CHAPTER 2

CONCEPTUAL ISSUESIN COST AND RETURN ESTIMATES

Cost and return (CAR) estimates are developed and used for a variety of purposes. In general, the
objective is to accumulate or to develop information about costs and returns that can be used in making or
analyzing decisons. Such decisions are made by individuas at the firm level or by society through their
representatives. The appropriate procedures for calculating these estimates, the sources of data, and the
format in which the estimates are presented depend upon both the question being addressed and the intended
audience. This chapter discusses the major conceptua issues that influence the components of CARS,
methods of calculation, and types of data used. The recommendations of the Task Force are shownin bold
italics.

DEFINITION OF AN ENTERPRISE

Commodity CARsin agriculture are commonly summarized by production enterprise. A production
enter prise, referred to as an enter prise in this report, is any coherent portion of the general input-output
structure of the farm business that can be separated and analyzed as a distinct entity. Such an entity uses
inputs and incurs costs while producing products or services. The entity isusudly defined based on aunit of
measurement such as an input (sorghum production per acre of land or total pork production per sow), an
output (aton of peas or 100 board feet of lumber), or some fixed set of resources (orange production for a
grove). The appropriate unit of measurement is often dependent on the use for which the estimates are
intended.

A farm or ranch business can be divided into enterprisesin severd different ways depending on the
products produced, the technology used, or the restrictions on the uses of various inputs. A common
delineation of enterprises is along commodity lines (for example, the barley enterprise, the dairy enterprise,
or therice enterprise). In many instances such aneat divison is not possible or not desirable. For example,
there is not a meaningful way to separate barley grain and barley straw enterprises, or milk production and
cull dairy cow enterprises. Similarly, given the rotation effects of growing corn and soybeans in sequence,
there may be little economic sense in separating these entities even if it were feasible technically to do so.
For some analyses, such as comparing labor use or revenue in crops versus livestock, the enterprises may
be defined as broadly as crops and livestock. An enterprise can then consist of one of many entities: asingle
commodity such as apples or lettuce; double crops such as wheat and soybeans in the same year; different
production practicesfor the same commodity such asno-till versusconventiona till barley; multiple cropsover
several years such as corn and soybeans; alivestock feeding operation such as cattle or sheep; an integrated
breeding and finishing operation such as farrow-to-finish swine; a production activity such as daughter hogs
with manure by-products; an add-on activity such as grazing of wheat pasture; a crop with a nurse crop
enterprise such as afalfa hay and oats; or a sideline activity such as custom harvesting. A given farm or
ranch may well be divided into enterprises differently for different purposes of anaysis. These examples
show good cause for allowing for considerable flexibility in defining enterprises.
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The Task Force recommends that presentations of CAR estimates clearly indicate the
unit of measurement and that they define the set of products, by-products, and/or the
services generated by the enterprise.

TYPES OF CAR ESTIMATES AND THEIR USES

Cost and return estimates may be reported at many different levels of aggregation. While more
specific definitions are presented in the next section, at the most basic level, a cost is smply the value of
resources consumed, frequently given by the price of an input (such asthe price of nitrogen fertilizer per ton),
whereas areturn is the value received (frequently in cash) for an economic good (such as the price of aton
of hay). Costs can be aggregated in many different ways. Examples of different cost aggregationsinclude
the cost of al fertilizer used in growing 800 boxes of bell peppers, the cash costs of producing a hundred
weight of milk, the costs of rented land to the whole farming operation, the total costs of producing al the corn
in lowa, or the costs of labor in U.S. agriculture. Similarly, returns can be aggregated in different ways. One
of the most common ways to aggregate CAR is by enterprise, but estimates can just as easily be made for
aggregations other than enterprises. For example, aggregate U.S. net farm incomeisan estimate of the CAR
to al U.S. agriculture during a given period.

Cost and return estimates can also be reported for different periods or points in time. Most
commonly, CAR estimates are reported for the previous or the next production period. Estimates for a
previous period are calledhistorical estimates because they are based on actual costs and returnsthat were
incurred over the period, while estimates for future periods are caled projections because they are based
on forecasted magnitudes. Record summaries prepared by accounting firms and management services are
an example of historical estimates. The CAR summaries prepared the Economic Research Service (ERS)
are another example of historica estimates. Projections are regularly made at the individual commodity and
whole-farm levels (for production and financia planning) and at the sector level (projected farm income).

The diversity of information required for agricultural decision making has spawned the devel opment
of avariety of CAR estimation procedures and formats for presentation of results. Arguably, no particular
CAR estimate is suitable for al purposes at al times.

The Task Force recommends distinguishing between historical and projected CAR
estimates. TheTask Forcefurther recommendsdifferentiating estimates prepared for

a single farm enterprise from those summarized for a composite of farms.

Definitions of Specific Types of Estimates

Concise definitions of the different types of estimates are shown immediately below. More detailed
background to the definitions is given in the subsection that follows.
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Historical CAR estimates for production enterprises areasummary of enterprise CARs
for some historica period such as the past calendar year, crop year, or production cycle.

Projected CAR estimatesfor production enterprises areforecasts of enterprise CARsfor
some future period such as the coming calendar year or crop year and are based on
information available at a certain point in time.

An individual farm is either a specific farm currently or previoudy in operation or a
representative farm that has a set of resources, production practices, objectives, and
enterprises smilar to some class of actual farms. An example of a representative farm
would be a 350-acre small grain, hay, and dairy farm in Cache County, Utah, patterned after
farmsin the county.

A composite of farms isasimple or weighted average of enterprise CARsfor some period
for some group of individua or representative farms. An example would be the production
costs for al current wheat farms in Kansas.

Background to Definitions

A historical CAR estimate for an individual farm is based on the CAR recorded and allocated
to the several enterprises on the farm for a previous time period. This type of estimate could be calculated
and used by farm operators to make quantitative evaluations of past performance of a specific enterprisein
relation to other enterprises on the farm, with projections, or in comparison with other standards. Just asan
income statement or bal ance sheet provides asource of information for whole-farm management, marketing,
or financing decisions, the historical CAR estimate for an enterprise alows the producer to evaluate past
management decisions involving that particular enterprise. A combination of enterprise CAR estimates can
be used to evaluate the relative performance of various enterprises as part of the total operation. Historica
CAR estimates for individual farms are often used by policy analysts to evaluate commodity programs, by
lenders as guides to help them make decisions regarding loans to producers, and by extension specidistsin
providing guidance and counseling on specific production problems.

A historical CAR estimate for a composite of farms is a simple or weighted average of
enterprise CARsfor some historical period. A combination of production practices, Sizes of operations, land
tenure relationships, crop varieties, or livestock breeds may be represented in a single summary of CARs.
For heterogeneous enterprises, the relative weights that are applied to aggregate the parts into a summary
affect the outcome. The most common aggregation method isto use population weights that are proportional
to acreage, sales, or production. A common but less satisfactory alternative is to use equal weights.
Composite CAR estimates are prepared by the United States Department of Agriculture (USDA) to
represent the entire United States, the major production regions, and selected states. Data from university
or private farm record systems are often summarized in acomposite format at the state level and for different
groups of farms within a state. Common uses of composite historical CAR estimates are evaluation of the
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effects of government programs, analysis of changes in technology or investment on net returns, and
comparison of interregiona differences in agricultura production.

A projected CAR estimate for an individual farm is a forecast of CARs for a specific size,
location, and system of production. In many instances the forecast of components of CARs s based on an
evauation of the farmer's expectations relative to other general information. Projected CAR estimatesare
used by producers to determine financia requirements, plan for profit-increasing production adjustments,
make marketing decisions, and resolve numerous other business management problems. Projected CAR
estimates may also be made for representative farms. Such estimates can be used to evaluate alternative
production practices and management systems for educational purposes or to provide a starting point for
individua producers. The estimates are often used by researchers in evaluating new technologies, the
feasbility of new products, or the off-site (environmental) effects of aternative cropping and livestock
systems. Projected composite estimates may be useful for projecting regiona comparative advantage or
evaluating the potential effects of a particular government policy on a group of farms.

Projected CAR estimates are sometimes developed for composite farms. These estimates
represent an average or weighted average of the CARs aset of farmsis expected to experience during some
future time period. Projected farm income is an example of this type of estimate.

SCOPE OF CAR ESTIMATES

It is important to prepare both historical and projected enterprise CAR estimates with a clearly
defined beginning and ending point in order to make meaningful comparisons across farms, regions, and
countries.

The Task Force recommends estimating CAR for the production period when it does
not exceed 12 monthsin length. For enterpriseswith overlapping production periods
(such as breeding livestock) or production periods longer than 12 months, the Task
Force still recommends using a 12-month period. In situations when a longer period
might bewarranted for some purposes (cow-calf operations, sugarbeets, or treecrops),
the Task Force recommends that such estimates also be reported on an annualized
basis for comparison with other enterprises.

If other periods are used, as may sometimes be appropriate for a given type of analysis, clear specification
of beginning and ending pointsisimportant. The production period covered beginswith the first resource use
(and associated costs incurred) by the enterprise, such as first tillage operation, first purchased input, or
preparation of facilities. The period ends at the time of physical transfer of the saleable product(s) from the
enterprise and includes al costs required to produce the saleable product(s). Marketing then begins when
production ends. In many instances there may not be a clear delineation between the CARs associated with
production and those associated with marketing. Certain commodities require some processing to produce
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sdeable commodities (e.g., cotton ginning, or cleaning and grading of fruits and vegetables); with other
commodities, part of the production process constitutes considerablevaue added (e.g., field boxing of lettuce).

The Task Forcerecommendsthat although CAR estimatesfor periodslonger than one
year may sometimes be appropriate (e.g., cow-calf operations), or a clear distinction
between production and marketing activities cannot be made, any deviation from the
beginning and ending points recommended above should be clearly noted on the
statement of CARSs.

Once the production period is defined, a specific point (or points) must be chosen at which to value
all CARs. Historical CAR estimates, particularly those generated from accounting systems, typically record
the nominal dollars of receipts and expenses when they occur. A similar approach is often used for projected
CAR edtimates. With inflation, the entries for severa different points in time are expressed in dollars that
have different purchasing power. Expressing al CARsat one point in time correctsfor this problem, making
comparisons across enterprises more accurate.

The Task Force recommends that projected CAR estimates establish the end of the
production period as the reference point in time at which to value all CARs, and that
historical estimates also use this end of period conversion when possible.

DEFINING FACTORS OF PRODUCTION AND PRODUCTS

Economic theory and accounting principles provide the foundation upon which CAR estimates are
developed. For economic anadysis, the definition of cost is broader than for financial accounting. An
"economic cost" is the compensation received by the owners of capital and the units of factors of production,
which ensures that the inputs continue to be supplied. The amount of this payment is usualy determined by
market forces. In some situations markets may not be functioning or no formal market may exist. Inthese
cases, the amount of payment to the factor of production must be determined by other methods. In practice,
the measurement of CAR (particularly historical estimates) requires using accounting information because
farmers maintain their information in that way. In accounting, CAR are derived using principles that guide
the construction of basic financial statements such as the statement of cash flows, the balance sheet, or
income statement. In accounting, the concept of actual historical cost is central, but it ignores several
important components of economic costs. These items are costs associated with the use of financial
(indluding equity) capital, long-lived factors such as equipment and buildings owned and used by the business,
and the contribution of unpaid time and effort provided by the farm operator and family members. Estimates
of such implicit costs must be obtained using the economic concept of “opportunity costs’?.

1" Opportunity cost" is defined and discussed further in the next section under " Valuing Factors for which
there is no Market Transaction.”
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Clear definitions and distinctions of the important concepts associated with the measurement of
economic CARs as opposed to accounting costs will be helpful in preparing and using CAR estimates. The
first set of conceptsis related to the physica production process.

A production system or method isadescription of the set of outputsthat can be produced
by a given set of factors of production or inputs using a given production process.

A factor of production (input) is a good or service that is employed in the production
process.

A product isagood or service that is the output of a particular production process.

Economists typically view the production system as a set of outputs and the associated inputs that
are capable of producing them, and often assume a continuous production process where aternative
combinations of inputs can be used to produce a given level of output. In preparing costs of production
estimates, the analyst must specify the production system and the specific input levels used to produce the
desired level of output. In other words, the analyst must choose one point in the producible output set on
whichto base CARs. Thetypica economic assumption isthat the producer will minimize the cost of agiven
level of output by judicious choice of inputs and technology. For historical estimates, the levels used by the
analyst arethe actua level sused, whether they represent optimized choicesor not. For projected or synthetic
estimates, the most common assumption is to choose either a “best management” level of inputs or some
“representative’ level of inputs. The important point is that for the purposes of CAR estimation the input-
output point on the production surface is fixed a either a historical or an “optimal” level, and CARs are
estimated as if the technology is of the fixed coefficient “Leontief” type at this point. Estimates based on
aternative input-output points can also be constructed for comparison.

Factors of production may be categorized in many ways. A common delineation is between |abor
and materias, where dl inputs other than labor are considered materials. Materials can aso be classified in
different ways. One common distinction is between primary factors (natura resources such as land and
extractables such as oil), which are considered to be nonreproducible, and capital, which is defined as being
produced from other factors (Iabor, primary factors, and other capital). Inthissenseall produced factorsare
caled capital. A more modern classification differentiates inputs based on stock and flow concepts. This
more modern approach defines capital as a stock that yields a stream of services (utility) in the current and
future periods. These services have value ether asinputsinto aproduction process, for direct consumption,
or for saleinthe market. The servicesflowing from astock of capital are considered distinct from the capital
itself. In contrast to capital, factors whose services are exhausted in one period and have no value other than
in being used up are called expendables.

In the more modern approach, capital refersto stock resources that provide service flows over more
thanonetime period. A number of resourcesfit this classification: land, equipment, buildings, and machinery
are clearly considered capital goods according to this definition. In a more general sense, education and
experience—as they enhance the productive capacity of workers—are considered human capital. Inafree
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society, however, ownership of human capital isrestricted to the personinwhomitisembodied. At asocietal
level, stocks of knowledge and information are also capital. Some of these stocks can be owned whereas
others are in the form of public goods. Legal rights such astheright to remove water from astream area so
aform of capita. Inventories can be considered capitd to the extent that they may not be depleted inasingle
time period.

The production potential of capital can be modified in many ways. These modificationstake theform
of changes in the service capacity or potentia future productivity. Service capacity can be reduced in a
variety of ways. Thisreductionin service potential can be wear and tear associated with the passage of time
or use. For example, the roof of a barn deteriorates due to exposure to the elements and the valves on an
engine wear out with use. Reduction in service potentia might also be due to depletion in the case of natural
resources or inventories, obsolescencein the case of knowledge, or deteriorationin skillsin the case of human

capital.

Service capacity can be enhanced by additiona investment in the capital asset. Examples include
overhauling an engine, reroofing abarn, replacing several sectionsof aconcrete ditch, or terracing an erodible
hillsde. The service potentia of a given stock of human capital can be enhanced by additional education,
training, and investment in health; or, it can be reduced by poor coordination and supervision, or extended
exposure to damaging environmental factors such asnoise, pesticides, and intense heat or cold. Expenditures
to enhance the stock of human capital and its service flow can be thought of as analogous to enhancing the
serviceflow of other capital. Theincreased service capacity isusualy embodied in the labor, and thus cannot
be owned by anyone else. Owners of capital aso take actions that are intended neither to reduce nor to
enhance service capacity, but smply to promote optimal productive use. Such actions are usualy called
maintenance or upkeep. Examples are lubricating bearings, rotating tires, or mending afence. Of course
these actions do have an impact on long-run service potential and so they must be considered along with wear
and tear and service operations in evaluating the productive capacity of a capital asset.

Factors of production are then categorized as being either [abor, capita (including land and human
capital), or expendables. Since human capita is embodied in the worker, factors are often categorized as
being either capital assets or expendables. Capital is useful only to the extent that it provides services. And
the services of capital are expendable in the sense that once a given service such as 10 hours of tractor time
is used, those specific hours are exhausted. This report makes the following distinctions between factors of
production.

Expendable factors of production are raw materials, or produced factors that are
completely used up or consumed during a single production period. Common examples of
these factors that lose their identity with a single use are seed, fud, lubrication, some
pesticides and fertilizer, feed, and feeder animals.

Capital isastock that isnot used up during asingle production period, provides servicesover

time, and retains a unique identity. Examples include machinery, buildings, equipment, land,
breeding livestock, stocks of natura resources, production rights, and human capital.
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Capital services are the flow of productive services that can be obtained from a given
capital stock during aproduction period. These services arise from aspecific item of capita
rather than from a production process. It is usually possible to separate the right to use
services from ownership of the capital good. For example, one may hire the services of a
potato harvester to dig potatoes, alaborer (with embodied human capital) to provide milking
services for agiven period, or land to grow crops.

A number of examples will illustrate the argument. Land is considered a capital asset, but the right
to usetheland for a specific period is an expendable service flow. A laborer and the embodied human capital
is considered capital, but the service available from that laborer is considered an expendable capital service.
Similarly, a professiona such as an accountant, veterinarian, or lawyer is a capital good in the sense that he
or she provides services over time, but these services are usually hired on afee per unit of time or project
basis. Sharesin an irrigation company are considered capital but the acre feet available for use in a given
season isan expendableinput. Thereisoften acertain arbitrarinessin defining an input as expendable versus
acapital service. For example, gravel excavated from an on-farm pit could be considered either asthe capital
service of the stock of gravel or as an output, because it requires a production process (excavation and
hauling) to obtain the service. In general, only factors that arise directly from a capital stock should be
considered capital services, but some looseness of definition is inevitable.

Some inputsthat last more than one period lose their uniqueidentity upon use. Examplesinclude paint
applied to machinery and buildings, repair parts, hay fed to dairy cattle, subsoiling, spraying of ditches,
application of lime, and fertilizers with no appreciable carry-over. Such inputs are usualy not treated as
capital but as expendable inputs used to maintain the productive capacity of other inputs. The costs of such
inputs are usually allocated (prorated) across the periods they provide service. Inputs such as terraces and
tile drains may be handled either as separate capita items, because they are quite unique, or as part of the
land base when rented in conjunction with the land. Some factors of production produce more than one kind
of service. For example, afire extinguisher loaded and readily available provides fire protection services.
The extinguisher provides these services over time and does not lose its identity in the process (thus fitting
the capital category), but when used to put out afire can be used only once. For this service, the extinguisher
may be considered an expendable. The classification factors of production that produce more than one kind
of service are arbitrary, but they are commonly considered capital assets because they show up on the
balance sheet and provide service flows for more than one period.

Differencesin classification of factorsareimportant for valuing their contribution to production. Only
the actual value contributed to the production process of a specific output during agiven period is considered
as arelevant cost for afactor. For capital factorsthat are employed for severa periods, one must make an
assumption about the contribution that the factor contributesin each period. For agranary, thismay be cubic
feet of storage space of uniform quality per period. If the quality of this spaceisfairly uniform over timeand
can be maintained in this quality with known annua maintenance, then the cost of granary space per unit of
grain stored can be computed asaconstant. A tractor may have aknown purchased price and salvage value,
constant fuel and lubrication costs based on hours of use, and increasing repair costs, aso based on hours of
use. If thequality of an hour of tractor time (with appropriate repairs and maintenance) does not change over
the life of the tractor and the tractor is used the same number of hours per year over itslife, then the analyst
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can compute an annua annuity representing the annual cost of the tractor that can be broken down easily on
a per hour of service basis. If the production of a ton of sweet corn using a specific production system
requires 3.5 hours of tractor time, then the tractor cost per ton can be computed easily using this constant cost
per hour of service.

If the productivity of a capita input depends on its age and level of use, then more complicated
procedures are needed. For example, consider a capital asset such as an apple orchard. The orchard will
have severd years of preproductive costs with no output, including a large expenditure in the establishment
year. Once production begins, it will typicaly rise, reach aplateau, and then fall. The cost per bushel for the
apples for each year will vary depending on the number of years the orchard is in production, the yields per
year, and the operating costs. In this caseit is not reasonable to compute a constant capital cost per bushel
as with the granary or possibly the tractor, because the productivity of the orchard variesover time. Instead,
it makes sense to develop a unit cost of capita that varies with time. Cost of production studies typicaly
assume constant productivity acrosstimefor most inputsincluding machinery, equipment, and buildings. The
justification for constant productivity of machinery isthat appropriate and increasing repair expenditures can
compensate for decreased service capacity. This assumption is probably reasonable in most situations but
should be evaluated on a case-by-case basis. The assumption of constant productivity is much less
reasonable in the case of breeding livestock, most perennial crops, some types of wels, and some land or
range resources. This report will generally compute capital costs for machinery, equipment, and buildings
assuming constant productivity over time. Discussions of appropriate ways to handle variable productivity
are contained in Appendix 6A and in Chapter 10 on multiyear enterprises.

VALUING FACTORS OF PRODUCTION

The economist's classical theory of the firm distinguishes between owners of resources and the
operator of the firm. The firm is viewed as purchasing expendable inputs such as seed, fuel, and feed, and
capital good services such as hours of labor and human capital, machinery and equipment, or the services of
land, buildings, and other structures, in exchange for fixed payments. When these inputs can be used over
severa production periods, the owner of the firm pays afixed fee for usein agiven period. Thus, the actual
costs of inputs can be determined by market prices and quantities or expenditures, if the market is assumed
to value correctly the contribution of any good or service to the welfare of economic agents. For example,
the cost of seed depends on the price per pound and the number of pounds used, the cost of land per acreis
the rental rate, the cost of machinery per hour is the custom rate, and the cost of human capital is the wage
rate times hours worked or compensation including benefits. In this framework, al factors of production
except the operator of the firm are compensated in full for their contribution.

The Task Forcerecommends that when there are active markets for a given factor of
production and there are no constraintson factor use, the preferred valueto usefor all
CAR estimation is the current market price (or compensation) of that specific factor.

Although the valuation of homogeneous factors traded in active markets is straightforward based on this
recommendation, numerous complications arise in practice when factors are not homogeneous and/or not
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purchased in a competitive market. The remainder of this section will consider general valuation principles
for factors of production. After discussing time preferences, interest, and inflation in the following section,
amore complete analysis of some of the more complicated issues will be presented.

Valuing Factorsthat Differ in Oneor More Attributes

The economic law of one price appliesto goods and servicesthat are exactly the samein al relevant
dimensions. Some of the most common dimensions are quality, time, and space.

Clearly, costs and revenues must be adjusted to account for quaity differentials such as discounts
for damaged produce. A discussion of someof theseissues, particularly with respect to products, is contained
in Chapter 3: Revenues and Government Programs Participation. Issuesrelated to time are discussed in the
next major subsection.

With respect to differencesin location, it isimportant to include asa cost of producing and marketing
the product, the cost of getting the product to the market from which the product price is obtained.
Conversely, the price can be adjusted to compensate for thisexpense. Otherwise, the net returnsto thefirm
will be overstated. Spatid equilibrium implies that price differences across location of commoditiesthat are
otherwise identical should be equd to transportation costs.

The Task Forcerecommendsthat all CAR estimates should reflect goods and services
that are identical, or that are cost-adjusted (revenue-adjusted) for any differencesin
location, quality, or time of delivery.

Valuing Expendable Factorsthat are Purchased

A purchased expendablefactor isbought and used during the current production period and so its cost
is obtained by multiplying the quantity used by the market-determined purchase price. If there are volume
or other discounts or additional payments such as fringe benefits for workers, these should be considered in
computing the cost. Adjustments for time, quality, and location should aso be made in keeping with the idea
of pricing al inputs and outputs at a uniform quality level for agiven price, a the sametime, and at the same
place. More specific discussion on expendable inputs is contained in Chapter 4.

Valuing Capital Servicesthat are Purchased

The market price for capital servicesis the appropriate charge for CAR estimation if the owner of
the capital is distinct from the operator of the firm and the capital services are obtained in a market
transaction. All of the adjustments for time, quality, and space, as in the case of expendable factors, apply
here as well.

