CORVINUS UNIVERSITY OF BUDAPEST

EXAMINATION OF PHENOMENA AFFECTING THE
DEPRECIATION OF FIXED ASSETS

PhD Dissertation

Nandor Kaliczka

Budapest
2013



Nandor Kaliczka

Examination of Phenomena Affecting the Depreciatiarf Fixed Assets



Department of Managerial Accounting

Supervisors| Janos Bosnyak PhD
Re#sBaricz CSc

Copyright © Nandor Kaliczka, 2013.
All rights reserved.



Corvinus University of Budapest

Management and Business Administration PhD Programm

Examination of Phenomena Affecting the Depreciatiarf Fixed Assets

(PhD Dissertation)

Nandor Kaliczka

Budapest

2013



Table of Contents

Table of Contents

LISt Of GrapiS ...t e e a e e e e e e e e aaaaee 6
LISt Of TADIES ...ttt e e e e e e e e e e eeeas 7
N [ o1 (oo [F{ox 1 0] o DO TP PP PPPPPPPPPPPRPPPPP 8
2 Income as the measure of economic performance...........ccccceceeeeeeeieeeeeeeeeeeeene, 10
2.1 A brief overview of capital theory and its eMdbn...............cceeeeeeeviiiiiieeninnnns 11
2.2  Capital maintenance concepts influencing iNCOME...........ccccceeeeiieiieeeeeeennn. 15
2.3 Identification of asset CONSUMPLION ..o eeeiieiiiieiicer e, 18
2.3.1  Cost allocation approach in early accounitegature....................c........ 21
2.3.2  Reservation for future replacement or thkisgfund approach............. 25
2.3.3  The ‘change in value’ approach ........cccciiiiiiiiiiiiiiiiiiiiee e 26.
3 Measuring the value of fiXed aSSetS......ccacammiiiiiiii i 28
3.1 Methods used to measure asset ValUE....oe.veeieeiiiiiiiiiceeeiieec e 30
3.1.1  Valuation based on historical COSt ........cc.oooiiiiiiiiiiiiiiiiieees 30
3.1.2  Historical cost adjusted for the effect dfation ...............ccccccooeeeeiininnnnn. 32

4

3.1.3 Measurement based on historical cost adjdstezsset specific price

(03 0= 10T 1SR 32
3.1.4  Asset value determination based on the markeds of the assets used . 33
3.1.5 Discounted present value of future benefitS............cccceeeviiiiriiiiininns 35
Breakdown of changes in the value of fixed assetS...........cccceeevvvvvivieiiiiinnnnd 64.

4.1 Change in the value assuming certainty andtdxeavledge about the future...

4.1.1 Phenomena affecting the cross-section degii@tirate ..............cccceeene... 71
4.1.2  Summary of the phenomena affecting the tienes depreciation rate ... 72
4.2  Change in the value without certainty and ekaotledge about the future.. 74

4.3  The recognition of changes in the value ofdiassets in Hungarian and

international acCOUNtING PraCliCe .........iiccccccreeeeeeiiiniiiaeeee e e e e e e e e eeeeeeeeeseeeenneeeenee 80



Table of Contents

4.3.1  The approach to changes in the value of fagsgts in Hungarian
accounting regulations

4.3.2 The approach to changes in the value of fass@ts in the International
Financial Reporting Standards (IFRS) ... 31

4.4  The role of cross-section and time series aggren in the determination of

the change in the asset value and of the end-@d¢passet value...........ccccoeeeeeeee. 85
4.5 The empirical examination of cross-section deation rate.......................... 86
45.1 The examination of depreciation rate basecharket rentals ................. 87
45.2  The empirical examination of cross-sectiopreeiation rate based on
second-hand Market PriCES ...........cooiii ettt e e e e e e e e e eeeeaaes 87
5 Establishment of the hypOtheSES.........coummmmmeiieeeeiiiiieeieec e 90
5.1 Research questions behind the hypothesSes....ccc...cccceiiiiiiiiiiiiiiiiiieeennl 0.9
5.2  Formulation of the hypotheSes..........coeeeiiiiiiiiiii s 91
6  The empiriCal FESEAICN .........uuii st e e e e e e e e e e e e e e e e eeeeneeeeeeeeee 92
6.1  Scope Of the reSEAICI ...........evviet ettt e e e e e e e e eeeeeeeeeees 92
6.2 Preparation of the hypotheses’ verifiCation.................evvviiiiiiiiiieeeeennnn, 93
6.2.1  Data Preparation.............cooiiies s eeee e e e e eeeeeeieeriia e enaaa e eas 93
6.2.2  Separation of SUDSaMPIES.........coo i 93
6.3  Verification of the hypothesSes ..., 98
6.3.1  Verification of HL and H2 ... 98
6.3.2  Verification Of H3.........oiiiiiiiiiis e 100
6.3.3  Verification Of HA ..........oiiiiiiiiii et 102
T SUMIMATY et e e e e e et e e et e e e et e e e eaa s e e ennns e e eeranaeeee 105
S T Y o] o= o o | G 110
O REIBIBNCES ... ..ttt e e 153

10 Publications of the author in the topic of thedis.............ccccceeiiiiiiiiieieeineee 159



List of Graphs

List of Graphs

Graph 1: Different dimensions and concepts of eapiBource: own elaboration)....... 14
Graph 2: Relationship between the asset valuest@sated and calculated using the
linear allocation method. (Source: own elaboration)............cccovvvvvviciennnn. 23
Graph 3: How the choice of linear allocation or itteange in the value’ method to
compute depreciation impacts on income. (Source: eaboration).............. 24
Graph 4: Relationship between services embodidiceimssets and periodical capital
stock. (Source: OWn elaboration) ..o e eeeeeereeeeeeeuriiiinnre e eeeeeaes 44
Graph 5: The different asset efficiency patterna asction of asset age. (Source: own
(<1 F= 0T ] r= 1110 o) [PPSR PRSPPI 52
Graph 6: Age-value profiles eventuated by the difieé efficiency patterns. (Source:
(011 LY T = F= 1oL = 11 0] o) ISP 55
Graph 7: Evolution of service values without angliatéd for disembodied obsolescence
throughout the individual periods. (Source: owrbelation)..............cc.......... 58
Graph 8: Evolution of asset values without and stgjdi for disembodied obsolescence
throughout the individual periods. (Source: owrbelation).......................... 59
Graph 9: Evolution of service values without anfliatéd for embodied obsolescence
throughout the individual periods. (Source: owrbelation).............cccc......... 61
Graph 10: Evolution of asset values without andistéjd for embodied obsolescence
throughout the individual periods. (Source: owrbelation).......................... 62
Graph 11: Breakdown of the change in asset valoesding to age and time factors.
(Source: based on Hulten and WyKkoff [1981a])ceeceoiiieeiiiiiiiiiiiiiiiinn, 66
Graph 12: Cross-section depreciation, time sempsatiation and revaluation. (Source:
(010 LY T =T F= 1oL = 11 0] o) IR 67
Graph 13: Summary of the phenomena affecting the series depreciation rate.
(Source: own elaboration) ..........ooooi i ceeeeeee e 73
Graph 14: Change in the asset value without ceytaimd exact knowledge about the
future (Source: own elaboration) ...........cccccccveveeiiiiiiiiiie e 79
Graph 15: Prices of diesel-powered cars plottethagage and mileage. (Source: own
(<1 F= 0T ] r= 1110 ] o) [P UPPRRRRPPPT 93



List of Tables

List of Tables

Table 1: Number of observation units in the indixaticlusters and the individual cluster
centres. (Source: own elaboration) .........cccceeeeiiiiiiii e 95

Table 2: Estimated parameters of the Box-Cox tansdtion. (Source: own

<1 F= Lo T ] r= 11 (0] o) I 100
Table 3: Values of the regression based on thamariage’. (Source: own elaboration)
102

Table 4: Negative premiums in the individual clustéroken down by clusters.
(Source: own elaboration) ............ooiviiieemmmmne e 103
Table 5: Depreciation rates computed for the irtlial clusters. (Source: own

<1 F= Lo T = 11 0] o) 107



Introduction

1 Introduction

The concept of depreciation and the measuremerntsofalue have long been a
prominent issue in economic and accounting liteeatuhe relevance of which is
demonstrated by the great number of open questalated to the subject. In the last
two centuries, several authors (researchers) dedit the problem of depreciation,
which not only contributed to the evolution of degation theory, but also gave rise to
many new issues. The majority of these newly enwwad problems appear to be

inextricable, placing the subject in what seemiseg@n endless horizon.

The concept of depreciation is virtually insepaeafbm the concepts of capital and
income, which appeared as individual measuresarettonomics literature of the early
20" century. It was not until the 1930s that econosnibegan to focus on the
interpretation of the concepts of business capital income. One of the key issues in
the determination of capital and income is how teasure the contribution of fixed
assets to the corporate operational processesprithary attribute of these fixed assets
is that their service lifetime spans over sevegglorting periodsPreinreich [1937]
differentiates between two main categories of figsdets on the basis of the services
these assets provide. One category encompassés @esading a limited quantity of
services the other category includes fixed assets ti@ate only limited possibilities to
provide serviceS However, different approaches are needed to utahersthe
consumption of the two categories of fixed assgiasequentlyn my dissertation | will
only analyse the consumption of assets servingcoigpany’s activity during several
periods, created by man, with a finite servicetilifie, and with quantitative limitations
concerning usability (finite number of times of g} Asset value consumption may be
substantiated in the form of cost allocation, sugkfunds or actual changes in value;
however of the three, only the ‘actual change ilm&aapproach is appropriate to arrive

at the correct asset and income values.

! Examples of this category include patents, braamdes, trademarks, licenses among other, as well as
elements of knowledge capital.
2 Hereinafter, these assets will be referred tdiasd assets”.
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Depreciation captures a certain part of the chanmg#se values of fixed assets within a
period® the manner of presenting this concept impactsniessi income as well as
pricing the company’s output which needs to incladsts related to the consumption of
fixed assets, in addition to current costs. Theeetbe choice of the method to capture
depreciation also influences the company’s competiess on the capital and
commodity markets. As a result, income calculatfdaced with the problem of end-of-
period valuation of fixed assets used (possessdugh is further complicated by the

constant changes in prices.

The end-of-period value of fixed assets used magabeulated using the market prices
of these assets or on the basis of the discountskmpt value of their future returns,
where the return of the asset is usually identifiedts theoretical rental. However, end-
of-period valuation of assets in both methods isvdd from market prices, which is
problematic because in reality relevant marketsfilad assets hardly ever exist. As a
consequence, the end-of-period asset value ismdigged using estimated depreciation
rates calculated with due regard to the phenomaflaencing asset value. In my
dissertation, when attempting to determine deptiecial shall mainly focus on the
phenomena oéxhaustion deterioration and obsolescenceand analyse the effects of

these using Jorgenson’s capital vintage model.

I will perform empirical tests based on supply-sidiarmation on the used car market
using Box-Cox transformation, showing that passerges’ depreciation follows a
geometric sequence pattenvhere age has a stronger explanatory power thimage.
This may be attributed to the fact that obsolesedacasserted in the age variable, as
confirmed by the results of the hedonic method tedpaired t-test. The results of the
empirical tests may also be useful for the deteation and application of depreciation

rates.

® For a detailed description, see Chapter 1.



Income as the measure of economic performance

2 Income as the measure of economic performance

In economic and accounting literature, income mesess capital generated during a
period and available for consumption, always deteeoh from the point of view of a
person or a group. However, the way of assignirgn xcess capital to a person or a

group influences the content and the interpretatiche concept of income.

According toLee [1986], the science of economics considers incasi@an individual
measure; the founder of this personal income tha@y Irving Fisher, who identified
income as the monetary value of the enjoyment tiaguirom the consumption of goods
and services. His definition does not consider angonsumed capital increase (i.e.
savings) to be part of the income, as he identiBaging as a kind of potential
consumption, only resulting in satisfaction whertuaty consumed Lee [1986]).
However, later economists determined the incomeaoperiodt as the sum of
consumptionC, and savingS;, the saving being conceived as the variation ef th
individual economic capitdl; within the period; i.eS; = K;,; — K;. On the basis of the

above, individual economic income may be expressed
(1) Y¢ =C + Ky — K,

where K;,;, and K, means the end-of-period and beginning-of-period itagp

respectively BélyacZ2002]).

The development of income theory in general ishatted toHicks who described his

concept of income as follows:

“it would seem we ought to define a man's incoméasmaximum value which he can
consume during a week and still expect to be akoffedt the end of the week as he was
at the beginning’(Hicks[1978] p. 207).

In the present case, the expression “well offHiokss definition may be identified with
wealth or capital, the maintenance of whiohits initial stateis at the heart oflickss
income theory. However, several possible approackeist in relation to the

maintenance of capital intact, which | shall analiysdetail hereinafter.

10



Income as the measure of economic performance

The economic income concept presented above issaltable for the measurement of
corporate economic performance. Business incomezsges the income of the owners
of the company resulting from the given enterpris& owners constitute a group which
is homogeneous in respect of the company, the @vierome (i.e. the company’s

income) may be determined in analogy with individneome (ee[1986]):
() Y =Dy + Reyq — R,

Business incom&® is composed of the divider?} paid or payable to the owners and
of the changes in the business capital over theg&;,; — R;; this change shall not
include the effects of any eventual capital invesimor disinvestment effectuated
during that period. Dividenf®, may be construed as the consumption of busingstalca
R; by the owners, which once paid does not servepleeation of the company’s value
creating processes any longer, and consequently Ipeayentirely correlated with

consumptiorC; determined in relation to economic incadrfie

Equation (1) and (2) show that the value of theome is principally a function of the
difference between the beginning-of-period and efperiod capital. For an in-depth
analysis of this value, in the following chaptershill give a brief overview of capital-

related theories as well as of their evolution.
2.1 A brief overview of capital theory and its evolution

The conceptual definition of capital is virtuallyparmanent issue in economic literature,
with two principal approaches. Some of the authdefine capital starting from its
physical quantitywhile others use itgalueas a starting point — it may thus be stated
that capital possessesth a quantitative and a value-related dimensiGapital, in its
value dimension, made an appearance as earlyciassical economics, where land and
work were considered to be the primary factors midpction, and as a consequence,
capital was regarded as the primary representative@ork product Bélyacz[1992]).
Since the first half of the last century, capithkedry has undergone substantive
development due, among othersFtsher. Fisher[1896] accepted the dominant view of
the era considering thaapital is constituted of a determined set of weaditegories, so
any form of capital needs to include these acceptegories of wealththis may

actually be considered as the materialistic apgrdaccapital valueFisher criticised

11
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Adam Smitls thesis according to which a category of wealthynbe considered as
capital if it is capable to produce a revenue. Adow to Smith a merchant ship is
capital, whereas a private yacht is not, as itnky cuitable for the satisfaction of its
owner’s individual needs, and thus unable to predevenue. Howevdtisher disputed
this limitation of the capital concept: he consetethat it is possible to identify deriving
revenues for every kind of wealth, and through time of argument he questioned the

necessity of breaking down wealth into capital and-capital element$-(sher[1896]).

One of the debates on capital in early economarditire concerned the issue of
differentiating between capital and income. FollogviCannan Fisher differentiated
between capital and income on a time-related bhsisshers opinion, any wealth may
be considered in respect of its relationship withetin one of two ways: either as
“stocks of wealth” or as “flows of wealth”, the marability and interrelatedness of
which was recognised with the general acceptanceapital value based on future
returns Fisher considersCannanto be the first to lay the foundations of this
relationship between capital and income, as heappe be the first to have enunciated
the precise time relation between these two cosceptcording toFisher [1896],
Cannanstated that the wealth of an individual may meam driferent things: either his
possessions at a given point of time or his reseipt a given length of time. Like
Marshall, Cannanconceived of income asflow of pleasure, but of capital astockof
things Eisher[1896]).

Veblenalso recognised the sameness of capital value atldegoresent value of the
resulting future benefitsBglyacz[1992]): he considered that the value of capital i
determined by its expected ability to generate bsnd hus, it has become possible to
assess capital adanefit generation unitvithout a need to materialise @onsequently,
we may consider as capital wealth anything thdiisle to produce economic benefit in
future. With this extension, the concept of capgaio longer limited to tangible assets,
which allows for factors identified as elements tbé intellectual capital to be
considered as part of the capifals a result, in case of a capital stock with a plex
structure, a vast part of the capital value is tiaried by intellectual capital elements,
seemingly “invisible” in the material sense, thasence of which is rather difficult to

ex ante prove or disprove; and the number of thegsible elements continually grows

* For a detailed analyses of the elements of irteléd capital, seduhasZ2004].

12
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in parallel with the increasing complexity of capitin the material sense. As a
consequence in case of a higher capital compleagyfar as structuration theory is
concerned,Veblens capital value concept may only be concerted wkikhers
materialistic capital concept (considering the wdlial wealth elements as
representatives of the capital value in their ptglsiquality) with a high level of
uncertainty. The reconciliation of the two capwialue concepts is further complicated
by the fact that the above mentiorfgwvisible”, intellectual or humancapital elements
may only be identified in a subjective way, withhagh level of uncertaintyMany
tentatives have been (and are currently) made ssalve the tension between the
approaches to capital value as material unit on ¢ine hand and benefit generating unit
on the other hand; a common feature of these is ttiha differences between capital
considered as a benefit generating or as a mateedl unit are associated with
elements which are difficult to observe in the préssuch as “employee value” or
“client value”, definable as wealth only from therefit generating unit viewpoint, but
not in the material sens@hese conceptual differences constitute a longutiesl issue
in accounting theory; as a first step in their resfation, after a long process of
pondering, certain “invisible” wealth elements, Isuas business value or corporate
value, or the activated value of R&D, have finddlgen incorporated in the category of
wealth elements recognised in accounting, whichredesed the difference between the

two basic approaches to capital outlined above.

A common feature in the two different capital cqotsedescribed hereinabove is that
both aim to determine the value dimension of capitawever, an alternative approach
to capital exists in economic literature, which mxaes capital from the point of view of
its physical quantity, concentrating on gsantitative dimension, where the concept of
capital is supposed to mean the totality of theygtally) productive physical services
rendered by the wealth constituting the capifetie quantitative dimensionf capital is
mainly examined by the branch of economics res@&aganto production theory. In the
production theory framework, the physical unit @pital is more important than its
value, for production theory revolves around thedpiction function, representing the
relationship between the quantities of the outputttee one hand, and of the various
inputs on the other handsfiliches [1963]). For the physical dimension of capital,
capital goods (or assets) are considered as agbquitential future (physical) services
to be utilised in the value creation processesudltt, this approach is closely related to

13
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the “benefit generating unit” concept of capitad, th consider capital to be a pool of
potential future services. However in the casehef physical dimension, the analysed
factor is the physical unit of the services, whergathe case of the benefit generating

unit concept, it is the value of the services.

The following chart illustrates the relationshiptieen the two currently accepted

capital dimensions described above and betweendlifgrent concepts.

Different
dimensions of
capital
Physical dimension Value-related dimension
l. c The 'benefit
The 'produktive services’ ssssssssssssssssnsnanas 3 3 . f . The 'material’ concept
. generating unit _
concept of copital ) of capital
concept of capital

Graph 1: Different dimensions and concepts of cabit(Source: own elaboration)

The issue of measuring and grasping business tabs@a appears in the practice of
business income calculation, the rules pertainmgvhich are usually set out in the
financial reporting standards relevant to the gifietd. The International Financial
Reporting Standards (IFRS) Framework differentiatetween the physical and
financial dimensions of capital. According to thefework, thdinancial dimension of
capital is measured in terms of invested money or inveptedhasing power, capital
being synonymous with the net assets or equityhef éntity; whereas thphysical
dimension of capitaregards capital as the productive capacity of enéty. This
differentiation between capital dimensions corregf® with the capital dimensions
described in the economic literature on capital, the evolution and present state of

which | have hereinabove elaborated.

