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ECONOMIC DEPRECIATION OF THE U.S. CAPITAL STOCK: A FIRST STEP

S

T. INTRODUCTION AND SUMMARY: CONTRACT ROLE ARD OBJECTIVES

A, The Role of this Report in OTA's Research Plan

This paper consists of the second phase of a three~phase research contract

let by the Office of Tax Analysig (0TA). OTA, within the office ot the Secre-
tary of the Treasury, let this contract for two central purposc.: fl.:z:, to
provide & publiely defenisible set of initlal estimates of the actual rates

of econ;mic depreciation of the major assets which comprise the U.S5. capital
stock. As was made clear in the contract statement, and which will be reem-
phasized below, many of the estimates which will be provided il this report
are based more on Judgnment than on analysis. However, two major analytic
contributions, which will provide the foundations for future analysis, are
contained in this report: first, we provide a detalled methodology for
estimating economic depreciation from-data on used asset prices. Seﬁond,

ve implement this methodology for a number of specific assets which represent
a rather large proportion of the total stock, so that a definite starting point
is provided for subsequent measurement efforts.

This contract also makes progress toward an;ther major advancement for the
Office of Tax Analysis. For many years, OTA has analyzed tax laws an& pro-
posals on a nearly case by case basis., While utilizing a data-tax-model,

OTA has not had available to it a single major analytic model from which it

could draw definitive quantitative conclusions. However, under the leadership



of Twil Sunley, David Beedinyd, Bavvey Galper, Garr Robbins npd othern at
OTA, this situation began to change in 1976 and 1977. it became evident to
these analysts that policy recommendations from the govermment should be
based upon a coherent analytic model of the tax system so that the proposals
presented and evaluations undertaken over a wide range of topics and over

a long period of time would be internally consistent with one another. The
conviction that such a coherent and comsistent framework could be built was
timely indeed for a mumber of major research breakthroughs provided }just

the model needed to meet this OTA objective. Two major strains of research
were brought together in the late 1970's to provide OTA with the analytic
end quantitative material necessary to develop this model. The first
strain was launched by Arnold C. Harberger in {1962). Harberger developed
a model in which one could determine the incidence of a curporatetincome

tax imposed on one industry in an economy containing two industry groups.
Herbert Scarf in (1969) then developed a converging computer algorithm for
quantitatively measuring the set of general equilibrium prices for an
economy with, at least conceptually, any number of industries based upon
their supply and demand schedules. Applying Harberger's tax incidence
zrz3-zis to Scarf's computer algorithm ope could obtain quantitatf;e measures
of the impact by industry of a change in the tax code. While such analysis
is still to some extent in its infancy, several of Scarf's students, espe—
cially John Shoven and John Whalley, have actually developed a general
equilibrium model with the Scarf computer algorithm for a large set of
industries and for a variety of types of taxes. A number of écholars have
since been working on this type of computer algorithm in order to evaluate
taxes. However, a major difficulty with these models from a practical peint

of view has been the poor data base available for the analysis. It is



tate seoond problae €5 vhlch the cacond setrala of wesaardh dn Uecens
years has been addressed.

This second body of research began with the famoug studies in the
early 1960's by Dale Jorgenson. Jorgenson was one of the first economists
to fully appreciate the ability of economics to integrate its conceptual
ideas with the powerful data base provided by the U.S. government.
Jorgenson, with a number of collaborators, provided empirical estimates of
U.5. investment demand for a number of industries. Jorgenson showed that
one could provide reliable estimates of investment requirements using
actual data on U.S. capital goods prices and quantities when émploying a
neoclassical capital demand framework. Central to Jorgemsomn's approach to
%Evestment was the notion that neoclassical economics provided:'the analytic
basis for investment demand. Three major components to Jorgenson's
investment model are essential: (1) a flexible accelerator represents the
demand for investment, (2) an aggregate production function represents the
underlying demand for capital and (3) a user-cost-of-capital measure
Tepresents the price of capital goods. Throughout the 1960's and 1970's
Tew~-==an and his collaborators comsistently improved their measures of
the gvanrities and prices of capital goods. -

Nevertheless, the central problem in Jorgenson's work, from a
mencurement point of view, continued to be the difficulty of measuring the
mantity of capital in place. Jorgenson was one the first economists to
appreciate the importance of maintaining an internally consistent depreciation
model. In an important summary work, "The Economic Theory of Replacement
and Depreciation,” in (1973) Jorgenson applied this concept of internal
consistency to show that it is necessary in a coherent model to utilize
2 method of depreciation which is consistent with the method one uses for

the replacement of capital.



Recegnizing the value nf providing 2 data base which is as coherent and con~
sistent as the theoretical model {itself, OTA turned to Jorgenson to provide
for the quantitative basis with sufficient quality to provide theadvanced con~
ceptual framework and computer algorithm being used bf Shoven.