Valuing Factorsfor which thereisno Market Transaction
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When the operator of the firm is aso the producer of an expendable input used in the production of
another output or the owner of the capital used to provide aservice, thereisno market transaction to reflect
the cost of using these factor services, and animplicit cost and revenue must be computed because no market
transaction takes place. This Situation requires use of the concept of opportunity cost.

The opportunity cost of any good or serviceisitsvaueinits next best dternative use. For
example, the opportunity cost of the service of an input used in the production of any
particular commodity is the maximum amount that the input would produce of any other
commodity. Opportunity costs are usualy measured in monetary terms so that the
opportunity cost of any good or service is the maximum amount the good or service could
receive elsewhere for use as a production input or for final consumption.

When a market transaction is not available to vaue a given expendable factor or capital service,
methods that will approximate the opportunity cost of the service are used. These methods are not asrdliable
as direct market valuation; therefore, as long as well established (or regular) markets exist for the given
services and the amount of service that is used can be determined, the best estimate of the cost for the
services of an operator-owned factor in preparing CAR estimates is the market price of that factor service.
But when markets are nonexistent or very "thin," the other methods of estimating costs associated with the
ownership and use of an asset must be employed to approximate the market solutions. These methods usually
take the form of using market prices for smilar expendables or determining implicit rental rates for capital
services.

Valuing Produced Expendables

Produced expendables utilized on the farm should be valued at the cost of purchasing the
factor from off-farm as the cost of the factor to a utilizing enterprise because this reflects the
opportunity cost of thefactor totheutilizingenterprise. Asan example, consider afarmer who raises
feeder pigs for use in a finishing operation. The appropriate cost for these feeder pigs to the finishing
operation isthe cost of purchasing the pigs off the farm. An alternative for the factor cost is the price the
farmer could obtain for the feeder pigsif they were sold in the local market. Alternatively, consider adairy
farmer who produces more corn silage than needed for his dairy herd and who sells the excess to aneighbor
who picksit up onthefarm. The pricethe neighbor paysfor the silage is an estimate of the value of the corn
silage to the dairy enterprise.

Valuing the Capital Services of Owned Capital

Capital services provided by the owner of the operation of a given enterprise should be
valued at the cost of obtaining these services from an alternative source in an arms's length
market transaction. For example, in situations where there are active cash rental markets for land, these
rental rates provide a good estimate of the cost of land services. In situations where cash rental
arrangements are not common, share rental rates can sometimes be used to approximate the actual factor
cost. Insome states there are active marketsin machinery rental that can be used to approximate factor cost
of machines, athough in much of the country such markets are very small and specialized. In many aress,
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anumber of capital services are offered on a custom basis. These custom rates provide an estimate of the
cost of the capital service. There are few situations where an active market in general purpose buildings
exists. Inthe case of labor, there may be active markets for unskilled workers allowing use of commonly
reported wage rates; however, the market for skilled managers may be much smaller, requiring the use of
opportunity cost calculations.

The Task Force recommends that market-determined costs of inputs should be used
when they are available and that other methods should attempt to reflect what the
market solution would be if it existed. In general, the cost of purchasing inputsfrom
off thefarm asopposed to their on-farm production cost should beusedin pricing these
inputs to other on-farm activities. Similarly, custom rates for machinery should be
used when markets for these items are well established and custom operations can be
performed in a timely manner.

These other market-based methods should reflect the CA Rs associated with thelong-term ownership
of assets and the market-determined equilibrium cost of obtaining the factor services of those assets.

Accounting for Transactions Costs

I'n markets with no transactions costs, the purchase and sale price of agiven good or service will be
the same. Most markets, even those that operate efficiently, will have some transactions costs associated
with minimal trangportation, brokerage and handling fees, short-term storage, insurance premiums, checkoff
assessments, shrinkage, or other loss. A common example is the difference between the buy and sl price
at agrain elevator. When transactions costs are not zero, the purchase price of afactor will exceed the sale
price by the transactions costs. The correct value to use in assessing the return to the selling enterprise,
assuming outside sale, is the sales price net of any transactions costs assumed by the seller. Alternatively,
the actual selling price can be used and the transactions costs included in the cost of production. The cost
of afactor purchased from outside the firm is the purchase price plus any additional transactions costs
assumed by the buyer. If there are unavoidabl e costs associated with getting a product to market, they should
be included as a cost of production. If the product is used interndly, these costs should not be included,
however. Similarly, if there are costs associated with purchasing aproduct externally, they should beincluded
when the product is purchased externaly but ignored if obtained interna to the firm. The price used for
internal transactions should be conceptually the same for both purchase and sale because the factor (product)
is at the same time and place at the point of internal sale. The difficulty is that market prices are often for
the good or service at a dightly different time or place, and perhaps in a different form. Simply using the
market price may implicitly attribute a higher return to one of the enterprises because the actual costs of
getting the product to or from the market may not be the same and may not be explicitly counted in the costs
of either enterprise.

To make the issue of transactions costs clear, consider an example where the market price of a

feeder steer at the local auction market is $250. Assume the cost of transporting the steer from the farm to
or from the market is $15 so that the implicit price at the farm is $235. All other costs of production for the
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feeder steer are $200 so that the net profit to the feeder steer enterprise is $35. The auction charges afee
of $5whichispaid by the buyer of the feeder steer. If al feeder steers produced on the farm are sold at this
market then gross revenue to the feeder steer enterprise is $250 and the net price is $235. If the costs of
transportation are not explicitly included in the estimate then the net price should be used as the sale price per
head for the feeder steer enterprise. Suppose the slaughter steer enterprise on the same farm purchases the
feeder steers. The purchase cost of the feeder steers produced on the samefarm is $235 per head, assuming
no transportation costs. |If the slaughter steer enterprise purchases some or all feeder steers at the local
market (assuming no closer available source), then the total cost of the purchased feeders steers is $270
(250+15+5). Assume that the revenue minus all other costsfor the daughter steer enterpriseis $350. Then
the net revenue for the daughter steer enterprise for the purchased feeder steer is $80, and the net revenue
for the dlaughter steer enterprise on feeders transferred from the feeder steer enterpriseis $115 ($350-235)
per head. Using the site-specific net price of $235, the feeder steer enterprise has returns of $35 and the
daughter steer enterprise has returns of $115. The site-specific price is the opportunity cost of the feeder
steer produced on the same farm and it is the recommended method of valuing those steers. An dternative
method of valuing the feeder steers produced on the farm isto use the market price of $250 as both the selling
and buying price. This method may be used when the transportation and auction charges are not well
documented, making calculation of the site-gpecific price somewhat arbitrary. Although the site-specific
method has some theoretical backing, assuming well-functioning markets, there is arbitrariness in any such
alocation.

The Task Force recommends that, when transactions costs are small, for simplicity,
the local market price be used to value the factor (product) and transactions costs not
be charged to either enterprise. When transactionscostsarelarge, itismoreimportant
that the allocation rule chosen not distort relative factor returns. In such cases, the
allocation rule used should be made explicit and the sensitivity of the results to the
allocation rule discussed.

A more detailed discussion of alocation rules for handing transfer pricing is contained in Chapter 4:
Purchased and Farm-Raised Expendable Inputs. Before considering valuation of these various types of
factorsinmore detail, some discussion of adjustmentsto both expendable and capital coststo account for time
differencesis needed.

TIME PREFERENCES, INTEREST, AND INFLATION

Most agricultural production occurs with atime lag so that costs are often incurred months or even
years before the end product is completed and sold. Some factors of production (atractor, for instance) are
used to produce many sets of output over many different production periods. In order to make sense of
CARsthat occur at different points in time and combine them effectively to make optimal decisions, aclear
understanding of issues related to time preferences and interest rates isimportant. Dealing with thistime lag
is one of the thorny issuesin CAR estimation.
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Individuals have preferences over the timing of CARs. Economic theory usually assumes that an
individua has a postive rate of time preference, meaning that one dollar today is preferred over one dollar
one year from now. This is usualy attributed to impatience or quasi concavity of the utility function.
Exceptions to thispositive rate can occur easily if relativeincome and wedlth levelsdiffer acrosstime periods,
if financial markets are not complete, or if there are significant costs for carrying goods between periods.
The rate of time preference for an individua commodity is the implicit relative price that would induce an
individua to consume or hold equa amounts in adjacent periods and is implied by the shape of indifference
curves. When applied to an individual commodity, the rate of time preference is called the own rate of
inter est; when applied to anumeraire commodity such as money, it is called the discount rate or therate
ofinterest. Just astheinteraction of individual preferences for commaodities and the production technology
determine the relative prices of goods, the interaction of individuals time preference, commodity preference,
and the technology determine a market rate of discount or interest rate. There are clearly different discount
rates for time periods of different lengths. These rates reflect the market's evaluation of the relative worth
of the same income flows (or money) occurring in different time periods.

Anindividua'srate of time preference is determined independently of the market rate of interest, but
isafactor in determining the market rate. In an economic equilibrium, whereindividuals can trade freely on
commodity and financial markets, they will make production and consumption decisions such that (at the
margin) their individual rate of discount between income in different periods is equd to the market rate of
interest. The Fisher separation theorem (Copeland and Weston: 11-12) impliesthat production decisionscan
be made independently of consumption decisions when markets are complete. Thistheorem further implies
that individuas will make production decisions based on this market rate of interest, and partialy justifies the
common practice of using the market rate of interest (discount) for evaluating the relative contributions of
returns and costs to an individua's welfare at different periods in time. When markets are not complete or
fully functioning, arate of discount other than the market rate may be applicable. This may be particularly
important when estimating costs for individual firms when full access to financia markets may not be
available or the risk characteristics of the firm make published discount rates inappropriate.

Discounting CAR Flows

The practice of adjusting al CAR streamsto acommon point in time to account for time preferences
is usually called discounting or present value analysis. The ideais that with properly functioning markets,
funds received in one period can be invested at the market discount rate and earn that rate of return over the
period. Thusone dollar received today isworth more than one received tomorrow becauseit can beinvested
at this usually positive market rate. In CAR estimation, it is important to reflect the value of all CARs at a
common point in time so that the values are strictly comparable. If the desireisto reflect al future monetary
flows on an equivaent current period basis, present value formulas are used. When income streams are
adjusted to afuture point in time, the practice is sometimes called compounding or future value analysis
to contrast it with discounting income flows back to the current period. This report will use the terms
present value analysis and discounting to reflect any adjustments of income streams to account for time
preference, whether these adjustments are forward or backward from the base period. The literature on
capital budgeting and financia decision making provides a useful reference for this discussion (Copeand and
Weston; Lee; Levy and Sarnat). In order to make the analysis clear, consider a number line taking vaues
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from -4 to 4 asbelow. Time 0is considered to be the present time, time 1 is one period in the future, -2 is
two periods in the past, and so forth.
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Of course, the line can be renumbered so that any point on it istime 0. Consider now an income (cost)
stream that begins at the present time O (or the beginning of the first period) and ends at time n. The vaue
of this stream at time O is given by

.~ R
V. " G
O o (%) (21)

where V,, isthe present value of the payment stream (of income or costs) on the right-hand side of the equal
sign. The notation R, represents the net return or cost at the end of period t, where t denotes the time period
0,1,2 3, .., n. Thediscount rate, which is constant over time, isgiven by i. If theinitia period of theincome
streamis considered to be the base, asin this example, the discounted valueis called the present value of the
future income stream. For example, consider an income stream with values (100, 200, 500) at the points O,
1,and 2. Thisis represented on the number line by placing the returns above the line as follows.

The present value at point O of the above stream is given by

v, " 100 % 220 g X0

o (1%i)?

If the interest rate is 5%, thiswill give

20 4 S0
105 (1057
" 743.991.

V, " 100 %

In many instances it is useful to adjust CARs to points in time other than the present. This can be
accomplished using the above formula and alowing the index t to take on both positive and negative values
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in relation to the point of time considered to be the present or the base (0) for the analysis. For example,
consider adjusting all income flows to the end of the last period (the n" period) as is done in future vaue
anadysis. The value at the end of then'" period (V,) of a CAR stream occurring over the n periodsiis given

by

0
V, " G R

tran (%)t

(2.2)

where V, represents the value of the payment stream at the end of the period (time 0). If one prefersto use
positive values for theindex t and treat the " period as the base, asin standard future value calculations, the
above formula would read

n R[ n
V. " G "G 1%i)&t
"ot (A% teo R, (080 23)

The value on the right-hand side of 2.2 and 2.3 remains the same, but is represented in a dightly different
way. For example, suppose the above stream of returnsis to be evaluated at the end of the second period
(at point 2 on the original line). The line can be renumbered, making the end of the second period (point 2
on the origind line) point 0, as shown below
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where 100 occurs at -2 and 500 occurs at 0. The present value at point 0 is

v, " 100 , 200 ,
(1%i)%2  (29%i)%
= 100(1%i)2 % 200(1%i) % 500 .

Sometimes it is useful to value an income stream at a point in the middle of the time horizon. For
example, one might choose the end of the current year as the point to value CARsfor acow-calf operation
eventhough returnsoccur next year. Inthiscase, rather than continually modifying the formulas and notation,
it may be smpler dways to consider the point in time to which the streams are adjusted to be zero in the
sense that the discount factor for the period has an exponent of zero and number al periods from that point
so that future periods have a positive index (and positive exponent on the discount factor) and prior periods
have a negative index. In this case the formulato discount the return streams to the k" period is given by
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n R[ n
V, " G " G R (1%i) 24
k £ (1%i)t&k £ Rt ( )

wherej isthefirst period considered and n isthe last. When k is greater than t, flows are adjusted forward
to period k; when Kk is less than t, flows are adjusted back to k; and when k is equa to t, the flow is not
adjusted. Consider the value at the end of the first period (or time 1 on the number line) for the above
payment stream. The formulawill give

2 R
v, " G —
t"0 (1%i)t&1
. 100 200 500
. % — % ——
(1%i)&D  (1%i)@8D  (1%i)@D
- 100(1%i) % 200 % 200
(1%i)

where V, represents the value at the end of the first period.

To clarify the discussion, consider a stream of CAR flows occurring at the end of each period. Let
the flow at the end of period 1 be -10 with a further return at the end of period 2 of -20. Let the returns at
the end of periods 3 through 5 be -5, 10, and 50. The number lineis as follows:

-10
|
1

1
—_N)
NTTS
1

10 50
I
5

W—Taw

|
1
4

Assume a discount rate of 10%. The adjusted (discounted) vaues of each flow and the total for the entire
stream at the end of each period are given in Table 2.1 below. The columns give the cash flow adjustedto
the end of the period in the column title. For example, consider the first line of the table which reflects cash
flow of -10 at the end of the first period. This cash flow has value -10 at the time 1, but declines in value
(grows in absolute value) to -11 (11) by the end of period 2. The value at the beginning of period 1 (end of
period 0) is-9.091. The adjusted value of this flow at the end of the fifth period is -14.641. Similarly, the
value at the end of period O of the 50 dollar return occurring is 31.046 and the value of the 50 dollar return
at the end of the fifth period valued at the end of the fifth period is 50. The Total row at the bottom of the
table givesthetotal of the cash flowsfor al periods adjusted to the end of the period in the columntitle. Thus,
for example, the total value of all five cash flows at time 0 is $8.499, while at the end of the first period (time
1) itis9.35 and at the end of the fifth period it is 13.689. The diagona elements of the table are the same
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as the actual cash flows, because the diagona represents adjustments to that period as the base.
Furthermore, the amounts in the Total line can be adjusted to any other period using similar procedures. For
example, the value of the entire stream at the end of the fourth period ($12.445) is properly discounted to the
end of the first period using the relation V, = 12.445/(1.1)3 = 9.35.

TABLE 2.1 Discounted Vaues of a Cost and Return Stream

Vaue at Point in Time 0 1 2 3 4 5

Cash Flow at
Period End of Period

1 -10.000 -9091 -10000 -11.000 -12100 -13310 -14641

2 -20.000 -16529  -18182  -20.000 -22.000 -24.200 -26.620

3 -5.000 -3.757 -4.132 -4.545 -5.000 -5.500 -6.050

4 10.000 6.830 7.513 8.264 9.091 10.000 11.000

5 50.000 31.046 34.151 37566  41.322 45.455 50.000

Total $3499  $9350 $10285 $11.313 $12445 $13.689

The point is that all CAR streams can be adjusted to reflect the same point in time using an
appropriate discount rate. These adjusted CARs can then be summed to compute net income, return on
investment, and other financial measures.

Measuring Growth Rates of Economic Variables and Compounding of I nterest

When analyzing economic variablesthat are growing over time, an important issueis how to measure
the rate of growth. Growth rates are usually expressed as a percentage rate over some time period. For
example, if average corn yields in a county were 100 in 1980 and 110 in 1990, the growth over the ten-year
period is 10% ({ 110-100}/100). The annual rate of growth is not 1%, however, because if yields were 100
in 1980 and 101 in 1981, a 1% growth ratewould imply yields of 102.01[(101)(1.01)] in 1982, 103.03in 1983
and 110.46 in 1990. Thisis of course due to the compounding of the growth over time. The annud rate of
growth that is consistent with a 10% rate of growth over the ten-year period is .9576% because
(100)(1.009576)*° = 110. Thus when computing growth rates of any type, a period for compounding therate
must be considered and be made explicit in the analysis. For example, one can talk of a quarterly rate of
growth that is consistent with a given annual rate, an annual rate that is consistent with a biennial rate, etc.
For example, al1% rate of quarterly growthisequivaent to a4.06% [{ (1.01)4-1}{ 100} ] rate of annual growth
or a4% rate of annua growth is equivalent to a.9853% [{(1.04)2° -1}{ 100} ] quarterly growth rate.
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Whereas many economic variables have a natura defining time period, such asyields for an annua
crop, for othersthe appropriate period is not always obvious or even the samefor different types of questions.
For example, it is not clear whether an annud rate of productivity growth isappropriate for broiler or amond
production. In analyzing the growth of farm income, monthly, quarterly and annual rates all make sense for
different types of questions. When considering financia variables where interest (and discount) rates are
often gpplied, it is crucial to decide the appropriate period for compounding and correctly convert subperiod
rates to annual rates and vice versa. This is especialy important when some variables may earn interest
under different compounding rules such as daily versus monthly versus annual compounding in the case of
production loans.

Real and Nominal Magnitudes

The value of acommodity can be expressed in terms of other goods or in terms of prices (dollars).
When commodities are measured in terms of other commodities or in terms of their purchasing power, the
statedvalueisinred termssinceit reflectsthe "real” purchasing power of the commodities. When the value
is stated in terms of current prices, the valueisin nomina terms. For asingle commodity, real values can be
expressed in terms of bilateral exchange ratios or in terms of a numeraire commaodity. The most common
numeraire is the price of money in some base period. For example, the relative price of corn and soybeans
can be stated as 2 bushels of corn for 1 bushel of beans or, alternatively, that corn sells for $2.50 and
soybeans sdll for $5.00. For aggregate output, real magnitudes are expressed in terms of some base period
price level. Thus for example, wetalk about real Gross Domestic Product (GDP) as being current output at
base period prices. So, nominal magnitudes reflect values in current period prices and real values reflect
valuesin base period prices. The changein the overall price level between any period and the baseis called
the general rate of inflation. When the overall price level does not change between periods, real and
nomina values will be the same. Just as with other prices, real interest rates are specified in terms of some
base period and nominal interest rates are stated in terms of the current period. 1n an economy with constant
prices (no inflation), the market-determined rate of interest is both areal and anomina rate. When thereis
inflation, the real and nomind rates of interest differ because the higher price level in later periods reduces
the future value of other goods in relation to the numeraire good (money). When interest rates are specified
interms of the current monetary unit, the nominal interest rate on aloan is more than the rea rate (when
inflation is positive) because the rea cost of aloan isless than the nomina cost.

Real and nomina rates of interest arerelated by the Fisher equation. If p istheinflation rate between
two periods, r isthe red interest rate and i is the nominal interest rate, then the following identity (Copeland
and Weston: 65; Fisher; Patinkin) holds

(L%p) (L% 1) " (1% ). (2.5)

Notice that (1+i) O (1+p+r) because inflation and the rea interest rate interact over the time period.
Specificaly, the interest rate gpplies to the inflating dollars, not just the beginning of period dollars. When'r
and p aresmadll, (1+p+r) is approximately equa to (1+i). The Fisher relation can be rewritten to solve for the
nominal interest rate, i, as afunction of the real rate, r, and the inflation rate, p, as
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i "r%p% pr (2.6)

or for the real rate asafunction of i and p as

ce &P . @A%i) gy

@p) (%) 217
or for the inflation rate as afunction of i and r as
o @%i & 1
(Q%r)
2.8
« P& (2:8)
@%r)

where dl rates are stated for the same time period and there is no compounding of interest within the stated
periods?. For example, with an annua inflation rate of 5% and a nomina interest rate of 8%, the implied
annual real interest rateis (1.08)/(1.05) -1 = .0286. Similarly, with aninflation rate of 5% and ared rate of
3% the implied nomind annua interest rate is 8.15 %.

The nominal rate of interest is appropriate for usein comparing nominal magnitudes, but the redl rate
is correct for use in comparing real magnitudes. The nominal rateis, of course, made up of the real rate and
aninflation adjustment. Adjustmentsto cash flowsfor time preference thus have acomponent related to the
real interest rate or the real cost of holding money and a component related to changes in prices due to
inflation. The combined effects of theinflation component and the real interest component can be cal cul ated
using the nominal interest rate. It is appropriate to use the nominal interest rate to discount nominal CARs
within a givenproduction year aslong asall the analysis proceeds on anominal basis. These adjustments can
be arbitrarily divided into real interest and inflation components.

The Task Force suggeststhat, when CAR estimates are computed on an annual basis
in nominal magnitudes, the nominal interest rate be used to adjust all within-year
magnitudes to a common point in time. As mentioned earlier, the Task Force
recommendsthat thispoint in time bethe end of the production period or theend of the
year, whichever is sooner. The Task Force further recommends that the estimates
explicitly state this nominal rate, and the items and length of time to which it applies.

2If interest is continuously compounded, thenthe Fisher rdlationisgivenby i = ef'e* - 1 wheretisthe
number of periods of compounding and p and r refer to the inflation and interest rates per period. Thus if
annual inflation is 5% per year and the interest rate is 3% per year, the implied annual nominal rate is 8.33%,
which is higher than the rate of 8.15% computed using annua compounding.

2-20



Chapter 2. Conceptual Issuesin Cost and Return Estimates

Once production period values are adjusted to acommon point in time using anomina discount rate, they can
be decomposed into real and inflation components or converted to real terms for compari sons among periods,
for long run analyses, or for capital budgeting, etc. If the end of the production period is used as the base
period for prices, then the end of year prices/costs or returns are both a nomina magnitude and a real
magnitude in these year-end prices.

