, John Deere balers maintain the highest remaining

values, followed closely by New Holland balers. The

premiums enjoyed by John Deere and New Holland balers are

greatest for balers less than 10 years old, and decline

after that age. For balers over 12 years of age, remaining

values are very similar for all manufacturers.

Planting and Tillage Equipment

Figures 6-8 through 6-10 show depreciation patterns for

planters, disks, and plows, by manufacturer. These results

should be viewed cautiously, given none of these three data

sets was particularly large. However, they are included for

completeness in presentation.

Figure 6-8 shows that John Deere planters maintain

their remaining values better than those from other

manufacturers. The premium for John Deere planters is



Figure 6-8. Planter depreciation patterns, by
manufacturer.
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Figure 6-10. Plow depreciation patterns, by
manufacturer.
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largest for planters less than 12 years of age, and declines

to about a 5 percent premium (of list price) for older

planters.

Disk depreciation patterns, shown in figure 6-9, are

not greatly influenced by manufacturer. John Deere disks

are shown to be slightly lower in remaining value over time

relative to all other manufacturers, but the difference is

only about 5 percent. The depreciation pattern for disks of

less than 2 years of age is quite unstable, and additional

observations are needed to improve estimation for disks of

these ages. Plow depreciation patterns are not sensitive to

manufacturers, as shown in figure 6-10. Although John Deere

plows appear to command a slight premium, the difference is

quite small and decreasing with plow age.

HOURS OF USE

Another important attribute included in several of the

models estimated is hours of use per year (HPY) . This

variable was used to represent usage levels for tractors and

combines. This section examines the influences of hours of

use per year on remaining values for four different aged

machines: 1 year old, 5 years old, 10 years old, and 15

years old. Figures 6-11 through 6-16 graph the differences

in remaining values as intensity of use changes by age of
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machine. Manufacturers are assumed to be "Other

Manufacturers" for all these machines.

Figure 6-11 shows the impacts varying levels of use

have on 0 to 79 horsepower tractors. For a 1 year old

tractor, remaining value decreases from 58 to 42 percent as

hours of use increase from 100 to 1000 hours. For 15 year

old tractors, increasing hours of use per year from 100 to

1000 reduces remaining value by 10 percent of list price, or

roughly 50 percent. Thus, the effects of increasing hours

of use per year decrease as age increases, although

adjustments in values still occur.

The 80 to 119 horsepower tractors are shown in figure

6-12. These tractors' remaining values appear to be more

sensitive to increasing hours of use than the smaller

tractors. A 5 year old tractor used an average of 100 hours

per year has a remaining value of about 48 percent, while

the same tractor used an average of 1000 hours per year has

a remaining value of only about 30 percent. Again, the

reductions in remaining values decrease with increasing

hours of use per year as age increases.

Figure 6-13 examines remaining values for 120 to 139

horsepower tractors as hours of use vary by age of tractor.

The patterns for this size tractor are similar to the 80 to

119 horsepower tractors, although the decreases in remaining

values for higher use intensities are not as great.



Figure 6-11. Remaining values of 0 to 79
horsepower tractors, by age and
hours of use per year.
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Figure 6-13. Remaining values of 120 to 139
horsepower tractors, by age and
hours of use per year.
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Figure 6-15. Remaining values of combines, by age
and hours of use per year.
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Patterns for the largest tractors are shown in figure

6-14. For these tractors, hours of use per year does not

make a great deal of difference in remaining value,

regardless of tractor age. This may be because these

tractors are manufactured for high intensity of use, and are

expected to hold up well even under 1000 hours of use per

year. A sharp decline in remaining values occurs between 1

and 5 years of age, followed by moderate declines as the

large tractors age.

Combines are examined in figure 6-15. These machines

appear to be quite sensitive to increasing hours of use per

year, with drops of over 20 percent in remaining value for 1

and 5 year old combines used from 100 to 1000 hours

annually. Sharp declines in remaining value are shown

between ages 1, 5 and 10, and by 15 years of age combines

have reached a near-zero salvage value, regardless of hours

of use per year. This may indicate that technological

improvements have occurred in combines such that 15 year old

combines are of very little use to today's producers. It

could also be a consequence of not having combines in the

data set which are 15 years of age and older. Finally, it

may indicate that there are many older combines available,

and producers do not want them, so their values are very

low.