Employing the concepts developed by Hall in (1968) and by Jorgenson in
his earlier investment studies, Wykoff in (1970) developed & user-
cost based stufly of capital depreciation. Wykoff employed the theory of
depreciation and replacement to actual empirical estimates of the depreciatio
of automobiles in the United States. Later, under the auspices of OTA,
Charles Hulten and Frank Wykoff in (1975) and in (£;77) extended the methodo~-
logy developed by Jorgenson, Hall and Wykoff and applied this new methodology
to the study of economic depreciation of commercial and industrial structures
It became evident to OTA at this time that Hulten and Wykoff could provide

. _
estimates of economic depreciation which could be used, in cturn, by Jorgensoun

e
to develop measures of capital and investment flows by industry. This would
provide the kind of measurement base needed by Shoven so that OTA could imple
ment his model.

Thus, in 1975 and 1976 OTA began to develop a model which brought to-
gether these two major branches of research. The ultimate cbjeéfiva will be
a computer algorithm, based upon actual estimates of the U.S. capital stock,
for evaluating various types of business taxes and for estimating the impacts
by industry of various proposals to change the tax laws. With this capabilit
OTA will have an intarnally consistent conceptual model with the highest qua-
livy dat; base available. Furthermore, OTA will be able to c;ntinually up-
grade both the data base and the conceptual framework as new breakthroughs

are made in the economics profession. In other words, with the culmination

of this major research effort on rhe part of OTA, it will have developed both



‘@ medel for analyzing all major tax questions and a foundation for building
ﬁ;s wegeaveh cepablliivy inte vhe fcresesable futuna.

We turn now to a discussion of the specific contributions of this report
to the requirements of OTA. It will be recalled that this project addresses
geveral specific tax issues in its own right which are quite Important in
'light of some of the major controversies concerning today's téx code.

The accurate definition and measurement of the tax base Is an impor-
tant consideration in the administration of any tax. Distartieone in the base
of a tax can lead to violations of the standard canons of equity and efficiency,
and to popular dissatisfaction with the tax. Unfortumatr?: —--* ¢-v Taecar
present some difficulty in this direction, but few present more problems than
the taxation of income from capital.

The difficulty in defining the base of the tax on capital Income lies
primarily in the distinction between accrual and realization. Mapy components
of capital income~—capital gains, depreciation, inventory revaluation--accrue
during a tax period but are not realized in any market transaction. Conse-
quently, no direct test of the size on these accruals is available, and in-
direct methods are required. In this study we focus on one particularly
trovhlecome component of capital income--economic depreciation.

Economlc depreciation is the amount of money which must be r;placed
Iin order to keep the original capital investment intact. It arises from the
fact that some forms of capital--notably plant and equipment—are used up or

. become obsolete in the course of generating income. The Federal Income Tax
'Code-has, since its inception in 1913, recognized the principle of éllowing
:8 deduction for depreciation of capital assets. Major difficulties have,
'howevar, arisen In the attempt to implement this principle. Many approaches
.have been tried and rejected, and the recent collapse of the Asset Depreciation

‘Range vintage Teporting system signals yet anothér period of controversy over



deprociation procedures.  Yhis controversy iz Alkely wo Canter on the lasue

of whether the Treasury‘and Congress should continue in their attempt to base
depreciation allowances on actual taxpayer experience, somehow measured, or
whether the Treasury should recognize the near impossibility of measuring
this component of economic income and provide more or less arhitrary, but
administratively feasible, guidelines for depreciation allowances.

The revaluation of assets for depreciation purposes is another contro-
versial area of tax reform. See fAaron (1976). The tax code currently allows
depreciation deductions to be based on the original cost of an asset. The
inflation of recent years has, however, caused the prices of new and used
capital assets to Increase. Rising asset prices lead to rising replacement

costs which should be taken into account when defining taxable income.

o B. Primary Objectives of this Report

Recognizing the above policy pfoblems and planning its new analytic
tax model, OTA declded to determine the feasibllity of developing empirical
depreciation estimates for a variety of asset classes with special emphasis
on producer durable equipment. The Contract Work Statement clearly states

woae us wue Li¥st objectives of this study:

Employing the multiple asset model of economic depreciation and
the econometric models of estimation outlined (in the Work
Statement) above, average relative productive efficienclies and
average economic depreciation rates for the various classes

of assets will be estimated within several broad asset cate-
gories: (A) Machine Tools, (B) Vehicles, (C) Heavy Duty
Construction Equipment, and (D) possibly additionsl asset
classes specified in Tables 2 and 3 (of the Wo:k‘Statemeut).

The firsgt purpose of this report, then, is to measure the actual de-
preciation and revaluation of some, but by no means all, types of plant and
:-éﬁuipment. Our approach is based on the analysis of the market prices

. of uged capital goods. The observed market prices of used (or "vintage")
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capital should decline in value as it ages preclsely because the capiral asset
is used up iﬁ production or because iﬁ becomes obsolete. Ly maasuriﬁg and
correctly interpreting the vintage price effects, insight can be obtained
about the reasonableness of depreciation policy. The use of vintagg prices
as a means of assessing depreciation policy is hardly new, but this approach
has only slowly been gaining widespread acceptance among economists because
of the long held view that used asset markets do not exist for most assets,
and that the markets that do exist are too thin to provide meaningful data.
(A discussion of existing studies appears in the Phase I report.) There
has been, furthermore, skepticism about whether assets which do appear in
used good markets are representative of these which never enter the market
place.