Whether economic analysis should be performed on a nomina or area bass is an often debated
issue. Aslongastheanalysisisperformed inacareful and accurate manner, it isimmeateria which approach
isused asfar asthe end result isconcerned. There are often reasonsfor performing it in one way or another,
usually to be comparable with other estimates. The issues relate to ease of computation, interpretation, and
comparison. It issometimes easier to interpret real magnitudes because inflation distortions are eliminated,
but more commonly it is easier to interpret nominal magnitudes because that is the way most values are
reported. For example, in considering net farm income per farmer in 1920 to evaluate the welfare of today's
farmers, it is probably better to consider thisin red terms so that what the income will buy isthe same. But
if oneis interested in obtaining a production loan, the nominal projected vaue of this year's income is the
easest valueto use. In addition, some issues such as taxes and subsidy payments are related explicitly to
nomina magnitudes. If returnsare changing over time dueto inflation, then performing analysiswith nominal
returnvalues and nomind interest rateswill give the same present value asusing real returnsand real interest
rates. Thisbecomesclear if onerewrites equation 2.1 assuming that al magnitudesarereal. The discounted
value of areal return stream at time O is

n r
Vit G (2.9)
t=0 (1%r)t

where R', isthereal return at time t, V' isthe rea present value of the value stream using area discount
rate, and r is the real interest rate. |If the inflation rate is given by p, then the nomina return at time t,
assuming that the base period is period O, is given by R = R, (1+p)'. For example, if thered returnin the
first period is$300 and theinflation rate is 4% then the nominal return for the period is$312. If thereal return
in the second period is again $300 and inflation is unchanged, then the nomina return relative to the base
period is (300)(1.04)% = $324.48. Alternatively, anomina return of $324.48 in the second period is equivaent
to areal return of $300 because $324.48/(1.04)% = 300. Now consider anominal return stream obtained using
the above relations and then discounted by a nominal interest rate. This gives

n
V. " G R
t70 (1%i)t
. & _R(p)
t=0 (1%r)' (1%p)! (2.10)
n Rtr
"G
t=o (1%r)t
- VOT
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which isthe same as real present value in equation 2.9. The value stream in rea terms, VO’, and the value

of the stream in nominal terms, V,,, are the same because we are considering point 0 to be the base for the
computation of real values. Thus real and nominal discounted values will be the same if the base
period for thereal valuesisthe period to which the flows are discounted. If agiven investment is
subject to different rates of inflation than the general rate, then the above analysis must be modified so that
the real rates of return to this asset reflect itsreturnsrelative to other assetsin the economy. Cost and return
estimates often assume that the goods under question are subject to the same rates of inflation as other goods
in the economy and so these problems are not area issue. Given thelong run trend toward declining relative
pricesin agriculture, this common assumption should probably be reconsidered. An alternative, as suggested
later in this report, is to conduct al analysis outside the current period in real terms.

Implicit and Explicit Interest Charges and Time Adjustments for Within-Period CARs
Implicit and Explicit Discounting of CAR Flows

The market rate of interest isimportant not only for adjusting CARs received in different periods, but
alsofor computing the explicit and implicit interest charges accumulated on financia capital used to carry out
the firm's operations. Most farming enterprises apply inputs during atime period and receive revenues a the
end of the period. Such CARs must be accumulated to a common point in time to make them comparable
for decison making. As stated earlier, the Task Force recommends that projected CARs establish the
end of theproduction period asthereferencepointin time. Thismeansthat all expenditures and revenues
should be accumulated to the end of the production period using time adjustment calculations. If all costs
were incurred at the beginning of the year and all revenues received at the end, this would entail multiplying
all costs by (1+i) wherei isthe nominal market rate of interest. Because revenues are assumed to occur at
year end, they would not be adjusted. Because costs and revenues do not conveniently occur at the beginning
and the end of the period, some adjustments for timing and compounding must be made.

There is a different market rate of time discount between time periods of different lengths. For
example, there are one-month rates, one-year rates and five-year rates of discount. The rate most commonly
quoted is the annual rate, and that is the rate assumed unless otherwise stated. Ratesfor longer periodsare
related to the rates for shorter periods, but the relationship is not additive as was discussed in the section on
growth rates of economic variables. Interest can be calculated over periods different than the oneto which
the rate applies using the smple rate or usng compounding. Compounding is theoretically correctin dmost
all stuations and so is the suggested procedure. The correct interest charge with compounding in effect is
given by the following genera formula

ic * R(1%i) & R (2.11)

whereic istheinterest charge, R is the amount of a cash flow at the beginning of the first period, i is the
constant interest or discount rate for asingle period, and k isthe number of periods. For example, theinterest
charge on $500 for six months with a 1% monthly rate, compounded monthly, is given by {500(1.01)° -500}
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= $30.76. If there were no compounding the charge would be {500(1.06) - 500} = $30.00. A compounded
one-month rate compatible with a given annua rate is not that annua rate divided by 12, but is given by the
formula

(1% i) " (1%i)
N (2.12)
Yi T (%2 &1

where i is the annua rate and i, is the monthly rate compatible with the given annual ratei. In asimilar
fashion, the annual rate consistent with a given monthly rate can be computed using the formula

i (1%i )2 & 1. (2.13)

Similar formulas hold for other compounding periods.

Some examplesmay help clarify theaboveformulas. If theone-month rateis 1%, then the equivalent
annual rate assuming compounding is (1.01)2 - 1 = 12.6825% and not the simple annua rate of 12%. The
monthly rate equivalent to an annual rate of 12% is (1.12)¥/*2 -1 = 1.009488 -1 = .009488 = .9488%. The
annud interest on a one-year loan of $500 with amonthly interest rate of 1% is500(1.01)*2 - 500 = 563.41 -
500 =$63.41. Alternatively, the annual interest on a$500 |oan with 12% annua interest and no compounding
(or .9488% monthly interest with compounding) is $60.00.

Now consider the case of a cash expenditure (Ioan) that is made with some months remaining in the
year where compounding is assumed to take place monthly and the monthly rateisknown. Theinterest that
will be due on the loan at the end of the year is given by the formula

ic * R(1%i )" & R (2.14)

where n is the number of months remaining in the year (the number of months the loan is outstanding). For
example, consider aloan of $500 held for six months from the beginning of the year. The interest charge
assuming a 1% monthly rate of interest is 500(1.01)° - 500 = $30.76. If thisamount plusthe original amount
of $500 were held an additional six months until the end of the year, thetotd interest would be 530.76(1.01)° -
500 = 563.41 - 500 = $63.41, which isthe same interest that would accrueif the loan were held for one year
instead of six months.

The Task Force recommends that, when a monthly interest rate is given, interest be
computed using the following formula:
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ic= R(1+i,)" - R

where ic is the interest charge, R is cash flow at the end of a given month i, is the
monthly interest rate, and n isthe number of months interest on the cash flow will be
charged.

Smilarly, the appropriatediscount factor is (1+i,, )" where nisthe number of monthsto the end of the year.

Often the rate used in preparing CAR estimates is the annual rate of interest. In this case an
equivalent monthly rate must be determined in order to adjust expenditures and revenues to acommon point
intime. As stated above, the appropriate formulais given by equation 2.12 and the relevant interest charge
on aloan (or opportunity cost on a cash expenditure) made during the year is computed by substituting
equation 2.12 into equation 2.14 as follows:

1
ic " R(1%(1% i)2&1)" & R
n

" R(1% )2 &R

(2.15)

wherei isthe annud interest rate and n isthe number of monthsthe cash flow isbeing adjusted. The interest
on $500 with an annual rate of 12% when held for six monthsis given by 500(1.12)¢/12 - 500 = $29.15, which
islower than the interest charge of $30.76 that would result if the monthly rate were 1% because theimplied
monthly rate with an annual rate of 12% is .9489%.

The Task Force recommends that, when the annual interest rate is specified, the
equivalent monthly rate be computed using the formula i, = (1+i)¥'2 - 1 and that
interest charges be computed using this rate as the monthly rate or that the direct
formula ic = R(1+i)"*? - R be used. Similarly, the appropriate discount factor is
(1+i)™*2 where n is the number of monthsto the end of the year.

A Comparison of the Recommended Method of Discounting with Two Alter native Methods

When loan lengths or discount intervals are less than a full period, two other practices have been
commonly used. Thefirst isto compute interest (or the time val ue adjustment) based on the per period rate
and the applicable proportion of the period and not include compounding for subperiods. This means that if
the interest rate is stated as an annual level, the rate for different subperiodswill be the proportion of the year
over which the cash flow is discounted, multiplied by the annual rate. Specificaly, for a loan held for n
months the approximate interest charge is
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ic . R(1% (%)(i)) &R (2.16)

where n is the number of months loan is outstanding. So if the loan amount is $500 with an annua rate of
12% and the loan is made for six months, the interest charge would be given by ic = 500(1 + .06) - 500 =
$30.00. Thismethod gives a higher interest charge than the correct method (which implied interest charges
of $29.15) even without compounding because the implied subperiod interest rate is higher than the correct
rate.

The second method that is occasionally usedisto compute a proportional monthly rate and then use
monthly compounding. Specifically, for aloan held for n months the approximate interest charge is

ic . R(1% (%)(i))” &R (2.17)

where n is the number of months the loan is outstanding. So if the loan amount is $500 with an annud rate
of 12% and the loan is made for six months, the interest charge would be 500(1.01)¢ - 500 = $30.76. This
method gives a much higher interest charge than the correct method (which yielded an interest charge of
$29.15) because the implied subperiod interest rate is higher than the correct rate and is compounded. This
second method is seldom used and is not recommended.

In order to clarify issues regarding discounting, consider an example: afarmer produces cotton and
wants to compute the costs of fertilizer, seed, and insecticides. Production beginsin February and ends the
first of December. The expense items, time of use, and actua costs are given in the first three columns of
Table 2.2. Thetotal cost of theitemsis $101.73. The interest on each is computed using the formulaic =
R(1+)™12 - R. For example, the interest cost for the cotton seed is given by 17.28 (1.1)#12 -17.28 = $1.13
and the interest cost of the last insecticide treatment is 20(1.1)%*2 - 20 = $0.482. Thetotal of these interest
chargesis $5.09. Tota costs are then given by the sum of actua and interest costs for atotal of $106.823.
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TABLE 2.2 Suggested Method of Computing Within-Y ear Interest Charges

Enterprise termination date is 1 Dec.
Implied monthly nominal rate of interest is applied to actua expense with compounding
Annual nomina interest rate is 0.10 = 10%

1
Implied monthly nominal interest rate is [(1% 0.10)2& 1} = 0.007974 = 0.7947%
Interest charge = (Actual cost)(1+i)™2 - (Actual cost)

[tem Time Actual Months Nominal

of Use Cost of Use Interest Charge
Fertilizer 1-Feb $24.45 10 $2.021
Cotton Seed 1- Apr $17.28 8 $1.134
Insecticide 1-dul $20.000 5 $0.810
Insecticide 1-Aug $20.000 4 $0.646
Insecticide 1-Sep $20.000 3 $0.482
Total $101.73 $5.093
Total Actual Cost + Interest $106.823

In alternative method 1, presented in Table 2.3, aproportional nomind interest rate representing the
number of months the loan is out is used, assuming no compounding during the year. The interest on each
expense item is computed using the formulaic = [R(1+(n/12)(i)) - R] where n/12 isthe proportion of the year
for which the interest is calculated. For example, the interest on the cotton seed is given by [17.28 (1+
(8/12)(0.1)) -17.28] = $1.152 and the interest on the fertilizer is given by [24.45(1 + (10/12)(0.1)) - 24.45] =
$2.038. Thetotd interest chargeis given by $5.19, whichis larger than before because a proportiond rate
implies a higher interest charge for subperiods. The total costs of $106.92 are also higher by this increased
interest charge.
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TABLE 2.3 Alternative Method 1 for Computing Within-Y ear Interest Charges

Enterprise termination date is 1 Dec.
Proportiona monthly nomina rate of interest is applied to actud expense with no compounding
Annua nomind interest rate is 0.10 = 10%

Implied monthly nomind interest rate is (1%(%)(0.10))&1 = 0.008333 = 0.8333%

Interest charge = | (Actual cost) [1% (%) (i)]] - Actual cost

Time Actual Months Nominal
Iltem of Use Cost of Use Interest Charge
Fertilizer 1-Feb $24.45 10 $2.038
Cotton Seed 1- Apr $17.28 8 $1.152
Insecticide 1-dul $20.000 5 $0.833
Insecticide 1-Aug $20.000 4 $0.667
Insecticide 1-Sep $20.000 3 $0.500
Total $101.73 $5.19
Total Actual Cost + Interest $106.92

In Table 2.4, dternative method 2 uses a proportiona nominal monthly interest rate dong with
compounding during the year. In this method a proportional monthly rateis calculated and then used asin the
base case. Theinterest on each expense item is computed using the formulaic = R(1+(1/12)(i))" - Rwhere
nisthe number of monthsthat interest accrues. For example, theinterest on the cotton seedisgiven by 17.28
(1+ (/12)(0.1))® -17.28 = $1.186 and the interest on the fertilizer is given by 24.45(1 + (1/12)(0.1))*° - 24.45
= $2.116. The total interest charge is given by $5.328 which is much larger than before because a
proportional monthly rate implies a higher interest charge than the equivalent compound rate. Thetotal costs
of $107.058 are also higher.

Althoughthe use of proportionsisacommon practice and easily implemented using hand ca culations,
the more correct formulas are just as easy to implement using computers and thus are preferred. 1f a
different procedure than that recommended by the Task Forceisused, it should be made explicit
in the presentation of resultsand the magnitude of any appr oximation error s should be discussed.
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TABLE 2.4 Alternative Method 2 for Computing Within-Y ear Interest Charges

Enterprise termination date is 1 Dec.

Proportiona monthly nominal rate of interest is applied to actua expense with compounding
Annua nomina interest rate is 0.10 = 10%

Implied monthly nomind interest rate is (1%(%)(0.10))& 1] = 0.008333 = 0.8333%

Interest charge = |(Actual cost) [1% (%)(i)]" - Actual cost

Time Actual Months Nominal

Item of Use Cost of Use Interest Charge
Fertilizer 1-Feb $24.45 10 $2.116
Cotton Seed 1- Apr $17.28 8 $1.186
Insecticide 1-Jul $20.000 5 $0.847
Insecticide 1-Aug $20.000 4 $0.675
Insecticide 1-Sep $20.000 3 _$0.504
Total $101.73 $5.328
Total Actua Cost + Interest $107.058

If the recommended method of calculating interest charges is used, then the implicit time value of
money adjustments reflects the economic cost of financing the operation if al money is borrowed at the
market rate of interest, and it is assumed that any revenues received at any time before the end of the period
are invested at this same market rate of interest until the end of the period. Thus it may be useful to think
of this time value adjustment as an implicit interest charge. In the real world, however, the producer may
borrow only part of the money, the rate at which borrowing occurs may be different than the market rate of
interest, and the rate at which revenues can be invested could be different than the rate at which funds are
borrowed. A reasonable approach isto adjust all input costs (self- and externdly financed) and any revenues
to the end of the period using the time value formulas discussed with aspecific interest rate. Explicit interest
charges can beincluded for those items where interest is paid and implicit interest chargesincluded asatime
adjustment for unpaid (self-financed) interest. Thisunpaid interest would then not be considered in cash flow
analyses. Alternatively, end-of-period prices could be used for al items that are not financed so that the
implicit interest charge is contained in the price. This may be particularly useful in the case of owned
equipment, buildings, or land, if an implicit cost of ownership isto be included. Although there is some
argument for using different rates of interest for the externally and internally financed items, a
common practice is to use a weighted average rate for projected budgets. In any case, the
assumptions used should be made explicit.
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The Task Forcerecommendsthat CAR estimates specify explicitly what rate of interest
was used and to which itemsit was applied over what time period, so that estimates can
easily be recomputed using alternative interest rate assumptions.

In preparing historical CAR estimates, there is less clear direction on appropriate procedures to
account for explicit and implicit interest charges. One dternative is to use the actual interest paid to reflect
the cost of borrowed funds and use the suggested adjustment procedures incorporating market interest rates
to account for other implicit interest charges. A more theoretically pleasing dternative is to apply the same
procedures to historical and projected budgets and treat actual financing as separate from estimation of
CARs. Thisdternative, however, isopento criticismin that it ignoresthe actua situation and may be difficult
to explain to farmers or policy makers.

The Task Force recommends that historical budgets explicitly state how all interest
charges and time adjustments are applied so that alternative assumptions can be
implemented easily.

Separating Within-Period Inflation and Real Interest Costs?®

In periods of high inflation, such asthelate 1970s and early 1980sin the United States and the 1990s
in Eastern Europe and the former Soviet Union, it is useful to be able to separate out from nominal interest
the costs that are due to inflation and those that are due to real interest. Costs associated with inflation are
often compensated for by rising product pricesin periods of high genera inflation whereasreal interest costs
receive no such compensating adjustment. During periods of low and stableinflation such issues are of lesser
concern. In order to adjust expenditures and revenues within a period and compute implicit interest charges
it is necessary to adopt conventions for compounding and separating out the effects due to inflation and those
due to implicit real interest. Thisis done correctly using the time adjustment techniques already discussed.
Although such analysis is straightforward, building on previous discussion, the computations can become
tedious; therefore, the exact procedures are discussed in Appendix 2A. The bottom line is that any nominal
interest charge can be (somewhat arbitrarily) divided into redl interest and inflation components.

Implicit and Explicit Interest Charges and Time Adjustments for Between-Period CARs

The cogts of all inputs and the prices of al outputsin CAR estimation should be adjusted to the same
point in time. Previous sections discussed how to adjust CAR flows within a given period. In the section
entitled Real and Nominal Magnitudes, the T ask For cerecommended that thenominal interest ratebe
usedtoadjust all within-year magnitudesto acommon point in timeand that point in timegenerally
be the end of the production period or the end of the year, whichever is sooner. This section
discusses the adjustment of cash flows between periods. Asdiscussed in connection with equation 2.10, real

3This section may be skipped if the reader is not interested in separating inflation and real interest
costs.
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and nominal discounted values will be the same if the base period for the real values is the period to which
al flows are discounted.

Toensurethat real and nominal values are equivalent at the base time point, the Task
Forcerecommendsthat the base point in time for the computation of all real valuesbe
the end of the current production period or the end of the current year, whichever is
chosen as the base time point for CAR estimation.

Nominal CAR flows for periods other than the current one should be adjusted to the
end of the current period using the appropriate interest rate. Real CAR flows for
periods other than the current one should also be adjusted to the end of the current
period using the appropriate interest rate.

The use of this procedure guarantees that all CAR flows are valued in the same terms at the same point in
time. Consider the following smple example of five cash flows expressed as nomina valuesonatimeline.
The first period begins at zero and ends at one.

-50.00 -200.00 60.00 102.00 312.12
| ] | | |
| I [ [ [
-1 0 2 3

If the nominal interest rate is constant at 7.1% over this period, then the value of these cash flows at the end
of period one using equation 2.4 is as follows:

3
VLI S
t-e1 (1.071)1¥2
. 850 820 0, 102 , 31212
(1.071)@&D  (1.071)0  (L071)@&D  (LO71)@D  (1.071)@&D
102, 31212
(1.071)  (1.071)2
" &57.352 & 214.2 % 60 % 95.238 % 272.109
" 155.795.

" (&50) (1.071)2 % (&200)(1.071) % 60 %

If the inflation rate during the entire time period from -1 to 3 was equal to 2%, then we can compute real
valuesfor each of these cash flowsfor any base period. If we assume that the base period isat point 1, then
the value of 60 does not change. The value at point O of -200 is inflated to be -204 [(-200)(1.02)] in red
terms. Thevaueat point 3 of 312.12 isdeflated to be 300 [(312.12)(1.02) 3] at the base point. Thetimeline
inrea vauesisthen
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-521.02 -204|.OO 60IOO 1001.000 309.00
[ I

1 | |
-1 0 2 3

If the nominal interest rate is constant at 7.1% with a constant 2% rate of inflation, then thereal interest rate
is 5% for each period. With a5% real rate of interest the value of these real cash flows at the end of period
one is computed as

3 r

Vlr - G R[

t-&1 (1.05)%L

« &52.02 % &204 % 60 % 100 % 300
(1.05)&18D (1.05)&D (1.05)1&D (1.05)1) (1.05)ED
100 % 300

(105  (1.05)0?
" &57.352 & 214.2 % 60 % 95.238 % 272.109
" 155.795.

" (852.02) (1.05)2 % (&204)(1.05) % 60 %

The vaue at the base point in time is the same as before.

Now consider a Situation where the real interest rate is constant at 5% but inflation and nominal
interest are as on the following time line, with the same nominal vaue flows as in the first case.

p 01 .02 .02 0

i .0605 071 071 .05

Vaue How -50|.OO -20(?.00 60i00 102i000 312|.12
| | I I I

Time Point -1 0 1 2 3

Thus the cash flow of -50 at point -1 would be adjusted from the point -1 to 0 at anominal rate of 6.05% and
from point O to point 1 at a rate of 7.1%. The vaue of this return stream at the end of period 1 must be
computed using the individua nomina rates for each year asfollows:

102 Y 312.12

V, 7 (&50) (1.065)(1.71) % (&200)(1.071) % 60 % Lo7D) . (LO7D) (L0B)

" &56.790 & 214.200 % 60 % 95.238 % 277.551
" 161.799.
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Thisis of course a different value than computed previously because the interest rates are different. But if
we were to convert the nomina values in the example to real values using the latter stream of inflation rates
and then discount them using the constant real interest rate of 5%, the value at end of period one would be
the same. This can be verified by first computing the real values as follows:

V1(&50) " (&50)(1.01)(1.02) " &51.51
V1(&200) * (&200)(L.02) " &204
V(60) " 60

Vi(102) * % " 100

31212 .

Vr(312.12) * O]

Discounting these real values with a 5% real rate as before will give

s R
V," G —t
t-e1 (1.05)1%!

10 , 3%
(105 (1052
" &56.790 & 214.200 % 60 % 95.238 % 277.551

" 161.79.

" (&51.51) (1.05)2 % (&204)(1.05) % 60 %

This gives the same value as the analysis using nomina vaues and nomina interest rates because both real
and nomina value are discounted to the base period for defining real values.

The prediction of period-by-period inflation rates and asset price movementsis not an easy task and
is probably of second order concernin estimating production costs. Thus, rather than deal with nominal values
and potentialy different inflation and interest ratesfor each period of theanalysis, it may be smpler to assume
that al vaues outside of the current one are in real terms. Thisis especially true for projected estimates.

The Task Force recommends for projected estimates that all values outside of the
period of analysis(current period in most cases) be denominatedin real termsasof the
end of the period of analysis. The Task Forcealso recommendsthat real interest rates
be used for discounting flows between these outside periods. For historical estimates,
the Task Force recommends the use of real values and real cash flows whenever
feasible and straightforward to compute.
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In summary, then, the preferred approach is to use nominal rates within the year and real rates between
years.

The Task Forcerecommendsthat CARsassociated with production processesor assets

lasting more than one year be calculated in nominal termsat the end of the production

period and that nominal interest rates be used to discount such CARswithin the given

year. The Task Force suggests the end of the production period to be the base period

for real values. The Task Force also suggests that CARs for years other than the

production period (year) be computed on areal basis and that thereal interest rate be

used for discounting these returns between periods.

Risk Premiums

When different income streams have different risk attributes, they will be evaluated differently by
individuals. Similarly, in the market, investments having the same expected income but different risk
characteristics will be priced differently. For example, the market price for farmland with an expected cash
rental per acre per year of $120 may be different from the market price of a bond which guarantees $120
per year in perpetuity. And market rates of interest for income streams with risk properties similar to those
in agriculture may be different from those for sectors of the economy that have different risk properties.
Therefore, the general market rate of interest should not be used asthe rate for most agricultural applications,
but rather, a market rate adjusted for the risk inherent in agriculture should be used. Thisis not the rate of
interest farmers pay for agricultural loansinasmuch asthe commercial interest rate for agricultural loans may
contain loan management fees and other distortions that reduce its value as a measure of the true discount
rate. The preferred approach isto start with a risk-free market interest rate from the general economy and
adjust it upwardsfor risk in agriculture. Thistopic aong with adiscussion of how to choose red and nominal
interest rates for use in CAR estimation is discussed in the next section.

Choosing Rates of (Opportunity) Interest for CAR Estimation

An important issue in estimating CARS is choosing an appropriate opportunity cost of capital to use
for discounting variousincome and cost flows. When nominal interest rates are high, the choice of anominal
rate and the associated inflation rate can have asignificant impact on the magnitude of CARs. Theratethat
is appropriate for one type of analysis may not be the best rate to use for other purposes. For example, the
rate to usein discussing peanut production in rural Georgiamay not be appropriate for computing the average
returns to Great Plains winter wheat. Furthermore, the rate to use for composite historical budgets may be
different from the rate to use for a planning budget for an individual vegetable farmer. The key factor isto
salect arate that reflects the actual market evaluation of aternatives to the cost, return, and risk associated
with a given expenditure or revenue. There are two basic approaches to determining appropriate interest
rates. Thefirst isthe so-caled bottom up method, which starts from arisk-free real rate for the general
economy, adds in a factor to account for riskiness of agricultural investments, and then another to account
for inflation. Finally, the rate may be adjusted to account for transactions costs associated with investments.
The second approach is the top down approach, which starts with the nomina interest rate charged on
agricultural loans and attempts first to back out charges for transactions costs, and then adjust for inflation
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and riskinessto compare with non-risky red rates. Although the two approaches should give similar answers
for the real and nominal rates to use in CAR estimation, there will be some differences due to a variety of
errorsin estimation. The biggest problem with using the agricultura loan rate in the top down approach is
the difficulty in determining the portion of the rate due to transactions costs.