Many theoretical debates concerning the measureoferdpital have been pursued in
the history of economics, and in most of the cadies,recognition of the differences

stemming from the existence of the double dimengphysical and value) of capital

14
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contributed to their outcome. An especially heatesppute in this field unfolded in the
seventies betwedadward DenisorandGriliches—Jorgensarmuch laterTriplett [1996]
undertook to resolve this conflict, who considetbdt the ultimate reason of the
difference in the two parties’ opinions was theuiia to recognise thealueandphysical
dimensions of capital. Evidently these two dimensiof capital imply different capital

maintenance concepts, which | will describe in ti@tahe next chapter.

In equations (1) and (2), the values of econompitabK,; and business capit&l as of
the beginning of period both represent the wealth of the owner of the nmeothe
recognition of which in the determination of theeame also ensures that any profit
arising from economic processes may not be coresidas income as long as the capital
operators have not undertook to maintain or repkaee beginning-of-period capital
value K; or R;. This guarantees that the intactness of capitahamtained. Several

theoretical approaches exist towards this issughnihwill describe in the next chapter.
2.2 Capital maintenance concepts influencing income

Virtually all authors discussing capital and incotheory agree that the output produced
during the operation of the capital provides incaméhe capital operators, and that out
of any output produced in a given period, only tbatt may be considered as income
which is not necessary for the maintenance of tpgtal at a constant leveBélyacz
[1994a]).

The close relationship between the concepts oftalamiaintenance and income is also
shown by the fact thatlicks built up the three widely accepted categories obines
around different concepts of capital maintenantecome No. 1 is the maximum
amount which can be spent during a period if theseto be an expectation of
maintaining intact the capital value of prospectrezeipts (in money terms)Hicks
[1978] p. 208).The importance of capital maintenance is also apypan Hickss two
other income categories, whefecks adjusts his income definition No. 1 by taking into
consideration the eventual changes in the inteetes:“We now define income as the
maximum amount the individual can spend this weeksdill expect to be able to spend
the same amount in each ensuing week. So longeasitirest rate is not expected to
change, this definition comes to the same thinthadirst; but when the rate of interest

iIs expected to change, they cease to be identinabme No. 2 is then a closer

15
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approximation to the central concept than Income Nis” (Hicks[1978] p. 209). In his
third income definitionHicks adjusts his income concept No. 2 by introducingeptél
changes in pricesincome No. 3 must be defined as the maximum amointoney
which the individual can spend this week and stifbect to be able to spend the same

amount in real terms in each ensuing we@Ricks[1978] p. 209).

As capital possesses a physical and a value-rethbeehnsion, in the same way, capital
maintenance may be regarded from the aspect of fdotbicalandvalue The income
definitions cited above show thidicks examines capital from the value aspect, defining
its value as the present value of prospective pexedr returns. Furthermore, in his
second definitionHicks determines income on the basis of the criterioateel to the
conservation of theominal value of capitalwhile in income category No. 3 he already
considers the conservation of theal value of capitalas the central issue of income
calculation, identifying the quantity of spendabieney in terms of goods.

The issue of maintaining business capital also agp@ the practice of business income
calculation. Section 108 of the International Firiah Reporting Standards (IFRS)
Framework defines real and nominal capital maimeaaconcepts which are entirely
consistent with the real and nominal capital covesgwn concepts derived fromickss
income concepts, showing the practical applicabildaf the ‘Hicksian’ capital

maintenance concepts.

Break[1954] discussed several aspects of capital maantnin detail, identifying four
possible ways to maintain capital, and assessiegethregarding theiclarity and
precisionand theirarbitrary nature The four possible capital maintenance concepts

according tdBreakare as follows:

» Initial-value capital maintenanceunder which all beginning or opening capital
values, measured either in money or in real termsst be held constant.

» Replacement-value capital maintenanadich ignores beginning capital values
in favour of holding the current values of identicapital assets constant,
instead.

» Initial-physical capital maintenangcewhich is concerned entirely with the
preservation of the beginning physical characiessif capital assets rather than

their monetary values.

16
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* Prospective-income capital maintenandesigned to equate the current period’s
income figure to the amount of income expectedaaohefuture period (and to
maintain the capital in a state that it should bé& @o ensure such level of

income).

Out of the capital maintenance concepts outlinemy@/Break considered initial-value
capital maintenance, determined in an ex post miartnebe the most precise and

clearest and the least arbitrary.

Breaks capital maintenance concepts are clearly deddndccording to their intention

to maintain either the quantity or the value ofitaplinitial-value capital maintenange

replacement-value capital maintenan@nd prospective-income capital maintenance
aim to maintain the value of capital; the differee@mong these concepts result only
from the differences in the measurement of thisiwaHowever, the declared objective
of initial-physical capital maintenangceaiming to maintain the physical quantity of
capital, is to maintain the physical attributestioé assets, which may consist in the
quantity of the productive services of the assetdescribed above. A great number of
debates have dealt with the applicability of thggxtal concept of capital maintenance
for the purposes of income definition, which laggebntributed to the clarification of

this theory.

In the capital theory debates of the early 20thtuogn Pigou represented the idea of
measurement of capital on a physical ba8igélyacz [1994a]). Concerning capital
maintenance, several discussions have taken pkteeeénPigou andHayek to which
also Hicks contributed Hicks [1942]). Hicks consideredPigous capital maintenance
concept to be incorrect from the viewpoint of calpialuation, and invoked the example
of a manufacturer of fashion goods who installscegemachinery which may only be
used for the production of a given fashion artic/&he firm uses the machine as long as
there is demand for the fashion article in questiban scraps it. According teéicks, in
this case the physical maintenance of the captabt equal to the maintenance of the
capital in the economic sense, as the firm sciag@sriachinery as fashion changes, long
before it would actually wear out in the physicahse. However, despite the physical

integrity of the machine, it is necessary thavékie should be replaced, as it completely

® The example assumes that the machine may notenefaisany alternative purpose.

17
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loses its value when the goods it produces arebiashion and do not sell any more.
Hicks considers that the definition of capital mainterearghould also work in an
extreme situation like the one described above,thimks thatPigous definition does

not meet this criterion.

Although much debated, the physical concept oftahpnaintenance is applicable in
practice even in our days. Section 104b of the IFR&mework considers physical
capital maintenance to be the productive capacity tfee entity. Section 109
complements this concept of capital maintenancetadikyng into account all price
changes in the measurement of the capital valuehef period, thus evading the
weakness of the physical capital maintenance carmegined byHicks However, in
line with Section 109, such considered price change not treated as part of the
company'’s profit, but appear directly in the calpialue: therefore the concept of profit
based on physical capital maintenance diverges thenincome defined in equation (2).
At the same time, the recognition of an “Compreheansncome”—also containing
items of a revaluative nature—in the IFRS systerstores the capital-income

relationship generally accepted in economic science

The facts described above show that the methodpatiat maintenance is closely related
to the concept of capital, and consequently exaffisndamental effect on the definition
of income itself.It also follows from the diversity prevailing ime field of capital

maintenance that there is no single, generally giedeincome concept universally
suitable for each market player; this is confirngdthe variety of incomes derived for

various kinds of persons and groups in line wiffedént capital maintenance concepts.
2.3 ldentification of asset consumption

As | have already explained in relation to equat@ changes in the value of capiil
occurring within a period (excluding any additional capital investment @imivestment
effectuated during that period) constitute a sigaiit part of business incomdowever,
the value of business capit®} is equal to the total of the net assets of thepaoy, i.e.
the value of its total assets minus the value eflidbilities of the companyA certain
part of the company’s net assets is constitutedhieyfixed assets, labelled as “fix”

because they serve the activity of the businessglseveral periods; as a consequence,

® This statement is consistent with the provisiohSection 102 of the IFRS Framework.
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the physical and price impacts occurring duringséh@eriods shall influence the
assessment of the asset’s future usefulnessis.@alue. As thesphysical and price
impactsare manifold and exert different impacts on défdr sets of assets,shall
henceforth only analyse fixed assets created by, mwéh a finite lifespan and with
quantitative limitations concerning usabilitixamples of such fixed assets are vehicles,
machinery, equipment or buildings used by the compthe recognition of the use of
these assets in the company’s income is an issuallyr discussed in accounting and

economic literature.

Academic opinions on income and capital seem t@wom the view that at the end of
each period, a certain portion of the value offtked assets as of the beginning of the
period should be split up to the debit of the ineoaf the period, for fixed asseget
exhausted and deteriorate (or else become obsalet&#)g the business cycle, and their
values expressed in current prices change in liith actual inflation” These impacts
collectively result in the graduaionsumptionof the asset value; this consumption
influences the change in capi®gl,; — R; as determined in equation (2), fundamentally

affecting business income in the given period.

If the income was not measured for shorter perlmdsrather in an ex post manner, for
the complete service lifetime of the fixed asstits,problems related to the consumption
of the fixed assets and the costs incurred iniogldab this phenomenon would not arise
at all, for in this case the fixed assets wouldeh&rely exhausted by the end of their
service lifetimes and, instead of use value, wauity possess scrap value, which is
considerably easier to establish. In this case allgiuthe value recognised in the
business income would only be the part of the valuthe fixed assets — almost entirely
consumed during their service lifetimes — which aem after deduction of the scrap

value.

Baricz [1994] breaks the lifetime of assets down to plegisidetime and economic
lifetime, physical lifetimebeing the interval during which the asset may $&dun line
with the relevant technical requirements, whaleonomic lifetimewould be the time

interval during which the asset may be used inamemical mannet Baricz observes

"I will later discuss the impacts of the above riwered phenomena in detail.
8 For a detailed historical overview of theories @@ming the analysis of economic lifetime, S#dyacz
[1993].
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that economic lifetime is usually shorter than ptgslifetime, a phenomenon explained
by the effects of obsolescence, to be analysedefiertis. For the purpose of the analysis
of fixed assets depreciation, it is always the t@roof these two time periods — i.e.
service lifetime the time interval during which the asset is kieptise, as opposed to

economic lifetime — that should be taken into cdestion.

However the service lifetime of fixed assets isalisuvery long, which makes it
impossible for the company stakeholders (and ealhedhe owners) to only acquire
information about the assets and income of the &trthe end of the service lifetime of
the fixed assets. Moreover, companies normally aipea great number of fixed assets
which tend to be heterogeneous in respect of tingtheof their service lifetimes as well
as the dates of their placing into service. As asequence, in case of continuous
operation it would be impossible to choose a datime when thex postdentification

of the income could be performed; that's why thiesg operating cycles with different
starting dates and extending over different periads broken down into shorter
reporting cycles of one year typically, which cepends better with the company
stakeholders’ information needs. However, in thisec we need to find a way to
establish what part of the value of the fixed asset of the beginning of the period is
consumed during the given period as a result of thee or merely of their ownership.
The recognition of the costs stemming from the oomstion of fixed assets in the
calculation of the income also ensuresitttactness of the value of the fixed assets as of
the beginning of the periathrough the fact that the owners’ income (prafigy not be
established before the costs representing assaucgtion appear (and assert their
reductive effect) in the income calculation; | eledted on this capital maintenance

function in Chapter 2.2.

Hereinabove | have explained the relationship betweapital maintenance and the
consumption of fixed assets during production, Whadso influences thassets and

incomeof the company. Knowledge of these relationships ianpacts is indispensable
for an income-focussed analysis of fixed asset wompsion. The relevant academic
literature identifies three fundamental theoretiggdproaches to recognising the
consumption of fixed assets during the reprodugbiatessBélyacz1993] summarises

these three approaches as follows:di$jributing the initial purchase value, reduced by
the residual value, in a discretionary proportitamg the estimated service lifetime; or
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(2) setting aside a constant amount every year lw{tmgether with its accumulating
interestsconstitutes a fundsegregated from the income, for any replacemeatay the
end of the lifetime of the assesirfking fund; or (3) changes in thealue of the
equipment during the given period. In the followictgapter, | will describe these three
main trends in the theoretical establishment ottasensumption, and assess to what
extent they are suitable for the calculation ofitttome defined in equation (2).

2.3.1 Cost allocation approach in early accounting literéure

Accounting literature in its early days consideteé contribution of fixed assets to
production mainly as the allocation of their inlitt@st, based in almost every case on the
historical cost of the asset. By this time, thatiehship between asset consumption and
changes in the value of capital was rarely takéo atcount; consequently, in order to
determine the consumption of the assets througtimutgiven period and their (net)
value as of the end of the period, the authors ysededures they considered to be
systematic and rationdrom the aspect of cost allocatidBrief [1967]). Ladelle[1890]
regarded cost allocation as a method to deternhieecontribution of the assets to
production, and differentiated between two variamtscording to the first one, he
proposes to divide the historical cost, reducedhgyscrap value, with the number of
years of usage: thus in respect of each year ehdting fraction may be considered as
the periodical consumption of the asset. In th@seéwersion, he allocates the historical
cost of the asset by a constant rate every yedhéoindividual business periodsadelle
also explains that any capital gain or fosssulting from price variations belongs to the

entire service lifetime of the asset, and shouldlleeated as such.

Bohm-Bawerk [1891] also recognised the necessity to gradually allocgdeds
permanently used in production to the output, aé agethe difficulties in doing so, and
mentioned that fixed assets provide services iaticel to the production of a great
number of outputs, and these services are accdmeqlist different moments in time. He
illustrated the problem with a plough which lastenty years: he considered that this
plough will contribute a twentieth part of its ligtal cost to the output of each

following business periodBphm-Bawerl{1891]). Bohm-Bawerls example shows, in

° In Chapter 4.2 | use a different definition of ttencept of capital gain and loss.
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addition to the recognition of the problem, thatmigarly to Ladelle—he regarded asset

consumption as a process of allocation

In his synthetic workDiewert [1996] determines asset value consumption frorst c
allocation approach as a sequenca allocations, whera denotes the expected service
lifetime of the asset expressed in number of acwogrperiods. In this case, the rate
used to determine the consumption of the assetduoeid = 1/n. This interpretation is
entirely in line withLadelles concept. The raté thus determined can be used for the
systematic (linear) allocation of the historicakigmal) cost of the fixed asset to
periods, the totality of these periods representhg service lifetime of the asset in
question Diewert designates the historical cost of the asset, iraduait the beginning of
period 0, asP’, and determines its linear allocation as the Vg sequence of
elements:(1/n)P, (1/n)P, ..., (In)B. This method measures the contribution of the
asset to production at constant prices in spitteffact that the revenues and expenses

constituting income appear in the periodical incanheurrent prices.

However,Diewert also discusses the possibility of allocating theea value calculated

at current prices. In this case, in the determomabf asset consumption, he also takes
into account any impacts resulting from the chanigeshe price of the asset, i.e.:
(A/n)P, (Ln)P, ..., (1/n)P, whereP' designates the current cost of the asset purchased
at the beginning of period 0 at the beginning efitidividual periods [t=1,2,...,n].

In addition to linear (‘straight-line’) cost alloban, several other cost allocation
methods are known: of thesBjewert highlights the geometric sequence allocation
model, which determines asset consumption usiranatant geometric rafe<é<l. The
sequence of historical cost allocations of histdrimstP° that this method generates is
oP°, 5(1-6)°P°, 5(1-6)°F°, .... Similarly to linear allocation, geometric sequerzsed

allocation may also be calculated at current prices

Nevertheless, the methods proposed for the altmtati historical asset costs faced
much criticism in academic literatut® Some of the critics censure the arbitrariness of
allocation, which in the present case refers tof#loe that there is no evident causality
between the consumption of the thus computed astet and the evolution of income

in time Bélyacz[1994b]),which undermines the applicability of allocationénonomic

1% See for exampleCanning[1929], Bélyacz[1994b].

22



Income as the measure of economic performance

science as first pointed out byHotelling [1925]. Nevertheless, the method is still
popular and widely used, owing primarily to thetfdmat it makes it possible to calculate
the consumption of the asset value occurring duttieggiven period at a low cost and
with relatively little computing effort — although does not necessarily closely reflect

reality.

Consequently, the simple cost allocation mechansmuite probably unsuitable to
compute the actual end-of-period asset value asda aesult,does not ensure the
maintenance of the business capital as outline@hapter 2.2 either in the nominal or
in the real senseWe may illustrate the problem with the followiegample: Let us
assume that our company purchases a machine famist The company plans to use
the machine during 5 periods, its estimated scedpevat the end of period 5 being 0.27
units. However, using the estimation methodologytha® machine’s scrap value, it is
possible to estimate the asset value at the eadatf operating period. In the next graph,

this asset value function based on our estimatepresented in green.
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Graph 2: Relationship between the asset values aisnedéd and calculated using the linear allocationetinod.

(Source: own elaboration)

The graph also shows the end-of-period net asdeevas calculated using the linear
cost allocation method: it is evident that the assdue estimates relating to the
individual periods and the asset values resultiogflinear allocation do not coincide.
The asset value calculated by linear allocationegiwigher values throughout the

operating period of the assdafonsequently, if single line cost allocation doed n
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coincide with our estimates of the end-of-periodedssalues, it evidently distorts the
image of the company’s financial situation.

The linear allocation concept of the example abdees not only influence the end-of-
period asset value but also impacts on the businessne determined in equation (2).

This effect is illustrated in the following graph.
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Graph 3: How the choice of linear allocation or thehange in the value’ method to compute depreciationpacts

on income. (Source: own elaboration)

The graph shows that in this example, linear atlonaused to determine asset
consumption first under-, then overrates the degtiea computed on the basis of the
estimated change in the asset value, which not distprts the business income of the
individual periods, but is also unable to maintaie value of the beginning-of-period

capital either in the nominal or in the real sense

A frequently cited argument on the side of the eysttic allocation of the historical cost
points out its objectivity, its independence froime tperson applying the method.
However, the objectivity of allocation methods mslermined by the fact that the usage
period and scrap value of the assets are estaldisghen ex ante manner; this estimate
is virtually always a result of a subjective judgmevhich fundamentally challenges the

objectivity of historical cost allocation.

At the same time, the single line allocation oftdigal asset cost also yields
guestionable results from the viewpoint of the aetimg principles. Ashe mechanical

measurement of asset consumption is very freququilg out of touch with the actual
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consumptionit does not make it possible to match the appatpexpenditures with the
receipts of the period, which infringes the matghprinciple, and reflects a distorted

image of the financial and income situation of fin@.

The cost allocation method actually fails to deligatisfactory results in determining
income (as a means of expressing the company’srpeahce), even in the case of asset
value allocation at current cost; as a consequdned| not consider it as a realistic
alternativein the course of my further analyses. Having exatbithe cost allocation

model, | will now continue by introducing the singifund approach.
2.3.2 Reservation for future replacement or the sinking éind approach

Academic literature outlines another theoretiggbraach to fixed asset consumption:
this method aims to create a monetary fund innldevidual periods, which provides for
coverage to replace the assets at the end of seeiice lifetimes® The idea of
approaching asset consumption through a replacefoadt model already makes its
appearance imadellés early synthetic study. The method consists itirge aside a
constant amount throughout the operating periodh®fasset which (together with its
accumulating interests) provide coverage for tidaement of the asset at the end of its
service lifetime l(adelle[1890]).