SIZE

Size attributes were included in all models except

balers, which did not have adequate size or capacity

information available. The intent behind the size variables

was to further describe particular machines by their size,

and thus their field capacity. The impacts of size on

remaining values are explored graphically in this section,

and a brief discussion for each of the machine categories

will also be presented.

Tractors

Within each of the size categories of tractors, only

the 0 to 79 horsepower tractors appear sensitive to

differences in size. The smallest tractors in the 0 to 79

horsepower range maintain higher remaining values than

larger tractors in the same size range, as shown in figure

6-16. For the 80 to 119 horsepower tractors, figure 6-17

shows no differences in remaining values for different sized

tractors within the category. Likewise, figure 6-18 shows

no differences by size for the 120 to 139 horsepower

tractors. This was expected, given both of these tractor

categories were already narrowly defined according to size.

The 140 plus horsepower tractors depreciate faster as

size increases according to figure 6-19. The difference
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Figure 6-16. Remaining values of 0 to 79
horsepower tractors, by size.
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Figure 6-17. Remaining values of 80 to 119
horsepower tractors, by size.



Figure 6-18. Remaining values of 120 to 139
horsepower tractors, by size.
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between remaining values of 150 horsepower tractors and 250

horsepower tractors is about 5 percent at 5 years of age,

with the difference declining as the tractors increase in

age.

Harvest Equipment

Combine depreciation patterns are shown in figure 6-20

for 4 different sized machines: 75, 125, 175, and 225

bushel bin capacities. This graph suggests that larger

combines do not depreciate at drastically different rates

than smaller combines, particularly as age exceeds 10 years.

For ages of less than 10 years, larger combines do maintain

2 to 3 percent higher remaining values.

Swathers are shown in figure 6-21. This figure

demonstrates that size has essentially no effect on

depreciation for different sized swathers.

Planting and Tillage Equipment

Planters do not have major differences in remaining

values for alternative sizes, as shown in figure 6-22.

Larger planters do enjoy slightly higher remaining values

for ages of less than 10 years, but beyond that age, no

differences are discernable. Disks and plows, on the other



Figure 6-20. Remaining values of combines, by
size.
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Figure 6-22. Remaining values of planters, by
size.
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hand, both display fairly large differences in remaining

values according to size.

Disks, shown in figure 6-23, depreciate faster as size

decreases. This may be due to the trend toward use of

larger disks, resulting in less demand and heavier price

discounts for older, smaller disks in the auction markets.

The same story is seen for plows in figure 6-24, and this

also is probably due to a trend towards larger plows. One

difference noted between disks and plows is that the

difference in remaining values for disks based on size stays

about the same as age of disks increase, while the

difference in remaining values for plows decreases as plow

ages increase.



Figure 6-23. Remaining values of disks, by size.
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CONDITION AND INCOME DERIVATIVES

To examine the impacts of changes in remaining values

given changes in net farm income and condition, derivatives

of the remaining value models were calculated at two

remaining value levels. These are summarized in table 6-1,

which shows the change in remaining value for each type of

machinery given one unit changes in net farm income and

condition, where condition is the change from excellent to

good. The income derivatives were calculated as

aRV aRV aRV
JNFI aRV dNFI

using the chain rule of differentiation. The income

derivatives show the percentage change in RV which occurs

given a one unit ($1 billion) change in net farm income.

Condition derivatives are obtained and interpreted in a.

similar manner.

According to table 6-1, income had the largest effect

on newer swathers and balers at just under 1 percent for

every $1 billion change in net farm income. This may

indicate that forage and hay crops are marginally profitable

-- given sufficient overall income in the farm sector,

increased demand for forage harvest equipment increases the

values of the used equipment. Alternatively, lack of income

in the farm sector results in liquidation of forage harvest

180
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Table 6-1. Effect on RV of changes in net farm income and condition.