The Task Force recommends that the bottom up approach of building from arisk-free
general rate to a risky nominal rate for agriculture be used whenever feasible. This
means starting from a risk-free rate for the general economy, adding a factor to
account for riskiness of agricultural investments, and then another to account for
inflation. Specifically, the Task Force recommends using the chained price index for
the consumption component of GDP as the inflation factor.

Determining the Risk-free Real Rate of Interest from a General Nominal Rate

The first step in the process is to obtain a risk-free rea rate of interest as the basis for the other
caculations. We think of a riskless asset as one with a nearly zero probability of default, and that is
frequently traded at a negligible transactions cost, e.g., a Treasury bill (T-bill) or note. Therisk-freerate of
return will usualy be different depending on the period of time the investment (asset) isto be held. A plot
of the yield on government bonds with differing times to maturity but the same risk, liquidity, and tax
considerations iscalled ayield curve (Mishkin, 1995: Chapter 7). The rate of return on alonger-term bond
is related to the expected yield on shorter-term bonds because investors who have no inherent preference for
one maturity over another will trade in equilibrium such that the expected rate of longer-term bonds will equal
the average expected rate on shorter-term bonds that could be held. The yield curve generaly sopes
upwards because of the pricerisk associated with holding bondsfor longer-term periods as opposed to holding
shorter-term bonds and rolling them over. Thisliquidity premium associated with longer-term bonds premium
leads to a higher risk-free rate for most long-term assets. For CAR estimation, if a particular expenditure
commits capitd for along time period, the appropriate opportunity cost of that capital may be different than
if the capital isonly committed for afew months. For example, the rate for three-month T-bills might be used
to proxy the riskless interest rate for money invested in producing vegetable crops and feeding enterprises,
the rate for either six-month or one-year T-bills could be used for annual crops, and the rate for longer-term
government bonds could be used for multiyear investments. It ismost common, however, to chooseasingle
rate for CAR estimation.

In the United States, the ex ante real short-term interest rate for a riskless asset (expressed in
purchasing power over consumer goods) is usually approximated by the average nominal interest on aU.S.
T-hill, adjusted by the expected rate of inflation. The ex post rea interest rate on U.S. T-hillsisthe average
annua nomina interest rate on these T-bills minus the actua rate of inflation. The actua rate of inflation is
usualy computed from sometype of priceindex. For aone-year T-bill issued in January 1995 and redeemed
in January 1996, the annual rate of inflation in 1995 isthe appropriate adjustment factor. However, for aone-
year T-bill issued in August 1995, the annual rate of inflation over the period August 1995-July 1996 is
appropriate. Thus, there is some difficulty in using reported annua inflation rates to adjust annua average
T-bill rates. One aternative is to always use the T-hill rate for the first month of the year. The more
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common method is to use the average annual rate on T-bills and Smply use average caendar year inflation
and assume the error from using the wrong period for the inflation adjustment is minimal. For projected
budgets, the ex ante rate is most appropriate. Given the difficulties in forecasting inflation rates, however,
acommon practice for determining an expected red rate of interest is to average the ex post real rates for
several years and use this as a forecast rather than use the Livingston index (Croushore, Bomberger and
Frazer) or an econometricaly estimated (Engle, Diba and Oh) expected rate of inflation. For example, in
1996 the average nomind interest rate on U.S. treasury securities at constant one-year maturity was 5.52%
and the annual rate of inflation based on the price index for the consumption component of GDP was 2.2%.
Using the Fisher equation (2.5) the implied U.S. real rate of interest (return) on the " riskless" asset
(i.e., a one-year note) can be computed as 3.2485 % {([.0552 - .022]/1.022)(100)} for the year. If the
interaction term in the Fisher equation rate is ignored, the ex post rate of return for the year was 3.32%
{(.0552 1.022)(100)}.

Choosing Appropriate Nominal Rates of Interest from which to Construct a Risk-free Real Rate

The most commonly traded risk-free assets are various forms of U.S. government securities such
as T-hills, notes, and bonds.

The Task Force recommends that the nominal annual returns on U.S. government
securities of various lengths be used as the basis for risk-free real rates and that the

"
risk-freereal rate be estimated as r * % & lwhere iisthenominal rate, ris
P

the real rate, and p isthe rate of inflation computed using the chained priceindex for
the consumption component of GDP.

The nominal rates of return on U.S. securities of various terms are given in Table 2.5. The change in the
chained priceindex for al of GDP and its persona consumption component, aswell as changesin theimplicit
price deflatorsfor both series, are also reported. The changein the priceindex is probably the better measure
to use for reflecting inflation. Ex post redl rates of return on each security using the change in the persona
consumption price index to adjust for inflation are also reported. Note that for T-bills the rate quoted is a
discount rate that can be converted to a smple interest rate using the formulai = d/(1-d) (d is the discount
rate expressed in hundredths) because T-bills are sold at a discount from face value and thus earn more than
the discount rate. For example, a discount rate of 5% (.05) is equivalent to a 5.26% (.0526) smple interest
rate. Notice that the redl rate of return tends to be higher for assets with alonger maturity. For example,
the average redl return from 1987 through 1996 was 2.25% for three-month T-bills, 2.12% for one-year T-
bills, and 4.03% for thirty-year Treasury notes. Estimates for the real rate of return on assetsfrom current
income in agriculture (arisky income stream) prepared by the ERS (USDA, Economic Indicators of the Farm
Sector: Nationa Financial Summary) are generally higher than the rate on ten-year notes and less than the
rate on thirty-year notes. The rate of return in agriculture including capital gainsis higher, averaging 4.05%
over the period 1964-95. This risky nomina rate of return is dso quite variable with a standard deviation
above 5.
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The datain Table 2.6 illustrate that although the derived real rates have fluctuated from year to year,
the average over a period of yearsisreatively constant for each length of security other than during periods
such as the 1970s when government policies resulted in negative real interest rates (Wilcox). |If averages
such as those in the top section of Table 2.6 are recomputed eliminating all years with negative real interest
rates (1971-78), the results seem even more stable. Results obtained by eliminating the years 1971-78 from
the multiyear averages are contained in the bottom section of Table 2.6. The years in the first column
represent the first year of an average. For example, thefifteen-year average from 1982-1996 isreported in
the 1982 row. Comparing the numbers for the averages ending in 1996, they range from 2.553 for the
twenty-year average of the six-month rates to 4.7463 for the ten-year average of the thirty-year rates.
Although recent work in monetary economics has indicated that the real rate may not be stationary over long
periods (Mishkin 1981, 1992; Herndershott and Peek; Rose; Fried and Howitt; Gagnon and Unferth; Patel
and Akella), thereis still much debate on the subject. Garcia and Perron indicate that the ex post redl rate
was essentially random with means and variances that are different for the periods 1961-73, 1973-80, and
1980-86.

Given these studies, the most recent ten-year moving average of real interest rates computed from
the comparable nominal rates is a good aternative. Based on the datain Tables 2.5and 2.6, a reasonable
risklessreal ratefor U.S. investments in most crop and livestock inputsisin the range of 2.0%
t03.5%. Thisrisklessrateisalso very consistent with long-held beliefs that the real interest rate is between
2% and 4% (Simon). The risk-free rate applicable to investments with long maturities may be higher dueto
the term premium.

Risk Differentials and Risky Discount Rates

Therea (and nominal) interest rates or rates of return on all types of assets for any time period are
generaly different and not perfectly corrdated. Thus, individuals, households, and businesses that are risk
averse can reduce their income risk by diversifying their holding of assets. Among risky assets, competitive
market forces cause equilibrium-compensating real rate of return differentials to emerge. Assetsthat have
greater risk (e.g., corporate bonds, venture capital, shares of stock, or sharesin amutual fund) than ariskless
asset usualy have ahigher real rate of return than therisklessasset. Among risky assets, competitive forces
insure that, on average, the expected (and average actual) rate of return will be higher for more risky assets.
Thus the expected return to investing in limited partnership office buildings may be larger than the expected
return from investing in a*“ conservative” mutua fund based on the associated return patterns. But given the
ability of diversfication to reduce risk, the return premium demanded by an investor to commit funds to a
particular asset depends not only on variability of returns associated with that asset, but aso on how that asset
contributes to the variability of the total investment portfolio.

An individua (producer or outside investor) considering an investment in agriculture must then
consider the distribution of returns on the investment and their interaction with the other returns in the
individual’ s total asset portfolio. Returns to many agricultural enterprises and operations are quite variable
due to weather, disease, incidence of pests, and market prices. Whether these variable returnsincrease the
risk associated with theinvestor’ stotal portfolio depends on the composition of assetsheld. Many agricultura
producers are not well diversified outside of agriculture and so bear considerable risk by holding assets and
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operating afarm business. On the other hand, many outside investors may add little risk to awell-diversified
portfolio by adding agricultura investments. In considering the opportunity cost of fundsinvested inthefarm
business, one must then consider the type of asset portfolios to which the funds will be added. For a well-
diversified portfolio, the premium above the risk-free rate that the investor expects may be low, but for a
portfolio comprised primarily of other agricultural assets, the risk premium above the risk-free rate may be
Substantial.

The Capital Asset Pricing Model (CAPM) and Risk-Adjusted Discount Rates

The capital asset pricing model developed by Sharpe, Lintner, and Mossin is a market-based model
that attempts to predict the equilibrium rate of return on an asset based on its contribution to atotal market
wedlth portfolio. Themodel arguesthat individual capital assetsare priced in equilibriumto reflect the asset’s
contribution to the risk of awell-diversified portfolio, and that risk premiums are paid only to an asset’ sowner
for bearing the systematic, or market, risk that is pervasive in the universe of assets. Given its assumptions,
the mode impliesthat investors will be able to diversify away al risk of holding a particular asset except the
covariance of that asset with the market portfolio. The model then implies that as the covariance between
an asset’ s returns and market returns becomes larger, the asset’ s price is adjusted to provide higher rates of
return. The empirical version of the model implies that the expected rate of return of an individual asset
above the risk-free rate of return is a linear function of the excess of the expected rate of return of the

“market” portfolio over the same risk-free rate. Let the random rate of return to asset j be given by I?Qj , the

random rate of return to the market portfolio by ﬁem, and the risk-free rate of interest by R;. Let abar (-)

above arate of return denote the expected excess rate of return for either the asset or the market portfolio
sothat R " E(R)) & Ryand R, * E(R) & R;. Then we have as the empirical version of the CAPM

Rj " a % r% ﬁm . The constant term (&) is hypothesized to be zero, and the slope coefficient (beta) is equal

to sjmlsﬁ1 where j indexes the | asset, m indexes the market portfolio, and s, is the covariance between

returns to asset j and the market portfolio. Estimates of the modedl parameters can be obtained using ordinary
least squares by appending a serially uncorrelated zero mean normal random disturbance to the right-hand
Sde of the equation. It is aso assumed that the contemporaneous correlation across assets is stationary.
Estimates of 3 then provide information of the relative riskiness of aternative assets with higher levels of 3
implying higher risk. While a; is hypothesized to be zero, non-zero estimates can be used to compare the
expected returns of a particular asset to those of assets with similar values for 3. As agenerd alternative
to CAPM, arbitrage pricing theory (APT) developed by Ross argues that the price of an asset depends
linearly on k factors rather than the single factor represented by the rate of return on the market portfolio.
These factors are common to the returns of al assets under consideration. The CAPM and APT models can
be used to determine how an investment in a particular stock, type of rea estate, or other asset contributes
to the performance of awell-diversified market portfolio. They can aso be used to determineif the observed
rate of return on a particular investment is similar to returns with the same level of risk.

Empirical Evidence on Riskiness of Asset Returnsin Agriculture
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Severa authors (Barry; Irwin et a.; Bjornson and Innes; Bjornson) have applied CAPM and APT
models to agricultural assets. The purpose of these studies was to determine whether or not investmentsin
agriculture can help diversify away risk for holders of the market portfolio, and to compare the agricultural
returns to nonagricultura returns with smilar riskiness. Both Barry and Irwin et d. find that thereislittle, if
any, risk premium for holding agricultural assets usng CAPM and an inflation-adjusted CAPM. They aso
find that risk-adjusted returns to agricultura assetsaredightly higher (the constant term[a] isposttiveinthe
regression) than expected under CAPM. Irwin et a. also suggest that these returns are sensitive to inflation.
Bjornson and Innes attempt to obtain separate effects for landlords and owner-operators using both CAPM
and APT. They find similar CAPM resultsfor landlords but different resultsfor owner-operators. They find
a podtive 13 for owner-operators but a negative a, implying less than expected risk-adjusted returns for this
group. Using across section regression, they find that returnsto agricultural owner-operatorsare significantly
lower than returns to owners of nonagricultural assets with the same level of systematic risk. They find that
returns on farmland ownership are higher than on nonagricultural assets, but only statistically so at the 20%
level. Their APT modd implies that returns to both landlords and owner-operators are sensitive to some
systematic (market) risk. Land, in particular, may be ahedge against unexpected inflation. Again, thereturns
to land ownership seem to be higher than for similar risk nonagricultural assets, but the returns to owner-
operators seem to be lower. The required returns to landholders may be larger than on the market portfolio
dueto theilliquid nature of land or to the fact that many land owners may have poorly diversified investments.
The lower rate accepted by owner-operators may be due to psychic benefits from farming (Brewster).
Basedon theseresults, it isnot clear that therisky rateof return for all of agricultureisany higher
than for comparablerisk nonagricultural assets (of similar 3), and it may be dlightly lower.

Adjusting the Risk-free Real Interest Rate for Use in Agricultural CAR Analysis

Givenawell-specified CAPM for returnsto agricultura assetsinwhich a iscloseto zero, an estimate
of the excessrate of return to be used for discounting can be obtained by multiplying the market excessrate
of returnby theestimated 3. 1f a is significantly different from zero and one believes that thisis a structural
phenomenon common to assets in agriculture, the predicted vaue from the CAPM mode using both a and
[3 coefficients could be used. If a isposgitive, this implies that investments in agriculture yield a higher rate
of risk-adjusted excess return than the market portfolio. This could possibly be due to limited portfolio
diversfication by individuas typically investing in agriculture. When a is negative, however, this implies that
the agricultura producer is accepting arate of return less than that possible from choosing awell-diversified
portfolio of smilar 3 risk.

A smple, but inexact, dternative for CAR estimation may be to consider the real market rate of
return as a ballpark estimate of the risk-adjusted rate of return for agriculture with the idea that the well-
diversified investor should be able to get at least thisrate of return with normal risk. Given the relatively low
¥'stypicaly estimated for agricultura assets (or higher [3's with negative a’s) and the opportunity for most
agricultural investors to diversify if they so choose, it may be appropriate to view the market rate of excess
returns as an upper bound on thisrisk adjustment. Ther efor e, an estimate of the upper bound for the
risky real discount rate for agricultural cash flows (or “assets’) can be obtained by ssmply adding
estimates of the market excessrate of return to the chosen real risk-free interest rate.
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A crude estimate of the risk premium for a specific type of agricultura production where person
receiving the returnsis not diversified outside this investment could be calculated using a series of annual
returns on assets used for the particular type of production and region of interest. The series of returns on
agricultural assets should be expressed in real terms. A nominal series could be deflated by the change in
aprice index to obtain areal series. The average difference over aseriesof production periods between this
real return on agricultural assets and the real return on government securitiesis a crude estimate of the risk
premium. Thisrelatively smple approach could be used to estimate the risk premium for various sizes and
types of agricultural production when the required data are available. But because investors in agricultural
production have access to the general capital markets, the excess returns associated with these markets are
probably more relevant.

Estimates of the Market Excess Rate of Return

Intheir paper investigating returnsin agriculture, Bjornson and Innes estimate a mean excess return
for their constructed “market portfolio” over the years 1963-84 of 3.2%. Fama and French, in a paper on
common risk factorsin returnsto stocks and bonds, find an average excess monthly return of 0.43% for their
market portfolio over the period 1963-1990. Thisis equivaent to a5.28% [1.0043'? -1] annual excess rate
of return. They report an excessreturn for AAA-rated corporate bonds of 0.06% per month with an excess
return on BAA-rated bonds of 0.14% per month. The annua equivalents to these monthly rates are 0.70%
and 1.69%. Carhart, in a paper on persistence in mutual fund performance, uses a value-weighted stock
index prepared by the Center for Research in Security Prices (CRSP) minus the one-month T-bill return as
the market excess rate of return. This averages 0.44% over the period July 1963-December 1993. This
trandates into a 5.41% [1.0044'2 -1] annud rate. Data on historica returns on stocks, bonds, and hills
prepared in 1997 by Ibbotson Associates indicate annual real rates of returns on large company (S& P 500)
stocks above the risk-free interest rate of 4.14% for the period 1964-96, 5.88% for the period 1982-96, and
7.41% during the recent high return period of 1987-96. Rates on a set of small company stocks averaged
9.78%, 9.38%, and 4.55% for the same periods. Based on these studies and others, a reasonable
estimate of an additive risk adjustment for agricultural investments would be from 3 to 6%.

Suggested Risky Real Discount Rates for Agriculture

Given along-term redl rate of 2.0 to 3.5%, and an additive risk adjustment in agriculture from 3 to
6%, the long-term risky redl rate for investments in agriculture probably ranges from 5.0 to 9%. Thisis
significantly higher than the average rate of return on assets from current income for all of U.S. agriculture
of 3.29% as reported in Table 2.5 for the years 1964-95. 1t is aso higher than the rate of return on assets
including capita gains which averaged 5.4% over the same period. Thus, the opportunity costs of funds
invested in agriculture operations may tend to be higher than their own rate of return if the capital gains do
not accrue to the investor.

Operating a farm business is a risky venture. Returns in any one year are highly variable due to
weather, biologica catastrophe, labor problems, and prices. The probability of economic failure during any
time period islarger than zero. For individual farms, especidly thosethat arein " poor” financia condition, this
riskmay be substantial. Ingtitutions|oaning money to agricultural enterprisesmay demand apremium because
of the probability of default, particularly if the lender is not well diversified. Thus the price charged for
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agricultural loans may be higher than for loans in some other sectors of the economy. But this loan risk
premium is not directly relevant for analyzing the opportunity cost of funds invested in agriculture. The
opportunity cost for agriculturd funds should be based on aternative investmentsin the rest of the economy.
If thereis some desire to account for this cost of loanable funds, some type of weighted cost of capital might
be used instead of the opportunity cost (Levy and Sarnat 1994: Chapter 17). Thisapproach, however, isnot
generdly recommended for risky investments by practitionersin capital budgeting (Bierman and Smidt: 397).
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TABLE 2.5 Nomina and Ex Post Real Interest Rates 1964-1996 (Averages begin in year noted)

? GDP ? PCE' 3-month 6-month 1-year 1-year 3-year 5-year 10-year 30- ROR'
3-month6-month 1-year 1-year 3-year 5-year 10-year 30-year Pricet ? GDP Pricet ? PCE  T-bill T-bill T-bill Note Note Note Note Note Assets
Year T-bill T-bill T-bill Note Note Note Note Note Index Deflator Index Deflator (Real)® (Real) (Real) (Real) (Real) (Real) (Real) (Real) U.S. Ag.
1964 3.56 3.69 3.75 385 403 4.07 419 15 15 14 14 2030 2.258 2.318 2.416 2.594 2.633 2.751 2.52
1965 395 405 4.06 415 422 425 428 1.9 2 1.6 1.6 2012 2411 2.421 2510 2.579 2.608 2.608 3.54
1966 4.88 5.08 5.07 52 523 511 493 2.8 2.8 2.6 2.6 2.023 2417 2407 2.534 2.563 2.446 2.446 3.82
1967 432 463 47 488 503 51 5.07 3.2 3.2 2.7 27 1.085 1.879 1.947 2.123 2.269 2.337 2.337 2.9
1968 5.34 5.47 546 569 568 57 564 4.4 4.4 4 4 0900 1.413 1.404 1.625 1.615 1.635 1.635 2.65
1969 6.68 6.85 6.79 7.12 7.02 6.93 6.67 4.7 4.7 4.1 41 1891 2642 2584 2901 2.805 2.719 2.719 3.21
1970 6.43 6.53 6.49 69 729 738 735 5.3 5.3 4.7 47 1.073 1748 1.710 2.101 2.474 2.560 2.560 3.09
1971 435 451 467 489 566 599 6.16 5.2 5.2 4.5 45 -0.808 0.010 0.163 0.373 1.110 1.426 1.426 3.15
1972 4.07 447 476 495 572 598 6.21 4.2 4.2 35 35 -0.125 0.937 1.217 1.401 2.145 2.396 2.396 4.33
1973 7.04 7.18 7.02 732 696 6.87 6.85 5.6 5.6 5.4 54 1364 1689 1537 1.822 1.480 1.395 1.395 7.82
1974 7.89 7.93 772 82 784 782 756 8.9 9 101 101 -0.927 -1.971 -2.162 -1.726 -2.053 -2.071 -2.307 4.68
1975 5.84 6.12 6.3 6.78 75 7.78 7.99 9.4 9.4 8.1 8.1 -3.254 -1.832 -1.665 -1.221 -0.555 -0.296 -0.102 3.73
1976 4.99 5.27 552 588 6.77 7.18 7.61 5.8 5.8 5.7 5.7 -0.766 -0.407 -0.170 0.170 1.012 1.400 1.400 2.2
1977 5.27 5.52 5.7 6.08 6.68 699 742 7.75 6.5 6.5 6.6 6.6 -1.155 -1.013 -0.844 -0.488 0.075 0.366 0.769 1.079 1.88
1978 7.22 7.58 7.74 834 829 832 841 849 7.3 7.3 7.3 7.3 -0.075 0.261 0.410 0.969 0.923 0.951 1.034 1.109 2.46
1979 10.05 10.02 9.73 10.7 9.7 951 943 928 8.5 8.5 9 9 1.429 0.933 0.670 1.514 0.642 0.468 0.394 0.257 2.64
1980 11.51 11.37 10.9 12 115 115 11.43 11.27 9.3 9.2 109 109 2.022 0.427 -0.045 0.992 0.550 0.496 0.478 0.334 1.28
1981 14.03 13.78 13.2 148 145 143 1392 13.45 9.4 9.4 8.9 8.9 4232 4478 3.912 5.418 5.106 4.913 4.610 4.178 2.36
1982 10.69 11.08 111 123 129 13 13.01 12.76 6.3 6.3 5.8 5.8 4.130 4.994 4.981 6.115 6.739 6.815 6.815 6.578 2.29
1983 8.63 8.75 88 9.58 105 108 11.1 11.18 4.3 4.3 4.5 46 4151 4.067 4.115 4.861 5.694 6.019 6.316 6.392 141
1984 9.35 9.77 9.94 109 119 123 1246 1241 3.8 3.8 3.8 3.8 5347 5751 5915 6.850 7.823 8.150 8.343 8.295 3.34
1985 7.47 764 781 842 964 10.1 10.62 10.79 3.4 34 3.7 3.7 3936 3.799 3.963 4.552 5.728 6.191 6.673 6.837 3.81
1986 5.98 6.03 6.07 645 7.06 73 767 7.78 2.6 2.6 2.8 2.8 3.294 3.142 3.181 3.551 4.144 4377 4737 4844 334
1987 5.82 6.05 6.33 6.77 768 7.94 839 859 31 31 3.8 3.8 2.638 2168 2437 2.861 3.738 3.988 4.422 4.615 4.33
1988 6.69 6.92 713 765 826 848 885 8.96 37 37 4.2 4.1 2.883 2610 2.812 3.311 3.896 4.107 4.463 4.568  4.02
1989 8.12 804 792 853 855 85 849 845 4.2 4.2 4.9 49 3762 2993 2.879 3.460 3.480 3.432 3.422 3.384 464
1990 7.51 7.47 735 7.89 826 837 855 861 4.4 4.3 5.1 5.1 2979 2255 2.141 2.655 3.007 3.111 3.283 3.340 4.29
1991 5.42 5.49 552 586 682 737 786 814 3.9 4 4.2 42 1463 1.238 1.267 1593 2.514 3.042 3.512 3.781 3.07
1992 3.45 3.57 3.71 3.89 53 6.19 7.01 7.67 2.8 2.8 3.3 3.3 0.632 0.261 0.397 0.571 1.936 2.798 3.591 4.230 4.12
1993 3.02 314 329 343 444 514 587 6.59 2.6 2.6 2.6 26 0.409 0.526 0.673 0.809 1.793 2.476 3.187 3.889 3.05
1994 429  4.66 5.02 532 6.27 6.69 7.09 7.37 2.3 2.3 24 24 1945 2207 2559 2.852 3.779 4.189 4580 4.854  3.69
1995 5.51 5.59 56 594 6.25 6.38 657 6.88 25 25 24 24 2937 3.115 3.125 3.457 3.760 3.887 4.072 4.375 1.73
1996 5.02 5.09 522 552 599 6.18 6.44 6.71 21 2 22 21 2860 3.029 2.955 3.350 3.043 3.058 3.385 3.251
High 14.03 13.78 13.2 148 145 143 1392 13.45 9.4 94 109 109 5.347 5751 5915 6.850 7.823 8.150 8.343 7.820 7.820
Low 3.02 314 329 343 4.03 4.07 419 6.59 15 15 14 14 -3.254 -1.971 -2.162 -1.726 -2.053 -2.071 -2.307 1.280 1.280
Ave 6.497 6.647 6.67 7.15 756 7.74 7912 9.157 4724 472 475 475 1707 1.831 1.855 2.312 2.679 2.849 3.011 3.293 3.293
STD 2474 2.415 227 261 246 241 237 2036 2295 229 2.4 24 185 1.784 1.770 1.908 2.033 2.072 2.153 1.213 1.213

Source: Federal Reserve Bulletin (Board of Governors), Survey of Current Business (Department of Commerce), Economic Report of the President (U.S. Government Printing
Office), various issues, unpublished data available from the Federa Reserve Board and the Department of Commerce.