As opposed to historical cost allocation, the sigkiund approach considers the issue of
consumption from the viewpoint of the replacemeaitig of the asset at the end of its
service lifetime. This concept was subject to magticism in the early decades of the
last century on the part of the authors committethé cost allocation metho®igewert
[1996]). Their principal argument against the reptaent fund approach was that it is
not sure whether the specific asset for the repl@ce of which a fund had been created
during its service lifetime needs to be replacedoider to be able to carry on the
business activity. It is thus conceivable that dlssets needed for the operation may be
superseded by assets with different functions amagunew technologies, of which the
future purchase value is not related with the ®itteplacement value of the assets
currently used. The deliberations concerning tregeisms and the rethinking of the
measurement of consumption exerted a stimulatirigcefon the evolution of the
theories. A new formulation was conceived: the espntatives of the sinking fund

Y For details, se€€anning[1929], Daniels[1933], Gilman[1939].
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approach intended to determine asset consumptiardating a monetary fund which
provides for resources to buy a new asset whichpralbably be needed in production
after scrapping the asset currently usdeérom this point of view, wealth is not
conserved in its physical aspect but in its futuakie, for setting aside a replacement
fund from the income makes it possible to buy assetvhich the future purchase value
reflects potential capital services comparablehosé appearing in the value of the
currently used assetherefore the replacement fund approach regardtesent value
of the value units of the asset to be purchased ifuture period as the asset
consumption recognised in the income; in an ecoaosense, this concept delivers
satisfactory results regarding the entire servifetime of the assets, as it also takes into
account the impacts stemming from changes in thbagge rates and in the general
price level. However, this does not hold true tog incomes of the individual periods,
because asset value consumption will continue taldtermined on the basis of an
arbitrary allocation, without regard to the posdity of usages of different intensity and
to the changes in the value of the assets dueetadierioration of their performance

with aging.

Recognising this weakness of the approach, ecom®rbegan to examine the actual
value consumption of the asset values in the iddiad periods, which | will outline in

the next chapter.
2.3.3 The ‘change in value’ approach

The above mentioned weaknesses of straight-line altmcation and the sinking fund
model led to the creation of the theoretical bafsnded byHotelling and widely
accepted today, determining asset consumptionginen period through the difference
between the value of the asset at the beginningeaddf the periodHotelling [1925]
defined asset consumption over a period as thegehanthe value of the asset, and
considereddepreciationas the rate of the decrease of the asset valugjivea period.
Hotelling turned away from the time-based concept of allonaused in cost allocation

as well as in the replacement fund model.

He defined asset value as the discounted presémd vé the future rents (‘theoretical
rentals’) and the scrap value of the asset atriideogé its service lifetime. He considered

the rent of the asset as the value of the maxinmahtity of outputs produceable with the
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asset in the given period, calculated at an ardiegb sales price, decreased with the
operating costs of the assbtelling recognised that depreciation is related to thaeval

of the outputs produced with the asset, deductpegaiing costs.

In order to avoid any overlapping in the concefigjescribeHotelling's ‘depreciation’,
in the present study | will use the expressibme series depreciationThis may be
illustrated using a production equipment, of whitle value as of the beginning of
periodt shall be designated &g, then after a period’s usage, its value as ofetie of
periodt shall beP;, reflecting the usage of the production equipmianbughout a
period and the effects of any price changes oaayiin the meantime. In this case, the
change in the value of the production equipmerdteel to period (which, assuming
precise information and certainty concerning futuseidentical with the time series

depreciation of the asset) shall3e:
(3) A¢= Py — Py.

On the basis of the above definition, by ‘depreerdt Hotelling means the change
occurring in the value of the assets from one perio another. Therefore, the
determination of depreciation is inseparable frdme underlying value theory. In
Wrights [1964] formulation:depreciation theorlf could not exist without valuation

theory.

Consequently, for the determination of changessgetivalue, in addition to defining
‘asset’, it is indispensable to also clarify thdini@on of ‘value’ itself. The theoretical

basis for doing so is provided by several valueties known to economic science; of
these, in the next chapter | will describe the nmaigst theory and the labour theory of

value, as well as the mutual relationship betwéesd two.

121 will further discuss the detailed breakdown g thange in the value of the asset in Chapter 1.
13 Depreciation as defined yotelling.
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3 Measuring the value of fixed assets

“Measurement and observation always presuppose ekistence of an underlying
theory. The result of the observation and the megksualues may only be interpreted
on the basis of such a theoryBrody[1990] p. 521)

According to the theory above, the measuremenssétavalue may only be interpreted
in the light of the underlying theoretical basifiebries behind the measurement of fixed
asset value at the beginning and the end of thedseare called ‘economic value
theories’; these have branched, during their eiautinto two distinct and opposed
trends, the classical and the neoclassical schim®lyalue theories of which, ostensibly
different from one another, became known aslét®ur theory of valugLTV) and
marginalism respectively.Brody [1990] considers that as regards measurement, both
theories have the fundamental weakness of drawaeg their explanations to ultimate
factors (“labour quantity” and “utility”, respectly) which are very difficult to interpret

in practice. LTV is based on an approach of vahreugh the production process; the
roots of this go back to primitive societies wheetural resources were considered to be
‘gifts’ of Nature which workers transformed intorsumption goods through their work;
as a consequence, the value of these goods mdy belequated with the quantity of
labour they incorporate, or in other words, labaas regarded as the origin of value
(Dooley[2005]). A major representative of LTV wa&dcardq who considered that the
value of a commodity depends on the relative gtyaofilabour which is necessary for
its production Ricardo [1817]). Marx considered the explanation of the equilibrium
price of commodities around which “actual pricelictuate as one of the functions of
LTV (Morishima[1973]), which makes it clear thadarx's value theory founded on

socially necessary labour quantity is not a prioty Sowell[1963]).

Concerning the practical application of the thed®yody explains that the quantity of

labour was first expressed in labour time; thisywéeer, proved to be inappropriate to
grasp the differences in the quality and type eftlours worked, and consequently the
concept of wages was introduced to recognise ttaesers. The value of wages is, in its
turn, determined on the basis of an assessmerttebjabour market, i.e. on society’s

judgment on the utility of the individual types tdbour — as a consequence, the
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concurrent theory, marginalism, is used to soheeptoblem of measurement in practice
(Brody[1990]).

As opposed to this, the key concept of the mar@nalalue theory of classical
economics is the utility of goods, stating that tharket prices of commodities relate to
each other in the same way as their utility doestatement derived from the law of
marginal utility. The utility of goods is suppostxbe derived from consumers’ market
preferences. However, preferences are rather lmargatmonise in the case of two
persons, lest for the whole of the market. To stive problemDebreuoverstepped the
original interpretation of marginal utility theoand determined the evolution of demand
with regard to production procedures, foundingdrgument on expenditure rather than
on the market; in other words, drawing on the resspof the labour theory of value
(Brody[1990]).

Brédys summary outlined above shows clearly that the ostensibly different value
theories are really rooted in one anottfen the one hand, expenditures could only be
compared on the basis of their utility, while ore tbther hand, it was impossible to
assess utility without taking into account the tethexpenditure and outputs(Brédy
[1990] p. 530).

In spite of the equivalent and converging nature™¥ and marginalism, in my study |
will primarily rely on the theoretical background marginalism (also laying down the
foundations of the value theory of financial ecomshwhich identifies utility as the
returns derived from the goods, and which consitieatsthe value of the goods can be
computed as the total of the future returns distaito present value, a value typically
also reflected in market prices. A basic featuretlod value theory of financial
economics is that in the first step, it does ndfedéntiate between money and real
investment, which makes it suitable for a wide miofi economic processeBdsnyak
[2003]).

The value theory outlined above provides the themale background for the
measurement of asset value. The next chapter desdhe methods used in practice for
the purpose of this measurement.
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3.1 Methods used to measure asset value

The issue of the evaluation of fixed asset pricehat beginning and the end of the
periods is basically rooted in their permanent abia@r, for as a result of their relatively
long service lifetime, their value is not only méinced by the changes that may be
grasped in the physical sense, but also by seyeoglesses occurring in the outside
business environment. Therefore, the valuationgmoe selected must be suitable for
the overall recognition of the above mentioned iaotpaln the following subchapters, |
will give an overview of the major asset valuatimethods and procedures known in

economic and accounting literature.
3.1.1 Valuation based on historical cost

Historical cost basically allows us to perform agg or net measurement of asset value.
Griliches [1963] considers the measurement of gross asdee wa be one of the
simplest and at the same time one of the most anclencept of measurement, which
may however only be suitable for the determinatibthe end-of-period business capital
value described in equation (2) in the case ofrgel@roup of assets. To measure the
gross value of a group of assets, the initial aitjan cost is allocated to the assets until
they are scrapped. To illustrate this, followidglten and Wyko# [1996] reasoning, we
shall take as an example a firm which in the exachiperiod possesses [n=1,2,...,N]
fixed assets of [s=1,2,...,S] different ages fi&, K3.s K3, ... KNid. The gross value of
the group of assets thus determined, calculatdusabrical acquisition cost, may be

defined as:
(4) BV =Pl oK+ PlioK i+ ... + PisoKes,

where Py designates the purchase price of the new assehgsed on day. The
equation shows that the value of the gross capttatk is determined as the simple
addition of the historical costs of the individwsetsGriliches [1963] introduces two
methods by the use of which the value of the agsmip determined by equation (4)
may be suitable for the expression of the changajital defined in equation (2). In the
case of the first method, assets are scrappedeaent of their anticipatedverage
lifetimes If these assets have not been purchased at the 8me but at different

subsequent moments in time, then the value of thepgof assets at the beginning and

30



Measuring the value of fixed asset

the end of the period may be calculated as the mgowatal of past investments, where
the value of the group of assets is primarily dateed by theaverage lifetimeof the

assets. In this case, the difference in the indaidifetimes of the assets does not
influence the value of the group of assets, whaibkes the problem that after the end of

the average lifetime, haffof the assets are actually still operational.

The second method proposed @yiliches takes into account the individual lifetimes
characterising the given types of assets, detengirtapital value on a so-called

‘mortality sequence’.

Griliches explains that neither of the two methods considkes possibility that two
assets of the same type may have different selatenes. To solve this problem, he
proposes to take into account the lifetimes of eastet separately; this is called the

‘adjusted gross stock method

The use of historical acquisition costs also make®ssible to determine the net asset
value: due to its simple nature, this measuremegihaod is very popular in accounting
practice Daines[1929]), despite the fact that it is rather impsec In the case of this
method, asset value is determined period by persialg the allocation rates described
in Chapter 2.3.1> By applying this rate, the acquisition cost of #sset is allocated to
its different operating periods, and the end-ofigebrasset value is determined as the
difference of the initial acquisition cost and thart of it allocated until the given

moment in time.

The main drawback of the method is that it failcémsider the variations in the values
of the assets operating during several periodstdube exhaustion, deterioration and
obsolescence of the asset as well as to variatiotise price levels; as a consequence,
the asset value calculated for the end of the gasdound to be far remote from the
actual market value, or the alternative cost of deeet. Therefore not only does this
method convey a false picture of the company fieandut its result also fails to
correspond with the asset value defined in Chapi/3 which is necessary for the
determination of the period income calculated atent prices as described in Chapter
2.2.

1 As follows from the concept of ‘average’.
!> This rate is known in accounting practice as ‘éefation rate’; however this only partially correspls
with the concept of ‘depreciation rate’ as usethipresent study and further analysed below.

31



Measuring the value of fixed asset

The historical cost of assets may thus be congsidasea past characteristic which—in a
changing business and technological environmentrrakevant for the determination of

economic value.
3.1.2 Historical cost adjusted for the effect of inflation

Diewert [1996] introduces the method of historical cosjuatbd for the effect of
inflation as a potential method to determine asakie, which differs from the method
described in the chapter above insomuch as atdtezrdination of the asset value at the
end of the period, any inflation-related influensealso taken into account. Inflation is
calculated as the fraction of the beginning-of-peérand end-of-period general price
levels, which is however different from the asgetcsfic price change; therefore the
calculated price of the asset deviates from itgacharket value, which is considered to
be a weakness in this method.

The advantage of the method as opposed to theesimgibrical cost model, on the other
hand, is that the asset value already containsftbet of general price change, therefore
it allows a much more precise determination of &mel-of-period asset value in an
inflation-laden business environment. The measunénw general price change

presents, however, a problem in the practical apptin of this model, raising a number

of questions still unanswered by economic sciéfice.

An additional drawback of this method is that itl $ails to consider the variations in
the asset values due to the exhaustion, determrasind obsolescence of the asset;
therefore the asset value calculated using this ehagl not liable to concur with the
actual value of the asset.

3.1.3 Measurement based on historical cost adjusted forsaet specific price changes

Asset value determination based on historical @mjtisted for asset specific price
changes is almost identical with the method desdrib the previous chapter, with the
mere difference that in this case the historicat af the asset is corrected by the asset
specific price change (characteristic of the a#setf) instead of the changes in the

general price levels. This way the calculated valuthe asset may be determined more

'8 For further details concerning the theoretical prattical issues related to the measurement of
inflation, seeDiewert[1995], Diewert[2001] andAndrle [2003].
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precisely than with the use of the changes in Wegame price levels as explained above.
According toDiewert[1996] the challenge in the practical applicatodrthe method lies

in the determination of the rate expressing the@pyate asset specific price change,
complicated by the extreme heterogeneity of thetasshe differences in time between
the rates eventually determined for a given peand the time limits of the accounting

periods, and the potential acquisition of assetdifégrent times within an accounting

period.

In addition to the difficulties of practical appétion, another disadvantage of the
method is that the effects of the exhaustion, mestion and obsolescence of the assets
due to their actual use still fail to be recognisedthe end-of-period asset values;
therefore the use of this model is liable to conaajistorted image of the company’s

finances and income.
3.1.4 Asset value determination based on the market priceof the assets used

Both accounting and economic literature mention ghesibility of determining asset
value on the basis of market information; this rodtls related to the marginalist value
theory through the underlying assumption that tlative market prices of assets reflect
the marginal utility derived from their consumptj@and consequently, the market price
is appropriate for the measurement of asset valoe.market is able to measure value
by way of the trading price shaped by supply anchaled, where the asset price is
supposed to reflect the value judgment of the pnedaly well-informed sellers and
buyers.Hicks explains that if a second-hand commodity markestexithen the market
value of the assets, also reflecting their detation, may be determined on the basis of
market information Klicks [1978]); this market value will reflect the effeafthe asset
specific inflation described in the previous chapés well as any value changes
resulting from the deterioration, obsolescence exithustion of the assets. The asset
value thus calculated is finally suitable for theasurement of the change in capital
needed for the calculation of income as defineeuation (2).

To illustrate this method, followingulten and Wyko® [1996] reasoning, we shall take
as an example a firm which at an examined mometimeat possesses [n=1,2,...,N]
fixed assets of [s=1,2,...,S] different ages fi&, K?.s, K3is,... KN.d. The value of these

assets at present market prices shall then bentiett as follows:
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(5) VKt = |jt,0 Ko + Ijt,l Khbp+ ... + Fit,s K's,

where the market price of an asset of age a moment in time is denoted by' .
Hulten and Wykoff1996] consider that the price' s assigned to the used assets
corresponds with the amount that a rational investould be willing to pay for the
given used asset; this should at the same timectethe present value of the future
returns the asset is presumed to produce. Howagademic literature discussing asset

valuation criticises the results of this methochamerous points.

Part of these criticisms doubt tleeistence of an active second-hand mar&sserting
that in actual fact, second-hand market is ratiperaglic and dominated by dealers
(Hulten and Wykoff1996]). The effect of these factors is liabledeter market price
from the value reflecting the utility of the asset explained in Chapter 3.13hould
such markets exist, as a result of the great hgweity of fixed assets it is still
questionable whether another identical asset withidentical extent of usage could be
found on the market in order to compare its prigthwhe end-of-period value of our

asset.

Another criticism frequently raised in connectionthwmarket price based asset
valuation concerns theaformation asymmetrpn the market, formulated békerlof

[1970] using a “market for lemons” moddkerlof assumes that owners primarily sell
their assets in less good condition on the secamd-imarket, and go on using the better
quality ones: in consequence, market price wilsbgable for the measurement of the
value of assets of a poorer quality, and as a tetha assets resold on second-hand
markets are not representative of all the undedyipopulation of assetg$Akerlof

[1970]), and so the suitability of market assetgsifor the valuation of assets in use is

rather limited.

A practical issue concerning valuation based onntlagket prices of used assets is that
markets are not transparent, i.e. the trading gnicay not be observed. For this reason,
market value is frequently operationalised usingealisable value or
substitution/replacement valuRealisable valueorresponds to the potentsdles price
while replacement value is the total of the potdnpurchase priceplus transaction
costs this signifies that the realisable value is preahbly lower than the replacement

value. In practice, realisable value is rather usedhe measurement of the wealth of
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business units, while substitution value tendseaifed for the measurement of national
wealth and incomeXiewert[1996]).

3.1.5 Discounted present value of future benefits

It is an approach widely accepted in mainstreaerditire discussing the determination
of asset value that an asset is considered togmmlaof potential future services to be
used in the operation of the compaihis approach is also applied by accounting
practice. The IAS 16 standard (of the IFRS systwagrly formulates in its section 49
and 50 that it regards fixed assets as a pool démal future benefits, which future

economic benefits are expected to flow to theyentit

Therefore, the theory behind the valuation methodnects theflow of the future
services rendered by the asset with the presteskof the assetBbhmBawerk[1891]
(cited by Diewert and Wykoff2006]) recognised this relationship very earlpda
considered asset value to be thiscounted present value of the future servicebe
rendered by the asset. It is a generally acceptad m pertaining literature to identify
the value of the services rendered by the asséinmiine period with théheoretical
rentals of the asset on an efficient rental market, nafiggdsi rent” byHicks [1942,

p. 176]. Theoretical rentals reflect the value jmeégt of the users of these services, and
as such, any marginal utility derived from the aongption of further units of service. As

a resultvaluation based on the discounted present valdatofe services builds on the

foundations of marginalist value theory

3.1.5.1 Stock-flow relationship between asset value and ¥adue of the future services

rendered by the asset

Following Hulten’s [1990] andDiewert—Wykof§ [2006] chain of thought’ | designate
by PX the value of the service of an asset of afer periodt. In this case, the stock
valueP/ of the asset of an agdor periodt'® may be calculated as the net present value

of its future services:

K K K

6) P! = pK +Pt+1,s+1 Ptizs+2 et Ptis,—ss;

(6) Prs = P 1 1 1 1 1 1 '
+7t1 (A+7e,1)(A+71t2) (14+75,1)(14742) (147 5,—5)

7 As well asHulter's [1990] designation system.
18t also designates the beginning of the period.
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where S; designates the end of the service lifeti[s = 1,2,3...,S;] of the asset as
estimated at moment andwherer, ; is the nominal interest rate valid in future pes
T =1,2,.. as estimated at momet, also expressing the alternative cost of theal
value of the assetDiewerl [1996] describes the following approaches for

determination of the applied nominal interest r; ;:

* The use of a discounted cash flow

* The use of a rate determined with the Capital ABsieing Mode
* The use of the ex post return mett

e The use of the weighted average of past ex pasgts

e The use of an exogenous market interes

* The use of an official rate of retu

Due to limitations in volume, | shall not be abtediscuss the issue of the determina
of the applied nominal interest rer; . , but will take it for granted for the purposes
the analysisDiewert and Wyko [2006] make the simpljing assumption concernir

the interest rate that the interest rér; . applied in each future pericr are constant:
(N ree=rp51=12..

Following this assumptiotequation (6hall be formulated as follov*

S —_
(8) PtI,s = Zrtzos Ptlg-r,s+‘c/(1 + Tt)r-

Academic literature proposes several different epgines for the determination of va

PX of the services, which | will describe in the fallimg chapter:
3.1.5.2 The value of the servic

To determine the value of the assets, accordinequation (8)we need to know th
value of the services, which represents the returrthe operation of the assets in
individual periodsTherefore the valuPf; of the service of the asset for a period r

be expressed as a market fee that the user paysotbing but the use of the as

9 This differs fromHultenis as well as fronHulten and Wyko# definition inasmuch as they interpret |
value of the services as returns at the end oéxaenined periods, as a result of which the indethe
discount factor will contaim + 1.