One unit
change
in:

REAL NFl

RV=. 6

RV= .2

CONDITION

RV=. 6

RV= .2

TRACTORS RARVEST EQUIPMENT PLANTING AND TILLAGE

0-79 tip 80-119 tip 120-139 140+ tip Combines Swathers Balers Planters Disks Plowshp

0.0020 0.0103 0.0127 0.0130 0.0017 0.0093 0.0088 0.0053 0.0045 0.0036
0. 00 10 0.0056 0.0075 0.0062 0.0010 0.0044 0.0040 0.0029 0.0029 0.0024

-0.0347 -0.0455 -0.0463 -0.0510 -0.0482 -0.0857 n.a. -0.0651 -0.0406 -0.0904
-0.0170 -0.0246 -0.0273 -0.0242 -0.0291 -0.0402 n.a. -0.0363 -0.0264 -0.0696
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equipment and drives down remaining values on used

equipment.

Small tractors and combines at both 60 and 20 percent

remaining values had the smallest responses to changes in

net farm income. The small tractors behaved as expected,

given the non-commercial farm influence in their market.

Combine values are perhaps influenced more heavily by other

macroeconomic factors, and less responsive to net farm

income. Other macroeconomic factors which may impact

combine values include domestic policies which reduce

production acreage, international markets for grain, and

foreign trade policies of other countries.

Condition had the largest impacts on 140 plus

horsepower tractors, swathers, planters, and plows. A

change in condition from excellent to good reduced remaining

values of these machines from 5.1 percent for 140 plus

tractors to 9.0 percent for plows, at remaining values of 60

percent. As expected, impacts of condition on remaining

value declined as remaining value also declined. Remaining

values of machines nearing their terminal value are not as

sensitive to worsening condition as machines which are

relatively new.



REDUCED EQUATIONS

To conclude this chapter, the 11 remaining value models

are reduced to their essential coefficients, given a number

of assumptions about characteristics of the machines to be

examined using the models. A summary of the joint

hypothesis tests and standard functional forms is presented

first in table 6-2. This table shows that condition

variables were significant for every model except plows.

Auction types were significant tor disks and all tractors

except those under 80 horsepower. Regional differences in

depreciation patterns were significant for large tractors,

swathers, balers, and planters.

Based on the results of the hypothesis tests summarized

in table 6-2, it appears that condition of machinery and

equipment is an important determinant of remaining value,

and therefore depreciation. The type of auction used to

sell tractors has an impact on their remaining value, but

other equipment does not appear sensitive to auction types.

Regional differences in depreciation patterns may exist for

harvest equipment, but do not appear to be prevalent for

tractors or planting and tillage equipment.

Most of the machinery and equipment depreciation

patterns followed one of two functional forms: Sum-of-the-

year's digits and double square root. The transformation

values for disks did not indicate a standard functional form
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1Yes reject the null hypothesis that the variables are jointly equal to zero
No fail to reject the null hypothesis

2SYD sum-of-the-year's digits
DSP. = double square root

= unknown

Table 6-2. Suxrunary of machinery and equipment depreciation models.

Joint Hypothesis Tests1 Estimated
Transformation

Values

Standardized
Transformation

Values

Condition Auction
Type

Region RV AGE Functional
Form2

RV AGE

TRACTORS

o to 79 hp Yes No No 0.35 0.90 SYD 0.5 1

80 to 119 hp Yes Yes No 0.44 1.20 SYD 0.5 1

120 to 139 hp Yes Yes No 0.52 1.14 SYD 0.5 1

140+ hp Yes Yes Yes 0.32 0.67 DSR 0.5 0.5

HARVEST

Combines Yes No No 0.54 0.75 SYD 0.5 1

Swathers Yes No Yes 0.31 0.50 DSR 0.5 0.5

Balers Yes No Yes 0.25 0.74 DSR 0.5 0.5

PLANTING & TILLAGE

Planters Yes No Yes 0.47 0.75 SYD 0.5 1

Disks Yes Yes No 0.61 -0.75 ? 0.5 0

Plows No No No 0.62 2.40 SYD 0.5 1
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was appropriate. Given the estimated transformation values

shown in table 6-2, 'tstandardized" values were selected for

each model, enabling the specified functional forms to be

imposed and estimated for each model. The resulting

equations are shown in table 6-3. The equations in table 6-

3 are appropriate for research and extension applications

which estimate economic depreciation. They are referred to

as reduced equations because they have been considerably

simplified for ease of use.