T Change in Personal Consumption Component of GDP, 1 Changein chained price index for series, § Real rates computed using nominal rates and the change in the chained
price index for the consumption component of GDP  Real rate of return on current assets in agriculture as computed by ERS # Standard Deviation.



TABLE 2.6 Multiple Year Averages of Ex Post Real Interest Rates 1964-1996 for Y ears Starting in 1964-1987

3- 3- 3- 3- 6-month 6- l-year 1l-year 1-year l-year 3-year 3-year 5-year b5-year 5-year 10-year 10-year 10-year 30-year 30-year
Starting T-bill  T-bill ~ T-bill  T-hill T-hill T-bill  Note Note Note Note Note Note Note Note Note Note Note Note Note Note
Year 10yr 15yr 20yr 25yr 10 yr 20yr 10yr 15yr 20yr 25yr 10yr 20yr 10yr 15yr 20yr 10yr 15yr 20 yr 10yr 15yr
1964 1.1445 0.3513 1.0616 1.5733 1.7405 1.3671 1.980 1.167 1.820 2.3014 2.1634 1.9883 2.2154 1.5003 2.0607 2.2273 1.5378 2.084
1965 0.8488 0.3112 1.2275 1.6426 1.3175 1.5418 1566 1.107 2.042 2.34321.6987 2.2498 1.745 1.3559 2.3366 1.7214 1.3807 2.3636
1966 0.3223 0.3119 1.3237 1.6813 0.8932 1.6112 1.193 1.006 2.144 2.3491.3854 2.4073 1.4546 1.2151 2.5157 1.4504 1.2387 2.5668
1967 0.0434 0.4591 1.3873 1.6588 0.6108 1.6474 0.956 1.198 2.195 2.31131.2302 2.4863 1.35 1.3795 2.6123 1.3458 1.3829 2.6814
1968 -0.181 0.6621 1.4649 1.6407 0.3216 1.6618 0.695 1.464 2.232 2.24931.0109 2.5597 1.1529 1.678 2.6948 1.189 1.6814 2.7856
1969 -0.278 0.8788 1.5641 1.6211 0.2064 1.7217 0.630 1.680 2.316 2.2166 0.9416 2.6738 1.0845 1.9703 2.8185 1.129 1.9935 2.927
1970 -0.324 1.1092 1.6576 1.6232 0.0355 1.7393 0.491 1.943 2.344 2.2146 0.7253 2.7075 0.8594 2.3325 2.8542 0.8966 2.3685 2.9622
1971 -0.23 1.3001 1.7529 1.6978 -0.097 1.7646 0.380 2.106 2.372 2.2689 0.533 2.7342 0.653 2.5745 2.8817 0.6884 2.6427 2.9984
1972 0.2745 1.5736 1.8664 1.8445 0.3502 1.826 0.885 2.318 2.433 2.38790.9325 2.8044 1.0017 2.7713 2.9626 1.0068 2.8635 3.1027
1973 0.7 1.7578 1.9043 0.756 1.7923 1.356 2.416 2.391 1.3919 2.7939 1.4436 2.8775 2.9826 1.4487 2.9985 3.1625
1974 0.9787 1.8591 1.8566 0.9938 1.7341 1.660 2.515 2.340 1.8133 2.8096 1.906 3.0583 3.0367 1.9408 3.2031 3.2521
1975 1.6062 2.1717 2.0002 1.766 1.943 2518 2.861 2.569 2.8008 3.1012 2.9281 3.4252 3.3497 3.0058 3.585 3.5964
1976 2.3252 2.5872 2.3098 2.3291 2.1904 3.095 3.119 2.803 3.4292 3.3169 3.5768 3.6523 3.5588 3.6833 3.8106 3.8051
1977 2.7312 2.7358 2.491 2.684 2.3622 3.433 3.214 2.962 3.7423 3.4185 3.8746 3.7618 3.6417 4.017 3.9514 3.9044 3.9903 3.9728
1978 3.1105 2.855 3.0021 3.768 3.284 4.1086 4.2368 3.9239 4.3823 4.1396 4.3439 4.1829
1979 3.4063 2.8872 3.237 4.002 3.274 4.406 4.5525 4.0256 47251 4.2831 4.6898 4.3682
1980 3.6396 2.9217 3.443 4,197 3.363 4.6897 4.8489 4.2737 5.0278 4.5621 5.0026 4.6746
1981 3.7353 2.9826 3.6258 4.363 3.527 4.9354 5.1104 4.4997 5.3083 4.8018 5.3032 4.9441
1982 3.4584 2.8912 3.3019 3.980 3.389 4.6763 4.9234 4.3761 5.1986 4.7201 5.2635 4.8823
1983 3.1087 2.8286 3.426 4.196 4.5217 4.8763 5.0287
1984 2.7344 2.4745 3.021 3.8059 4.1673 4.5634 4.7783
1985 2.3943 212 2.621 3.4016 3.7712 4.1871 4.4342
1986 2.2943 2.0516 2512 3.2047 3.5408 3.927 4,188
1987 2.2509 2.0404 2.491 3.0946 3.4089 3.7918 4.0287
Ave 1.6706 1.7161 1.7049 1.6648 1.7514 1.7788 2.301 2.366 2.354 2.29362.6799 2.718 2.847 2.8764 2.879 2.9891 3.0076 3.0137 4.641 4.5041
High 3.7353 2.9826 2.491 1.8445 3.6258 2.3622 4.363 3.527 2.962 2.38794.9354 3.4185 5.1104 4.4997 3.6417 5.3083 4.8018 3.9044 5.3032 4.9441
Low -0.324 0.3112 1.0616 1.5733 -0.097 1.3671 0.380 1.006 1.820 2.2146 0.533 1.9883 0.653 1.2151 2.0607 0.6884 1.2387 2.084 3.9903 3.9728



TABLE 2.6 (continued)
---------- Data truncated to eliminate the years 1971-1978 ----------

3-month  3- 3-month 6- 6- l-year 1-year l-year 3-year 3-year 5-year 5-year 5-year 10-year 10-year 10-year 30-year 30-year
Starting  T-bill T-bill  T-bill T-bill  T-bill Note Note Note Note Note Note Note Note Note Note Note Note Note
Year 10yr 15yr  20yr 10yr 20yr 10yr 15yr 20yr 10yr 20yr 10yr 15yr 20yr 10yr 15yr 20 yr 10yr 15yr

1964 1.8697 2.6371 2.6641 2.0607 2.6813 2.41343.3375 3.1971 2.3196 3.4980 2.2814 3.6244 3.6024 2.2538 3.6948 3.7262
1965 2.0798 2.6776 2.5942 2.3343 2.58142.78333.3671 3.1049 2.7342 3.4651 2.6996 3.7148 3.6106 2.6601 3.8062 3.7682
1966 2.2937 2.7357 2.5141 2.4999 2.48723.0184 3.4205 3.0198 3.0457 3.4258 3.0407 3.8147 3.6040 3.0309 3.9298 3.7971
1967 2.6261 2.8517 2.5102 2.8333 2.4767 3.4500 3.4823 3.0357 3.5716 3.4866 3.6111 3.8804 3.6911 3.6205 3.9948 3.9038
1968 29112 2.9779 2.6027 3.0253 2.53853.6929 3.5178 3.1024 3.9176 3.5612 3.9965 3.9321 3.7686 4.0542 4.0579 3.9906
1969 3.1506 3.0154 2.7007 3.1982 2.6193 3.8854 3.5156 3.1886 4.1704 3.6325 4.2707 4.0259 3.8398 4.3644 4.1831 4.0781

1970 3.2253 2.9315 3.1508 3.8814 3.3603 4.2637 4.3977 4.0312 4.5348 4.2413
1979 3.4063 2.8872 3.2370 4.0024 3.2742 4.4060 4.5525 4.0256 4.7251 4.2831 4.6898 4.3682
1980 3.6396 2.9217 3.4430 4.1971 3.3633 4.6897 4.8489 4.2737 5.0278 4.5621 5.0026 4.6746
1981 3.7353 2.9826 3.6258 4.3634 3.5277 4.9354 5.1104 4.4997 5.3083 4.8018 5.3032 4.9441
1982 3.4584 2.8912 3.3019 3.9809 3.3898 4.6763 4.9234 4.3761 5.1986 4.7201 5.2635 4.8823
1983 3.1087 2.8286 3.4265 4.1960 4.5217 4.8763 5.0287
1984 2.7344 2.4745 3.0212 3.8059 4.1673 4.5634 4.7783
1985 2.3943 2.1200 2.6214 3.4016 3.7712 4.1871 4.4342
1986 2.2943 2.0516 2.5120 3.2047 3.5408 3.9270 4.1880
1987 2.2509 2.0404 2.4919 3.0946 3.4089 3.7918 4.0287
Ave 2.8237 2.8645 2.5771 2.7641 2.5530 3.3588 3.4142 3.0920 3.7771 3.4873 3.9464 4.0181 3.6554 4.1328 4.2068 3.8372 4.7463 4.7173
High 3.7353 3.0154 2.6641 3.6258 2.68134.3634 3.5277 3.1971 4.9354 3.5612 5.1104 4.4997 3.7686 5.3083 4.8018 3.9906 5.3032 4.9441
L ow 1.8697 2.6371 2.5102 2.0404 2.4767 2.4134 3.2742 3.0198 2.3196 3.4258 2.2814 3.6244 3.6024 2.2538 3.6948 3.7262 4.0287 4.3682

Sources: Federal ReserveBulletin, Survey of Current Business, Economic Report of the President, variousissues, unpublished dataavailablefrom the Federal Reserve Board
and the Department of Commerce.

T Change in personal consumption component of GDP,  Change in chained price index for series.
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The literature on capital budgeting under uncertainty (Bogue and Roll; Fama; Constantinides,
Copeland and Weston: Chapter 12; Robison and Barry (1996): Chapter 23; Lee: Chapter 10) argues that
risk-free interest rates used for discounting cash flows should be adjusted to account for the riskiness of the
various flows, or that the flows should be adjusted to a certainty equivalent basis. There are a number of
theoretical problemsin doing thisfor long time horizons (Fama), but generd practicein portfolio management
and capita budgeting has been to use aconstant ri sk-adjusted discount rate as estimated using an asset pricing
model, and proceed as if this were the relevant and correct rate for each item. Although not specifically
endorsing this approach, this Task Force fedsthisis a reasonable aternative for applied work.

Adjusting the Risky Real Discount Rate to Account for Inflation

Therisky redl discount rate can be adjusted upwards for inflation using the chained price index for
the consumption component of the GDP and the Fisher equation. For example, if the real rate is 2.0% and
the risk adjustment is 3.0% with 4% inflation, the implied risky nomina rateis

i * (.020 % .030) % .04 % (.05)(.04)".092" 9.2%.

More precise adjustments, alowing for risk to affect the nominal rate directly, can aso be considered if
inflation is sufficiently high. Although the Task Force does not recommend specific real and nominal rates
of return, it does recommend appropriate procedures.

The Task Force recommends;

(1) Adjusting the nominal rate of return for a class of government securities by the
chained price index for the consumption component of GDP to obtain arisk-freereal
rate of discount for a class of agricultural assets with like maturity. This adjustment
should use the Fisher equation (2.5).

(2) Adjusting the estimated risk-free real rate to account for risk in agriculture by
either:

(a) Using an asset pricing model to relate the excess rate of return on
agricultural assets to the market excess rate of return, or

(b) Adding the market excess rate of return to the estimated risk-free
real rate of return.

(3) Adjusting the estimated risky real rate to account for inflation using the chained

price index for the consumption component of GDP. This adjustment should use the
Fisher equation (2.5).

2-44



Chapter 2. Conceptual Issuesin Cost and Return Estimates

2-45



Chapter 2. Conceptual Issuesin Cost and Return Estimates

VALUING THE SERVICES OF OWNED CAPITAL
Introduction and Example

The most controversia and complex cost calculations are those associated with the service flows
from capita assets owned by the producer. As discussed in the section entitled Vauing Factors for which
there is no Market Transaction, the Task Force recommends that market-determined costs of inputs
should be used when they are available. A market-based definition for the costs of capital servicesisas
follows:

The cost (or revenueto owner) of capital servicesfor agiven periodisthe market price
the owner of the capital resource is able to obtain for these services. Thisis the cost that
should be included in CAR estimates.

If thereisamarket transaction for the capital service, the associated price should be used to compute
the service flow cost. When the operator of the firm owns the capital good and a market price cannot be
obtained to value the service flow, it can be proxied by the returns that should accrue to that asset in
economic equilibrium. Thisis done by assuming that the capital service will be offered for no less than the
full costs of providing that service in an arm’s-length market transaction. This can be done using data on
similar market transactions (market prices for similar products or services, custom rates, etc.) or through
determining the costs of providing the service. The discussion on determining these costswill build on smple
examples and elementary concepts. The smplest ownership situation to consider is when the owner of the
asset purchases it for use at the beginning of the period, obtains services from the asset which may reduce
its service capacity, performs some maintenance and/or service enhancement during the period, incurs some
other ownership costs, and then sells the asset at the end of the period. The asset may or may not have the
same value at the end of the period as at the beginning depending on pricesand use. Maintenanceisusualy
considered an expendabl e cost that is necessary to maintain the basic service potential of an asset and extract
itsservices; service enhancement costs are those associated with actionsthat significantly changethe service
potentia. Lubrication is an example of maintenance and remodeling a packing shed would be considered
service enhancement. We might say then that the costs of providing the services of the capital asset are as
follows:

Capital service cost (CSC)" Opportunity cost of holding the asset
% service capacity reduction cost
% change in the price of the capital asset*s service capacity
% service enhancement cost
% maintenance cost

% other time costs.
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More careful discussion of the definition and the various concepts contained in it will be given after discussing
an intuitive first example. If the owner buys the asset and then sdlls it at the end of the period, all costs are
directly observable. The asset has a known fixed service life at the beginning of the period and this can be
valued using the beginning-of-period market prices. The costs associated with maintenance and service
enhancement are observed. Given the use, maintenance, and service enhancement that take place, the asset
will have a different service life at the end of the period. This new service life also has a market value at
end-of-period prices. If the end of the period is the period for which al costs are computed, then beginning
and within period expenses can be inflated to the end of the period using the nomina rate of interest. A
specific example will be used to illustrate this and other cases.

Supposethereisatractor with 1,500 hours of useful life at the beginning of theyear. Therental price
of an hour of tractor time at the beginning of the period is $20. The tractor has beginning-of-period market
vaue of $30,000. Assume that during the year the owner has maintenance costs of $200 for lubrication and
minor repairs. At the end of the year the tractor has a useful life of 1,250 hours, either because it was used
for 250 hours, or time and use together reduced its useful life by 250 hours. The price of an hour of tractor
time at the end of the period is$21. Thusthe market value at the end of the period is $26,250. Also assume
that the owner performs service enhancement (new hydraulics) at the end of the year that increases the
useful lifeto 1,300 hours. This service enhancement costs $1,050 in end-of-year dollars. With this service
enhancement the tractor is now worth $27,300 [(1,300)(21)] at year'send. Assumethereal interest rateis
4% and the rate of inflation is 5%. These two rates imply an implicit annual nominal interest rate of 9.2%
{(.04+.05+(.04)(.05))(100)} using the Fisher equation. The implied nomind rate for amonth is.7361% and
the implied red rate for amonth is .3274%. The data for this tractor are givenin Table 2.7.

TABLE 2.7 Cost Data on Purchase and Sale of Tractor

Redl interest rate 04=4%
Inflation rate .05=5%
Implied nomind interest rate .092=9.2%
Quantity Price Total
(hours) 6) (6)
Beginning of period useful life 1,500 20 30,000
Midperiod maintenance 200
End-of-period service enhancement 1,050
End-of-period useful life before enhancement 1,250 21 26,250
End-of-period useful life after enhancement 1,300 21 27,300

The cost for the year is found by computing al explicit and implicit costs, and then adjusting them to
an end-of-period value. There are a number of ways to do this calculation, each of which gives the same
results but dightly different insights. Consider first smply adjusting all vauesto the end of the period and then
comparing costs with revenues. The first cost is the purchase for $30,000. Adjusted to year end by the
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nominal interest rate, this gives a cost of $32,760. Assume that the maintenance al takes place at midyear
(six months) for ease of computation. Also assume that the $200 is a nominal value as of the middie of the
year. Then the adjusted maintenance cost isgiven by multiplying the actual maintenance cost by (1+i)* which
gives (200)(1.092)° = $208.99. Prior to any service enhancement thetractor hasayear-end value of $26,250.
The tota cost of using the tractor can be obtained by adding the adjusted purchase cost and the adjusted
maintenance cost and then subtracting the sale price of thetractor. Table 2.8 givesthe datain tabular form.

TABLE 2.8 Cost of Using a Tractor Assuming Purchase and Sale Ignoring Service Enhancement

(in%)
End-of-Period
Item Actual Cost/Return Cost/Return
Purchase 30,000.00 32,760.00
Maintenance 200.00 208.99
SHe -26,250.00 -26,250.00
6,718.99

Tota cost in end-of-period $

Analternative approachisto includethe cost of service enhancement, but also increase the projected
sale price of the tractor to reflect thisincreased value. The service enhancement takes place at the end of
the year and so need not be adjusted in value for time. At the end of the year, after service enhancement,
the tractor has a useful life of 1,300 hours, which has a value of $27,300 [(1,300)(21)]. In tabular form this

approach gives the datain Table 2.9.

TABLE 2.9 Cost of Using a Tractor Assuming Purchase and Sale Incorporating Service
Enhancement (in $)

End-of-Period
Item Actual Cost/Return Cost/Return
Purchase 30,000.00 32,760.00
Maintenance 200.00 208.99
Service Enhancement 1,050.00 1,050.00
SHe -27,300.00 -27,300.00
6,718.99

Tota cost in end-of-period $

Thetotal cost of using the tractor can be obtained by adding the adjusted purchase cost, the adjusted
maintenance cost, and the service enhancement cost, and then subtracting the sale price of the tractor. The
total cost of $6,718.99 isthe same as before. If maintenance is considered an expendable cost item, the cost

of ownership and useisjust $6,510.
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The above example illustrates how to compute the costs of purchasing an asset, holding it for one
period, and then liquidatingit. In most situations an asset owner will not buy and sell an asset each period and
so an aternative approach is needed. The suggested approach is based on the idea that the costs obtained
should be the same as if the asset owner bought and sold the asset each period assuming efficient markets
and no transactions costs. It is possible to divide these cogts as follows: components associated with the
opportunity cost of holding financial wealth in the tractor, the rea interest and inflation components of that
cost, the costs associated with the tractor losing service capacity over the period, and the costs (revenues)
associated with changes in the value of service capacity of the tractor due to price changes. Although such
divison is not necessary if the tractor is purchased and sold, it is essentia in imputing costs if the tractor is
held for several periods by the owner. Costs incurred for expendable items during the year have a direct
component and an opportunity cost component for the funds tied up in the purchase. Costs for expendables
at the end of the year have only a direct component because there is no explicit or implicit interest charge.
Capital itemswill have only an opportunity cost because they are still available at the end of the year (though
perhaps with a different service potential).

Estimating the Costs of Capital Services

The basic equation for estimating capital service costs is the standard present value recursion
V, " (1 %iI)V, & R (2.18)

where V, isthe nomina value of the asset at the end of the first period, V,, isthe nomind vaue at the end
of the Oth period, and R, is anet cash flow occurring at the end of period 1. If the value of the asset in the
two periods is known, then an implicit valuefor R, can be obtained by rearranging equation 2.18 as follows:

R "IV, % (V, &V). (2.19)

The change in the value of an asset (V, - V,), plus the opportunity cost of holding the asset (iV,), is
sometimes called owner ship cost. Thus equation 2.19 implies that net cash flows are equa to ownership
Ccost.

The change in the value of an asset over aperiod (V, - V,) iscalled economic depreciation.
For the general time period t, economic depreciation is given by (V. - V,). For an asset that is declining in
value thiswill be a positive number and reflect a cost to the owner. Economic depreciation, which reflects
changesin the market value of an asset between periods, isdifferent from financia depreciation as computed
for income tax purposes. Financia depreciation associated with buildings and equipment is the only type of
depreciation that can be deducted for tax purposes. A landowner would consider changesin the productive
capacity of land due to use in an economic analysis, but should not consider these in forming an income
statement for tax purposes. An individual worker may consider a decline in her human capital as a hazard
of holding a particular job, but her employer cannot usually deduct such an implicit cost for tax purposes.
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The beginning vaue of the capita asset multiplied by the opportunity interest rate (iV,) is called the
opportunity cost of holding the asset and reflects compensation to the owner of the asset for the fundstied
up in the asset over the period. Thus equation 2.19 implies that ownership costs are equa to opportunity cost
plus economic depreciation.

Consider the exampl e tractor where maintenance costs are treated as an expendabl e accounted for
elsewhere rather than as a capita expense. The initial value is $30,000 and the fina value before
enhancement is $26,250. The implicit cost of holding the asset is then R, = (0.092)(30,000) + (30,000 -
26,250) = (1.092)(30,000) - 26,250 = $6,510. Alternatively, if the service enhanced valueis used, the service
enhancement cost of 1,050 isadded to theimpilicit cost of the enhanced asset. Theimplicit cost of the service
enhanced asset is (1.092)(30,000) - (27,300) = $5,460. Thetotal cost is 5,460 + 1,050 = $6,510 as before.

Some of the costs associated with holding a capital asset occur simply because the capital is owned,
some occur depending on its use, and some depend on the changes in the market price of aparticular service
capacity. Costs that occur smply because the asset is held over a period are referred to as time
costs. The opportunity costs associated with the financial resourcestied up in the capital asset are oneform
of time costs. The owner of the asset incurs an opportunity cost equal to the rate of return that the capital
asset could earniif it wereliquidated in the market and thefundsreinvested. Other time costs includethose
costs associated with property taxes, general overhead, licenses, and insurance.