In Phase I of this contract we confronted these arguments and teached‘
the following conclusion: The market data for used capital a?a considerably
richer than the conventional wisdom suggests. Used buildings, autos, trucks,
machine toonls, office equipment, electrical equipment, and construction equip-
ment are all transacted in reasonably active resale markets. While this list
hardly encompasses all fixed capital assets, it does account for a surpri-
éingly large fraction of total fixed investment. Equipment catfgories for
which we have found vintage price data account for 557 of 1977 investment
expenditures in producer durable equipment, and structure categories for which

data exists account for 422 of 1977 investment expenditures for nonresidential
$tructures,

Sécondly, we argued that while some vintage prices may be biased dowm~
ward, the direction nf';he bias favors the taxpayer at the expense of the
Treasury. This is not necessarily inappropriate, since recent tax
pPractice generally requires that the Treasury not disturb depreciation
_tlaims without good reason, and any bias in favor of the taxpayer provides

-8 margin of error for the Treasury.



Having cnncluded from our Phasze T Reporn that vintage asset rricss ars

8 meaningful source of information, we now, in this report consider the econo—
metric problem of obtalning estimates of the deprecia;ion process and of con-
verting these estimates into estimates of the relative productive efficiencles
of specific assets. In the conceptual sections of this Teport we discuss
difficulties associ;ted with inflation, asset retirement, obsolescence and the
endogeneity of depreciation. Several explicit econcometric models are outlined
and discussed in some detail. A new econometric model is also developed in
this conceptual section. These models are than applied to thirty specific
asset groups. These thirty types of assets represent seven classes of pro-
ducer durable equipment, two classes of private nonresidential structures and
one clasg of consumer durable zssets. These ten asset categories contain
>

nearly 507 of the entire stock of fixed capital im the United States. The
econometric addendum of this Phase 1T Report contains in extensive detail

tﬂe analysis of these thirty specific assets organized by the relevant asset
classes (needed by Jorgenson and Shoven). This eFonmmetric addendum, con~-
sisting of some 1200 pages, thus represents an attempt to provide a

defensible set of estimates of the depreciation process for the entire

-
stock of U.S. capital assets, which embodies information obtained from

the market for these assets.

One major result of policy significance that follows from this

analysis is that the pattern of economic depreciation of machinery and

equipment appears to be accelerated relative to the straight line pattern.
" This result suggests that accelerated forms of depreciat;ou such as those
. now allowed in the U.S. Tax Code--declining balance and sum of years digits—
;:are warrented. We also found in an earlier study undertaken for 0TA, TOS~
. 74=27, that accelerated forms of depreciation are warrented for structures
5533 well. However, it appears that the available tax deductions permitted

;;9§_bqth private nonresidential structures and producer durable equipment

HEY wall howve hoom mircmTea mamasmass clesmm aavd matmm of 2087 csd e
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z sueond ceatyal purpose of this veport de alsu clearly suaunolated
in the Work Statement of the contract.

For asset classes in which data is ingufficient for full

econometric estimation, other methods, with supporting jus-

tification, will be employed for making the required esti-

mates. ... In cases where data is insufficient, the best

professional judgment will be used for making the required

~ estimates of depreciation.

While we feel that the data we have 1is reasonably useful for 6 producer
durable equipment classes (hereafter referred to as PDE) and 2 private non-
residential structure classes {PNS) and 2 consumer durables classes (CD),
we have only partial information on 2 PDE classes, 2 PNS classes and 2 CD
classes, Furthermore, we have no actual data on the remalining asset cate-
gorles--namely 14 PDE classes and 9 PNS classes and 5 CD classes. In terms
of the volume of capital represented we have reasonably pgood estimates re-
presenting approximatély 47% of the U.S. capital stock and only partial in-
formation for the remaining 53% 6§-th@ stock. Consequently, the second pur-
pose of this report will be to convert the detailed estimates we have for
specific assets into depreciation estimates and productive efficiency esti-
mates for the 22 PDE classes and the 10 PNS classes. As indicated in the
Work Statement and again in the Phase I Report of this contract, tgg depre-~
viaravn tawes and efficlency estimates for the asset classes for which we did
not have detailed data are based upon judgment. Perhaps the next step in
~Continuing study of the depreciation problem should be to try to provide
_5oth a8 methodology and some actual estimates of depreciation for those classes
. Dot covered in detail by this study.
| In sddition to the two objec;ives outlined above for this report,
- hamely the detailed study of specific assets and the extension to estimates
 for the major PDE and PNS classes, verbal requests on the part of Treasury

;?fficials indicated a desire to also obtain estimates for consumer durable

3;338Ets. This problem is somewhat more difficult than the earlier two problems



hﬁcanse while the Traasury hae long hed zome busis for estimatiing ﬁe;yécia:ism
on PDE and PNS classes which are taxed, no factual basis whatever exists for
providing estimates for consumer durables (nor for non-taxable PNS assets).
Nevertheless, we shall provide some judgmental estimateé on both the non-

~ taxed PNS assets and the 7 consumer durable asset categories.

The contract Work Statement contains two convenlent summary comments
which clarify the purpose of thie report. First, from page 20 of the Work
Statement, "The econometric methods to be used are discussed in detail in
The Economic Depreciation of Non-Residential Structures, by Hulten and Wykoff."