For all of the reduced equations, net farm income is

held constant at the 1990 level of $42 billion, condition is

assumed good, and no manufacturer is specified. For

equations which include regional variables, separate

equations are shown for each region. Equations which

included auction type were assumed to be consignment sales.

The variables used in the equations of table 6-3 are the

same as those used in chapters 3, 4, and 5.

These equations are somewhat more difficult to

calculate than those estimated in previous studies,

particularly the ASAE equations. However, by adding

additional variables such as hours of use per year and size,

more realistic depreciation estimates can be made. For

example, including HPY in the tractor equations allows

depreciation estimates to be responsive to intensity of use.

This type of adjustment is overlooked in most current

depreciation functions.



Table 6-3. Reduced equations for estimating remaining value of agricultural
machinery and equipment.

Region(s) Reduced Remaining Value Equation

TRACTORS

o to 79 hp All RV°5O.8676-O.Ol32AGE_O.0003Hpy_O.002lHpO.O637LDR
80 to 119 hp All RV°5O.7714-O.OlgoAGE-o.0002Hpy_00007Hp
120 to 139 hp All RV°-50.4537-0.0l82AGE-o.0002Hpyo.0016Hp
140 + hp 1

2

3 RVSO.9242_O.1359AGE05_O.00O2HpyO.00O4Hp_O.O16QF
4

5

6

7 RV0.9O9lO.1359AGE0.5_O.00Q2HpyO.O0O4Hp_0016OFWD
8

9 RVO0.9259_O.1359AGE0.5-o.0002Hpy_o.0004Hp_o.ol5oFwD
HARVEST EQUIPMENT

Combines All RV°O.7381-O.O312AGE_O.00O2Hpy+o.0002sIzE



Table 6-3 (continued). Reduced equations for estimating remaining value of
agricultural machinery and equipment.

Swathers 1

2

3

4

5

6

7

8

9

Balers 1

2

3

4

5

6

Region(s) Reduced Remaining Value Equation

RV°-5 0.7029-0. 1192AGE°5- 0.0017 SIZE

RV°50.7161- 0.1192AGE°5 0.0017 SIZE

RVO.S0.70l3_O.1192AGE05 0.0017S1ZE

RV° 0.6906-0. 1192AGE°5 0.0017 SIZE

RV°5 0.7659-0. 1192AGE°5 0.0017 SIZE

RVO50.6065O.1192AGE0.5F0.0017gIZE

RVOS0.7837_0.1192AGE0.5f0.00175IzE

RVO.S0.7286_O.l192AGE0.5O.0017gIZE

RV°'5 0.6076-0. 1192 AGE°5 0.0017 SIZE

RV°'5 0.7397-0. 1225AGE°5- 0. 0435 RN1J

RVOO.75150.1225AGE0.5_0.0435RN1J

RVO0.7057_0.1225AGE0.5_ 0.0435RND

RV°5 0.8084-0. 1225AGE°5- 0. 0435 RND

RV°5 0.7651-0. 1225AGE°- 0. 0435RND

RV°5 0.8281-0. 1225AGE°5- 0. 0435RND



Table 6-3 (continued). Reduced equations for estimating remaining value of
agricultural machinery and equipment.