36



Measuring the value of fixed asset

during a period; the value of the inputs (e.g. fustcessary for the operation of the
asset are not comprised in this fee; as a consempeihe value of the service also
depends on he efficiency of the use of the inpadsssary for the operation of the asset.
The one-period value of the services of an asset b®a best identified with the
theoretical rentalproduced on the market, whi&bhm-Bawer§1891] recognised very
early in his theoretical work. Let us take the \atrental market of vehicles as an
illustration, where the physical services renddrgdtars act as perfect replacement for
one another; and let us assume that vehicles add fuel to render their services, yet
the vehicles appearing on the market use this viagd different levels of efficiency
(consumption), that is, the cars need differenintjtias of fuel to run a certain distance.
In this case, presuming that market players takdr tthecisions in a rational manner
(striving to minimise costs), it is evident thaettheoretical rental of the cars with higher
fuel consumptions will be lower; it is clear, theéhat the service value (identified with
theoretical rental) is only a fee paid for the wéehe vehicle, which is substantially
influenced by the input and output efficiency cluteastics of the asset. | will later
discuss the wider interpretation of asset efficjeand its effect on the asset value in

detail.

From the above definition of return on the usehef &ssets it is apparent that by service
value | do not mean the residual amount remainmognfthe company receipts after
deduction of current expenditure; therefore, assalue is not influenced by the
“individual” profitability (or lack of profitability) of the firm. Actually, the creation of a
residual amount from the company receipts afterudédn of current expenditure is not
only due to the operation of the fixed assets, auth rather to certain elements
intangible and inseparable from the whole of thenpany?® such as the value of
continuous operation, of the client base, of th@legees etc. It is understood that when
a house is built, the added value (or decreaseaine) between the construction cost
and the value of the building should not be attidolito the last brick, but much rather
to the intangible elements mentioned above. Thexefbis surplus value may not be

attributed to the company’s fixed assets exclugivel

Anticipated market rentals are thus suitable fer élxpression of the value of services;

however, certain problems arise in this connectilba,major one being that fixed assets

% For a detailed description of the components afmany value, seduhaszZ2004].
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do not have rental markets, for most of the asasetsused by their owners. For this
reason, other approaches to service value areimg@ed with in academic literature.

Hotelling [1925] defined the service value of an asset enbifisis of thgross return
produced by the asset in the given period, whighesponds to the difference between
the value of the outputs produced by the assetuledéd at theoretical sales prices, and
the operating costs of the asset in that perioé& Ghoss return’ definition therefore
approaches the service value from the side of thrimmal amount of rental a tenant
would agree to pay, presuming that all market pkagee perfectly informed as to output
price and operating costdotelling also assumes that the asset produces at full icapac
in the given period, and that the outputs may dd ab the anticipated sales price.
Preinreich [1938]—following Hotelling—also identified the service value of an asset
with the gross return it produces. However, theintgdn of service value as the
residuum of the company receipts decreased by tpgreosts isunable to measure
fixed asset value independently from the given emyunless the above conditions are
met. As a result, a theoretical approach somewkatating from Hotelling's ideas

gained ground in academic literature to grasp servalue.

The foundations of this different approach wered l@iown by Lutzz Haavelmo
Jorgensoret alin connection with the measurement of the nettabpiock?* where the
value PX of the services is considered to be the ex pastemsto, s of an asset of age
for periodt, determined by the end of the period, i.e. at marel. Ex post user cost
wis May be regarded as an opportunity cost which wWreecs waive when they decide to
lease their own assets instead of using theuitén and Wykoff1996]).

Diewert[1996] defines the ex post user cost of an ass#teadifference of the values of
the asset at the beginning of the period and afterperiod of usage, as determined at

the end of the period but discounted for the bagmof the period:

(9) wes = Pls — Plyysir /(L + 1) = [1ePls + (Pls — Pliyser) /(1 + 1),

2L For details, sed:utz and Lut§1951], Haavelmo[1960], Hall and Jorgenson[1967],Jorgensor{1963],
Jorgenson, Hunter and Nadi1970],Jorgenson and Stephensd®67].
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According toDiewert’s interpretation, in the expression on the rigtie ©f equation (9)

P expresses the expected return (or otherwise tamative cost) related to the asset

in question, while the formulgP; — P!, ;.,) designates the change in the asset value.

Diewert’s [1996] definition of user cost differs from thencept of user costas defined
by Hulten and Wykoff1996] andTriplett [1996] inasmuch as the latter calculated the ex
post user cost for the end of the period, i.e.nf@mentt+1; however in this case the

discount facto(1 + r;) would not appear at the end of equation (9).

It is thus clear that the user cost of the assgigesents an ex post cost relating to one
period, while theoretical rental may be considesischnex antefee granting a right to
the services provided by the asset for one pehidit¢n and Wykoff1996]). Supposing
full use of the assets and a perfectly informedalemarket, the theoretical rental and ex

post user cost of a same asset ofsaige a period shall be identical:
(10) (Ut's = Plg,(S

However as a result of uncertainties of use anormétion asymmetry, this condition is
hardly ever fulfilled(Hulten and Wykoff1996]). The difference resulting from the ex
post nature of user cost and the ex ante charadtdheoretical rental was also
recognised byDiewert [1996] who regards theoretical rental aseanante user cost
Diewert[1996] describes the difference between the ex aod ex ante user cost for a
momentt in detail; this difference shall give a part oétlifference between the actual
end-of-period asset valuB/,,,,, and its valueP{,,,(t) estimated at momert
considered to be a realised part of an unexpectédindfall’ profit or loss byBélyacz
[2002] andLee[1986]2

To determine the user cost, we need either thenbewj-of-period or the end-of-period
value of the assets. This valuation may be perfdrorethe basis of market information
concerning the assets used; however, as | haveianedtbefore, used assets hardly

have an efficient and operational market.

?2|n Chapter 4.2 this problem will be further disses in detail.
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Therefore academic literature tries to determine whlue of the assets for a given
moment in time by grasping the processes and phemamfluencing the change of the

asset value. | will describe these processes aadgrhena in the following subchapter.
3.1.5.3 Phenomena affecting asset value

It is clear that the value of used assets is shdpedhe physical and economic
phenomena occurring in them and in their surroualiGriliches [1963] defines these

phenomena and processes in the following way:

» Exhaustionwith aging, there followa decline in the life expectancy of the asset
that is, at the end of the period in question,akpected service lifetime of the
asset will be shorter than at the beginning of pesitod.

» Deterioration with aging, there is decline in the physical productivity of the
assetwithin the individual periods; i.e. the servicendered by the asset become
poorer by the end of the period than they werbebeginning.

* Obsolescenceas a result of technological progress, the sesvigrovided by
assets using an older technology will be worth thas those of assets with the
most recent technology: this represemt$ecline in the relative market return for

the productivity of these assetdso influenced by other relative price changes.

Triplett [1996] regarded the concept of exhaustion as éefioy Griliches as the last
phase of deterioration; neverthele3siplett considered it expedient to differentiate
between the two effect.Another reason why it is subservient to differateiibetween
the two phenomena is that exhaustion is directiynected with valué®/; of the asset,
i.e. it does not affect asset valBg, but the elements of the addition in equation#)
decrease by one by the end of the period. Theretfmeesffect of exhaustion is relatively
easy to visualise and to understand, as a resukthath fact it is a factor constantly
(although not always expressedly) taken into actwustudies on depreciation.

% To illustrate the difference between exhaustionh @eterioration, let us take the example of a ouak,

where the service provided by the mine is the qtyaot coal mined in a given period. Let us furtimere

assume that the heating value of the coal situatdde lower layers is lower than that of the cimathe

upper layers. In this case, by the end of a petlmcoal stock remaining in the mine will be smathan

it was at the beginning of the period: accordinght terminology above, this represents the “extanis

of the mine. However, in the subsequent periodal iscextracted from lower and lower layers, which

line with our assumption) will yield coal of eveawer heating value; this means that period afteioge
the services rendered by the mine will become poamd poorer, corresponding to “deterioration” hie t
above outlined nomenclature.
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On the other hand, deterioration is connected thighvalueP/; of the service rendered
by the asset, which decreases insomuch as the addet is only able to provide poorer
or less service in the subsequent periods thasultiovhen it was younger.

Jorgenson1971] considers the above definition of the phmeanon ofdeteriorationas

a mortality sequence, antriplett [1996] explains it with two additional factors,eth
decay and retirement of the assetsTriplett considers decay as the decrease in the
productive efficiency of the surviving capital siees, while he defines retirement as the
loss of capital services. IMriplett's [1996] opinion, as a consequence of decay, the
efficiency of the asset decreases as its age iseses0 that it can render ever less or
poorer service in the periods to come. The phenomeih decay may also be examined
from the aspect of input and outpiigldstein and Rothschil{l974] establish the
difference between these two phenomena very cle&nltheir understandingnput
decaymeans that as it grows older, an asset uses mauéeto render an identical capital
service than a newer unit. On the other handput decaymeans that as it gains in age,
an asset will be able to render less and lessatag®tvice in each future period. The
essence of decay may be illustrated with a lortyene input decay would consist in the
fact that as the vehicle gets older, its fuel comstion will steadily grow; while output
decay would mean that as a result of the ever rinegeient breakdowns and time spent
in the garage, the lorry will be able to providsdeand less capital service (for example,

run less kilometres) in the subsequent periods.

As a second component déterioration Triplett [1996] identifies the loss of service
resulting from theetirementof the assets; which however may only be constfaed
group of assets only, for in the case of one ass#itement (reaching the end of
usability) also entails the end of the valuationtHe case of a single asset, retirement as
the loss of a certain part of the services cornedpdo output decay as outlined above.

For this reason, in the present study | shall eotqym a separate analysisrefirement

The next phenomenon influencing the changes int assdee isobsolescencealso
mentioned byGriliches When a new asset using a new, more developeddkdy
appears on the market, the value of the existisgtasising a less developed technology
will decrease as a resululten and Wykoff1996] call this decreasabsolescencelhe
phenomenon of obsolescence appears primarily asudt rof the intensive innovation
and technological development characteristic oftahgm, a phenomenon which in the
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economic sense was baptiseniéative destructichby Kornai [2010], in the wake of
Schumpeterin connection with the above mentioned technalalghdvancetall [1968]
recognises two further phenomepabodied and disembodied technological prograss
phenomenon also identified earlier Bgprgenson[1966]. In the case oémbodied
technological progresshe new, more developed technology is embodied specific
asset which becomes available to market playerstr@uly, in the case afisembodied
technological progressno asset of a more developed condition appeatghb services
of the existing asset lose value as a result of gheeral development of other
technologies: in other words, the change occurshen exchange rate of the asset.
Building on the findings oflorgensonandHall, following the pattern of technological
progressDiewert and Wykoff2006] differentiate betweeembodied and disembodied

obsolescence

» Disembodied obsolescencethere there are no new and improved models
introduced on the market, but the value of thetehpervice of the asset declines
over time due to shifts in demand or other exogsriactors;

« Embodied obsolescencehere new and improved models of the capital good
appear on the market over time, as a result of lwhiender the assumption of
Hulten and Wykoff1996]—the value of the asset with the older tetbgy will

decrease.

The phenomenon a&#mbodied obsolescence clearly recognisable in the first half of
Griliches’s [1963] definition of obsolescence, while the refiee to “other relative price

changes” may be identified with the phenomenodis¢mbodied obsolescence

With the exception of exhaustion, the phenomenkbineut above all affect the valug
of the services rendered by the asset, which howewey be further analysed to
establish whether the given phenomenon modifiesaiget service value through the

unit value or through the quantity of the serviceyided by the asset.

Actually for an in-depth analysis of the effectstbése phenomena, it is necessary to
differentiate between services on a quantitative \aaue-related basis. It holds true for
a major part of fixed assets that as their age grawne services they provide will
typically decrease and get poorer in the physiesiss; and these changes are also

reflected in the value of the services.
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3.1.5.4 The quantity of services embodied in the asset

For a quantitative measurement of the services dimboin the assets, it is always
necessary to determine a unit of measurement whashbe different for each asset but
always refers to the activity performed by the asséhe production process. The unit of
measurement of the asset service may be machineftioa production machine or

kilometre for a vehicle. These measurement unge atake it possible to express the
asset itself in quantitative terms. Physics provitie theoretical and conceptual
background, as well as the generally accepted measmt methods, necessary for the
observation and determination of services expregssgdantity units; whereas economic
science is responsible for the theoretical backgoof connecting measurement units

with the production processes (I will discuss #epect in detail further on).

The quantitative determination of assets entexs tim¢ field of the branch of classical
economics studying production theory. As | menttearlier in Chapter 2.1 on capital,
production theory revolves around the productianction, representing the relationship
between the quantities of the output on the onelhand of the various inputs needed
for its production on the other hand — accordingh® definition widely accepted in
economics Griliches[1963]). Part of the inputs necessary for the pobidn process of
the examined period are provided by the fixed as@ethicles, equipment, buildings)
used by the company: academic literature callsetimgsuts thecapital serviceprovided

by the fixed assets in the given period, or in stemrvice?® In the quantitative analysis
of the potential services relating to a period, ¥irdage and age of a fixed asset—as
explanatory variables—are connected with the (surg) quantity of services in the
asset, and with its efficiency. The vintage of ased (i.e. its date of fabrication) may
determine the initial quantity of service in thasat, the gradual decrease of the former,
as well as the service lifetime of the asset, isecthere is a difference between the
technological standards of the assets manufacatrddferent moments in time. On the
other hand, the age of the asset shows the quafstyrvivingservices embodied in the
asset, and refers to its potential efficiency ie thdividual periods to come. The facts
outlined above can be very easily visualised thinoaigimple example. An older beast of

burden will evidently be able to provide less sefiiin a given period than a younger

24 Used in this sense biulten [1990], Triplett [1996], Hulten and Wykof{1996], Diewert [1996],
Diewert and Wykoff2006], Jorgenson [1991]
%5 Assuming use of identical intensity.
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animal: the reason for this difference lies in gieenomena of deterioration and decay
outlined in the previous chapter. We may then $&t the services of the younger
animal aremore efficierttand as the younger animal may be expected tddivger than
the older one, it may be anticipated that gl@ntity of services for the rest of its life is
also superior; consequently, the younger animaisises will beexhaustedater than
those of the older one. However, the quantity amel efficiency of the remaining
services of two assets of the same age may alser difthe assets are of different
vintages>® provided that there are deviations in the qualitéthe various vintages. On
the basis of the above, it may be establishedtheaservices of the assets of different
ages and vintages constitute the (physical) cagitalk of the company, also expressing

the extent of the productive capacity of the firm.

To grasp the relationship between the totalitynaf $ervices provided by the asset and
capital stock, let us consider a company operaegral fixed assets of the same type
but of different ages [s=0,1,2,...,S] at a given moment in timd he fixed assets of age
s used by the company are able to deliver capitaligek, ; in periodt in order to
contribute to the company’s operation, i.e. to pioutput. The totality of the capital
servicesk, sat the disposition of the company at montecunstitute the capital stodk?

of the company. This relationship is illustratedtbg graph below:

Quantity of capital services
ky.s Ky ses ky.s kes
| ! ||
K™+
I"'-I+1.,5 I'(-t+1.,5+1 I'(-t+1.,5+1 I"'-I+1.,5,
| J ]
K t+1

Graph 4: Relationship between services embodied maksets and periodical capital stock. (Source: own

elaboration)

The capital servicek, ; of the fixed assets last until the periogtfl, t+2, ...] where at

one moment the asset reaches the &f its service lifetime [s=0,1,2,...,S].

26 Examined at different moments in time.
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Therefore, in a period, fixed assets of different ages, possessed bycdonepany,
provide capital service for the production processd the totality of these capital
services may be considered as the capital ftgtcfor periodt.?’ This may be expressed

as follows:
(11) KA = [keo keq, oo kes|.

Capital stockk/ thus ensures the operation of the company’s &esvin the individual

operating periodg[t+1, t+2, ...] of the companytor this purpose, the company needs
to provide for the replacement of any decreasehedapital stock as compared to its
stock in the previous period: this represents essinthe maintenance of the intactness

of capital in the physical sense, described in idl@aChapter 2.2.

3.1.5.5 Determining the capital stock of a given period the use of the perpetual inventory

method

Hulten [1990] explains that thgquantity k., of capital services the company acquires
through the purchase of new assets in the giverogdas comparatively easy to
summarise; however, the services of the fixed asaletady in use cannot be added up
because of the differences in the rate of detdr@mrai.e. in efficiency. This actually
constitutes the major problem in the determinatidrcapital stockk# according to
equation (11). Many economists eliminate this peoblby the use of thperpetual
inventory methodmaking it possible to add up services with dédferefficiencies using
efficiency weights. The method may only be appledthe condition that the assets of
different ages and their services are perfectlyacgable between themselvésulten
[1990]). For the examination of this model, letfust assume that the assets of different
ages represent identical levels of technologicahade®® where the difference between
the services of the assets of different ages mesuitiusively from the phenomenon of
deterioration (described in Chapter 3.1.5.3). Ruaihg Hulters train of thought, the
quantity k. ; of the services of assets with same levels ofnelclyy but of different
ages in period may be expressed from servikg, of the ‘new’ asset through the

association of aelative efficiency weight < ¢, < 1 , where [s=0,1,2,...,S] designates

" This definition corresponds with the concept ofgital stock” as used biulten [1990], Triplett
[1996], Hulten and Wykoff1996].
28| will later relieve this assumption in Chaptet 3.8.
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the age of the asset, that is, the number of pedoding which the given fixed asset had
been previously used. If we consider the new ageetse the most efficient in the
individual periodg, then efficiency weighip, = 1 will be assigned to those. Using the
relative efficiency weights thus determined, equat{11) may be formulated in the

following way?°
(12) K& = @okeo + @ikeg + - +@ske .

The perpetual inventory method may also be intéedras applied to the entire service
lifetime [s=0,1,2,...,S] of an asset, where the défe service quantitie, ¢ and service
valuesP¥; corresponding to the different agesf the asset may be expressed, through
the use of efficiency weights, from the quantitysefvicek, , and the service valugX;

of the new asset. This was first recognisedChyistensen and Jorgens¢i®73] and has
since been baptised ‘asset vintage model’ or ‘ehprintage model’ in academic

literature.
3.1.5.6 The capital vintage model

As mentioned earlier, the perpetual inventory meéthtade it possible to express the
services of the assets of different agé®m each other using efficiency weiglygs. To
this analogyChristensen and Jorgens¢ih973] proposed a simplified procedure for the
model described in equation (8). The essence efdimplification is that the services
@, s of different efficiencies provided by the assettsitdifferent ages as estimated at
momentt may be expressed from each other through the tigelative efficiency
weights. For a better oversight of the model, Eeassume that there is no technological
progress in the given business environment, sotligatdlifferences between the services
rendered by the assets of different ages are dtiipudable todeteriorationas defined

in Chapter 3.1.5.3In this case, assuming competitive market coowlsti the following
equation may be considered to be valie(vert and Wykoff2006]):

(13) Ptl,(s = (pt,sPtI,(O-

whereg;, ; is the relative efficiency of an asset of aggompared to that of a new asset

of ages=0, this efficiency weight being, for a new assetgés=0, ¢, = 1. Diewert

2 Following the reasoning ¢ulten[1990], Triplett [1996], Hulten and Wykoff1996].
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and Wykoff[2006] note concerninequation (13)that it is only true in casthe new
assets and the assets of s are perfectly replaceable between themst. In this case,

using equation (13gquatiol (8) may be formulated as follows:
(14) PtI,s = g;(SJ (pt,s+rptlg-‘c,0/(1 + 1)t

In equation (14)the service valuePf of the different assets of ags may thus be
expressed using relative efficiency weigp, from the valuePf ., of the services

provided by the new asset of es=0 at the individual moments+ t.

Following Diewert and Wykao's [2006] reasoning, assuming a business enviroh
characterised with price changes, | will differatei, regarding assets the same age,
between the service values observable at a givementt and the expected servi
values at the beginning of the individual futureipes. | will assume that the followin
relationship exists between the service values ssets of differel ages at given

momentd:

(15) PE « (1 +ip) = PEGPE « (1 +ip,) =

PE G PE «(1+i1)(1+10.,) =P,

where1 + i, , designates the variation factor of the service e/alinich expresses tl
expected future chanpe= 1,2,3..] in the service value of the asset estimate
momentt, regardless of the deterioration of the asin another approach, factl + i, ,
expresses theominal price change in one service unit of theeaf®m a future moent

t + 7 until the next momeit + 7 + 1, as estimated at moment t

To simplify mattersPiewert and Wyko[2006] assume that the réi. . influencing the
price of the service units of the assets is comstatiin the examined future perio
=123..:

(16)  ipr=is T=123,...