Measuring the Opportunity Costs of Capital

The opportunity cost for owned capita may be caculated by multiplying the beginning period value
of the asset by the nomina next best rate of return. This next best rate of return is often proxied by the
nomina interest rate so we obtain (iV,) asin equation 2.19. This opportunity cost can aso be obtained in a
two-step procedure that measures the inflation component and then adds a measure of the real interest
component. Alternatively, the opportunity cost can be calculated by measuring the real interest rate
component and then adding an inflation component. Thetota opportunity cost will bethe samein either case,
but the division between components will differ depending on which adjustment was made first. The first
method inflates the asset's beginning value to the end of the period using theinflation rate and then subtracts
the beginning vaue to get the inflation component or equivaently multipliesthe beginning-of- period vaue by
the inflation rate. The inflation-adjusted end-of-period vaue is then multiplied by the redl rate of interest
implied by the next best investment opportunity to get the real interest component. The second approach
multiplies the beginning-of-period value by the red interest rate then subtracts the beginning-of-period value
to get a measure of the interest rate component. The real interest rate adjusted value is then multiplied by
the inflation rate to get the inflation component. Both approaches assume that any capital gainsimplied by the
nomina interest rate are accounted for in computing the asset's end-of -period market value. Thefirst method
isillustrated in equation 2.20a where the inflation adjustment is made first and it is assumed that the nominal
interest rate is the next best available rate,
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Opportunity cost * V, i
" [V, (Q%p)] T % [V, (1 % p)&V,]
"Vor % Vpr % V% Vep &V, (2.20a)
"V, [r%p%pr]
"V, i

The second method isillustrated in equation 2.20b where the real interest rate adjustment is made first.

Opportunity cost * V, i
"V, (X% )&V % [V, (1%r)] p
"V % [V, (2%r) p] (2.20b)
"V, [r%p%rp]
"V, i

Now consider computing the opportunity cost for the exampletractor already discussed as presented
in Table 2.10. The opportunity cost of the initial investment of $30,000 can be computed in one of two ways.
Thefirst isto multiply the initid investment amount by the nominal rate of interest. This gives an end-of-
period opportunity cost of holding the tractor of $2,760. This amount represents the real interest cost of
holding the asset plusinflationary increase in V, over the period. This can aso be obtained by inflating the
value of the tractor to the end of the period using the inflation rate and then applying the real interest rate to
thisamount. Specifically, the $30,000 isinflated to an end-of-period vaue of $31,500. Thustheinflation cost
of holding the tractor is $1,500. The end-of-period value is then multiplied by the implied real rate of return
of 4% to obtain the real interest cost of $1,260. The total cost is $2,760, as before.
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TABLE 2.10 Cost of Using a Tractor with Division of Components and No Service Enhancement

(in%)
Direct +
Actual Direct Opportunity Inflation Interest Opportunity
Cost/Ret.  Period Cost Cost Component  Component Cost

Purchase 30,000.00 0.00 2,760.00 1,500.00 1,260.00 2,760.00
Maintenance 200.00 200.00 8.99 494 4.05 208.99
Serv. Decline 5,000.00 5,000.00 0.00 0.00 0.00 5,000.00
PriceChange  -1,250.00 -1,250.00 0.00 0.00 0.00 -1,250.00
Total 3,950.00 2,768.99 1,504.94 1,264.05 6,718.99

Itisof course arbitrary whether the redl interest or inflation adjustment is made first. A different order will
lead to adightly different division among the components. For example, if thereal interest adjustment were
made first, the real interest component would be (1.04)30,000 - 30,000 = $1,200 and the inflation component
would be (1.05)(31,200) - (31,200) = $1,560. Thetota is $2,760, asin the previous case.

M easuring Economic Depreciation

Economic depreciation is the change in the present value of an asset astime passes (V, - V,). Itis
often useful to divide economic depreciation into costs that occur because of a reduction in service
potential and those that occur dueto changesin market prices. Coststhat occur because the asset loses
some of its service capacity during the period are caled service reduction costs.

The service reduction costs of holding a capital asset are the decline in the service
capacity of the asset due to use and/or time. These costs are computed assuming constant
real prices for the asset, and are given by multiplying the beginning-of-period market price
for aunit of service by the amount that service potential (hours, years, quality-adjusted acres,
etc.) declines during the period. Such service reduction can occur because of use or time,
and may not be simply the number of hours the machine was used during the period. The
amount of service capacity reduction that occurs in a given time period can be modified by
use and/or care and maintenance.

Service reduction due to use is a decline in the service capacity of a
capital asset due to operating, as opposed to not operating. These implicit

costs occur because the use of the factor altersits future service potential.

These costs are the real decline in service capacity and are not related to
market prices. For example, using a tractor for more hours (or more
intensive hours) during a period may reduce its expected useful life and its
market value.
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Service reduction duetotime isadeclineintheorigina service capacity
of a capital asset that occurs only as a result of the passage of time.
Service reduction costs associated with time include only those that occur
independent of market prices. For example, weather may reduce the life
of abarn dueto wear. Capital assets may also |ose value over time due to
obsolescence. A laborer's skills may no longer be adequate to perform
previoudly performed tasks due to changes in technology (for example, the
advent of computers).

The division of economic depreciation into service reduction and changesin market pricesis seen most easily
in the case where service potentia is measured in asingle dimension such as hours of remaining service. Let
the market price of a unit of this asset service at the beginning of the period be given by p,, the beginning
service potential by g, and the ending service potential by ¢.. The value of the amount of service reduction
that occurs during the period is then computed as follows:

Service reduction cost " (p,) (amount of service reduction) 921
" (py) (0 &Y. (2.21)

Consider the service reduction costs for the example tractor. These costs are given by multiplying
the decline in use potential (250 hours) by the price per hour of use ($20) for a cost of $5,000 as shown in
Table 2.10. The service reduction costs for the full decline in service potential of 250 hours are dl charged
in this case, and the costs associated with enhancing the service capacity back to 1,300 hours are not
included.

Capital goods can changein va ueindependent of service potential dueto changesin the market price
of the asset’ s services. The opportunity cost computed for a capital good should reflect the market value of
a specific service capacity. The market value of a capital good at the end of a given period should reflect
both the service reduction and service enhancement that occurred during the period, along with any changes
in the market value. Thisleads to a definition of the price change costs of a capita asset.

The price change costs of a capital good include costs associated with changes in the
market value of agood with afixed service flow during a single production period that occur

because of generd inflation or deflation, or changes in market conditions related to that
specific capital item. However, there may be other market forces that must be accounted
for separately. For example, the discovery that in ten years a road will be built on a
particular farm changes the market vaue of the farm even though the services extracted in

the current period have not changed. Or, there may be achangein the price of the product
produced by a capital asset that changes the asset'svalue. These capital gainsor losses are
usualy accounted for separately from the other costs of holding capital.
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Price change costs for an asset are computed using the service potential at the end of the period and
the change in price over the period. Specificdly, if g, is the service potentia at the end of the period, and
beginning and ending prices are given by p, and p., respectively, the cost associated with a change in price
is

Price change cost " q,(p, &p,) - (2.22)

With rising prices, the price change cost will be negative. The total cost due to service reduction and price
changes is given by the beginning-of-period value minus the ending value, or

Service reduction cost% pricechange cost * economic depreciation (ED)
" beginning value&ending value

" VRV, (2.23)

) pb qb& pe qe

where @, is the beginning service potential. This can be clearly decomposed into the two components in
equations 2.21 and 2.22 by subtracting and adding p,q. from equation 2.23 as follows:

Service reduction cost%price change cost * economic depreciation (ED)
) pbqb&peqe

) pbqb& pbqe% qepb&qepe
" p,(0,&09)%0ap &P, .

(2.24)

Aggregate or representative farm CAR projections usually assume that market prices of capital
assets increase or decrease only by the genera rate of inflation. Given declining real prices of agricultura
goods and increased productive potentia of new technologies, this practice may only be reasonable for short-
run analysis covering three to five years.

Consider now the price adjustments for the example. The general inflation will cause some increase
inthetractor'svalue. Thiswill help offset the other costs of the tractor. The return from inflating prices can
be computed by multiplying the end-of-period useful life of the tractor (1,250 hours) by the change in price
(-1) for areturn of $1,250 or a cost of -$1,250. The costs associated with the change in the value of the
tractor over the period, $3,750 (30,000 -26,250), are thus clearly given by the decline in service capacity
($5,000) plus the change in vaue due to the price increase (-$1,250), for atotal of $3,750.
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M easuring Service Enhancement Costs

The next category of costsisthat associated with enhancing the productive capacity of an asset. The
service enhancement costs of holding a capital good are the direct costs of increasing the service
capacity of the asset. These are the costs of expendables and other capital servicesthat are used to alter
the productive capacity of the asset. Because these costs alow for the provision of services for more than
the current time period, they are normally treated as an investment in a capital asset and not as a period
expense when the asset is not sold at the end of the period but is held for future use. The most common way
to do thisis to consider them as an adjustment to the service capacity of the asset to which they are applied,
and then use this adjusted service capacity as the basis for all future cost calculations for that asset.
Alternatively, the service reduction cost can be reduced if the service enhancement cost is charged in the
current period and the enhanced service capacity is used to compute that declinein cost and also the change
in market vaue, if any.

Consider computing service enhancement costs for the example tractor. One way to handle this
computation isto use the calculations asin Table 2.10 but increase the value of the tractor when performing
the analysis for future periods. Thus, rather than using the ending period value of $26,250, a higher value
reflecting the enhanced service capacity could be used. For the example, this higher market valueis $27,300
[(1,300)(21)]. An dternative is to reduce the service reduction costs to the amount necessary to cover the
net decline (after enhancement) in value, and then include the service enhancement costs in the cal cul ation.
Thisisdonein Table 2.11.

TABLE 2.11 Cost of Using a Tractor with Division of Components and with Service Enhancement
Costs Included (in $)

Direct Direct +
Actua Period Opportunity Inflation Interest Opportunity
Cost/Return Cost Cost Component  Component Cost
Purchase 30,000.00 0.00 2,760.00 1,500.00 1,260.00 2,760.00
Maintenance 200.00 200.00 8.99 494 4.05 208.99
Serv. Decline 4,000.00 4,000.00 0.00 0.00 0.00 4,000.00
Serv. Enhanc. 1,050.00 1,050.00 0.00 0.00 0.00 1,050.00
Price Change -1,300.00 -1,300.00 0.00 0.00 0.00 -1,300.00
Total 3,950.00 2,768.99 1,504.94 1,264.05 6,718.99

Service decline costs are given by net decline in use hours (now only 200 hours) multiplied by the beginning-
of-period price ($20). Thus the total service decline costs are $4,000. Service enhancement costs are now
included and the adjustment for price changesis based on the enhanced capacity of 1,300 hours. Specifically,
the price change effect is based on the change in price of $1 (21-20) multiplied by the enhanced service
capacity of 1,300 hours. The result is the same totd cost of $6,718.99, as before.
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M aintenance Costs

The maintenance costs of holding a capital asset are the expenses required to maintain the service
potential of the asset at a reasonable level and to extract services for a single time period. Activities
associated with these costs are not usually viewed as enhancing the service capacity of the capital asset in
any significant way when determining its end-of-period vaue. For example, expenses such as fud, oil, and
other lubricants are usually considered operating costs associated with the use of machinery and are treated
as expendable inputs. Fence repair on land might be considered a maintenance cost of holding land, and
mandatory pesticide education classes might be considered a maintenance cost for afarm employee. These
costs usually are charged to the user of the capital service rather than the owner, although the distribution can
differ by rental arrangement and custom.

Consider maintenance costs for the example case. The direct cost of this expendable is $200.
Because this cost occurs at midyear, it implies an opportunity cost equal to the amount ($200) multiplied by
(1+i)*> minus the original amount ($200) for an inflation plusred interest cost of $8.99 [(200)(1.092)* - 200].
This can aso be obtained by adjusting the value to the end of the year using the inflation rate and then
applying the implied redl rate of interest to the inflation-adjusted amount. The inflation component is then
$4.939[(200)(1.05)® - 200] and thereadl interest component is $4.058 [(204.939)(1.04) © - 204.939]. Thesum
of these two is $8.99, after rounding.

As pointed out previoudly, activities that restore a capital asset's lost service capacity should not be
considered an expense in the current period because the lost capacity is often charged against the asset as
aservice reduction cost. Such activities should be treated as service enhancement costs, which can then be
treated as part of the potential service flow of the capital good. Care must be given to the estimation of
service reduction, service enhancement, and maintenance costs as they affect the service potential in an
interdependent manner. For example, if an engine loses 10% of its potential capacity during the period with
regular maintenance, the 10% reduction in potential and the maintenance cost should be charged to the
current period. If at the end of the period the owner makes a repair to restore 5% of the lost capacity, this
should not be considered a cost in the current period unless an adjustment is made to the cost charged for
reduced capacity. The most common procedure is to charge the full 10% service reduction cost and treat
the 5% enhancement as an investment rather than a cost.

Combining the Costs of Capital Services

During agiven production period, the owner of aresource incurs al the costsjust outlined. Included

are those costs associated with holding the asset over the period (including opportunity interest and other time
costs), service reduction due to use and time, service enhancement, maintenance, and changesin price. A
definition for the costs of owning and using a capital asset can be given as follows:
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Capital service cost (CSC)® Opportunity cost
% service capacity reduction cost
% change in price of the capital asset*s service capacity

% service enhancement cost

% maintenance cost (2.25)

% other time costs
iV (V, & V)% C,
" iV% ED % C,

where economic depreciation (ED) is defined as service reduction plus price changes and is given by (V, -
V,), and C, represents maintenance, service enhancement, and other time costs adjusted to the end of period
1. Service enhancement costs are in parentheses to remind the reader that these costs are usually handled
in conjunction with service reduction costs or the price change adjustments. The costs of using the example
tractor can then be divided into the opportunity cost of invested capital at the original capacity (opportunity
cost), the decline in useful value at the beginning-of-period prices (service reduction cost), the decline or
increase in market price due to inflation, the costs of maintenance adjusted to the end of the period, service
enhancement, and other time costs. The costs can aso be written as the sum of direct costs $3,950
(200+4,000+1,050-1,300) and opportunity costs $2,768.99 (2,760+8.99). Thisgivesatotal cost of $6,718.99.

Based on these CSCs, the capital good isthen offered for use during aproduction period. A market-
based definition for the costs of capital services specifies that the cost of capital factor services for a
givenperiod isthe market pricethe owner of theresourceisableto obtain for these services. In
ampligic termsthisisjust the rental rate the owner is able to obtain for the use of the asset for agiven time
period. Thisisthe cost that should be included in CAR estimates. When the firm operator owns a capital
good and amarket priceis not available to value the service flow, the value can be proxied by the returns that
should accrue to that asset in economic equilibrium. Thisis done by assuming that the capital service will be
offered on the market for no less than the full costs of providing the service. Thus capital ownership and use
cost can be used to proxy capital service cost. Preparers of CAR estimates often disregard maintenance
costs in computing capital service costs because maintenance costs are usualy included as an expendable
itempaid for by the user of the capital rather than the owner. This common practice may be suspect if repair
and maintenance costs vary significantly over the life of the asset so that older assets have higher costs. It
is a'so common to regard other time costs such as property taxes as an expendable if they are similar from
year to year and can be accounted for as a general overhead expense that may or may not be alocated to
a specific enterprise or use. Further, it is usually assumed that any service enhancement is treated as a
separate investment.  Thus, the most common approximation to use for capital servicesis
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Capital service cost (CSC) . Opportunity cost
% service reduction cost (2.26)
% change in price of the capital asset*s service capacity .

Chapter 5 of this report contains more detail on computing maintenance costs, and Chapter 6 discusses other
time costs plus those costs explicitly included in equation 2.26. For the example tractor, equation 2.26 gives
acapital service cost of $6,510 (2,760+5,000-1,250). Thistota is less than the previous caculations by the
cost of maintenance.

Sometimesit is useful to combine the opportunity cost and changesin price into a measure that gives
the real cost of holding the asset accounting for price changes. Thismight be called net opportunity cost.
In this case the formulais modified to read

Capital servicecost (CSC) . Net opportunity cost % service reduction cost . (2.27)

In our tractor example, the net opportunity cost would be 2,760-1,250 = $1,510. Adding the service reduction
costs of $5,000 gives the tota cost of $6,510.

An dternative approach is to combine the terms concerning changes in value and add them to the
opportunity costs as

Capital service cost (CSC) . Opportunity cost%service reduction cost%change in price
" Opportunity cost%Economic depreciation (ED) (2.28)
iV (V,&V)
whichisthe basic present value recursion used in equation 2.19. Subgtituting R, for capital service cogt, this
can be written as
Rl = (1+ I)VO _Vl'
Using Annuitiesto Value Owned Capital
Although the above procedures are appropriate for estimating the current costs of using specific
capital assets with known beginning and ending values, it is often useful to estimate a representative cost of
using more generic capital over several time periods. Thisis particularly true for assets with afixed life that

lose value due to both use and time. The most common examples are machinery and equipment. Because
of the declinein value of these assets due to use or time, the opportunity costs associated with ownership will
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tend to decline. Therising value of a given quantity of remaining usage due to inflation will, however, tend
to compensate for thisfact. Thusit is sometimes useful to use asthe cost of the capital asset, not its current
cost as computed above but rather, an annuity payment that has the same present value. The cost will then
be the same for all years of the asset’s life and there is no arbitrariness in picking a given year to assess
costs. Thiscan beeither area annuity that has constant real but changing nominal value or anomina annuity
that is constant in nominal dollars. This annuity is often referred to as the capital service cost (CSC) of the
asset because it represents the annua cost of obtaining the asset’s services. The discussion that follows
assumes that maintenance and other time costs are excluded from computation of the annuity and are
accounted for elsewhere. A discussion of the more genera case is contained in Appendix 2C and in Burt
(1992).

The formula for a nominal annuity, &°™, that has the same discounted value as the actual costs of an

asset over an n period horizon is derived in Appendix 2B (2B.10). This assumesthat the asset is purchased
atacost of V, at the beginning of year 1 and is sold with value V,, at theend of year n. The resulting annuity

(a°m isgiven by

Vv

V, & —"
(a%i)' )

1g L (2.29)
(19%i)"
i

amm " CSC ™ A

The numerator in equation 2.29 is just the present value at the beginning of the first period of the
stream of payments associated with holding the asset for n years. As an example, consider the tractor
discussed previoudy, assuming 1,500 hours of useful life to this firm and a five-year time horizon. Assume
that after five years the tractor is sold having a useful life of 250 hours. The useful life of the tractor when
it is sold or traded is often called the salvage life of the tractor. The value of this salvage life is caled
salvage value. Using straight line physical depreciation over the five years gives annual depreciation of 250
hours. Alternative assumptions concerning depreciation are discussed in Chapter 6. Table 2.12 shows the
initid investment, the service reduction costs, and market price change costs for each year over the five-year
period assuming an inflation rate of 5% and aredl interest rate of 4%. The annual capital cost is computed
from equation 2.26 and is equa to ownership cost plus service reduction cost plus the change in the price.
The first year cost is $6,510, as before. In the second year the cost is 26,250(0.092)+250(21) +
(71.05)(1,000) = $6,615. The reduction in service hours during this year is 250, and the beginning-of-year
price of service is $21.00 per hour. At the end of the second year the tractor has 1,000 remaining service
hours and the price of an hour of tractor time increases from $21.00 to $22.05 dollars per hour. The price
increase thus helps reduce costs. The capital cost in the fifth year is $6,891.92. The value of these costs
discounted to the end of the first period using the nominal interest rate of 9.2% is $28,272.278 and to the
beginning of thefirst period is $25,890.3645. A nomina annuity paid at the end of each period beginning with
the first that has the same value as this stream of $25,890.3645 is $6,690.7945. Thus a constant nominal
payment of $6,690.7945 at the end of periods 1 through 5 has the same present value as the actua cost

2-59



Chapter 2. Conceptual Issuesin Cost and Return Estimates

stream. This amount can be determined without computing the costs for each year by using equation 2.29.
In this case V, is $30,000. The savage life of the asset is 250 hours. To obtain the savage value, this
quantity is multiplied by the price (adjusted for inflation) for the fifth period or V , = (250)(20)(1.05)° = (250)
(25.53) = $6,381.407, which isthe same asthe ending va uefor thefifth year in Table 2.12. Subgtituting these
values into equation 2.29 we have

(30000 g (29 (1.05)5(250))
(1.092)

a

18 —1
(1.092)5
002

6381.4078
. 155279 ) . (30000 & 4109.6355) (2.30)
16 1 18 —2
(1.092)5 (1.092)5
.092 .092

« 25890.3644
3.86955

" 6690.7945.

This constant nominal amount accounts for the cost of using the asset over the five-year time horizon. This
is not the actual cost for any one period, but is a constant amount (an annuity) with the same present value
asthe stream of actua costs. Thisannuity can aso be obtained using the standard annuity functions available
on business calculators or in spreadsheet programs (such as PMT in EXCEL). In using such canned

\Y/
procedures, ( V, & ﬁ) , which equals 25,890.3644 in this problem, should be used asthe present value
1%i)"

of the annuity with the assumption that the payment is made at the end of the period.

An dternative to computing this constant nominal cost is to compute the real annuity that has the
same va ue as a noninflationary return stream and then inflate the value of this annuity each year in the cost
estimation. Thus, rather than using the nominal interest rate in equation 2.29, the redl rate is used and the
salvage vaue is expressed in constant end-of-year dollars. Because there is no inflation, V,, is computed
assuming that prices are the same as at the beginning of the first period. This gives
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Vr
V, & —=
e \ 0 @y

1 (2.31)

1&
(1%r)"
r

It isimportant to note that V" in equation 2.31 is computed assuming noinflation but V, in equations 2.29 and
2.30 assumes a constant inflation rate over the entire time horizon. For the example, the real annuity isgiven

by

[30000 ¢ (20((250)
a" -

(109" ) " 5815.6778.
Lg L (2.32)
(104)5
04

Thisisthe real amount paid at the end of each period that has the same present value asthe nomina stream
in equation 2.30. Because inflation is 5% in the example, the actual amount to be charged in each period is
given by the stream a].r " a(l%p) or $6,106.46, $6,411.784, $6,732.374, $7,068.992, and $7,722.4424.
Rather than assuming a constant nominal amount in al years of $6,690.79, this approach allows ared amount
that grows with the rate of inflation. Thus for the first year the cost is $6,106.46 rather than $6,690.794.
Note that the present value of this increasing stream is the same as the vaue of the constant stream of
$6,690.794. Thefirst year cost of thisincreasing stream is aso the cost that would be obtained if one were
to consider inflation to occur during the first year and no inflation to occur thereafter. The annuity equivaent

inthis caseis given by
Vm
(1%p) V, & —

(1%r)"

18 —1L
(2%r)"
r

am

(2.33)

where a,, denotes a mixed nominal and real annuity and V" is the salvage value assuming that inflation
occurs only during the first year. Thisannuity hasthe same present value as areturn stream with no inflation
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after the first year discounted to the present. This is the same as the real annuity given in equation 2.31
multiplied by (1+p).

Consider now the exampletractor whereinflation is assumed to occur only for oneyear. Theannuity
isgiven by

(1.05) (30000) & WJ
' (Lo4” " 6106.46
& — (2.34)
_ (1049
04

am

whichisthe sameasthered annuity, $5,815.677, multiplied by (1+p). The present value of thisstream where
the discount rate for thefirst year isi and for subsequent yearsisr isthe same asfor the previous two cases.