PLANTING & TILLAGE
EQUI PMENT

Planters

Region(s) Reduced Remaining Value Equation

1

2

3

4,6,8,9

5

7

All

All

RV°50.7238-O.O278AGE- 0.0016SIzE

RV°5 0.77770-0. O27SAGE- 0.0016 SIZE

RV°50.7183-0.0278AGE-0.0015sIzE

RV°50.6983-O.O278AGE- 0.0016SIzE

RV°50.7018-O.Q278AGE- 0.0016SIZE

RV° 0.7600-0. 0278AGE- 0.0016 SIZE

ln(RV) 0.6823-0. 1590AGE 0.0043 SIZE-tO. O661HYDR

RV°0.5678- .01647A0E-tO.005OSIZE

7 RV°5 0.7741-0. 1225AGE°5- 0. 0435RND

8 RV°5 0.6554-0. 1225AGE°-5- 0. 0435RND

9 RV°0.7649- 0.1225AGE°5- 0.0435RND

Disks

Plows



CHAPTER VII

CONCLUSIONS AND LIMITATIONS

Machinery and equipment depreciation represents a

substantial cost of production for agricultural producers.

Depreciation estimates are an important component of many

economic analyses. Various types of depreciation are

estimated using one of four different approaches. This

study focused on the hedonic pricing approach, with the goal

of improving depreciation estimates for a variety of

agricultural machinery and equipment.

Many estimation techniques have been used in past

studies, but most have imposed specified functional forms on

their estimated models. This study utilized a flexible

functional form, thereby allowing the data to specify the

most correct functional form. A relatively new and little

used data source was used to implement the flexible

functional forms, and fairly good results were obtained.

Previous studies which utilized this data focused strictly

on tractor depreciation, while this study expanded the scope

to include harvest equipment and planting and tillage

equipment.

After estimating hedonic pricing models for each type

of machine, a brief review of the results was presented

which evaluated the impacts of manufacturers, machinery
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size, hours of use per year, net faLlIl income, and machinery

size on remaining values. Most of the results seemed to fit

well with economic theory and practical intuition. However,

much more in-depth analysis of these models is possible and

should be undertaken to further explore the determinants of

remaining values and depreciation of agricultural machinery

and equipment. Longer data time series could be used to

explore the impacts of technological change, domestic

policies, and other macroeconomic variables on remaining

values.

Chapter 6 contained reduced equations for all 11 models

and presented them in a form useful for research and

extension economic analyses. Although these equations are

more complicated than equations currently used, they add

additional detail and accuracy to depreciation estimates.

Consequently, the computational cost of the new equations

was believed to be more than offset by the ability to more

precisely quantify the value of attributes of machines used

in the analyses.

Several limitations were encountered in this study,

most of which relate to the data available. The biggest

constraint to estimating better models is the amount of data

available. Although Hotline reports are available monthly,

most of the auction sales reported do not have sufficient

detail to accurately describe them in a hedonic pricing

model. This causes a good portion of the data reported (in
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the neighborhood of 80 to 90 percent) to be discarded. More

detailed reporting of machinery attributes would greatly

enrich the data sets, especially for the planting and

tillage equipment models.

Another problem encountered and dealt with was the lack

of auction types for 1984 and early 1985 data. The approach

used here was to create an additional unknown auction type

variable and test for significance, but this data clearly

influenced the results and reduced the fit of the models in

cases where auction types were significant. With larger

data sets, those observations with unknown auction types

could be discarded.

The reduced equations were considerably simpler to use

in computing remaining values and depreciation than the full

hedonic models developed in chapters 3, 4, and 5. However,

they still involve a fair understanding of exponents and

algebraic rules for computation. More simplified equations

may be needed, especially to meet the needs of models used

in educational programs.

Future studies in this area should strive to more fully

describe attributes of machinery and equipment. Estimation

region by region or company by company may also be

beneficial as larger data sets are accumulated. This would

reduce the possibility of remaining values being influenced

more by the volume of sales in a market rather than the

machine's productive value in agriculture. Regional models
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are not possible until regions such as the West and

Northeast report more auction sales. Company models have

been estimated by others (Perry and Glyer, 1990; Wykoff,

1989) and could be estimated here for tractors by combining

data sets.
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