In this case, equatidii4) relating valueP/; of the asset as calculated at mont with
value Pf of the future services may be formulated using #gos (15) and (16) as

follows:
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A7) Pl =Y (1 + i) PrsrcPE /(L + 1)

On the right side of equation (17), service valpes, P, expressing the deterioration
of the different assets of agat moment may be transformed, through the use of factor

(1 +i,)%, into service values valid at moment 7 :
(18) (1 + it)r(pt,s+‘rptl,<0 = Ptlfl-'r,s+r; T= 0,1,2, EEE
where ift = 0 then(1 +i;)* = 1.

We may conclude that the use of the model defimedquation (17) necessitates the
knowledge of efficiency weight, ;.. and of price variation factofl + i;)*. In the
next chapter, | will first analyse the possible waf determining efficiency weights,
still excluding technological progress, then | walbntinue with the examination of
phenomena causing price changethis time taking technological progress duly into

account.
3.1.5.7 Determining relative efficiency weights

As at present | am analysing valBg, of the assets of different ages in an environment
excluding technological progress, the existence difference between the values of the
assets of different ages may only be attributetthéodeterioration and the exhaustion of
these assets, which effects | described in Ch&oieb.3. The deterioration of the assets
of different ages, i.e. the difference in theiri@éncy, is reflected in service vali;;

the mutual correlation between the service valdethese assets of different ages, as
defined in equation (13), considerably simplifiag imodel outlined in equation (8), as
shown by equation (14). The expression from oneth@moof the value of the
services belonging to assets of different agesngrtant because fixed assets do not
have rental markets the existence of which coubdige information about the values of
the services rendered by the assets of differezg.dgowever, through the estimation of
efficiency weights, we acquire a usable modeis estimation needs to be performed
with due regard to the quality standards, use istgnand technical maintenance of the
asset.Consequently, the value of the services provideddsets of different ages may
be expressed after the analysis of various featirése asset, by relating the relative

efficiency ¢, s of the used asset to the efficiengy, = 1 of a new asset at a moment
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Therefore, assets of different agewill have different relative efficiency weightg, g,
which at the same time should also express theoptiops of their service values, valid

at the given moment in time, as described in eqodti3).

Numerous approaches are described in literaturthéodetermination and estimation of
efficiency weightsHulten[1990], Hulten and Wykoff1996] andTriplett [1996] outline
three major methods for the determination of edficly weightsp, ;. The first approach
assumes that thehange of any physical attributef the assets is related with the
decrease of the efficiency of that asset. The skemproach identifies the decrease in
the efficiency of the asset with a relatdthnge in the marginal prodyatvhile the third
approach assumes that the decrease in the effjc@rassetgollows a certain pattern

characteristic of the given asset and of its metnatlintensity of use.
3.1.5.7.1 The relationship between the efficiency and thesjda} attributes of an asset

The approach intending to determine the loss ddtike efficiency on the basis of
physical attributes is founded on the assumpticat thhe change in any physical
characteristic of an asset entails a change irrdlaive productive efficiency of the
asset.Hulten [1990] illustrates this approach with the exampfesoap and dry ice,
where he identifies relative efficiency weightg with the surface areas of new and
used blocks of dry ice or bars of sobjulten explains, however, that in the case of most
assets, this approach to the determination of ieffcses and their correlation with
physical attributes is not applicable, becauseetlage assets in the case of which the
decrease in efficiency does not show correlatioth veiny decrease in the physical
attributes of the assetdJriplett [1996] argues against the possibility to determine
efficiency weights in this manner, supporting higiementation with the example of an
eraser: he says that during erasing, a rubber asgydeveral millimetres of its surface or
may remain virtually unchanged, despite the faett tthe operation performed was
exactly the same, i.e. the eraser provided the ssnace both times. Therefore the
suitability of this method for the determination tbe loss of relative efficiency of an

asset is very limited and restricted to a certama lof assets, even on a theoretical plane.
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3.1.5.7.2 Determining asset efficiency from the proportiortfe# marginal product of two

periods

Following the reasoning oHulten [1990] andHulten and Wykoff1996], another
possible way of determining relative efficiency gleis ¢, ; is to express them from the
production process itselin this case, we may consider relative efficieneygis ¢,

as the proportion of the relative marginal produofsthe assets of ages s=0 (new) and
s+1; this approach dissolves the apparent contradiatiofiriplett's eraser case by
recognising that the differences in the usage hedrtensity of use of the assets also

impact on the evolution of relative efficiency weigg, .

Nevertheless, when determining efficiency weightsdlculation from the proportion of

relative marginal products, we face the challenigbawing to aggregate the services of
assets of different vintages; as a consequencgjimahproduct may only be determined
as an aggregate of the individual production fumgiof homogeneous capital stocks
(Hulten [1990]). The relationship between the service #red output of homogeneous

assets of ageis expressed by production functifft

(19) Qt,s = fs(kt,s;Lt,s ),

where @, ; designates the output quantity that the assebles ta produce in periot
using servicek,; provided by the asset of age and quantity of labourL,
corresponding to this service. After aggregatingpotsQ, ; produced using the services
of homogeneous assets of different vintages, weéhgedggregate production function of
periodt, which we may express on the basisHufiten [1990] andTriplett [1996] as

follows:

(20) Q¢ = Xs=0 Qt,s = Ys=0 Fs(kt,s'Lt,s ).

Expressing the aggregation of the services of asddalifferent vintages in periadn a

different way, we get the following equation:

(21) Qf = F((kt,o' kt,l! ey kt,s): L),

where Q@ designates the maximal output of the assets ftdreint ages realisable in

periodt, where aggregatg, ; of the necessary quantities of labdir connected with
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the individual services is available. In this contédulten [1990] explains that ensuing
from Leontiefs results, it is a necessary and sufficient coodiof the aggregation of
the services comprised in equation (21) that thegmal rate of substitution of any input
pair in an aggregate group should be independentarnf inputs outside the
aggregation® From this condition it also ensues that techn@sgi corresponding to

the assets of different vintages contained in ggregation need to be identical.

Having regard to the necessary conditions of agdieg the relative efficiency of
homogeneous assets may be expressed on the basiswdédge available at moment

as follows:

0Q* 0k
0Q*/dk(,

(22) =@¢s s=0,1,2,...,5;.

However, in practice, it is rather cumbersome tcuwdate efficiency weights from
variations in marginal produdRiewert[1996] mentions two main issues regarding this
method. The first problem is that it only worksaxtremely aggregate models and for a
small number of outputs. The other issue is thalitimm relating to the additionability
of the services of assets of different vintageg tha services of such assets need to

perfectly replace one another. This condition iy varely fulfilled in reality.
3.1.5.7.3 Determining the decrease in the efficiency of fimasdets on the basis of patterns

Due to the above outlined limitations of the deteation of the relative efficiency
weights connected with fixed assets, economicdiitee tends to assume that the loss of
efficiency of an asset follows a certain pattermrelteristic of the given asset. This
pattern is usually assigned to the given asseherbasis of observation or assumption.
The pattern of the decay of the efficiency with agay vary for the different assets,
depending on the individual quality, the usage #m&l intensity of use, as well as the
level of maintenance of the assé@espite the many varieties of use and other
circumstances, academic literature typically ddfdgrates between three basic patterns
(constant, linear and geometric) on the basis @fetlolution of the relative efficiencies.
Hulten [1990] and Hulten and Wykoff1996] describe these patterns in detail. The

following graph illustrates the constant, lineardageometric patterns of relative

%0 This condition is not fulfilled in the case of impdecay as outlined above; therefore this methazhly
applicable with limitations for the determinatiohd®crease in efficiency resulting from input decay
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efficiency decrease as the function of the agdefasset, showing the evolution of the
efficiency of an asset with a service lifetime d $ears according to the different

patterns.

09 —

0,8 \

0,7 \

0,6 \
0,5 \\ Linear

0,4 \ Geometric
g'i \ Constant
o:1 \

Relativ efficiency (¢)

Age

Graph5: The different asset efficiency patterns as a ftion of asset age. (Source: own elaboration)

The first and the simplest of the patterns intretlby Hulten [1990] andHulten and
Wykoff[1996] is the ‘constant efficiency pattern’, alsalled ‘one-hoss shaif or ‘light
bulb’ efficiency pattern. The pattern assuming ¢tans efficiency is founded on the
observation that some assets are able to providecee of a constant efficiency
throughout their service lifetime, independentlytloéir time of use and their age. The
most frequently cited example of an asset with thpe of efficiency is the light bulb,
which shines with a typically constant ‘efficienayirough all the periods of its service
lifetime up to the end of its lifetime, when it &illy burns out, i.e. its efficiency
decreases to zerélulten [1990] expresses the above outlined age-constéoieacy

with the following formula:
(23) Pto = Pt = " = Pts-1 = 1, Pt.se+t = 0, 7=0,1,2,.. .

To determine the efficiency of an asset followingpastant efficiency pattern, it suffices
to estimate the eng} of the service lifetime of the asset at montdntbe able to use the

efficiency weightsp, ; corresponding to the individual periods.

%1 After the ‘wonderful shay’ appearing in the poentittied The wonderful one-hoss shiay
O. W. Holmes.
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The second, also simple, pattern of efficiency éase outlined bydulten [1990] and
Hulten and Wykoff1996] is linear: in this case it is assumed thatrelative efficiency
of the asset decreases in a linear fashion with agjg until the ends; of its service

lifetime:

1 2 Si—1
(24) Pro=1¢0s1 =1 S Yo =1- 5’ e Prs,—1 =1 — ts_t:‘Pt,Sﬁr =

0,7=0,1,2,...

From the above definition it is clear that in theehr pattern, the efficiency of the asset

decreases by a constant part by the end of eadper
1
(25) got,s_l - (pt,s = S—t, S = O, 1, 2, "'JSt .

To determine the decrease in the efficiency of abget, here again it is sufficient to
estimate the end, of the service lifetime of the asset to establisb individual

efficiency weights.

The third pattern of efficiency decrease describgdHulten [1990] andHulten and
Wykoff[1996] is the geometric pattern, in which the dese in the efficiency of the

asset is expressed by a constantdatstimated at a moment

(26) ((Pt,s—l_(l)t,s) — 61—-

Pts—1

Using this rateS;, the efficiency decrease pattern may be definddlisvs:

(27) Oro=1¢,=(1- 5t)1:§0t,2 =1- 5t)2;¢’t,s =(1-46)° ...

This means that in the geometric pattern of deer@afficiency, the efficiency of the
asset may be determined using a simple constamtératthe simple nature of this
method makes it quite popular in empirical stud@s depreciation. Beyond its
simplicity, this pattern is also widely used be&ensuing from the nature of geometric
sequences, relative efficiency weight; expressing the value of the servicB and
the rate expressing the decrease in the v&fyeof the asset may be mutually correlated

by generalising equation (27):
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(28) Prs = (1 —6p)°,
where rated; is constant throughout the service lifetime of éiseet:
(29) 5t = 5t,5; S = 0,1,2, ...,St..

Substituting the expression on the right hand sfdeguation (28) into equation (17), we

obtain the following definition of service value:
(30) PtI,s =2zo(1+i)"(1 - 5t)S+TPtI,<0/(1 + 1)t

In this case, if; = . and(1 — 6;) < 0, the expression on the right side of equation (30)
may be regarded as a geometric sequence in wheataté of total®; , andP/; will be:

1
Pgs

(31) Pl = (1 - 5t)s = QP¢s-

Nevertheless, this pattern based on a geometrigeseq is frequently criticised, despite
its advantages described above, because of théhtscthe relative efficiency, ; and
value P/ of the asset only approximate zero but never réackhich assumption is
unrealistic in the case of fixed assets. This phesmmn may be conveniently observed
in Graph 5. Another subject of criticism follow®in the nature itself of the geometric
sequence generated using a constant rate, whergetimaetric pattern of efficiency
decrease eventuates a greater degree of efficidacsease at the beginning of the
service lifetime of the asset. However, despit®#iensibly unrealistic features, it is not
at all uncommon that a geometric pattern is idexatiin the empirical analysis of the

relative efficiency decrease and depreciation s’

On the basis of the relationship defined in equati’), the above presented patterns of
efficiency decrease impact on valPg, of the asset, the evolution of which with age (if

i, = 0;7, = 0,1) is illustrated by the following graph:

32 See for exampledulten and Wykoff1981a],Storchmanij2004].

$Hulten and Wykoff1996] and [1981a] call this attribute the ‘agéeprprofile’. As in the present study |
consider the market price of the assets to be aquéleir value as determined following the priteipf
marginalism, | will henceforth use the term ‘agédueaprofile’ for this effect.
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Graph 6: Age-value profiles eventuated by the differentieincy patterns. (Source: own elaboration)

In this chapter | have described a model frequargld for the aggregation of the future
service values of assets, where the expressiomeofrdlative efficiency of the asset
creates the link between the service values cavreBpg to the different ages of the
asset, of which the discounted present value isaligtidentical with the value of the

asset. For the sake of clarity, up to this poiekamined the model in an environment
where | entirely excluded the possibility of teataliprogress. In the next chapter | will

relieve this restriction.
3.1.5.8 Technological progress and obsolescence

Throughout my analysis of asset value, until thespnt point | assumed the existence of
a business environment without technological pregyrd-ollowing the reasoning of
Jorgenson[1966], Hall [1968], Hulten [1990] andDiewert and Wykoff2006], | will
hereinafter assume a business environment whenedkgical advances do exist, as a
result of which the assets manufactured become mrwlemore developed and able to
satisfy new needs compared to earlier times. Inctirgext of technological progress,
Hall [1968] differentiates betweeembodied technological progressd disembodied
technological progressoth of which may result in the decrease in thleie of the less
advanced assét:Hulten and Wykoff1996] call this decreasebsolescenéeFollowing

3 Wykoff[2003] considers thabrilichesdoubts the truth of this statement. According\tgkoff Griliches
considers that technological progress increasevahee of the more advanced asset, but this does no
affect the value of the less developed assetsdylii@ause.
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the pattern of the differentiation made in the aafseechnological progresBiewert and
Wykoff[2006] differentiate betweeembodied and disembodied obsolescence

3.1.5.8.1 Disembodied technological progress and obsolescence

Disembodied technological progress is an assunwthieal advancement which is not

‘embodied’ in new assets providing the given senhct in the development of assets
providing different services. As a result of thike demand for the asset in question
decreases, and so does the vaifieof its service” If the future decrease of the service
value may be anticipated, then on the basis ofdlaionship defined in equation (17),

this will also trigger a decrease in valBg of the asset itseff Diewert and Wykoff

[2006] call this decreasédisembodied obsolescence

In connection with equation (15), | determined #isset specific nominal price variation
factor (1 + i, ;) of asset valu@/ as estimated at momernand valid for future periods

t + 7 , about which | assumed in equation (16) (forghke of the clarity of the model)
that its value remains constant in every futuragoer + t beginning with moment.
Diewert and Wykoff2006] break down the nominal asset specific peitange raté, as
estimated at momertinto two parts, taeal asset specific price change rageand
general price change ratée. inflation®” | will designate the inflation rate estimated at
momentt and valid for future periods + t with p,,. For the sake of clarity, let us
assume, however, that inflation raig, remains constant for all future periodst t

beginning with moment
(32) Per =P T=123, ...

In this case, the relationship between inflatiprand asset specific regl and nominal

i, price change rates will be:

33) 140 =k

T 14pe

% For instance, the general progress made in péastitustry, opening up the possibility of fabricati
synthetic waterpipes, clearly decreased the denfandnachinery used to manufacture the lead pipes
widely used before. Consequently, the price of nmeshproducing lead pipes decreased as a resthie of
development of plastics industry: we construe diéisrease as disembodied obsolescence.

% This decrease in the asset value is greatly infled by its alternative usability for other purpmse

%" Diewert [2005] discusses the potential methods and issfieetermining inflation rate in practice in
detail.
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Following Diewert andWykoffs [2006] reasoning, however, the general pricengke:
ratep, does not only affect service values but also theinal interest ratr. defined in
connection with equatior(6) and (7) which again may be broken down into two pe
general price change; and real interest ratg’. This relationship is reflected by tl

following equation:

* _ 1+rt
(34) 141/ = o
If we substitute the real rates expressed in egus(33) and (34)nto equation (17) and
simplify the expression on the right hand side wiltle average price change fac

1 + p¢, then we obtain the following definition for assetue

35) Pl = (1 +i) s P/ (L +19)7

Therefore, according to this model, asset valumisnfluenced by the anticipated futt

average price change rip;.

When the future value of the services provided liy &sset decrease as a resu
disembodied technological progress, the assetfgpeeal price change rai; defined
above will have a negative value, which will appéaroughout the ntire service
lifetime of the asset beginning with momt. In other wordsgisembodied obsolescel
resulting fromdisembodied technological progri pushes the function of asset va

Pk, as examined in the light of future period:ower” in the graph, as illustrated belc
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Graph 7: Evolution of service values without and adjusted ftisembodied obsolescence throughout the individua

periods. (Source: own elaboration)

In Graph 7 | indicated with an ‘A’ the initial, ‘meobsolete’ function of asset valuB%

in the future periods; when determining this fuoitil assumed a service lifetime of 10
years and a service decrease pattern of the gaorsetijuence type. Function ‘B’ is the
variant of function ‘A’ adjusted with asset speciprice change ratg§ = —0,1, which
demonstrates the effect disembodied obsolescendgraph 7 clearly shows that under
the effect ofdisembodied obsolescendbe value of the service provided by the asset

decreases in the present as well as in each fytered

According to the relationship defined in equati@B)( thedisembodied obsolescence
affecting service value®/ also impact on the value of the assets themsethes;

following graph illustrates this effect.
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Graph 8: Evolution of asset values without and adjusted ftisembodied obsolescence throughout the individual

periods. (Source: own elaboration)

| indicated with a ‘C’ the function of asset val#g, calculated from services values
indicated with an ‘A’ in Graph 7 using real intereater; = 0,1, and with a ‘D’ the
function of asset valug/; calculated from the service value indicated wittB'a also

using real interest ratg = 0,1.

It is therefore apparent in the case of both Graghd 8 that the estimatddsembodied
obsolescencaffects the present and future values of the serprovided by the asset,

and in this manner also influences the value obgset itself, as well as its evolution.
3.1.5.8.2 Embodied technological progress and obsolescence

As opposed to the above, we cahibodied technological progréshe appearance on
the market of a more recent, technologically modeaaced asset which, however,
provides the same service and is suitable to reptse previous one. The higher level of
technological progress of an asset may be appameationger service lifetimeor a
higher productive efficiencylhe increase of the lifespan and productive ieificy of
the more advanced asset may be considered as thesitgp of exhaustionand
deterioration described in Chapter 3.1.5.3, deterioration beirggivalent to the
phenomenon oflecayin the case of an individual asset. If the expestdice lifetime
of a more advanced asset is longer than thategsaddvanced asset, thendkbaustion

of the more advanced asset takes longer, whicheinfles the valuBX; of the service of
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the less advanced asset (provided that their effcyi decrease patterns are identical)
only if aninstallation costs incurred in relation to the operation of theetsInstallation
costs occur more frequently in the case of lessackd assets, and this surplus cost may

decrease valuBX; of the services of the less advanced asset.