There isthus a choice when using an annuity to reflect the costs of amultiyear asset in cases where
some magnitudes are in nomina terms. The nomina approach uses equation 2.29 and finds the constant
nomina annuity that is equivalent to the nominal return stream whereit is assumed that inflation continues at
the current rate over the life of the asset. If this approach is used, al other costs and returns for future
periods must dso be in nomina terms. The adjusted real approach, which alows for inflation in the current
period only, uses equation 2.31 to obtain a real annuity that is adjusted for inflation in the current period or
uses the mixed annuity equation (2.33) to obtain an answer directly. The easiest solutionisto compute area
annuity using 2.31 assuming that V, and V,, are both in beginning-of-period dollars, and then multiply this
annuity by the assumed inflation rate. In the first case, a constant nominal amount will be used in dl
subsequent periods but in the latter case the amount will rise with the rate of inflation. Neither annuity isan
exact cost for a given period but has the same present value as the exact stream.

The preceding discussion assumed the only costs associated with holding the asset over thefive-year
time horizon were the initial purchase costs plus the opportunity interest on the money tied up in this asset
minus the present value of the income from salvaging the asset at the end of the time period. Thus the

1%i)"
service enhancement, or other time costs are part of the cost profile, then a year-by-year tabulation of the
present value of costgreturns as demonstrated in Table 2.12 should be undertaken. Appendix 2C contains
amore complete discussion.

Vv
present value of the cost/income stream was smply V & "_. If other costs such as maintenance,
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VALUING THE CONTRIBUTION OF OPERATOR LABOR

All factors of production except the operator of the firm can be accounted for using the above
concepts. Compensation for the operator of the firm is based on opportunity cost of off-farm work, or the
return available in the next best aternative use of histime and effort. For example, the operator of afarm
has an implicit cost of his farm hoursthat is the opportunity costs associated with the nonfarm use of these
hours. The opportunity cost for the operator of afarm firm who aso has the skills and experience equivalent
to afactory worker is the going wage for manufacturing workersin the area. Ways of estimating the costs
of the owner-operator’s time are discussed in more detail in Chapter 8 on labor costs.

COLLECTING, CREATING, AND USING PRICE SERIES

Most historical datais collected in nominal terms for a specific month and year. When an historical
estimate is created for a given year, this reported nominal data for that year is appropriate for developing a
nomina CAR estimate. For projected estimates amonthly nominal value for the previous year might be used
as a base projection that then be adjusted ahead by the annual rate of inflation. Another dternative is to
collect nomina data for severa past years, convert these to rea terms as of month on interest in the base
year, average them and then adjust them for inflation in the base year. Another option is to use an
econometric forecasting model that accounts for seasonality and monthly inflation rates. Another method is
to obtain dealer estimates for the month of use as compared to the time the data is collected prior to the
preparation of the estimate. A common Situation is one where there is a single nomina estimate for the
previous year or the current year. A nomind estimate for aprevious year may be updated using the inflation
rate. Often the price reported or to be usedfor agiven year isanominal value for the entire year computed
by averaging daily or monthly prices with equa weights as compared to a nomina vaue in the month of a
given expenditure. Given this single observation and a rate of inflation, one may want to estimate monthly
prices for the year that rise at the rate of inflation. What iswanted thenisarea (and aso nominal given the
base period convention) price at the end of the year that when converted to monthly nominal prices has a

smple average equal to the reported nominal average. Let p" be the average nomina price for the year, pJ”

the nomind price in thej* month and p,,, the monthly rate of inflation computed from equation 2.12 where p.
replacesi. We can then find the real (nominal) price at the end of the year (p) as follows
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P’ T P (%P, ¢t

12 ,
S p'(%py)' ¢
j"1

12

12 )
p r'-sl (1% pm)J&12
J

= (2.35)
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12 _

S (1% pm)1&12

i"1
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12 ]

(1%p,) S (L%p,)08128D)
i"1

. (12" _
(1% p,)US, (P, 12)

where the last equality comes from equation 2B.7 in Appendix 2B where p replaces i in the summation.
Writing the expression this way alows the use of canned annuity proceduresfor computing g. The nominal
price for each month is then computed as

pi" " p'(1%p,) &2 (2.36)

where p/, = p.

PROFITS AND RESIDUAL RETURNS

The difference between the farm's revenue and costs leads to the concept of profit or residual
returns.

Profits (residual returns) to the firm (or enterprise) are the revenues from production

minus al the market-determined costs of factors and the opportunity cost of the operator's
time and any other unaccounted for resources. With equilibrium in competitive markets,
costs of production should, on average, just equd returns. Thus, thisresidua return or profit
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has an expected value of zero. Deviationsfrom zero are due to randomness such as unusual
geoclimatic conditions, market imperfections, errorsin measurement, inclusion or exclusion
of government program payments, or risk-averse behavior by some individuals or to the
smple fact that thefirmisnot in an equilibrium situation. For these reasons, the profit of any
one farm or even the average of al farmsis probably not equal to zero in agiven production
period or year.

If the operator of a specific firm consistently obtains positive profits in a competitive environment,
the opportunity cost of resources such asland or this person'sunpaid labor are not being valued highly enough.
For example, if this person has unusual alocative skills in farming and farming aone, the opportunity cost
measure that is based on off-farm earning potential will understate the individual's true contribution to the
profits of the firm. Even in situations where abnormally high profits are maintained by artificia means
(government subsidy, tariffs, or quotas), these returns are normally bid into the costs of factors so that excess
profitswill be diminated.

Residual returns to agiven factor of production are the revenues from production minus
the opportunity cost of the operator's time and the market-determined costs of al but that
factor of production. With al other factors accounted for, any residua returns are said to
accrue to this factor.

If the market-based costs of more than one factor are not accounted for then residual returnsto the
unvalued factors are exaggerated. As an example, analysts sometimes speak of a return to labor and
management, or areturn to operator-owned resources. Allocating thisresidual among the unvalued resources
requiresinformation concerning the marginal contributions of these resourcesto production. A difficulty with
the resdua method of imputing value is that al of the elements that cause economic profit to deviate from
its long-run equilibrium get included in thisunalocated resdud. For example, if the farmer had exceptionally
low barley yields this year due to drought and the resource being priced was operator labor, these low yields
would al be attributed to operator labor, giving it alow value. In the same sensg, if the unvalued resource
were land, the land would have alow value. Y ear-to-year variations thus make imputations rather arbitrary
and of limited usefulness. In addition, individua producersor groupsof producersarerarely, if ever, inalong-
run equilibrium, so that in any given Situation residua returns measure more than a long-run return to
management or entrepreneuria skill even if al other inputs are correctly measured and included.

The Task Force recommends that factors of production be valued based on market
transactions and that the residual, if any, simply be denoted residual returns to
unvalued resources.

OTHER CAR CONCEPTS

Accountants often use the concept of cashversus noncash costsin preparing cash flow statements.
Cash costs also are often used in capital budgeting. Such a digtinction is important for planning borrowing
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needs and the timing of operator withdrawals for own consumption, but is not a key factor in estimating
CARs.

Cash costs are costs that require a cash payment at the time the transaction occurs or

during a specified reporting period such as a week or month. Noncash costs are those in
which the timing of the physical use of resources and the cash payments differs.

Most costs associated with the acquisition of expendable inputs are cash costs. Some counter examples are
feed produced during the current period that is fed to livestock and landlord-paid costs of inputs in a
sharecropping arrangement. Depreciation costs associated with operator-owned capital goods such as
equipment are always considered noncash costs, as are opportunity costs associated with holding capital
goods.

It is also important to distinguish between economic cost concepts and finance terminology.
Economic costs represent the valuation of al resources consumed during the course of a production period,
regardless of ownership. Whether anindividua production input is owned, financed, or leased isimmateria
to the estimation of CARs, though it is very important to the management of an individual operation. From
a resource perspective, the costs of one hour of service for a tractor that is owned and a tractor that is
financed are identical because the values of the economic contributions of each to the production process are
similar. The cash costs of each tractor do vary with asset ownership, however, because of the difference
betweeninterest and |lease payments. The cash flow statements of two farmers who have debt levels of 0%
and 50%, respectively, may differ because of financial payments, even though the two farmers may be using
identical inputs and production practices in their farming operation (and therefore, have the same economic
costs of production).

The Task Force recommends that all costs and revenues associated with a given
enterprise be adjusted (discounted) to the same point in time for the purposes of CAR
estimation. The Task Force recommends that this point in time be the end of the
production period. Because this approach applies implicit interest to all costs and
returns, any costs associated with financing a given enterprise should not be included
in the estimates.

Another common digtinction is between fixed and variable costs. This digtinction depends on the
range of choices considered available to thefirm in the currently defined decision period. Currently available
choices are inputs whose level of use and thus cost is not aready determined. For example, once a feeder
lamb reaches 100 pounds, the farmer cannot decide to change the amount and cost of the oats consumed.
A specifictime period is often associated with the decision problem so that what isfixed and variable changes
depending on the time period considered.

Fixed costs are those costs that the firm is committed to pay to factors of production
regardless of the firm's action in the currently defined decision period. They are costs that
are not affected by the current set of decisions. If some choices are fixed for a given
decision problem, then costs associated with them are aso fixed.
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Variable costs are those costs that are affected by the firm's actions in the currently
defined decision period. Variable costs occur because of the decision to purchase additional
factors or factor services for use in production.

The time period under consideration clearly affects the delineation of fixed and variable factors and
associated costs. For example, if atractor isleased (with no possibility of re-leasing) on an annud basis, the
cost of the lease is fixed when deciding whether to produce cotton or tomatoes, but the per acre charge for
custom harvesting is variable when deciding whether to harvest a damaged crop. Once the owner of a
resource decides to assume ownership for another period, the ownership costs, service reduction costs due
to time, and potentia price gainsarefixed. If the owner considers selling the services of acapital good along
with using the services internaly then the portion of the fixed charges to dlocate to interna operations is
vaiable depending on use. As irreversible decisions on input use are made, costs that were previously
variable become fixed. In thisvein, the costs of al expendable inputs are variable until they are contracted
for use. For operator-owned capital goods, the costs are fixed once the operator decidesto maintain the asset
for another period.

The fact that operators of farms often own some of the resources used in production has led many
analysts to classify the associated service flows as being fixed in the sense that the owner of the resource
(and in this case the operator of the firm) incurs the ownership costs regardless of the amount of product
produced. These analysts have then called these ownership costs "fixed costs' because they are associated
with the "fixed" factors. This has caused great confusion as to the meaning of fixed and variable costs, the
costs of ownership, and the costs of use. The difficulty found in labeling costs as fixed or variable has led
some researchers to use the categories “ownership” and “operating costs.” However, because most farm
and ranch operators combine ownership with use, the categorization and measurement of CARs in these
categoriesisless clear.

Furthermore, each firmor composite of firms operates with a different mix of owned and purchased
inputs and different combinations of fixed and variable factors of production. Problems with the
categorizations of fixed and variable costs are further compounded by the fact that accounting measures
typicaly include al variable costs, some fixed costs, and direct use costs (but not returns) if the operator is
an owner of factors. Accounting measures rarely (except in the case of depreciation) include the imputed
CARs of operator-owned resources. Accountants, in particular, prefer the distinction between cash and
noncash costs. As aresult, the terminology commonly used tends to be confusing.

The Task Force therefore recommends that costs should be categorized only as to
whether they are associated with expendable factors or the services of capital assets.
The division of costs into categories such as fixed and variable should generally be
avoided in preparing CAR estimates. For the purpose of preparing CAR estimatesfor
specific enterprises, the Task Force recommends that all the costs of all expendables
be allocated to the generic group OPERATING COSTS and that all other costs be
allocated to the group ALLOCATED OVERHEAD.
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TABLE 2.12 Annuitiesand Multiperiod Costs

Annual real interest rate 4% Sadvagelife 250 hrs.
Annual inflation rate 5% Lifeinyears 5
Annual nominal interest rate 9.2% Annual depreciation 250 hrs.
Original life of asset 1,500 hrs. Initia price $20 per hour
Beg. Beg. Beg. Opp. End End End
Year Item Price Quantity Vaue Cost Inflation Interest Price Quantity Vaue Cost
1 Investment 20 1,500 30,000 2,760 1,500 1,260 21 1,250 26,250 2,760
Service reduction 5,000
Price change -1250
Total cost 6,510
Constant nominal annuity 6,690.795
Infla. adj. real annuity 6,106.462
2 Investment 21 1,250 26,250 2,415 13125 1,1025 22,05 1,000 22,050 2,415
Service reduction 5,250
Price change -1,050
Total cost 6,615
Constant nominal annuity 6,690.795
Infla. adj. real annuity 6,411.784
3 Investment 22,05 1,000 22,050 2,028. 1,1025 926.1 23.15 750 17,364. 2,028.6
Service reduction 55125
Price change -826.875
Total cost 6,714.225
Constant nominal annuity 6,690.795
Infla. adj. real annuity 6,732.374
4 Investment 23152 750 17,364. 1,597. 868.219 729.304 2431 500 12,155. 1,597.523
Service reduction 5,788.125
Price change -578.813
Total cost 6,806.835
Constant nominal annuity 6,690.795
Infla. adj. real annuity 7,068.993



TABLE 2.12 (continued)

5

Investment 24.310 500 12,155. 1,118.
Service reduction

Price change

Total cost

Constant nominal annuity

Infla. adj. real annuity

US (.04,5) 445182233

US,(.092, 5) 3.86955005

P.V. of annual costs at end of 1st period

P.V. of annual costs at beginning of 1st period

P.V. of nominal annuity at end of 1st period

P.V. of inflated real annuity at end of 1st period

Annua nominal annuity with present value beginning of 1st period of 25,890.86
Annual real annuity with present value at beginning of 1st period of 25,890.86

607.753

510,513

2553

250

6,381.4

1,118.266
6,077.531

-303.877
6,891.920
6,690.795
7422442

28,272.278
25,890.365
28,272.278
28,272.278
6,690.795
5815.68
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APPENDIX 2A
Separating Real Interest Charges and Inflation from Nominal Interest Charges
The appropriate way to adjust any cost or expenditure (R) occurring n months from the end of the

period to the end of the period (year or last year in the case of multiyear periods) year isto use the formula
given in equation 2.2,

0 Rt
V., " G . 22
O tan (%) (2.2)

If there is only one payment and it occurs j-months from the end of the year, then the value of this payment
at the end of the year is given by

-_R
° (1% )

where i, isthe monthly interest rate and j denotes the number of months that the expenditure occursfrom the
beginning of the year. We can write thisin severd aternative ways as follows:

v, * —R
(1%_)&

" R(1%i )" " R(L %i)"2

whereV , isthe value of the expenditure at the end of the period, and i,,isthe monthly interest rate, and n now
denotes the number of months the expenditure occurs from the end of the year. The interest cost for this
adjustment is given by either equation 2.14 or 2.15,

ic * R(1%i )" & R (2.14)

n

ic " R(1% )2 & R. (2.15)

The results of using this procedure for the cotton cost example were contained in Table 2.2 of Chapter 2.
In order to divide the nomind interest cost into inflation and real interest rate components it is necessary to
compute an inflation rate compatible with the given real and nominal interest rates. This can be done on both
an annua and a monthly basis. The first sep is to find the annua inflation rate using the Fisher formula
p = (i- n)/(1 +r). Consider theexamplein Table 2A.1 (Inflation and Real Interest Division). Here an annua
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nominal interest rate of 10% and an annual real interest rate of 3% are assumed. Theimplied annual inflation
rateisthen (.1 - .03)/(1.03) = .067961. Once the annua inflation rate is known, implied monthly rates for
nominal and rea interest and inflation can be obtained using the relaions

1

i T (1%i)2 &1
1

roT (A%N2 &1 (2A.1)
1

P, " (1%P)2 & 1

where no subscript implies an annual rate and subscript m denotes amonthly rate. For the example casethis
gives an implied monthly redl rate of r,,= (1.03)12 -1 = 002466 and an implied monthly inflation rate of p,,
= (1.0679)¥12 - 1 = .005494. The Fisher formulaimpliesthat (1 + 1) (1 + p) = 1 +i. Using the above
identities, it dsoimpliesthat (1+r,) (1 +p,) = 1 + i, because (1+r)¥12 (1 + p)¥12 = (1 +i)¥12, Theserelations
are used in alocating the nominal interest charges to inflation and real interest.

The Fisher relation specifies that the product of (1+r) and (1+p) equas 1+i. Therdationshipisthus
multiplicative and not additive and so any division between inflation and real interest is somewhat subjective
for any discrete time period. Specifically, part of the adjustment of a cost or return variable is due to rea
interest (r), part isdue to inflation (p), and part is due to the cross product term (pr). Any additive divison
of this cross product term is arbitrary. Rather than arbitrarily alocate this factor, the common practiceisto
explicitly atribute it to either the red interest or inflation component by sequentially making the adjustments.
An example helps make this clear. Consider an expense of $500 occurring six months before the end of the
year with anominal interest rate of 8% and ared rate of 3%. Using equation 2.15 and a nomina interest
rate of 8% gives a nomina interest cost of (500)(1.08)* - (500) = $19.615. The annual inflation rate
compatible with an 8% nomina rate and a 3% red rate is given by (.08-.03)/(1.03) = .04854 = 4.854%.
Consider making the inflation adjustment first. The inflation adjusted vaue of $500 for Sx monthsis given
by (500)(1.04854)" = $511.992. This gives an inflation cost of (500)(1.04854)* - 500 = $11.992. This
inflation-adjusted amount is then adjusted using the real interest rate. This will give an inflation- and real
interest-adjusted amount of 511.992(1.03)° = $519.615, which is exactly the same as obtained using the
nomina rate. The real interest component is then computed as thisinflation- and real inter est-adjusted
amount minus the inflation-adjusted amount. For the example this gives 519.615 - 511.992 = $7.623. The
total of the inflation costs (11.992) and the red interest costs (7.623) equals the total nominal interest cost of
$19.615. What isarbitrary isperforming theinflation adjustment first because thisimpliesthat thereal interest
is assessed on alarger value than the original unadjusted amount. An dternativeisto make the red interest
adjustment first. This gives ared interest-adjusted amount of 500(1.03)° - 500 = $507.445 or ared interest
cost of $7.445, whichislessthan before. Thisred interest-adjusted amount isthen adjusted using theinflation
rate and yields a total adjusted vaue of 507.445(1.04854)° = $519.615 or a total nomina interest cost of
$19.615. Theinflation adjustment is given by subtracting the real interest-adjusted value from the total or
519.615 - 507.445 = $12.17, which is larger than before because the inflation adjustment is applied to the
larger real interest-adjusted amount. Thetotal of theinflation ($12.17) and real interest ($7.445) cost isequal
to the total nominal cost ($19.615).
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Now consider the exampleinthefirst part of Table 2A.1 wherethe inflation adjustment is madefirst.
In the first step the actual charge is adjusted to the end of the year using the implied monthly inflation rete.
The adjustment factor is (1 +p)"*2. For example, theinflation-adjusted cost of fertilizer is(24.45)(1.0679)10/12
=$25.827. Thiscould also be computed using theimplied monthly rate and the formula (1 + p,)", which gives
(24.45)(1.005494)1° = $25.827. The inflation cost is then found by subtracting the initial unadjusted cost or

pc " actual cost (1 % p)¥*? & actual cost (2A.2)

where pc is the cost associated with inflation. For the example this gives $1.3771. Once dl costs are
adjusted to the end of the year using the implied inflation rate, the real interest cost can be obtained using the
formula

ric " inflation&adjusted cost (1 % r)"? & inflation&adjusted cost (2A.3)

wherericistherea interest cost and r is the real annual interest rate. For example, the real interest on the
fertilizer expense is given by (25.827)(1.03)1%*2 - 25.827 = .644. The total of the real interest costs and
inflation costsis .644 + 1.3771 = 2.021, which is the same as that computed using the direct nominal rate.
Thus the nominal interest can be divided into rea interest and inflation components using the suggested
procedure.

Now consider making the real interest adjustment first in the second portion of Table 2A.1. Inthe
first step the actual charge is adjusted to the end of the year using the implied monthly real interest rate. The
adjustment factor is (1 + r)M2. For example, the red interest-adjusted cost of fertilizer is (24.45)(1.03)10/12
=$25.06. Theredl interest cost is then found by subtracting the initia unadjusted cost or

ric " actual cost (1 % r)"*2 & actual cost (2A.4)

whereric is the cost associated with real interest. For the example this gives $0.6097. Once al costs are
adjusted to the end of the year using thered interest rate, the inflation cost can be obtained using the formula

pc " real interest&adjusted cost (1 % p)V? & real interest&adjusted cost  (2A.5)

where pc istheinflation cost and p isthe annua inflation rate. For example, theinflation cost on thefertilizer
expense is given by (25.06)(1.0679)1%12 - 25,06 = $1.411. The tota of the rea interest costs and inflation
costsis .6097 + 1.411 = $2.021, which is the same as that computed using the direct nominal rate and the
inflation first assumption. Clearly, thetwo assumptions|ead to dightly different allocations of redl interest and
inflation. The more common approach is to make the real interest rate adjustment first because with low
inflation, real interest is the more important issue; however, there is no compelling argument for doing so.
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The Task Forcerecommendsthat when decomposing nominal interest magnitudesinto
real interest and inflation components, one of the above procedures which compound
interest during the year and take explicit account of the interactions of interest rates
and inflation be used. Other procedures using proportional interest or ignoring the
interaction effects should be viewed as approximations only.*

“A difficulty with using the proportional methods of computing interest is that the decomposition is
inconsistent. This leads to problems because the Fisher formula (1+r)(1+p) = 1+i cannot hold at both an
annual and subperiod leve if therulefor determining monthly ratesisr,, = (n/12)( r) rather thanr,, = (1 +r)¥/*?
-1. To see this, multiply out the implied monthly Fisher relation. The only way to obtain consistency is to
alow the implied inflation rate to differ for each subperiod and not be computed using p,, = ("/12)(p) or p,,
=(1+ p)¥22-1,
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TABLE 2A.1 Inflation and Real Interest Division

Enterprise termination dateis 1 Dec.

Annual nominal and real interest rates are used to impute an annual inflation rate using the Fisher equation
Actual costs are adjusted to the end of the period using implied monthly inflation rates
Implied monthly real rates are applied to the inflation-adjusted costs

Annual nominal interest rateis 0.1 = 10%

Implied monthly rates are computed using the formulai ,, = (i + 1)"2- 1

Implied monthly nominal rate is 0.007974 = .7494%

Annua real interest rateis 0.030000 = 3%

Implied monthly red interest rate is 0.002466 = .2466%

Implied annual inflation rate is 0.067961 = 6.796%

Implied monthly inflation rate is 0.005494 = .5494%

Inflation-adjusted cost = (Actual cost) (1+p)"2

Real interest charge = (Adjusted cost)(1+r)"2 - (Adjusted cost)

A. Inflation and Real Interest Division with Inflation Adjustment First

Real Inflation
Interest- on
Item Time of Use Actual Month Adjusted Inflation Adjusted  Nominal
Cost s Used Cost Cost Cost Interest

Fertilizer 1Feb 24.45 10 25.8271 1.3771 0.644 2021
Cotton Seed 1Apr 17.28 8 18.0543 0.7743 0.359 1134
Insecticide 1l 20.00 5 20.5555 0.5555 0.255 .810
Insecticide 1Aug 20.00 4 20.4432 0.4432 0.202 .646
Insecticide 1Sep 20.00 3 20.3315 0.3315 0.151 482

Total 101.73 105.212 34815 1.6113 5.093

Inflation

Adjustment 3482

Redl

Interest 1611
Total Cost 106.823

2-74



Chapter 2. Conceptual Issuesin Cost and Return Estimates

Table 2A.1 (continued)
B. Inflation and Real Interest Division with Real Interest Adjustment First

Real Inflation
Interest- on

Timeof Use Actual Month Adjusted Real Interest Adjusted  Nominal
Item Cost s Used Cost Cost Cost Interest
Fertilizer 1Feb 24.45 10 25.060 6097 1411 2.021
Cotton Seed 1Apr 17.28 8 17.624 3439 0.790 1134
Insecticide 1 dul 20.00 5 20.248 2478 0.562 810
Insecticide 1Aug 20.00 4 20.198 .1980 0.448 .646
Insecticide 1Sep 20.00 3 20.148 .1483 0334 482

Total 101.73 103.278 1.5479 35450 5.093

Inflation

Adjustment 3545

Real

Interest 1547
Total 106.823
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APPENDIX 2B
Derivation of Annuity Formulas

Preparers of CAR estimates may prefer to represent the capital service cost of capital assets with
an annuity payment rather than the period-by-period costs for ownership, service reduction, and change in
price. This can be either a real annuity that has a constant real but changing nomina vaue or a nomina
annuity that is congtant in nominal dollars. The annuity formulas are derived here. Numerical examplesare
given in Chapter 2.