-

This paper was reproduced for the Treasury as a part of the Phase I Report

of this contract. Consequently, we shall only briefly summarize the general
econometric methodology to be used here. The major exception is that we shall
discuss in detail a new méthod we have developed for dealing with asset retire-
meﬁts. Finally,.the overail statement of objectives for this Phase II Report,
as contained in the Work Statement, is:
Construction of economlec depreclation and efficiency function
estimates For (A) Machine Tools, (B) Vehicles, (C) Heavy Duty
Construction Equipment and (D) providing estimates based on the
best professional judgment for all other asset classes.
The outline of this PﬁaSe II Report will be as follows: this introdue-
...tory section contains two more parts. Part C contains a brief sumégry state-
f_ment of the Phase 1 Report of this contract. Part D of the introduction con-
; tains a summary and overview of the major results which follow from this
nghaBe II study. (This summary statement may be read by those who only wish

{“tﬁ obtain the basic results and a very brief overview of this report.) The

-Becond section of this Phase II Report titled "Econometric Analysis of Spe-
_cific PDE and CD Assets" contains three sections: Section A contains the
heory and methodology of the study. Section B fllustrates the major econo-

etric results which appear in greater detail in the Appendixz. And Section

10



O pmaparizes the ofliloiensy Digures Jor such nssel ﬁtuﬂiué A devadl us weil
as the depreciation rate estimates which provide the bésis for the final set
of depreciation-and efficiency measures suggested to the Treasury for its
overall study. The third and final section of thiz report, entitled "Judg-
mental Estimates of Depreciation and Efficiencies for U.S. Depreciable Capital
Stocks," contains a discussion of the decision roles and problems encountered

in converting the specific asset by asset depreclation estimates into judg-

ments of depreciation for large asset classes.

C. A Brief Overview of the Phase I Report: Assessment of the Quality

and Availability of Data on Vintage Prices of Machinery and Equipment

Phase I was a report of a major data search undertaken for this contract.
The outcome of the Phase I Report was a body of data, to be studied here, on
specific assets. To assist in our summary of Phage I, Table I lists the
major asset classes for which estimates are required in the Jorgenson-Shoven
analysis. From Table I depreciable assets are seen to fall into three broad
categories: (A) Producer Durable Equipment CéDE), (B) Private Nonresidentizl
Structures (PNS), and (C) Consumer Durables (CD). FDE contains twenty-two
ciasses, ¢NS and CD have 10 and 7 respectively. The search undertaken in the
- Phase I Report consisted of studying three types of sources: (1) existing
library sources or bibliography in economics, business and engineering, (2)
. commercial and industrial sources, or published price series used in various
'ﬂ.industries and (3) government agency sources (especially the General Services
Adwinistration and the Treasury Department itself). On the basis of ithis data
i 3Earch, the 22 PDE classes, 10 PNS classes and 7 CD classes were partitioned
; into three types of asset classes based upon the svallability of data for

;; ?EBearch. These asset categories are referred te as Type A, Type B, and

11



Table 1
MAJOR ASSET CLASSES

(A) Producer Durable Equipment
1. Furniture and flxtures
2. Fabricated metal products
3. Engines and turbines
4, Tractors
5. Agricultural machinery (except tractors)
6. Construction machinery (except tractors)
7. Mining and oilfield machinery
8. Metalworking machinery
9. Special industry machinery (not elsewhere classified)
10. General industrial equipment
11. Office, computing and accounting machinery
12. Service industry machinery
13. Electrical transmission, distribution and industrial spparatus
14, Communjications equipment
15. Electrical equipment (not elsewhere classified)
~16. Trucks, buses and truck trailers
17. Autos
18. Aircraft
19, Ships and boats
20. Railrocad equipment
21. Instruments
22. Other

(B) Private Nonresidential Structures

1. Industrial

2. Commercial

3. Religious

4. Eduvcational

5. Hospital and institutional

6. Otherl \

7. Public utilities

8, Farm

9. Mining exploration, shafts and wells
10. Prher?

{C) Consumer Durables
1. Motor vehicles and parts
2. Furniture
3. Kitchen and household appliances
4. Radio and television receivers, recorders, musical instruments
5. Wheel goods, durable toys, 8ports eguipment
6. Residential structures
7. Other

{D) Inventoeries
1. Farm
2. Non-farm

(E) Land

i

~Consists of buildings used primarily for soclal and recreational activities
- and buildings not elsewhere classified.
. “Consists of streets, dams and reservolrs, sewer and water facilities
' 12



Type C asset classes. Type A asset classes are those for which we have
extensive dita and with which we apply our methodclogy to provide what we
congider to be reasonably relisble estimates of economic depreciation for
those classes. Type B asset categorles are those for which we have found
some existing studies or for which we have some data but which we do not
consider to be either sufficlently reliable nor sufficiently extensive to
warrent defensible estimates based solely on the data. Type C accet cate-
gories are those for which we have no data whatever. Tablo 2.contaias the

partitioning of asset classes from Table 1 into the three types of asset

groups. yithin the Type A categories asset classes fall into tnree suvo-
groupings. The first subgrouping consists of PDE classes &, ¢, R, 0, 16

and 17. These asset classes' estimates are based upon the analysis reported

in this Phase IT Report, Section 2. The consumer durable class 1, Autos, is
also studied in detaill in this report. The two PNS class estimates are

based upon the extensive study undertaken in Contract TOS 74-27. The remaining
asset” category labeled as a Type A asset Is the consumer durable class of
residential structures. We believe the two studies undertaken of deprecia-
tion of residential struetures by Weston and Leigh are reliable enough to
include this as Type A assets. _