Similarly to decay, the improvement of productii@cgency resulting from embodied
technological progress may be interpreted both fteeinput and theoutputside. The
improvement of output efficienecyeans that compared with a less advanced asset, th
asset will be able to produce more output withdame quantity of input in the periods
to come. On the other hand, timeprovement of input efficienapeans that the more
advanced asset will use less input to produce dngesquantity of output than a less
advanced one. In this case, as a result of theiaffty improvement resulting from
progress, valu@k; of the services provided by the less advancedsase# decrease
due to the advantages of using the more advanced dhe decrease in valBg; of the
less developed assets entailed by technologicar@sse embodied in thmprovement of
efficiencyand in theincrease of service lifetimis called émbodied obsolescendasy
Diewert and Wykoff2006].

Consequently, the relative efficiency weighgg; defined in equation (13) not only
express the effects of deterioration but also tfiagmbodied obsolescence, for in this
case service valugk; of the new asset of age=0 belongs to an asset with a more
developed technology. Therefore in the case of emeblotechnological progress, the
efficiency of an asset of ageis not inferior to that of a new asset only beeaokits
deterioration but also because the new asset represents a meamcad level of

technology.

The obsolescence generated by embodied techndlgmiogress will thus decrease
value P of the service provided by the asset in additimthe effects of deterioration,
i.e. the evolution of service value with age becenséeeper, as illustrated in the

following graph:
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Graph 9: Evolution of service values without and adjusted fembodied obsolescence throughout the individual

periods. (Source: own elaboration)

In Graph 9 | indicated with an ‘A’ the initial, ‘meobsolete’ function of asset valuB%

in individual periods; when determining this furoetj | assumed a service lifetime of 10
years and a deterioration pattefh — 6,) = 0,35 of the geometric sequence type.
Function ‘B’ is the variant of function ‘A’ adjusdewith embodied obsolescencier
which | increased the efficiency decrease (ate §,) = 0,35, expressingleterioration
with 0.2, i.e. the decrease in efficiency occurrasga result of the anticipatedhbodied
obsolescenceThe efficiency decrease rate also including tlilece of embodied
obsolescence will therefore B&(1 —6,) = 0,35+ 0,2 = 0,55. Graph 9 thus clearly
shows that under the effect @mbodied obsolescendile value of the service provided
by the asset decreases in each future period.

According to the relationship defined in equatiBB)( the embodied obsolescence
affecting service valueBX(35) also impact on the value of the assets thereseGraph

10 illustrates this effect.

% On the basis of equation (28).
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Graph 10: Evolution of asset values without and adjed for embodied obsolescence throughout the indiil

periods. (Source: own elaboration)

In Graph 10 | indicated with a ‘C’ the function aéset value?/ ¢ calculated from the
service values determined by function ‘A’ of Graplusing real interest ratg¢ = 0,1 ,
and with a ‘D’ the function of asset valug calculated from the service values

determined by function ‘B’ of Graph 9, also usieglrinterest rate” = 0,1 .

It is therefore apparent from Graphs 9 and 10 ttvatugh affecting the future values of
the service provided by the asset, the estimatebodied obsolesceneéso influences

the value of the asset itself in the different pesi
3.1.5.9 Age and date effects exerted by phenomena influagahanges in the asset value

In this chapter, | have described the effects of fthenomena ofexhaustion
deteriorationandembodied as well as disembodied obsolescendée asset value at a
given momentt and on its evolution with age. These effects mrfice the income
defined in equation (2) through the fact that fixeets are part of beginning-of-period
and end-of-period capital valuBsandR; .

If the above mentioned phenomena exert an influemceéhe value of the asset, this
influence also needs to appear in the market walitlee asset. However, as | mentioned

before, relatively few used assets have an actomapetitive market which could
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provide information serving as a basis to deterntiveeend-of-period value of the asset

in use.

Therefore we need to estimate the change in theewal the asset in use on the basis of
the phenomena affecting the asset value as ofdgmming and the end of the period; a

possible model to do so was presented in equadon (

The impacts of exhaustion, deterioration and olssellece, estimated in the future,
change not only with the age of the asset, thdgenting the current value of the asset,
but also because we perform our estimations fofuthee at differentmoments in time
i.e. at differentdates and the change in the date of the estimation iatpacts on the
asset value. According to the organisation desdréi®ve, these effects are calladée
and time effectin academic literature. As, however, age effecprimarily based on
time, | will hereinafter designate the phenomendentified by academic literature as
time effect by the term otlate effect In the next chapter, | will analyse the breakdow
of changes in the asset value according to agelaiedeffect, respectively, and examine
how the possession or lack of exact knowledge tfréuconditions influences these

effects.
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4 Breakdown of changes in the value of fixed assets

In academic literature discussing changes in asdat it is a generally accepted view
that the change (typically decrease) in the valfuanoasset from momemtto moment
t+1 is explained by the aging of the asset and by dhange in the moment of
valuation®® For the above mentioned breakdown of the changeaine, we need to
consider the change in the valR of the asset of agefrom moment to moment+1,

which may be formulated as follows:
(36) A= Ptl,s - Pt1+1,s+1'

Substituting the asset valuBk; defined in equation (35) into equation (36) formemts

t andt+1, we obtain the following equation:

(37) Al:,s= PtI,s - PtI+1,s+1 =

ySes (1+i;‘>f<pis+rpt’§) _ (D) (1+iz+1)f<pt+*1,s+1+fpr’(+1,o.

= A+ 7=0 A+18,)7

The change in the valuk  thus defined may be examined in respect of theghan
the service valu®@X; of the new asset as well as in the light of asgionp concerning
certainty and exact knowledge about the future. Thsearch aims to clearly
differentiate, in the theoretical sense, betweenage effect@appearing in the changes

in the value of the assets on the one hand, anelé&meents related t@®valuationand
capital gain/lossconstitutingdate effecgton the other hand.

4.1 Change in the value assuming certainty and exact kavledge about the

future

I will first analyse the change in the valag; of the asset as defined in equation (37),
assuming certainty and exact knowledge about thediwconcerning the real changgs
in the service valueB; of the new asset, the relative efficienpy; of the asset, the

durationS; of its service lifetime, the real interest rateand the inflation ratg,. In this

%9 See for exampléddulten and Wykoff1981b] and [1996)Jorgensor{1996], Diewert[1996], Triplett
[1996], Wykoff[2003], Diewert and Wykoff2006].
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case, the asset value determined at different msmertime (at different dates) is not
influenced by uncertainties in the estimation @& garameters valid at future moments

(38) S=8 =15 17 =15 Qs =@s;pe =p; t =123, ...

In this case, based on the conditions expressedjuation (38), equation (37) may be

formulated as follows:

(39) Al:,s= APtI,s = PtI,s - Pt1+1,s+1 =

yS=s (1+i*)f<pf+rpgfo 3G (1+i*>f<ps+1+TP£1,o
(1+7r*)T T (A+r*)°

It is apparent from equation (39) that the changebe values in question result partly
from the alteration of the momenbf valuation and partly from the fact that theedss
becomes a period older, i.e. its age grows foto s+1. These two effects together
cause the change in valn@/; —called ‘time series depreciation’ bill [1999] in the
event of certainty and exact knowledge of futuraditions®—which | will hereinafter
designate with\P/. Hulten and Wykoff1981a] illustrate the discrete system of value
change as outlined in equation (39) with a matroawvjaling a separate display of asset
values P/ according to the date of valuation (columns) anel increase in the age

(rows).

“0 This corresponds to the concept of ‘depreciatiandefined byotelling. Hotelling also defined
depreciation on the condition of certainty and ¢kaowledge about the futurélételling [1925] p. 343).
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t= 1 2 3

s=0 [Py P20 P30
1 Pl P P3a
2 P2 Pb.2 P32
3 Plis Pls Pags

Graph 11: Breakdown of the change in asset values accordiogge and time factors. (Source: based on Hulten
and Wykoff [1981a])

Graph 11 shows that if asset values are represemtdte dimensions of the date of
valuation and age, the time series depreciationne@fin equation (39) may be
interpreted in the present matrix as the differen€etwo cells which represent a
transversal movement to the right. This diagonaft Sh the matrix expresses a
collective change in thageof the asset and in tldate of valuationtherefore the time
series depreciation expressed in equation (39)beayonstrued as the root of the change
in these two factors, which we may identify age effectand date effect Following
Diewert and Wykofs [2006] train of thought, time series deprematimay be broken
down toage effectanddate effecin two different ways depending on the order & th
shift in the matrix: i.e. first to the right andetih down, or first down and then to the
right. Therefore age and date effect may be expdeascording to the different orders

of the shifts as follows:

(40) APtI.s = [Ptl,s - Pt1+1,s] + [Pt1+1,s - Pt1+1,s+1] = Gt,s + Dt+1,s
(41) APtI,s = [Pt1+1,s - Pt1+1,s+1] + [Ptl,s+1 - PtI+1,s+1] = D5+ Gesyq,

whereD, ; and D, ¢ designate the changes in the value resulting tlmmincrease in
the ages of the asset at momertandt+1, i.e. the age effects; where@g; andG, s,
represent the changes in the value of assets sfsaggds+1 due to the change in the
momentt of valuation, i.e. the date effettsHill [1999] uses the term ‘revaluation
effect’ to designate the change in the value reagplfrom a change in the date of

valuation, assuming certainty and exact knowledgriaithe future.

“! Hulten and Wykoff1981a] use the term ‘discrete time effect’ toigeate the effect thus defined.
Discrete time effect, or date effect, representsdifference between the value of a three-yeaiaeft as
of 31 December 2010 and the value of a similantgehyear-old asset as of 31 December 2011.
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Formula®, ¢ and D;,, s incorporating age effect, express the differeneavben the
values of two assets of agesinds+1 at a given momerttor t+1.*2 To designate this
effect,Hulten and Wykoff1996] use the term ‘(economidgpreciationand Hill [1999]

uses the expressioarbss-section depreciatian

Substituting the formulas on the right hand sideadation (39) into the corresponding
cells of the matrix in Graph 11, the differencetbé individual cells will yield the
definitions of cross-section depreciation and reaabn, situated on the right-hand side

of equations (40) and (41), as illustrated by ti¥ing graph:

t t+1
B—= ) L—z ]
5 (1 + 1*}7@34_1_% _ (1 + lg}r@3+rpf|-1,u - G
(1+r)" L (L+7) i
- ~ -
S5—(s+1) S—iz+1) )
o1l (L+i*)@ss1+:P5 _ (1+* ) @ss14:Por0 _ G, oy
YT YT - ES
i (1+r%) i (1+r%) .
=
= = Qf;x
D,, Disas i

Graph 12: Cross-section depreciation, time series depreciatiind revaluation. (Source: own elaboration)

It is clear from Graph 12 that the overall changdhie asset value (assuming certainty
and exact knowledge about the future), i.e. timeesealepreciatiodP;; is not affected
by the order of the ‘directions’ of computing. Asesult, the order of calculating cross-
section depreciation and revaluation is basedautition and conventions. Cross-section
depreciation and,,, ; andD, ; (as illustrated in Graph 12) may also be expressaty

a cross-section depreciation rate:

I
(42) 6tc+1,s =1- (PtI+1,s+1/PtI+1,s) = Dt+1,s/Pt+1,s; where Pt1+1,s #0
(43) 685 =1—(Ply1/PLs) = Dy s/PLs; where Pl = 0.

“2 Hulten and Wykoff1981a] use the term ‘discrete age effect’ to glesie the effect thus defined.
Discrete age effect represents for instance tHerdiice between the value of a three-year-old @sset
31 December 2011 and the value of a four-year-sdgtaas of 31 December 2011.
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Following the same logic, the revaluation raflgsand 6, ;.1 corresponding to
revaluationd, ; andG, s, of assets of ageands+1 may be expressed as follows:

(44)  0.s=1— (Pl s/Pls) = Gys/PLs; where P # 0

(45) Orse1=1— (Ptl+1,s+1/PtI,s+1) = G511 /Pt’,sﬂ;where PtI,s * 0.

Using the above defined cross-section depreciarzhrevaluation rates, thiene series

depreciation rate§{ of an asset of agefor periodt may be expressed as follows:

(46) 5tT,s=1 (Pt+1s+1/PtS)_1_(1_9ts)(1 t+1s)=1_
(1—68E)(1 — O;541); where PLg # 0.

Substituting the expressions used in Graph 12tleacorresponding asset valugs of
equations (44) and (45), we obtain the followingfimdgon of revaluation rates

O¢sand 0541 :

(47) et,s=1_(PtI+1s/PtIs):

1 (mpp Ul eerettine o s A 0entlo ) yhere p, # 0

Pliis
(48)  Brpn=1- (— =) =

Pt'S+1

oK
_ S—(s+1) a+’ (p5+1+f £+1,0 S— (s+1) A+ P14, P 0 ). I
1 (ZT 0 Ty /T gy Where Pig #0

Respecting equation (38), | assumed certainty aadt&knowledge about future at every
future momentt + ¢ concerning the real changg&sin the service vaIueBt’f0 of new
assets, the relative productive efficiengy of the assets, the durationof the service
lifetime, as well as the real interest rate in every future periodt + 7 . Therefore any
difference between revaluatiofig; andG, ;4, as calculated “from different directions”
only results from the nominal change in the servialie Pf, of the new asset. This
change is expressed by the asset specific re@ phiange rat& of the asset service and

by the inflation p valid for periodt.”® This may be formulated as follows:

(49) (1 +i)(1+p)PE =PE .

3 As follows from equations (15), (16), (32), (33)438).
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Substituting the formula on the left hand side gfi@ion (49) into formula®f, , , of
equations (47) and (48), revaluation raflgsand 6,1 are simplified to the following

form:

(50)  8,s=1—(PlL,s/PL)=1—[(1+i)(1+p)];where Pl # 0

(51) i1 =1 = (Pisros1/Phor1) = 1= [A +i)(1 + p)];where Pigq # 0.

These formulas clearly show that tlevaluation rated, ; and 6, ;,, of assets of age

ands+1 at individual momenttare identical; i.e.:
(52)  Bis= Ots11 =05 =123..

This shows that the increase in agef the asset does not affect the revaluation #ate
for periodt. Departing from this fact, the equation on thétigand side of equation (46)
may be formulated as follows:

(53) 1-(1-0)(1—-6F1s)=1—-(1-65)(1—6,).

Simplifying this equation with the revaluation rate obtain the result that the cross-
section depreciation rate8’,; and 6¢; of assets of ages are also identical for

moments andt+1:
(54) 8L s =06L=065t=123....

In this case, the time series depreciation wte defined in equation (46) may be

expressed using equations (52) and (54) as follows:
(55) 6£s =1- (Pt1+1,s+1/PtI,s) =1-(01- et)(l - 556)

Substituting the formula on the right hand sideegfiation (50) for the revaluation rate
9, in equation (55} we obtain thenominal definition of the time series depreciation

rates;:

(56) Sfs=1—(1+)@Q+p)A—-685).

44 Using simplification (52).
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In the event ofp = 0, Diewert [2005] calls the time series depreciation réfg ‘real
time series depreciation rate’; this real time ertlepreciation raté], may be

formulated as follows:
(57)  §Li=1—(1+i)(1-85).

However in the event of inflation, only nominaldiseries depreciation ra@® is able

to produce the asset valug,,.,, calculated at current prices for end-of-period
moment t+1, which at the same time ensures thenaroapital maintenance defined in
Paragraph 2.2.Therefore, the incomg® defined in equation (2) is a nominal income,
and the difference between this and the inc@fhealculated on the basis of real capital
maintenance is exactly equal to the inflatjo® ; corresponding to beginning-of-period
asset value?/ ;. Meanwhile,this ostensible additional income?/; distorts the truthful
image of the company’s performance, as it is n&atrd as a result of effective
economic activityln the practice of business income calculatiornwdaer, companies
seek to present the nominal income computed on bées of nominal capital
maintenance (except for extreme cases of inflatith@refore, in the remaining part of

my study, | will examine the nominal time seriepieiation rate;.

We can thus establish that the nominal time selépseciation raté/ of the analysed
fixed assets as defined in equation (56) clearhsists of three main parts: asset specific
real price change raté& and inflation p valid for periodt, and the cross-section
depreciation raté¢ of the asset. The asset specific real price chasige* expresses
the change in the price of a service unit of treeadn Chapter 3.1.5.8.1, following the
reasoning ofDiewert and Wykoff2006], | attributed this change to the effect of
disembodied obsolescenétoweverdisembodied obsolescendees not only appear as
the difference in the time series depreciation 8gteand cross-section depreciation rate
5¢ of the asset of agefor periodt, but it also influences the service values 7 of the
new assets for the future period,,,. Therefore,disembodied obsolescenees
estimated in the future also constitutes a decipas# of the cross-section depreciation
rates¢ of the asset, in conjunction with the phenomenexbfiustiondeteriorationand
embodied obsolescenatescribed in Chapter 3.1.5.3. | will explain theationship

between these factors in the next chapter.
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4.1.1 Phenomena affecting the cross-section depreciatioate

The phenomena oéxhaustion deterioration and embodiedas well asdisembodied
obsolescencdescribed in Chapter 3.1.5.3 impact on the chamgee value of the aging
asset. This change in value may be formulatedrass-section depreciation ra®&
using equations (43) and (54) as well as the asde¢ definitions described in Graph 12

as follows:

(58 8 =1 |(SiprO ) (s )
The component of the cross-section depreciatiandéathus formulated to be discussed
first is exhaustion. As | stated before, as a tesiubxhaustion, an asset of agfel has
one future operational period less left than artassages, which may be expressed as
S—s>S5—(s+1), consequently we may say that the asset becomes mure
exhausted as it gets on in years, and the effettti®fevidently also shows in the cross-

section depreciation rat& of the asset, as demonstrated by equation (58).

As the asset advances in age, not only the nunfhiés ,emaining operational periods
decreases but so does the operating efficiencyasket will be able to deliver in the
individual periods left. This operating efficiency determined by theeteriorationof
the asset as well as lmbodied obsolescenc&@he deterioration of the asset thus
consists in the fact that its services become paand less valuable as compared to its
former ‘self’; on the other hand, embodied techgalal progress means that (in
addition to deterioration) the services of the tagserome less valuable and more
obsolete as compared to the services rendered mora developed assEt.As |
explained before, these effects are expressed figieaty weights¢,,,. We may
consequently state that as a resuldeteriorationandembodied obsolescendbe value

of the services of an asset of agdl possesses an efficiency weight which is lower than
that corresponding to a more developed asset of.age> ¢, ;. Therefore, by way of

the difference between relative efficiency weights and ¢.,;, the effects of

% That is to say that | assume that it is not thevises provided by the asset with the more recent

technology that become more valuable comparedasetiof an asset of the same age but from an earlier
period; on the contrary, it is the asset with tHdep technology that loses value. | described this

assumption and the pertaining circumstances irildet@hapter 3.1.5.8.2.
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deterioration and embodied obsolescence also appdhe cross-section depreciation

rates¢ of the asset, as it is apparent from equation. (58)

As | demonstrated in Chapter 3.1.5.8.1, throughatteet specific real price change rate
i* the phenomenon afisembodied obsolescenicepacts on the service valueg , , of
the new assets in the remaining periods; as atrefisémbodied obsolescenaéso
affects the cross-section depreciation rdte of the asset, as also shown by

equation (58).
4.1.2 Summary of the phenomena affecting the time seriefepreciation rate

In the previous chapter | described the phenomemagacdting on the cross-section
depreciation raté¢ of an asset of ageas well as on its revaluation ratgfor periodt,
assuming that the condition afertainty and exact knowledge about the futise
fulfilled; these phenomena together determine ithe series depreciation ragé; of the
asset of age valid for periodt. The relationships of these factors and the phemam

affecting them are illustrated in the following gha
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t t+1

Nomiral change in the service
valve of the new asset:
I — inflation in period t P P
Pr ; ; t+1,s
5 —real charge in the service value
of the new asset [

A+°)(1+p)

Effects of estimated future:
-exhaustion § — (s + 1)
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-embodied ohsolescence [ ¥s
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-exhaustion § — (s + 1)
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-disembodied obsolescence 1

(1+i"){(1+p)
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Graph 13 Summary of the phenomena affecting the time sergepreciation rate. (Source: own elaboration)

The graph shows that (under the condition of cetyaand exact knowledge about the
future) thetime series depreciation rat{; of the asset of agefor periodt is shaped by
exhaustion, deterioration, embodied and disembodaa$olescence as well as
phenomena related with inflatipriherefore the asset value, observable at difteren
moments in time, changes as a result of theseteffias very difficult to delimit these
various effects in the changes in the asset védaeever, it is absolutely necessary to

take them into account when estimating the timeselepreciation rate of the asset

In Wykoffs [2003] opinion,cross-section depreciatioas defined above is in line with
the provisions of the US Tax Code, stipulating thegpreciation is a result of ‘wear, tear
and obsolescence’; nevertheless, aésd time series depreciaticilfills this criterion,

if the effect of the real asset specific price demate is attributed to disembodied

obsolescence.
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Consequently, the knowledge of the phenomena aftpesset value is important for the
determination of time series depreciation for twaimreasons. First, very few used
assets have a market which would be able to prawidemation that could serve as a
basis for the end-of-period asset valuation. Sdgomar the purposes of the pricing of
the company’s output, it is important to know rigittthe beginning of a period the
extent of asset consumption—that is, its time sedepreciation—anticipated for the
given period, because, beside the various currestsc output price also needs to
provide coverage for the periodic cross-sectionret@ption and for the effect of

revaluation in order to maintain the initial capitatact (I elaborated on the issue of
capital maintenance in detail in Chapter 2.2).