Present Value of a Return Stream

One can compute the present value of an infinite stream of payments using the present vaue
recursion given in Chapter 2, equation 2.18 where V,, is avalue at the end of the " period, V, isavaue a
the beginning of the first period, and R, is a payment at the end of the " period. Beginning with n =1 and
continuing to subgtitute for V,, we obtain

V, " %)V, & R,
V.
YV, " i % —
1%i 1%i
V.
Wi (%02 (1%i)? (2B.1)
V
ﬁ_ % i % b % R“ % —
i (1%i)2 (W%i)n (%)
¢ R
"S .
1 (1%i)"

Inasmilar way one can compute the value at the end of period n of a stream of payments beginning at the
end of period n+1 as

- Rn%l % Vn%l
n 1%i 1%i
16 (10)2
& R
1 (2%i)"
4
o1 (1%i )N
4
" (1%i)" S R
t"n%1 (:I_%i)t

(2B.2)
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The formulafor V, can then be written as the sum of R, over n time periods plus the resdua vaue for V,,
asfollows:

voeg Ny
0 . 2B.3
O 1 (%) (2%i)" (2B.3)

This can be rearranged to express the present value of the returns at the end of each of n time periodsas a
function of V,and V, as

g R "V, & V". (2B.4)
()t 0 (%) '

Notice that the left-hand side of 2B.4 is the present value of the payment stream discounted to the beginning
of thefirst period (end of period 0). Multiplying equation 2B.4 by (1+i) givesthe value of the payment stream
at the end of period 1 as

n R
S—t|= (%)

1% i
(L% -1 (1%i)!

Vv
e
(19%i)"
(2B.5)

Y S R_. (1% i)
t*1 (1%i)%L

Vv
Ve —o|.
(19%i)"

Calculation of an Annuity Payment Representing a Present Value

We can cdculate an annuity (a) with n equal payments at the end of each period having the same
value as the |eft-hand side of equation 2B.4. Specificaly, we find a uniform payment (a) to be received (or
dispersed) at the end of each period that has the same present value at time zero as the sum of the R, each

discounted to time zero. The annuity (a) isimplicitly defined by writing out this identity for S ( OR‘)t ,
71 (1%i
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a a %D%L'Rl%i%p%i

%

(1402 %) i (1%0)2 (2%i)"
n n R
Yyas—Li -s_T
C1 (%) 1 (%)
(2B.6)
g R
v q - UL (L)
n
a1
t*1 (1%i)"

The expression in the denominator of 2B.6 isageometric seriesthat can be smplified. Let this denominator
be denoted by US,(i,n) meaning a uniform series having interest rate i and n periods.
Specificaly, let US,(i,n) be defined as

, 1 1
us(@n " — % % P %
% ( %I (2%i)? (1%i)"
- (2B.7)
TS —.
t*1 (1%i)!

Now multiply US(i,n) by 1/(1+i) and then subtract from US,(i,n) as follows.
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Lo I wpu—L |e|lLouw—L_wpu
o (1%)2 (1%0)" (62 (10)° (106i) L

-l 1
%0 (29i)™
“q1g_ 1
(1%i)"

US(i ,n)&[%]uso(i n -

i

* (1%i)US,(in) &USin)

_ . 1
Y iuUS(in "1& (2B.8)
i US(in) Ty

16 1
Y US(in) (L06)

Thus by sequentialy subgtituting 2B.8 into 2B.7 and then into 2B.6 we abtain

R
1 (2%i)!
1

t=1 (2%i)t

s>

a-

=}

(2B.9)

]

R

. e ()
18 1
(11"
i

Equation 2B.9 gives an annuity payable at the end of each period that has the same discounted value at the
beginning of the time frame asthe actual payments over the n period time horizon. 1f we then substitute 2B.4
for the numerator in 2B.9 we obtain
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\Y/

V, & —10
qhom = \ (1%|)n< .
18 1 (2B.10)
(1%i)"
b

If al values are expressed in real terms, then area annuity with equivalent present value to 2B.10
isgiven by

\Y
V, & —=
ar * (W)

L L (2B.11)
(1%r)"
—

whereV, and V,, are expressed in real dollars. Thisisthe annuity payment in real termsin the base period.
To find the nomina payment that is to be made in other periods, this amount is adjusted by the inflation rate.
Specificdly, the nomina payment in the j*" period from the baseis a " a'(1% p)iwherep istheconstant
rate of inflation per period.

The nominal first year payment of this increasing stream is also the payment that would be obtained
if one were to assume that inflation occurs only during the first year and no inflation occurs thereafter. To

see this, recompute the present value recursion using a nomina interest rate for the first year and a rea
interest rate for subsequent years.
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AV (l%i)Vo & R
V.
Y V0 - ﬁ % —L
1%i 1%i
Vv, * (1%r)V1 & R,
V.
‘AN & 0 —2
1%r 1%r

V.
YV'Rl% R, % 2

O T (IY(I%r) (1% (1%r) (2B.12)
Y,
Ry R oy Ry n
6 (L) (L%r) (L60) (1% (19%0)(1%r)™ed
1 N R \Y
- — S t % n
6 -1 (6r)&L  (10i)(1%r)"ed
4+ R
w 1 S t

% 1 (2er)yel

We can rearrange the next to last expression in 2B.12 to give the present value of the payment stream at the
beginning of the time horizon assuming inflation in only the first period:

1 2 R \
s Vol
6 1 (1%r)&d (19%i) (2%r)"

n R . Vv,
Y S " (W)V, & .
1 (1%r)ed (19%r)ne

(2B.13)

An annuity with n equal payments at the end of each period that has the same present value as the left-hand
side of 2B.13 is computed from
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R m m m
_1_%_L% %L.a__%.a_% 0
oi  (2%i)(2%r) (2%i)(1%r)"&t 2% (1%i)(2%r) (1% )(1%r )&
n n
vam () s—L - L)s B
1%i° =1 (1%r)t&1 1%i° =1 (1%r)t&1
n Rt
S t&1
m « t"1 (1%r)
Ya #
S
t"1 (l%r)t&l
(2B.14)
s D
. t 1 (1%r)t&1

A |
(1%r) S ——
t*1 (1%r)t
n
S Rt
.t (1%r)

(2%r) US(r,n)

where the superscript m on “a’ denotes a mixed annuity that will be the same for al periods assuming
inflationin thefirst year and none thereafter. 1f we substitute the expression for US,(r,n) into 2B.14 and then
substitute 2B.13 for the numerator in 2B.14 we obtain
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R
"1 (1%r)'&

s
1
(1%r) [ (“’r)n]

W)V, & [

(1%r)“&1]

18 L
(2%r)"

Y

(2%r)

(1%0) \, & Vi
(l%r) (2%r)"
[ 1g 1 ] (2B.15)

(1%r)"
r

v,
(%p)V, & ——
. (1%r)"

1& 1
(1%r)"

%p)V, & —————
. °p)[ ° (1%p)(1%r)“l_

18 —+
(1%r)"

r

This then is a constant annuity payable at the end of each period that has the same present value as areturn
stream having inflation in the first year and no inflation thereafter discounted to the present. It iseasy to see
that this is the same as the real annuity given in equation 2B.11 multiplied by (1+p) because V,, in equation
2B.15 (where there is one year of inflation) will be the same asV, in equation 2B.11 multiplied by (1+p).

General Annuities

Annuities can also be developed for subperiods of time and for aternative compounding scenarios.
For example, we might choose to create an annuity making payments every six months to represent the
present value of an income stream with payments at the end of each year. Alternatively, we may want to
create a fractiona annuity that makes one payment a year for 5 years and makes a final payment at 5 %2
years. Thistype of annuity may be useful for income or cost streams associated with assets that are sold or
traded at noninteger time intervals.
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The easiest way to compute such annuities is to use the fractional period interest formulas given in

equations 2.12 and 2.13. We can always find a fractional (including improper fractions) interest rate such
that the following generalization of 2.12 is appropriate:

(L% )P (1%i)

9
Y 1%, " (1%i)P (2B.16)

el
Yot (1%i)P & 1

where p is the number of timesthat i, is compounded in g yearsand it is assumed that i is the annua nomina
interest rate. For example, if p =12 and q = 1 we get equation 2.12.

Now consider an annuity that is paid at the end of each period with afinal payment at somefraction

of aperiod. Let n beanoninteger with int(n) representing the integer part of n and frac(n) the fractiona part
where n = int(n) + frac(n). Now assume a payment stream with present value at time zero of V,. The
annuity is defined implicitly by

& y_3 opoy a4 8 .y
(%) (1%i)2 %) " (O (2B.17)

where“as’ isapayment made at the termination point. The general formulafor an annuity in equation 2B.9
implies that

a” Vo . Vo "V, [ &]'Vo i(1% i) .
" 1& (1% i) [ %) & 1]
s_L 18 1L (1%1) (%) (2B.18)
1 (19%0)° (%)

Now write out equation 2B.17 substituting for the summation from 2B.9 as follows:

int(n)
a SL% as .

e %) (1%i)

Y a

1& (1%i)&i“t<“)} 58S vy (2B.19)

i (2%i)"

% as
(1%i)"

(1% i)ymm g 1
i (l % i)int(n)

Y a "V,
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We can then solve 2B.19 for the fractional payment (as) as follows:

A

1 & (1%i)&intm y _as
[ (1%i )"

Y as " (1%i)"V, & (1%i)" a

1& (1%i)&‘m<“)l
i

(1%i)" & (1% i)ffa°<”>]

" %)V, & a[ _
|

T %)V, &V, \(l%l)n & (1%|)fra6(n)]
° 1& (1 W ) .

(L& (L% )*) (1% i)" & (1%i)" % (1 % i)rac
18& (1% i)

" Vo (2B.20)

VA

(L0 i) & 1 & (1) %(L % i)f'ac(n)]
_ 18& (1% iy

[ (@0 iyrae g 1

18 @iy l

% i frac(n) &
ivll&(l‘yl)&”l[(l/ ) 1

- a [(1%i)rae™ & 1]
S—

Y as

We can verify that this definition of the partial payment (as) iscorrect by substituting from 2B.20 into 2B.19
asfollows:

a (1% i)frac(n)&]_]
Y

int(n) 1 [ i
a S — % -
1 (1%i)t (1%i)"

0
(2B.21)

Y a

1& (W)mo | a((1%i)eng ) |
[ i (1%i)"

Now use 2B.18 to define V,, as follows:
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- |
"‘Tre@wi]
18 (1% i)&”]
=820

(2B.22)
YV, " a[

Then set 2B.21 and 2B.22 equal to each other and show that the left-hand side equal s the right-hand side:

18& (1%i)&i”‘(“)‘ % a((wi)remg1) a( 18& (1%i)&“]

a
i i(1%i)" i
R (10_/oi)&im(n>l " ((i)raeme1) | [ 18& (_1%i)&"
i i(1%i )" i

(2B.23)

v | @%i) & (2% i) (19%i) Mg 1| [ 1& (1%i)*
i (1%i)" [

o [aniyea) . [ 18 v | . [ awiy & 1
| (%) i i (1%i) )

I /

We can dso find the fractional payment (as) using the equation 2B.16 and the definition of an annuity. First
rewrite 2B.16 with p * L and q =1 asfollows

frac(n)

1
(1% i) e = (1%i)

Y 1% i " (L1%i) e (2B.24)

Y i, T (A%i) e g 1

times per period is equivalent to theinterest rate

wherei; is the interest rate that when compounded L
frac(n)

i compounded once per period. Now write the equation for V, (equation 2B.22) for two different annuities
covering one period.

&1

v, - a[ 18& (1 % i)&l) - s 1& (l% if)frac(n) - (2B.25)
| |

f
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If we substitute the expressionsin 2B.21 into 2B.22 we obtain

&1
on &1 1& (1% i frac(n)
a(l&(l_/ou)).as (_of)
| |

f

(1%i)frac(n) &1
Y E - as
| (1%i)frac(n) &1

] [ 1&(1%i)&1]
as
(2B.26)

a [ (1%i)frac(n) & 1j|
[

which is the same as 2B.20.
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APPENDI X 2C
Using Annuitiesto Represent the Costs of a Capital Asset: Example

As discussed in the body of Chapter 2, it is often useful to represent the variable cost stream
associated with a capital asset over itslifetime using a constant annuity payment. Theideaisto compute the
net present value of all CARs associated with ownership and use of the asset and then construct an annual
end-of-period annuity having the same present value. The examplein the chapter considered costs associated
with economic depreciation (service reduction and price changes) and opportunity interest cost but ignored
maintenance, service enhancement, and other time costs. This is a common practice because the present
vaue of economic depreciation and opportunity interest can be computed using the formula
[ Vv, & ﬁ] where V isinitid vdueand V , isthe value at the end of n periods without having to consider

1%i)"
the year-by-year cost/return flows. Economic depreciation (ED) in year t is given by the sum of service
reduction and price change costs and is equal to V,; - V,. Opportunity interest cost (OC) in year t is given
by (i)(V..,). If we discount these terms back to the beginning of period 1 and then sum them for the n years
we obtain
V, & Vl.% ivo%vl &V, % iV, " b Vigr & V, % iV,

(1%1) (1%i)? (1%i)"

. v0(1%i) 2 vl_ " V, (1%i) g A ” V, (L%i) 2 Vs, ”
(2%i)  (A%i)  @%i)® (%> @%i)° (%)
Vn&l % Vn&l(l%i) & Vn
(A% (1% (%)

- V & Vn
O (amiy

where NPC(ED+OC), is the net present value of ED and opportunity cost at the end of period zero.

NPC(ED %OC), "

(2C.1)

When other costs such as maintenance or service enhancement are considered, a year-by-year

accounting is required to find the net present value. For an asset that is held n years, the net present value
at the end of period O for the cost stream is given by

Nee, [ voe ] g s &
b S —— 2C.2
° 7 @iy ) o (1%i) (2€.2)

where NPG, is the present value of costs at the beginning of period 1, V, isthe initial purchase cog, V, is
the salvage value at the end of the " year, C, is expenses such as maintenance and taxes associated with
the asset in period t, and i isthe nominal interest rate. 1t is assumed that al costsin period t occur at the end
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of the period. These costs can be converted to an annual nominal annuity with n payments, one at the end
of each year, by dividing equation 2C.2 by US(i,n) asfollows:

V, n G
Vo & —| % s ——
(2%i)" =0 (1%i)t

US,(i, n)

-
a nom

Y " C (2C.3)
e )22
. (2%i)" =0 (1%i)t

161
(10%0)"
i

A real annuity could be constructed in a similar manner.

Consider now an example similar to the onein the body of Chapter 2 where atractor with 1,500 hours
of useful life is purchased at the beginning of the first period for $30,000 or $20.00 per hour of potential
service. Thetractor is assumed to be used for 250 hours each year. Based on this purchase price and 250
annua hours of use, the rea value of maintenance at the end of each year is assumed to follow the pattern
in Table 2C.1. This maintenance cost will be larger with inflation. This pattern assumes that a tractor with
fewer remaining hours of service will have higher maintenance costs. For purposes of this example, assume
that the maintenance will take place at midyear rather than at the end of the year so that interest will accrue
during the year at a rate of (1+i)®. The property tax rate is assumed to be 1% of market value at the
beginning of the period, but paid at the end of the period. The producer is planning on some magjor service
enhancement at the end of the third period to restore 250 hours worth of service potential. Maintenance will
change after the service enhancement because the tractor will now have alonger service life. Specificaly,
the real value of maintenance in period 4 will be the same asin period 3.
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TABLE 2C.1 Data on Purchase, Use, and Sale of Tractor

Item

Initid service capacity (hours) 1,500.00
Real price of 1 hour of service $20.00
potentia in period 1

Initial purchase price (V) $30,000.00
Use per year (hours) 250.00
Service enhancement at end of 250.00
period 3 (hours)

Property tax rate 01
Real interest rate 04
Inflation rate .05
Implied nomind interest rate 092

Real value of maintenance performed at end of period t based on cumulative hours
of use and list pricein current dollars

Y ear Maintenance Cost Cumulative Use Inflated List Price
1 $75.00 250 31,500
2 $225.00 500 33,075
3 $375.00 750 34,728.75
4 $525.00 1,000 36,465.108
5 $675.00 1,250 38,288.447

Table 2C.2 issmilar to Table 2.12 in Chapter 2 and documents the costs for this tractor for each of
the five years, the present value of these costs, and the equivalent annual nomina and real annuities.
Consider the first year. Based on a purchase price of $30,000, the opportunity cost is given by
($30,000)(.092) = $2,760. The declinein service capacity of 250 hours valued at beginning-of-year prices
of 20 dollars per hour gives a cost of (250)($20) = $5,000. The end of the year service capacity is 1,250
hours. With 5% inflation, the price of aunit of service a the end of the period is21 dollars. The price change
cost is then [($20-$21)(1,250)] = -$1,250. The sum of service reduction and price change costs is equal to
economic depreciation and given by ($5,000 - $1,250) = $3,750. The value of the tractor at the end of the
year is ($21)(1,250) = $26,250. Economic depreciation can also be computed as V, - V,, which gives
($30,000 - $26,250) = $3,750 as before. With 5% inflation the real end-of-period value of the maintenance
must be adjusted upwardsto $78.75 [($75)(1.05)]. Becausethe producer isincurring thisexpense at midyear
rather than at the end, we must account for the earlier commitment of funds. The end-of-period cost isthen
($78.75)(1.092)° = $82.29. With property taxes of $300, total costs for the period are $6,892.29
($2,760+5,000-$1,250+%$32.29+$300).

Computations for the second year are similar to thefirst. For example, service reduction is given by

($21)(250) = $5,250. Given 5% inflation, maintenance costs paid at the end of period 2 would have value
($225)(1.05)2 = $248.06. Given that they must be paid at midyear, the cost is ($248.06)(1.092) ° = $259.22.
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Opportunity costs of $2,415 can be divided into inflation costs of $1,312.50 [($26,250)(.05)] and red interest
costs of $1,102.5 [(1.05)($26,250)(.04)]. The property tax is computed as 1% of $26,250 or $262.5.

The third year issomewhat different because service enhancement takes place. The price of an hour
of service at the end of thethird year is$23.1525 [($20)(1.05)%]. The cost of restoring 250 hours of service
at the end of the year is assumed to be (250)($23.1525) = $5,788.125. This enhancement will restore the
tractors service life to 1,000 hours. Maintenance paid at year's end would be ($375)(1.05)° = $434.11 and
with interest for one-half year is ($434.11)(1.092)° = $453.64. There is no charge for service reduction
because the beginning and end-of-year service capacities are the same after the service enhancement.
Specificaly, the tractor has 1,000 hours of service at the beginning and end of the year which at beginning
and ending prices of $22.05 and $23.1525 give values of $22,050 and $23,152.5. Notice that the value of the
tractor at the end of the year is just the vaue at the beginning adjusted for inflation [$23,152.5 =
(1.05)($22,050)]. Property taxes are ($22,050)(.01) = $220.50. Tota costs for the year are $7,388.36.

Computations for the fourth and fifth years are similar. Maintenance in the fourth year is just the
maintenance value for the third year ($434.109) adjusted for aninflation rate of 5% because the tractor has
the sameremaining servicelifefor both years. Specificaly, $453.6391 = ($434.109)(1.05). Thepresent value
of dl the annua costs a the beginning of period 1 (end of period 0) is given by discounting each to the
beginning of period 1 using the nominal interest rate of 9.2%. This discounted sum is $28,597.151. Thiscan
be converted to a nomina annuity by dividing it by US,(9.2, 5) or to areal annuity using US,(4.0, 5). The
nomina annuity is $7,390.304 and the real annuity is $6,423.6955. This real annuity would be multiplied by
the (1+p) to adjust for inflation in the first period. The inflation-adjusted annuity is then (6,423.69)(1.05) =
$6,744.8803.
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TABLE 2C.2 Annuities and Multiperiod Costs Including Service Enhancement, Maintenance, and Taxes

Annual real interest 0.04 Year  Inflation Nomina i Service Nominal Annuity including Maintenance  7,390.304
Rate Enhancement (hrs)
Origind life of asset 1,500 1 0.05 0.092 0 Real Annuity incl Maintenance 6,423.695
Salvage life 250 2 0.05 0.092 0 Nominal Annuity for Maintenance
(assuming no enhancement) $368.78
Lifein years 5 3 0.05 0.092 250 Real Annuity for Maintenance $320.55
Annual depreciation 250 4 0.05 0.092 0
Initial price 20 5 0.05 0.092 0
Property tax rate 0.01
Total Use Total Use
Beg. Beg. Actua Direct Opp. Before After End End End
Year Item Price  Quantity  Vaue Cost Cost  Inflation Interest Enhanced Enhanced Price Quantity  Vdue Cost
1 Investment 20 1,500 30,000 0 2,760 1,500 1,260 250 250 21 1250 26,250 2,760
Service enhancement 0
Service reduction 5,000
Maintenance 7875 7875 3.542808 1.94474 1.5981 82.29281
Price change -1,250
Property taxes 300
Total 6,892.293
Constant nominal annuity 7,390.304
Infla. adj. real annuity 6,744.88
2 Investment 21 1,250 26,250 0 2,415 1,3125 1,1025 500 500 22.05 1,000 22,050 2,415
Service enhancement 0
Service reduction 5,250
Maintenance 248.0625 248.06 11.15985 6.12592 5.0339 259.2223
Price change -1,050
Property taxes 262.5
Total 7,136.722
Constant nominal annuity 7,390.304
Infla. adj. rea annuity 7,082.124



TABLE 2C.2 (continued)

Item Total Use Total Use
Beg. Beg. Actua Direct Opp. Before After End End End
Price  Quantity Vaue Cost Cost Inflation Interest Enhanced Enhanced Price Quantity Vaue Cost

3 Investment 2205 1,000 22,050 0 20286 11025 926.1 750 500 23.15 1,000 23,1525 2,028.6
Service enhancement 5,788.125
Service reduction 0
Maintenance 43410938 434.11 19.52973 10.7204 8.8094 453.6391
Price change -1,102.5
Property taxes 220.5
Total 7,388.364
Constant nominal annuity 7,390.304
Infla. adj. real annuity 7,436.231

4 Investment 231525 1,000 23,1525 0 2,130.03 1,157.63 97241 750 750 2431 750 18,232.59 2,130.03
Service enhancement 0
Service reduction 5,788.125
Maintenance 455.81484 455.81 20.50622 11.2564 9.2498 476.3211
Price change -868.219
Property taxes 231.525
Total 7,757.782
Constant nominal annuity 7,390.304
Infla. adj. real annuity 7,808.042

5 Investment 24.3101 750 18,232.594 0 16,77.399 911.63 765.77 1,000 1,000 2553 500 12,762.82 1,677.399
Service enhancement 0
Service reduction 6,077.531
Maintenance 670.04782 670.05 30.14414 165469 13.597 700.192
Price change -607.753
Property taxes 182.3259
Total 8,029.695
Constant nominal annuity 7,390.304

Infla. adj. real annuity 8,198.444



TABLE 2C.2 (continued)

Vdue Cost

US Red 4.4518223

US Nominal 3.8695501

P.V. of total annual costs 31,228.09
(end of period 1)

P.V. of total annual costs 28,597.15
(beg. of per. 1)

P.V. of nomina annuity 31,228.09
(beg. of 1)

P.V. of inflation adjusted-real 31,228.09
annuity (beg. of 1)

P.V. of maintenance 1,558.297
(end of period 1)

P.V. of maintenance 1,427.012
(beg. of period 1)

P.V. of nominal annuity less 29,801.08
mnt. (beg. of 1)

P.V. of inflation adjusted- 29,801.08

real annuity lessmnt. (beg.
of 1)