While of thirty-nine possible asset clasees listed in Table 1, we are
only placing ten into the Type A categery, the proportion of U.S. depreciable
capital which falls into the Type A category is quite large. Based on total
U.S. private purchases of new assets in 1976, the six classes of PDE for which
we ghall provide reasonably good estimates on some assets contained nearly
50Z of the total producer‘durablé equipment sales. Type A assets cover 427

of the total PNS purchases, and 66% of fotal 1976 CD purchases.

A caveat was mentioned in the Phase I Report which bears repeating here.

Some of the PDE, PNS and CD asset categories are quite broadly defined and our

13



Tehle 2

TYPES OF ASSET CLASSES BY AVAILABILITY

OF DATA AND RELIABILITY OF ESTIMATES

Type A Type B Type C
PDE & PDE 11 PDE 1~-3
6 19 5
B 7
PNS 5
10 9
6
156 12~15
17 cD 2 18
4 20-22
PNS 1
2 PNS 3
o 4
cp 1
1-10
6
CD 3
5
7

14



data applies to conly a portion of the assets in these broad categories., It
is unrealistic to think that our estimates reprasani compre. wnzive coverage
of the millions of types of specific machinery employed in the U.S. and this
is true gven for the asset categories which are listed under Type A.

We turn now to illustrate the data cohtained in Phase I which forms
the basis for the analysis in this report. We 1llustrate the detall of the
data provided in the Phase I Report by using as an example one subclass of
assets-—the D-7 Tractor.

Our tractor data consists of the prices of used tractors reported in

Blue Book of Current Market Prices of Used Heavy Construction Equipment,

Forke Brothers Blue Book Co., Lincoln, Nebraska, 1968-1977. These prices
reflect actual transaction prices of Individual units sold on open‘auctions
in the U.S5. In some instances, prices may reflect units which are not
actually sold to a new owner but are paid back at a pre-arrdnged price to
the original owner. These "paybacks" reflect the iﬂ—use value to the
existing owner. Most prices, according to Forke Brothers and industry
sources, do reflect actual sales. Units sold at auction are thought by in-
dustry sources to be représentative of tractors in place. Tractors are usu-
airy pought and sold at auctlons often by dealers whe acquire traﬁfors, nev
©=-%_ fnr gpecific projects. When projects are completed, dealers sell
0ff their capital to other users in order to liquidate until they arrange a
wow projoct. Used tractors are also sold by various agricultural companies
much as used sutomobiles are sold by households. However, perhaps unlike
automobile buyers, used tractor purchasers appear to be rather sophisticated
dealers with some knowledge about machinery. Consequently auétion prices

do not appear to suffer from the type of lemon bias suggested by Ackerlof

15



Tractors come in many shapes and sizes and may be used for a variety
of purposes from farming to road construction to dam building. Tractors
are often sold with ancillary equipment including winches, rippers, cable
control units, canopies and the like. Furthermore, within s general size-
class of tractor, say D-7, indicating a large, heavy (25,000 to 35,000 1bs.)
tractor usually, though not exclusively, used on agricultural jobs, each unit
often has unique characteristics. Major distinctions are Indicated by engine
letter types, but other distinctions are also indicated by different engine
gerial numbers. We standardized tractor prices by pricing ancillary equip-
went and by determining the relative prices of various engine types. Asset
prices were modified so that each price represented the price of a D-7 trac-
tor with a straight dozer and a ROPS canopy (after 1971), having standard
equipment only. Thus ancillary equipment prices were deducted from sale

pfices. Tgble 3 41lustrates the ratios used to standardize prices.

;

Table 3

RATTO OF STANDARDIZED TRACTOR TO
TRACTORS WITH ANCILLARY EQUIPMENT#

Ancillary Equipment ’ Type of Engine

. E F G _

- (1) Type of Bulldozer -

T i L e 'Bare 1'133 —— P
Straight 1.000 1.000 1.000
U .986 .986 .988
Angle .997 1.002 1.017

- Cable 1.017 -— —

Ripper - .926 —

- (2) Winch - .876 - .BY5

-(3) D-7 Ripper .902 .899 1,912

j_(4) Kelly Ripper " .965 —— -

-{5) #29 ¢.v.c. .980 — —

- {6) ROPS Canopy — 1.148

ﬁ;*The prices of ancillary equipment were found in various issues of Green Guide,
Yol. I: The Handbook of New and Used Conmstruction Equipment Values, Equipment

. Guide Book Co., Mountain View, CA., and in Sale Kit II, Caterpillar Tractor Co.,
Peoris, I1linois. '

16



The actual prices used in the analysis are summarized in Table 4.
The sample contains 582 observations, and covers years from %68 to 1977,
and ages one to thirty-five. Figure 1 portrays the average age-price pattern
for the gample as a whole. Each observation is deflated by a price index of
& new asset. |