When examining the change in the asset value, kb h&v far departed from the
assumption of certainty and exact knowledge abbat future. In the next chapter,
however, | will analyse the change in the assatejadlefined in equation (36), without
maintaining this assumption, in the expectation thia method will be more suitable for

the practical issues related to changes in ashetsia

4.2 Change in the value without certainty and exact knaledge about the

future

Given uncertainty and lack of exact knowledge aboture, the asset values measured
at different momentg differ from each other partly as a result of theepdmena
described above, but albecause our estimates made at earlier momemisy deviate
from the actual realised values on the one hand, #om our estimates for the future
based on more recent knowledge, on the other.hAsad result, realised or unrealised
‘windfall’ profits or losses are incurréd(Bélyacz{2002]), whichHill [1999] considers
to be capital gains or lossesand definitely isolates from revaluation effect
G s and Gy g4, €nsuing from the nominal change in the valuenefriew asset or in the
service value of the asset, as discussed earhiethd absence of exact knowledge
concerning the future, the change in the asseeyalod the value of an asset of age
momentt, may be established with less uncertainty on #sshof information available

at momentt+1 than it could be on the basis of information aalalk at moment. In

6 To which | have made reference earlier , in Chapte 5.2, in connection with thex posiandex ante
determination of service valu@s;.
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retrospective, possessing all the information aéél at moment+1, the valueP!; of

the asset of ageat moment may be defined as follows:

s1 aSean—s (i) 01540 P
(59) Pl =¥ o
Pt’fo being the value, determined in @x postmanner, of the service of the new asset in

periodt, regarding which it is true that:
(50) jjtl,(o(l + .l.;)(l + Pt) = Ptlg-l,ol

wherei; is the ex post real price change rate of theicerof the new asset as
established for periotl at momentt+1, equal in the present case (as a result of the
simplification in equation (16)) with the real pgichange rate expected for every future

period, and wherg, designates the ex post inflation rate for petiod

In this case, based on information available at e+ 1, the time series depreciation

rate defined in equation (39) shall be definedodiews:

(61) APtl,s = Ptl,s - Pt1+1,s+1 =

- K . K
ZStH—S (A+igy 1) Oee1,547Pro _ ZSt+1—(s+1) (A+ig4 1) @ee1,s+147Pt+1,0
=0 (147741)° =0 (1+7r54)7 '

Hicks [1978] defined the change in valn®/ ¢ expressed in equation (61) as éxepost
calculation of depreciation, the terex postmeaning in this case that the beginning-of-
period and end-of period asset valﬁé§ andP/,, , , respectively, are determined on the
basis of information available at the end of thaquk i.e. at momernit+1. However, the
determination of these values does not rely saalgx postevents and information, for
at moment+1 we use the estimate of tke& anteflow of asset services to calculate the
value of the asseBélyacz[2002] points out this ostensible contradictionconnection

with the determination of income.

In this case, the change in the value defined matgn (37) may be expressed by

separating thex post time series depreciatierpressed in equation (61) as follows:
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St—s (1+i;)T(Pt,s+rPtI§) _
=0 A+r)T

(62) At,s: PtI,s - Pt1+1,s+1 = APtl,s + &g = %

. K
ZSHl —(s+1) (A+it4 1) Pe+1,5+1+7Pri1,0
=0 (1+7174,)7 '

whereg, s is the part of the change in the asset value wisictttributable to difference
between the information available at momet andt+1 and to the uncertainty of tt

estimation. Therefore, ; represents whatill [1999] considers to bcapital gain/loss

andBélyacz2002] calls'windfall’ gain/loss*’ This may be expressed as follo

(63) e —pl _pl — Zst—s (1+i) %t s+cPlo _ ZSHl—S (A+if41) Per1s+41Pro
t,s t,s t,s =0 (1+77)° =0 (1+7441)7

It is clear thatcapital gain/los ¢,; expressed in equation (68 derived from the
information gap between momert andt+1,*® thereforeit should be considered as
part of the change in the value resulting from the diffeeenin the estimatio
uncertainties The changes in the information concerning the fitas available a
moments t and t+iay be reasonably explair by the fact that momeit+1 is closer in
time to the end,,; of the service lifetime of the asset, and the imi@tion concernin
the remaining service lifetimS,,; —s of the asset may thus be estimated with n
precision at momeritr1l than at moment However, part of the pital gain/losse, .

defined in equation (63jJoes not only result from the difference betweendhktimate
made at momentsandt+1 concerning the future, but alf@mm the difference betwee
the elements estimated at momt and realised by momerttl: consequently, th
capital gain/loss may be broken down to a reala®tian unrealised paNevertheless,
for reasons of limitations regarding the volumetlos work, | will not be able t
examine this aspect in detail, ar will hereinafter consider the capital gain/loss

resulting simply from the information gap betweeomentst andt+1.

The first such information gap influencing the assdue concerns the duratisS; of the
service lifetime of the asset, which affects thdueaof the asset through t
phenomenon ofexhaustio, presented in Chapter 3.1.5.3; #fere, the differenc

* Bélyacz2002] also notes that accordingHicks, this term comes frorKeynes
8 Concerning the real chang; in the service valueg; of the new assets, the relative produc
efficiency ¢, s, the durationS, of the service lifetime, the real interest rgteand the inflation ratp,.
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between the duration$, and S;,,; estimated at momerttandt+1 affects thecapital

gain/losse, ; defined in equation (63).

The difference between the information concernirgftiture available at momeritand

t+1 may also become apparent in the real change ofalue of one service unit of the
asset. This change is expressed in equation (68tbgi; andi;,,. In connection with
equation (33), we defineif as an asset specific real price change rate tefethe
effects ofdisembodied obsolescenasulting fromdisembodied technological progress
as outlined in Chapter 3.1.5.8Therefore, the difference betwegrandi;,, shows the
difference in the estimates concerning the futuserdbodied obsolescence of the asset

services also affecting theapital gain/loss, ¢ expressed in equation (63).

For the sake of clarity, | assume, respecting dedm (16), that the asset specific
nominal price change raig is constant in every future period estimated atneatt;
pursuing from equation (33), this assumption ofstant rate shall also be true for the
asset specific real price change rgtdn reality however, the price of the serviceshs
new assets does not vary according to a constét faa disembodied technological
progress might appear in the business environmeatteer unpredictable intervals. This
would, in its turn, result in an unpredictable iyt of variations in the service unit
values estimated at momen@ndt+1, i.e. in the service values of the new asset thad
deviations due to this fact may also impact on thpital gain/losse,; defined in

equation (63).

Capital gain/losse,; is also affected, beside the factors describedveabby the
differences in the functions of the relative eficty weightsp, ¢ andg, ., ¢ estimated at
momentst and t+1, respectively, expressinthe effects of the deterioration and
embodied obsolescenoéthe assets. This difference evidently resultenfithe fact that
the relative efficiency weightg, ¢ may undoubtedly be estimated with more preciston a
momentt+1, closer to the end of the service lifetime of dsset, than at an earlier
moment t. This difference between the estimates concerriimg future relative
efficiency made at momentsand t+1 also contributes to the capital gain/lags

defined in equation (63).
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Consequently, the effects asserted in the capatallgsse, ; expressed in equation (63)
result from the fact that the value of the assehaitment t may be determined with much
more certainty on the basis of information avai@aldt moment t+1 than based on

information available at moment

By isolating thecapital gain/losse,; for periodt, the ex post valud&,, of the
revaluationG, ; defined in Graph 12 as calculated on the basisfofmation available
at momentt+1 may be determined using tlex postservice valueﬁt’f0 of periodt,

contained in equation (60), as follows:

(64) Gt,s = PtIs _PtI+1,s =

, K . K
ZSH.l—S (I+i{41) Per1,547P0 _ ZSHl—S (411 1) Ptr1,547Piv1,0
=0 (A+71{4)7 =0 A+ "7

Substituting the expression on the left hand sidegoiation (60) into the service value

PK, , of the new asset as of momentl in the addition on the right hand side of

equation (64), the ex post revaluat'(élr,}; for periodt may be expressed as follows:

(65) Gt,s = PtIs _PtI+1,s =

. S K . sK ok .
ZSH.l—S (A+i{41) Per1,547Pr0 _ ZSHl—S (i) Pea1,s4tPro(1+ic) (1+5,) _
=0 (147417 =0 (47"

Pl —Pl(1+7)(1+5,).

This makes it possible to express the revaluataie #,, defined in equations (50)
and(52), in an ex post manner; this ex post re\?ialrmaateét,s shall be computed as

follows:

(66) ét =1- (ptl,s(l +i)(1 + pt)/PtIs) =
1-[(1 4+ + pp));where Pl # 0

It also ensues from this argumentation that titvee series depreciation raté for
periodt as defined in equation (56) may be determined witine precision at moment
t+1 than at momerit Therefore, th@x postdepreciation ratg, of an asset of agefor
periodt in the ‘Hicksian’ sense may be expressed at moirdnas follows, using the

cross-section depreciation rat8; determined at moment+1l according to
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equation (42), theex postasset specific real price change rdig,  defined in

equation (60) and thex postinflation ratei}; for periodt:
67) 6fs=1—(1+7%)(1+5,)(1—601s)

The above outlined relationship betweenekeostime series depreciation raf¢; and

capital gain/loss, ; is illustrated in the following graph.

t t+1
Effects of changes in the estimations
confemfng the future Ex post nominal change in the
- Exhu':.fsrlor.r SeT Sen service value of the new gsset
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Graph 14: Change in the asset value without certainty andaekknowledge about the future (Source: own

elaboration)

The graph shows that in case of uncertainty abatutré circumstances, thigne series
depreciation rates delimited from the effects afapital gain/losss, ¢ corresponding to
periodt, as defined in equation (63). Meanwhile tapital gain/losss, ; may not, by
definition, constitute part of the time series amation rate5; of the asset of agein

periodt, for if the future causes and effectscapital gains/losses, ; were known, they

should be incorporated into the time series deptieci rates; .

Consequently, the time series depreciation §ateof an asset of agefor periodt may
be determined using the cross-section depreciatithdetermined at momettl, the

ex posiasset specific real price change rate for periadd theex posinflation rate.
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4.3 The recognition of changes in the value of fixed asets in Hungarian and

international accounting practice

The issue of the determination of the depreciatbfixed assets also emerges in the
practice of business income calculation. In thet miapter therefore, | will outline the
provisions pertaining to the calculation of depa#ion set out by the International
Financial Reporting Standards (IFRS) Framework layndct C of 2000 on accounting

(the Accounting Act) providing the regulatory frawagk for accounting in Hungary.

4.3.1 The approach to changes in the value of fixed assdh Hungarian accounting

regulations

The Accounting Act uses the concepts of ordinany accelerated depreciation and of
value adjustment to grasp the changes in the valudixed assets | examined
hereinabove.

In Section 52(1), the Act definegdinary depreciationas the cost value (purchase or
production value) of the assets lessrmdual value estimated for the end of the useful
economic lifeof the asset, distributed over the number of yegarhich such assets are
expected to be used. According to Section 52(2% thstribution should take into
account “the expected use and the useful econoifeicof the individual asset, its
physical wearing out and market obsolescence”—tledferts are identical with the
effects of exhaustion, deterioratiorand embodied and disembodied obsolescence
discussed hereinabove. The Act offers several mistliar the distribution of the cost
value of the asset, reduced by the residual vahesretically, these distribution models
make it possible to express the time series deatieni defined in equation (613
although the Act does not express such intentioncamnection with ordinary
depreciation However in absence of such intentionginary depreciations unable to
ensure the maintenance of the beginning-of-peraqultal defined in Chapter 2.2, and
depicts a distorted image of the financial and mecsituation of the company (I have
elaborated on these issues in detail in Chaptet)2.3

As opposed to this, the Act stipulates tleaicelerated depreciatiomeeds to be
recognised if the net value of the asset, redugeatdinary depreciation, is permanently
and significantly higher than its market value. Jaant to Section 53(2) of the Act,

4 provided that their values do not exceed theit calsies.
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accelerated depreciation shall be effected to @aenéxhat the assets “be shown in the
balance sheet at the known market value [...] piiagaat the balance sheet preparation
date” It is therefore apparent from the formulation tlzaicelerated depreciation aims
at an ex post determination of the end-of-periodketavalue of the asset, and ordinary
and accelerated depreciation aim to grasp the cleang the ‘market value’ of the asset
from one period to another, provided that this ealdecreaseslf the asset value,
calculated at current prices, increases from om@geo another, then the law provides
possibility to reverse any accelerated depreciadiccounted earlier, up to the net asset
value determined using ordinary depreciation. if,tbe other hand, the asset price at
current prices increases from period to periodriceatent that exceeds its net value
calculated using ordinary depreciation, the AccoyntAct also makes it possible to
recognise this through the institution wdlue adjustmentat the same time, the part of
the asset value resulting from value adjustmerit sbabe incorporated in the ordinary
depreciation.

Consequently we may state that the provisions ef Alscounting Act provide a
possibility to recognise the changes in the asakievin circumstances of uncertainty
and lack of knowledge about future, as describe@lapter 4.2; therefore the Act is
able to ensure nominal capital maintenance as dised in Chapter 2.2, and makes it
possible to exactly determine the end-of-periogtiagalue. However, the concepts used
by the Act may not be clearly matched with the elgmof cross-section depreciation
Diy1ss revaluation('?'t,s and capital gain/loss, ; discussed earlier in the context of the

change in the asset value.

4.3.2 The approach to changes in the value of fixed assah the International Financial
Reporting Standards (IFRS)

The valuation of fixed assets, constituting thejectomatter of my study, is regulated

within the IFRS Framework by Standard IAS 16. A kddgment of this valuation is

fixed asset depreciation. In its definitions, th@arlard defines depreciation ahe

systematic allocation of the depreciable amountifasset over its useful lifethe

¥ The formulation may not be entirely clear in tlespect that assuming continuous operation from the
balance sheet date to the closing date of the balaheet, the assets of the company are in use, and
therefore their “known” market values “prevailingt (and reflecting their state as of) the closiatpcbf

the balance sheet will evidently be lower thanrth@arket value as of the balance sheet date, esuét of

use and obsolescence between these two dates. Elgwhsse elements are recognised as changes in the
value pertaining to the next year. It would consadly be more expedient to use the formulation $gzh

on information] that became known before the badasiceet preparation date”, as occurring on several
occasions in the text of the Act.
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depreciable amount beinghe cost of an asset, or other amount substituieddst, less
its residual valué

It is clear from the definition of depreciation dséy the IAS 16 that in order to
calculate depreciation, in addition to the histalricost of the asset, we also need to
estimate its useful life and its residual valueeiaits expected use; on the basis of these
elements, the depreciable value may be allocated tne useful life of the asset. The
Standard considers residual value to be the es@namount that an entity would
currently obtain from disposal of the asset, after deductimg estimated costs of
disposal, if the asset were already of the ageiratizte condition expected at the end of
its useful life. Therefore the definition of residual value in th&SI16 substantially
differs from its definition articulated in the Husagan Accounting Act, which provides
that the residual value should be determined wéidpard to the future date where its use
ends, instead of the present date.

Section 56 of the IAS 16 Standard makes it cleat thregards the asset as a pool of
future benefits embodied in it; | presented theotbBcal roots of this view in
Chapter 3.1.5. At the same time, the Standard failglarify what it means by ‘future
economic benefits embodied in an asset’. Theretaee basic ways to define this
concept. One of them is the definition of ‘valueuse’ offered by Standard IAS 36 on
the Impairment of Assets, which identifies futuenbfits as “cash flows expected to be
derived from an assetHowever, grasping the future economic benefit ofasset
through the cash flows derived from the asset aimysdefinition, to determine the
company-specific value of the asset, which makesfficult to measure asset value
independently from the given company and from therassetsThe other possibility is
to use thencome approachdefined in IFRS 13 Fair Value Measurement, for clhi
section B14 clarifies that future cash flows showdlect the assumptions used by
market participants during asset pricing, whichai€lear intention to determine the
company-independent value. This method of detengirfiuture benefits (cash flows)
consequently is equivalent to the theoretical lefitauser cost) concept discussed in
Chapter 3.1.5.2, which—ensuing from the independahie judgement of the rental
and second-hand markets—theoretically makes itilples®o measure the value of the
benefits independently from the company and iteroéssets.

Section 56 of the IAS 16 Standard provides that filtere economic benefits, or
services, embodied in the asset are principallsgoed by the entity; the consumption

of the services is fundamentally due to the us¢hefasset and to technological and
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market obsolescence. This view is entirely conststeith the consideration of the
effects of exhaustion deterioration and embodied and disembodied obsolescease
explained in Chapter 3.1.5.3, where | discussecktfeets of the use of the asset broken
down toexhaustioranddeterioration

Section 60 of the Standard provides that the systenallocation of the depreciable
value of the asset should be performed in a wayithaflects the pattern in which the
asset’s future economic benefits are expected tedmsumed by the entiti]ow in
equation (6), | identified the value of future b&tse(i.e. of the service value) discounted
to present value with the asset value itself; tioees the depreciation of the asset may
derive from the consumption of the service valugBich in this case means that in
equation (6) we addition the service values for fuare period less, so that the asset
value will decrease with exactly the value we comed in the present period. The
depreciation determined on the basis of the patieoording to which the services are
consumed may be correlated with the change in dbetavalue as measured at a given
moment in time, expressed by thaoss-section depreciation ratelefined in
equation (42). However, in order to grasp the erdirange in the asset value, in addition
to the determination of the end-of-period crosgiseaepreciation we also need the ex
post revaluatiori?'t,s defined in equation (64) and the capital gain/lggsexpressed in
equation (63) corresponding to the period. The geition of the above mentioned
elements of the ex post changes in the asset vahe differ from the concept of
depreciation as defined in the Standard, depenaingshether the entity chooses to use
the revaluation or the historical cost modefor the valuation of the examined fixed
assets.

The revaluation model aims to ensure that the assetognised in the balance sheet at
its ‘fair’ value (real value) at the end of the ipelr The IFRS 13 Standard stipulates that
fair value is ,...the price that would be received to sell an assqtand to transfer a
liability in an orderly transaction between markparticipants at the measurement
date” The formulation makes it clear that the periadichange in the asset value
corresponds, in the revaluation model, with thengeain value defined in equation (36).
Section 34 of the Standard provides guidance résggedhe frequency of asset
revaluations, which should depend upon the frequefiche changes in fair values of
the items concerned. Pursuant to the section, witherfair value of a revalued asset
differs materially from its carrying amount, a fugt revaluation is required. In the case
of those assets, however, which experience sigmifiand volatile changes in fair value,
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such frequent revaluations are unnecessary fotsagsth only insignificant deviations
between the fair value and the book value. Insteaday be necessary to revalue these
items only every three or five years.