The retirement distribution used in this study to ﬁeight the cobsarved
prices is taken from the Iowa Engineering Studies undertaken in the 1930s
predoménently by Robley Winfrey as reported in Marstenm, et.2l. {1057}  Thege
retirement distributions report the percent surviving of an original cohort
of assets according to a given probability distributiom &l:.% 1o --7=---
class dife. The Winfrey L5 distribution was chosen for this studv. After
conferring with industry sources, we selected 25 years as the average retire-
ment age for tractors—few tractors are retired before 20 yeifs, about 10%,
" then by 25 years only 47% of the original cohort remain.
The Phase I Report contains data analysis of a total of 26 specific

assets, Table 5 contains a list of these specific assets organized by asset

class. |

D. Summary of Major Results from Phase II

f1Y Woenlrs for Specific Assets:

Part II of this report includes a description of four different methods
for ecrimating economlc depreciation from vintage asset prices. In this
teport these four different methodologies were applied to estimating depre-
clation for 26 different specific types of assets. In addition, this same
methodology was applied earlier for the Treasury to a study of a dozen dif-
ferent types of commercial and industrial structures. All combined, then,

ve have gtudied the economic depreciation process of over 30 different assets

ranging from machine tools, trucks and construction equipment to commercial

17



Table 4 ) T e
o D~7 TRACTOR PRICE ARRAY

97?1 1vre 1 1925 I ACL I | 17y 1 e 1971 1 1?70 1 teny 1 1959 I

e e [ am e et ] s | TPV TR T T STNSIESIRY g Rt E T s retn § e e e e e ]
| THed 3 U NHVOR.00 L AGRI0D0 G PR 0 1 f.oan 1 43359.60 3 ¥0300.00 1 18437,00 1 £.00 1
i 6 1 301 P4 LI & & L i ] L ¥ LI 4

0.00 1 0.00 1 Q.00 1 | Q.30 1} 0,00 1 Q.00 1 D00 1 .00 Q.00 § ©.00
P__,__..,-1,,4“au---mlw-»---,-_,[._,_um-‘,-;--“-m---~_|-~~u7,~M-.1-»»-_nm-m-g--.-m--_-wj--_-m,.m--;-_-.*-,“,_,
0.00 I 32500,00 1 IMI25.00 I ©.00 1 0.00 3 0.00 ! 3J0ONL.LO Y 29077.0% 1 23r50.00 1 0.00 1

o 1 23 4 1 [ I o 1 [ | L 1 4 1 | I S [ |

000 1 T071.07 1 2375.3% 1 0.00 T 0.00 1 0,00 1 10014.00 1 1494,35 ) 0.00 1 0.00 1

T N Rt Dot et tuot] Etnietmdl il Slumteite [P NNY SA I e ———

.00 I 47358.00 1 40979.00 § A1990,00 I 41560.50 1 JiLs%.00 I 30443.00 1 23000.00 1 19932,00 1 0.00 1

o 3 b 2 | 3 1 I | 21 1 1 | I 4 1 1 | S § ¢ 3

0.00 1 $DT2T.608 1 1A%ADN 1 554855 T 40IV.6G T o.08 ) 0.00 1 ¢.00 1 0.00 1 0.00 1

v o fom bt v f o e § e e il B il LD St |

1 47000.00 I 301040.00 1 JATO0.00 I 4A2199.00 I 40¥Ds.25 I IL500.00 § 0.00 J 18333.50 1 20%83,33 1 21474.00 X

1 1 1 4 1 L I | - | 4 1 [ § & 1 3 R §

0.00 1 58140.3% 1 0,00 1 TB7.73 ) 7192.40 1} 0.00 I 0.00 1 171%.00 1 4417.99 1 ATBO.44 I

‘dmu-wna--'-—»wuunmu-]m—-—u-—--*[m—u--w-u-nl-u-w¢w¢~m~]—hw——n&—uw]-uu-m-wm-»[u--w-wmw—n]—m-m-~-—a-xma--m--awnl

3 0.00 T IVA65.3Y [ 43458.00 1 JG779.20 I Jov2D.07 1 26004.00 1 20218.00 ] 38335.75 1 A93r2.N0 T 18035.80 1)
1 ] T 1 L & 1 31 1 [: I | 4 1 5

0,00 3 WINY.OB X 0.00 1 S984.47 1 7304,57 1 11%4.42 1 0,00 I 4240.29 1 2%13.30 1 2L73.08 }

T i b Lt Jomr e R L T D R .

i 0.00 1 ZI5501.75 1 32537,.%0 1 30195.83 1 334%6.50 )| 246028,00 1 17431.00 § 54857,46 1 142:0.13 } 19000.00 I

1 o 1 4 I o B 1 6 1 fu B | L I § 4 1 13 1 [} I | 1 I

1 G,00 T A13¥.64 1 2357.p0 1 39IL.B3 1 O1190.07 1 G.00 1 S3IA7.07 ] D2944.8% 1 4705.48 1 0:00 ]

T et L R T bl S

1 346704.00 © 305AP.0D ¥ 30916.47 1 29754.43 1 2Y%13.B0 I 1%777.33 1 135484.38 I 180%9.8Y I 13866.43 1 16X19.50 1
1 21 31 & 1 7 1 . 5 3 b | 8 1 ? 1 7 1 b |
1 110B.74 [ 1750.54 ! SDaB.3B 1 S198.87 1 A070.48 1 3174.62 1 3I052.738 1 3178.46 1 D464.03 1 1504.04

:-—-m-ﬁp-q-l-~__‘_m-u—’-wm-——h—ﬁhi&1—&“—-&«&I-M‘w-whrﬂﬁlP“Nmm-M“w!ﬂ-ﬁ“"ﬂﬂwn—zvﬁﬂm—“nﬂwﬁl-hwﬂU-—»-W!*"W--“_H-!

[ 37015.50 I 2069%5.00 1 30334.84 I 33824,80 .1 22299.00 I 18474.2¢ [ 313571.00 @ 12860.47 1 7178.00 1 0.00 1

1 > 1 1 1 71 5 1 7 1 7 1 3 1! & 1 1 1 o 3

1 94B9.40 1 0.00 I 2302.3% 1 S5223.33 1 7304.01 1 2BRS9.35 1 36%4.07 1 3427.70 ) 0.00 } 0.00 1
w] o 1 ot J it o o i om0 e e et e e ] 40 oy i f o aw |
! 0.00 1 18750.00 1 29165.40 1 22397.40 1 20589.79 1 253118.33 1 11405%.00 1 8398.5%0 1 94s1.5%0 1 7574,00 [

} 0 1 1 S 1 5 1 a 1 3 1 6 1 10 X a 1 | S §

H £.00 1 0.00 I 276,39 1 400Z.34 1 B437,14 1 10433.88 1 2724.7% I D14%.53 1 21s7.43 1 0.00 1
nh!m 3 w-: 1 B R e e L xw&w&m‘npwﬂlhﬂnwuum‘mwl-»—ﬂm-m—-w e s ot e §
1 3Y000,00 1 250%2,00 1 23087.40 [ 29643.00 1 14985.47 1 IMI55.00 1 90821.00 1 B&00.00 I F7oB.14 1 VIVI.EV X

H IS S 11 & 1 21 a1 SR | 4 1 1t 7 1 31

1 0,00 3 0.00 1 D9B2.40 1 S&00.%0 1 13P0.95 Y 0.00 & DIVs.10 1 6.00 1 1311.A0 1 440.04

0 J e e e 3 J g it s e [ o e s | e e e i e i e | st s e s e e § et e i e o e = ]
V1 0.00 1 24A08.%0 1 27034,00 1 14031.00 1 15377.70 1 6.00 1 B400.00 1 BIAS.00 I 7433.33 1 B324.00 1
1 a 1 » o3 11 21 5 1 o 1 11 31 31 5 1

T 0.00 1 130,046 1 D.,00 1 1&677.346 1 725%.86 1 Q.00 ¥ 0.00 ) 712,14 1 20a3.57 I 3372019 1
-[ l, ‘?lﬂm --]-uu---m»ua]ma-u—---w—lmsnu-u_-_-x-wuwvuu-nnlw«_-m_,m--l,hm,,_m,_u[—o~-~mw-n~]
1 2204B.50 I 29200.00 1 11154.00 [ 15611.56 I 9997.67 I 1030R.&7 § 7IFG.05 1 4739.00 1 4247.00 1 491,40 g

1 I | 21 P | ? 1 30X 21 a1 01 a1 21

; 515,70 1 354,37 1 0.00 1 298R.97 1 459,45 1 140%.11 T II74,42 17 FIR.OD T 2147.99 1 BAD.SH 1

- nmwnmu&nwnl'u_m—mw-nﬁ’ ----- o o e § -l "“m!ﬂbmwbmv—n—tw aaaaaaaa &Iﬂuu—w--Mn-;—u mmmmmmm -I--uw-»w»wn:
A3 1 18000,00 1 19012.67 § 37476.00 1 JI134.00 I 1029%.00 I S395.00 @I P499.40 1 S23IN.R8 1 374,47 1 7221.00 )
o | i k. I ¢ 1 I [ § 11 | I § 5 1 B 1 31l L |
3 0,00 1 913,07 I ©.00 1 0.00 1 0.00 I 0.00 1 1433.74 3 1081.21 I URR.B1 ! 31501.57 1

[} CEEC YRGS FRPINRIEIN I Py e e B e e R g B LT LS
& Y 57540,00 1 31430D,B0 1 8BY5.00 J 12B74.33 1 IVH9.00 T .00 1 4RA0,00 T #078.00 I 5388.75 ! &0P%.00 )
st 1 5 ¥ 11 3 1 z 2 o1 e 1 5 1 B 11
: 8.00 ! 138%.02 1 0.00 1 J0I4.00 T 27740 1 O.00 1 R0UI.46 T 2ADN.AG T DRR7.AD T €.00 I
S L i e e e ] e i e e J e o [ s o e o f et e ] o et s Lo iy S 1
3 I 18935.00 I 409,00 I 31:150.00 T J0014,00 1 SAFX,T0 1 03N, 00§ TANT,EY 1 SATNLAY 1 avon.en I 305V.33 f
S 11 1 1 L | O L = s 1 L | b | 31
i G,00 1 .00 ¥ 1713.4D 1 &AT.71 1 SHV.EY 3 13F7.0A 0 1THALBA ) 135Y.46 T 474,24 !} Ax8.78 1

- ---~---ﬁ—&lwvmw-wm--w:-mmnwﬂuvm-‘u—w‘-dia-‘! ----------- o e et 73 o s [ b 7 et st § i et e e e t ------ e J o o i
f 0.00 I S305.00 7 9790.00 1 BALZ.7%5 1 BUIY.AT I 7FAS7.A3 I 5S37,%/ 1 31BY.00 § 4453.40 1 SPGLLS0 T
a1 21 21 4 3 3 ¥ 71 11 I | 2 1

: DU} Jwsal7? I FD0.42 ) 132,20 ) 1A8Y.74 1 L73.44 3 17RD.3A T 0.00 1T 1329.07 1 1338.%5 }

Il R e Dt e S L et D I.u-m-wm-—"m’-“U-ﬂm-U--'-mw—ww-”—miyh_.‘&‘__,‘
17 1 t.00 ¥ 0.00 1 109%8.50 1 Q4¥4.00 I BOLL.50 1 T73¥0.05 1 2724.00 1 D4630.00 [ .00 I 4385.00 3
1 01 0 1 o 11 4 1 4 1 E A I [ ¢ I |

i 0.00 1 0.00 T ©5a7.0%5 [ 0.00 I 2784.09 17 550,43 1 S00:43 3 831.00 1 0.00 1 te33.82 1
*l-‘::::wﬂmm:‘am--w_uhmjm,-,_-,~-w1--u_a-.,,-|,_--~ma-_m1~*_h_~_ﬂ~m;a--,uu--m"1-—»--n--w-]m_“_--“_-_;_-m-,--n-,]
PIZD T T ves,47 1 5BIT.AT7 1 0,00 T %#147.00 1 0.00 7 4421.50 1 0.00 1 AD74.00 1 29%0.00 1

31 I | o1 2 o1 4 1 o 1 PR § X

AL }_tatn.ee 1 90s.31 3 0.00 T 103.G5 1 e.00 1 439.R0 1 0.00 T 530.34 1 0.00 I
*************** '-I“ﬁm-ﬂu-"‘-l-m-‘-—mv-m‘-'-”-whﬁ”“¢'wwwwmwﬂ-}wﬁ-mﬂw~ﬁ—“U-mm-‘—-vﬁlmwwmw-mum*!mu‘-u-mqwr’

S.00 1 9794.47 1 10487.47 1 C.00 1 AMIOLNO0 T aneT.00 § 3145.00 1 3197.00 I 3574.00 1 3971.50 f

6 1 B | a3 o1 a1 11 I | A O

1 0.00 1 477.68 1 298t.8D ¥ 0.00 1 %7275 0 0,00 1T DIVLSD 3 BFILNL L 10u0.1% T 1209.06 1
--.:M‘Wﬁuﬁtn&-—mm--ﬂ-:mwvn,—uhm-Iﬂm----h&n“’-b‘-u-bvwhi-ﬂmw--mv-_l-ma—vumw-w'-"M“'-"-l'hn nnnnnnn RPN |
39_: 500,00 1 0.00 1T 74%0.00 3 0.00 1 A795.00 1 0,00 T X900.00 1 3JINIIF ! 2400.00 § DUDLLNO T
Ty L | o I FI | [ 21 ¢ 1 T 1 L 1 1 R |
g 0.00 : 0.00 : 0.00 I 0,00 1 1390.17 : 6.00 1 0.00 1 213054 1 0.00 1 450,43 1
. wor— R et L e A il SRR (PRI [Tt RO,
_l_; 5100,00 § TIZ7.33 1 S0U7.Y0 1 4A0D.00 1 4ABOS.O0 1 32a4.00 1 2724.20 T 30R.00 I rpB2.0D F 1502.00 1
X t é I -2 a 1 ) B f<J § ¥ a8 1 3 § O |
0.00 I 2070.85 T 3452.4B 1 1030.15 1 0,00 1 707,78 T 14X0.70 ¢ METG.M § IMSE.N4 ) o.0p }

aferannd !
e v v 2 e o e e e e | ot g e st e s e o e |
23591,40  2DAJE.DY 2IFIT.0T 0 INOVE.LLA 19460.03 14704,3% vRIN, 4% 1090y, 92 TaATR .00 avivii0
_— b 51 a0 &4 a3 aA n 104 7h LT

S32IRLIT 1E3BDLIR 54AYTR.P0 1TA3R.0% 1246230 83%0,A3 7791.04 7310,41 ATA0. 20 4208.0%

18

Row
Foinl

42847.0
[
LEGES .41

40594.0
13
1431L1.91

3B8340.1
14
103429

Jolds1.°
2a

112¢2,2

248977
R
10093.7

20494,7
ay
BLYe .y

X240

o2
Bs17.3
224488, 2

L
aeis.t
15949.7

3%
alao.>



& Y UPRIEE S _
2,00 4,00 4,00 - 8