The analysis of the regulation framework pointsthe fact thatthe role of the
depreciation, as defined in the Standard, in theeaeination of the end-of-period asset
value is not clarifiedn either approach to the fair value used in #gnealuation model.
Furthermore, it cannot be established which of teastituents of the change in the
asset value, such as cross-section depreciation,pest revaluation or capital
gains/losses, identified on the condition of uraiety, the Standard considers to be part
of the depreciation or of the revaluatidhrespectively.

In the event of the choice of the cost model, th@nges in asset value in a given period
are determined partly on the basis of deprecia®uefined in the Standard, and partly
on the basis of impairment loss and reversal ametkiin the IAS 36 Standard. If the
depreciation reflects, in line with the provisiooisSection 60 of the IAS 16 Standard,
the consumption pattern of the future benefitshef asset, then—taking the periodical
nominal and real price changes into account—it s¢ede equivalent to the time series
depreciation defined in equation (61), provided tih@ end-of-period asset value does
not exceed the carrying amount of the beginninghefperiod. The choice of the cost
model may be justified in practice by the fact ttied fair value of the asset cannot be
reliably measured at the end of the individual gasi Nevertheless, it is still necessary
to ‘revise’ the asset value resulting from the ggution of depreciation; this is ensured
by the provisions of the IAS 36 Standard concermmpgairment loss and its reversal
The recognition of impairment loss aims to ensina the end-of-period asset value
should not exceed itealisable valugi.e. the higher of the real value less the satesss

of the asset and the value in use of the assetlA%86 Standard defines ‘value in use’
as the present value of the future cash flows drpeto be derived from an asset.
Therefore, the definition of value in use in theSI&6 Standard may not be considered to
be a value that is independent from the given\erititcontrast with fair value, which by
definition aims to provide an interpretation ofetsgalue which is independent from the
company. If, then, the end-of-period asset valuerdened according to the cost model
is equal to a value in use which is higher thanféiirevalue, this shows that the concept

of asset value is different from the end-of-penadlie defined in equation (36). If, after

*1 Revaluation in the interpretation of the Standard.
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the recognition of the impairment loss or its readrthe end-of-period asset value is
equal to its fair value, this means that the impaimt or reversal recognised in the given
period is equivalent with the capital gain/legs defined in equation (63), although this
relationship does not clearly ensue from the téxthe Standard.

Section 13 of the IAS 16 Standard provides th#tefservice lifetime of certain parts of
the examined fixed assets differs from the serlifeéme of the asset itself, then these
main parts may be recognised by the entity as iexiggnt assets if their cost value may
be measured reliably and if they are expectedatigrfuture economic benefitd.such
main parts of fixed assets, with service lifeting&ferent from those of the assets
themselves, may be identified and interpreted dspgandent assets, it also allows for a
more precise estimation of the depreciation of #sset itself. This estimation is
influenced by the phenomena of exhaustion, detimr and embodied and
disembodied obsolescence as described befaregarian accounting rules, on the other
hand, do not contain provisions on the independectgnition of parts of fixed assets
having a service lifetime different from that oktlsset itself; however, this approach
may be helpful in the determination of the deprisaarate.

Consequently we may state that the change in vaflube examined fixed assets as
established in line with the revaluation model pded in the IAS 16 Standard is
consistent with the change in value described iap®#r 4.2, and as such, this method
ensures nominal capital maintenance as discuss€tlapter 2.2, and makes it possible

to exactly determine the end-of-period asset value.

4.4 The role of cross-section and time series deprecian in the
determination of the change in the asset value araf the end-of-period

asset value

It is therefore apparent from the accounting intetgdion of the change in value of fixed
assets as described in Chapter 4.3.1 and 4.3.2¢hatinting primarily intends to grasp
the changes in the market value of fixed assews,identifies the end-of-period asset
value with the market value of the asset by thedadrtle period. However, as | indicated
in Chapter 3.1.4, the fixed assets used by compdmedly ever have an active and
transparent market which would enable us to measg@end-of-period value of the
assets. Therefore, in practice, the values of fiesdets used by companies are

established using depreciation rates which needotoespond with the time series
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depreciation raté/; as specified in equation (67), constituted ofd¢kepost real change
i; of the service value of the new asset in the gipeniod, the ex post periodical
inflation j;, and the cross-section depreciation @ftg ; of the asset as determined at

the end of the period:
68 6Ts=1—(1+7%)(1+5,)(1—601s)

The real price change rateand the periodical ex post inflatigh may be established in
an ex post manner based on the changes occurrihmweriodt (i.e. at moment+1) in

the service valueB/, of new assets available on the market and peyfeegllacing the
given assets or in the service vall§g of the new assets. In order to determine the
cross-section depreciation rdig, ; of the asset, however, it is necessary to estiitst
exhaustion deterioration and embodied and disembodied obsolesceaceurring in
periodt and anticipated for the future (in Chapter 4.1.Hescribed the relationship
between these phenomena and the cross-sectiorcaejore rate in detail). At the same
time, these effects are substantially influencedtlhy specific features, usage and
maintenance characteristics of the asset, as wdly/@ number of further circumstances

related to its use.

In certain cases it is possible to determine tlsssection depreciation rate using an
empirical method, which also provides a usefulingstor the cross-section depreciation
rate used.These empirical examinations are almost in evergechased on market
prices: consequently, they not only reflect emlbaied disembodied obsolescence but
also the ‘average’ condition (wear) of the assethich—although not likely to
correspond to the cross-section depreciation ofitlgévidual asset—provides guidance
for the determination of that rateln the next chapter, | will describe different
approaches to the empirical determination of thessisection depreciation rate and
function, which may help to calculate the time egmlepreciation functions and rates of

the various assets in a way that the results bapi@roximate reality.
4.5 The empirical examination of cross-section depreciemn rate

The empirical measurement of cross-section degiesiaate 65, as defined in

equation (42) is typically performed on the badisecond-hand market prices and the
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theoretical rentals prevailing on the rental markétthe assetdn the present chapter, |
will elaborate on the approaches used in thesellegilons.

4.5.1 The examination of depreciation rate based on markeaentals

If a rental market exists for the given fixed asséhe cross-section depreciation rate
8t defined in equation (42), corresponding to montedt may be calculated by
observing the rentBY; of the assets of different agesif we substitute the expression
on the right hand side of equation (8) for the asséues P/, ; and P,,¢,, on the
right hand side of equation (42), we may calculhie cross-section depreciation rate

8¢41¢ Using the observed rents as follows:

(69)  8f1s=1—[Plirss1/Plsrs] =

[Zst+1 (s+1) Pt+1+rs+1+‘r / ZSHI_S Pt+1+rs+r]
(1+7e40)° (1+47¢41)"

The main problem concerning this approach is tixatdf assets typically do not have a
transparent and active rental market which woulckend possible to observe the
services values (i.e. the rents) of assets of réifie ages. Respecting this method,
Diewert[1996] explains that even if such a rental maekested, we probably would not
be able to estimate cross-section depreciationgreaise way, because that would also
necessitate an estimate of the future changesis end the discount rates to be used,
which, however, entails much uncertaintgrgensor{1996] considers this method to be
an alternative for the examination of cross-sectliepreciation on the basis of second-
hand market prices, but notes that relatively fewpieical studies have been made using
this approach. As a result of the difficulties anmttertainties described above, it is not
probable that information from the rental markeuldobe effectively used for the

empirical determination of the cross-section dejptam rate Diewert[1996]).

4.5.2 The empirical examination of cross-section depredian rate based on second-hand

market prices

Mainstream literature discussing the empirical deteation of depreciation rates often
uses second-hand market asset prices to estimatertiss-section depreciation rate
8ty corresponding to moment+1, defined in equation (42). Asset values

Pl sand P{,,¢,, are in this case identified with the second-haratket prices of
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assets of ags ands+1 observed at moment1, from the proportion of which it is

possible to estimate the cross-section depreciagi@d, , ; of an asset of age

In Chapter 3.1.4, | have already discussed theacakitobservations usually made
concerning the use of second-hand market pricesethlso apply to the determination
of the cross-section depreciation rdlg, ;. Beside the points already mentioned, the
cross-section depreciation values thus computedlace distorted by the fact that the
assets found on the second-hand market are aNiveuy assets’, a problem first

addressed blulten and Wykoffl981a] in their empirical research.
4.5.2.1 The distorting effect of surviving assets

In their empirical researcijultenand Wykoff1981a] consider the assets appearing on
the second-hand market and thus included in theplgato be ‘surviving assets’, not
including those assets which had been scrappeere®iewert and Wykoff2006] think

it probable thaSchmalenbaclil959] was the first to recognise that failingtaixe into
account the distortion of surviving assets in th&wation of the depreciation rate is
liable to lead to serious problems. In the cont#xthe distortion caused by surviving
assets,Hulten and Wykoff[1981a] explain that the authors of earlier stadmn
depreciation implicitly assumed that the asset® hdentical service lifetimes, i.e. they
are scrapped at the same age. However, this assamigt not realistic; this is
conveniently illustrated by the fact that, evidgnthere will be a smaller number of 20-
year-old assets in 1990 than 10-year-old asset8860, for in the meantime, some of the
assets will have reached the end of their serviegnhes and will have been scrapped.
These scrapped assets will not be represented erselsond-hand market, and will
therefore be excluded from the analysed sample¢chwllistorts the determination of
depreciation rate on the basis of second-hand maykees.To formulate the problem
in another way: a surviving asset of a given viatagesent on the second-hand market
will not be representative of the ‘average’ asdethat vintage but of the ‘surviving’
assets of the vintage in question. At the same, tiaverage’ assets are more relevant to
the measurement of asset value than the assdig givten vintage which ‘survive’ for
the longest timeHulten and Wykoff1981a]). In order to be able to take into accdbhet
deviating scrapping dates of the various assetsta.exclude the distorting effect of the

surviving assetsHulten and Wykoff1981a] ‘censure’ the sample of surviving assets
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using a retirement distribution characteristic bé tgiven assef. Jorgenson[1996]
regards the retirement distribution characterisfithe various assets as the probability
that an asset of ageshould survive the given period. Multiplying thearket price of
the surviving asset with this probability, we obt#éhe value of the average asset of the

given vintage, on the assumption that the valub®fissets already scrapped is zero.

Of all the empirical analysis methods of depreomtiDiewert [1996] considers the

approach based on second-hand market prices tdebenbst satisfactory in every
respect, on the condition that a second-hand maeketant to the given asset exists. |
will therefore use the cross-section analysis @& fecond-hand market to test my

hypotheses formulated below.

%2 Analysing the depreciation of office buildindsulten and Wykoff1981a] usedVinfrey L, distribution
to take the differences in retirement date intamaaot.
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5 Establishment of the hypotheses

5.1 Research questions behind the hypotheses

In the chapters above | have explained that lavililyse the consumption of fixed assets
using the ‘change in value’ approach foundedHoyelling. Part of this change in value
is the value-age profile elaborated bgrgensonand his followersThe cross-section
depreciation rate calculated on the basis of thi®fijle may be regarded as the
consumption pattern of the future services of thset calculated at present prices
therefore this profile also constitutes a deterngnielement of thetime series

depreciation ratedescribed in equation (68).

In my study, | have restricted the scope of deptem analysis to fixed assets created
by man, with a finite service lifetime and limitedrvices; therefore the fixed assets used
for the empirical analysis of the hypotheses shaldd bear these features. Such fixed
assets include passenger cars, for it may be estatl without any doubt that their
service lifetime and their services are finite #mat they are man-made. Certainly, many
other fixed assets beside cars fulfill these dateyet cars typically have a market
extensive and (presumably) active enough to suipompose, as this fact allows me to
observe the characteristics of the assets appeanitige market to an extent that makes
it possible to test my hypothes&sSuch observable characteristics are the secondi-han
market prices, the vintages and the ages of car€hbpter 1, | considered asset age as
an explanatory variable of depreciation expresshg exhaustion, deterioration and
obsolescence of assets. In the case of cars, ariather to observe is mileage, which |
assume to be an independent explanatory variablbeofaverage’ deterioration and
exhaustion of cars in the calculation of deprecrati

In Hungarian accounting practice, the cost all@rainodel described in Chapter 2.3.1
(and especially the linear allocation method) pilevia the calculation of depreciation.
Linear cost allocation is, however, probably unableeproduce the change in the asset
value, which not only reflects a distorted imageh® company’s financial and income
situation, but also leads to the incorrect priorighe company output. Therefore, it is
particularly important that the depreciation modséd by companies should not fail to
consider the effects of exhaustion, deterioratiord absolescence, presented in

%3 Account taken of the criticisms outlined in ChaBeL4.
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Chapter 3.1.5.3; these effects also determine hia@es of the depreciation function,

constituting the subject matter of my Hypothesesd 2.

In Chapter 4.1.1, | traced back the cross-sectepratiation of fixed asset to four major
phenomenaexhaustion deterioration and embodied and disembodied obsolescence
Virtually all researchers discussing depreciatigmea in their views concerning the
impacts of exhaustion and deterioration on thetasdee; as opposed to this, the effects
of embodied and disembodied obsolesceanethe asset value constitute a widely
discussed issue in academic literature on deprecjand therefore these are not always
taken into account in the calculation of the cresstion depreciation rate, which also
results in distorted finance and income figuresg ampacts on the pricing of the
company output. Therefore, my Hypotheses 3 andlateré¢o the recognition of the

phenomena ofmbodied and disembodied obsolescenaeoss-section depreciation.
5.2 Formulation of the hypotheses
Based on the considerations described above,blsstahe following hypotheses:

H1l: The cross-section depreciation of used passengersaf the same category
follows a geometric pattern according to the age dhe cars.

H2: The cross-section depreciation of used passengersaf the same category

follows a geometric pattern according to the mileag of the cars.

H3: Age has more explanatory power than mileage in thecross-section
depreciation of used passenger cars of the same egory.

H4: Among used passenger cars of the same category amdth identical

mileages, the value of older specimens is inferioo the value of younger specimens.
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6 The empirical research

6.1 Scope of the research

I will analyse the hypotheses usimgiantitative research methqdsn the basis of
information from the second-hand car market. As chr not have a transparent market
which would make it possible to observe both tharabteristics of the cars and the
strike prices, | will conduct my research by obssg\he market supply of second-hand
cars. The second-hand car market supply is availddstbugh numerous online selling
portals, the individual supplies of which may benttacted using a procedure called
‘crawling’. Considering the opinions of several f@ssional players of the second-hand
passenger car market, | will use the Belgian caplsufor the purpose of my study, for
it is the market where it is the less probable tha&t mileage of the cars should be
manipulated. Lack of manipulation is a very impottéactor in the present research
becausd consider mileage as an independent variable esging the exhaustion and
deterioration of the cargFor the testing of my hypotheses, | will use shpply data of
one of the major Belgian selling sites, www.autest2d.be using the entire supply of

the portal as of 1 March 2011. The entire supphstsis of 75 614 observation units, i.e.
cars of different ages and mileages offered foe:stlis will serve as a basis for the

creation of the database used for the verificatiothe hypotheses.

As | explained before, a condition of the applicatdf the capital vintage model is that
the assets of different ages should be perfecthjaceable between themselves: this
means that | need to limit my observation to caragithe same kind of fuel. Therefore |
will only use the sample of diesel-powered passenges—amounting to a sample of

43 114 items over the entire database—to test mygthgses?

The individual cars offered for sale—i.e. the olaéon units—are articulated around
the following variablesbrand, supply price, model, year of fabrication,laage (in
kilometres), and engine power (in kilowatt#) should therefore be noted that in the
observations, ‘market price’ does not signify srigrice but supply price. In my
research, however, | assume that the surplus nsteifen the supply prices as compared
to the realised strike prices is constant for mitages and does not affect the validity of

the research conclusions.

> For an analysis of a sample of gasoline-poweres} saeKaliczka[2012].
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6.2 Preparation of the hypotheses’ verification

6.2.1 Data preparation

| began data preparation by reviewing the desegpstatistics of the various variables,

which greatly contributed to the exclusion of th&tarting effect of outlier values.

In the case of certain observation units, the e of power or price seemed to take
zero value, probably as a result of a recordingrenn order to avoid distortion, |
omitted from the database all of the observatioitsunith any variables the value of

which may be regarded as a recording error.

As the application of the capital vintage model denditional on the perfect
replaceability of the examined assets and thewises between each other, | omitted
from the observation units those cars which | pme=iito be damaged or otherwise in a

state that makes them unfit for the normal usecglpf passenger cars.

The prices of the cars in the database thus cleaneedlisplayed, according to age and
mileage, in the following graph.

Price (EUR)
Price (EUR)

b, 9 03%0
00000 200000 300000 400000 500000

Mileage (Km)

Graph 15: Prices of diesel-powered cars plotted against agd mileage. (Source: own elaboration)

6.2.2 Separation of subsamples

The database of observation units thus createdllisigsuitable for the testing of the
hypotheses, as it represents several ‘layers’ of wath quite different efficiencies,
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service lifetimes and purposes of use; this isafotbat the entire lot of observation units
comprises luxury, lower-class and middle-class ,calthough neither these vehicles
themselves, nor their services could be regardgxbdsct replacements for one another.
Consequently, the cross-section depreciation raed to be established for each of the
layers unveiled in the observation sample separadal to be able to do so, subsamples
should be isolated. The hypotheses may then bedtestparately on each of these

isolated samples (clusters).

One way to sort out these subsamples is to prooedte basis of their make: yet this
solution is not likely to yield good results, as tindividual brands usually trade in
several categories, and the specimens belongidgfevent categories are not perfectly
replaceable between themselves; moreover, theirediggpion function may also differ
substantially as a result of the differences inrtbenstructions> Therefore, in order to
separate the subsamples, | would also need tothekéndividual models within the
brands into account. In this case however it wobdd reasonable to classify the
individual models of the different brands into hayeneous categories, which would be
hard work for two car makes, but next to impossfblethe 55 brands represented in my
observations. The ostensibly unfeasible task oktehing according to makes and
models is further complicated by the fact thatrtiwdels issued by the individual brands
tend to vary from one vintage to another, so that gamples created on the basis of

brands and models will not be stable from one et@oanother.

As a result of the above mentioned difficultiesised the ‘power’ variable to establish
the subsamples; i.e. | assumed that cars with &im@ingine powers make up
homogeneous groups regarding their services. Tstegram of the power variable for
the cars in the database shows a multimodal prppehich further supports the
existence of several subsamples and justifies gniion to separate them. | began to
do so by applying the method of hierarchical cliste®® as | did not have any
presumptions regarding the number of homogeneauggrl would be able to make up
on the basis of the ‘power’ variable. Due to thenpating limitations of the software

package used for the analy3idt was impossible to directly cluster the entigabase

5 As an example, | would mention the brand MerceBlesz, where the depreciation functions of A-class
and S-class specimens are likely to differ subitbyt

6 Ward's method using squared Euclidean distandbpuii standardisation.

" SPSS Inc. PASW Statistics 18.
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of diesel cars comprising 43 040 items; therefoselected a sample of 1300 units by

random sampling, sufficiently small for me to penfiothe clustering operation on.

Cutting the resulting dendrogram at relative diséab, 4 clusters are formed, which

serve as a pointer for the k-centre clusteringerfggmed the k-centre clustering on the

entire database; the procedure performed 11 ibestiThe following table shows the

result of the clustering and the individual clustentres.

Observations | Final cluster centres
Cluster _
(no) (kilowatt)

1 17 171 99

2 2635 147

3 298 217

4 22 915 65
Total: 43 040

Table1: Number of observation units in the individual chiters and the individual cluster centres. (Sourgavn

elaboration)

Having accomplished the clustering, the priceshef tars belonging to the different

clusters with respect to their ages and mileagepasitioned as shown by the following

diagram:

Price (EUR)

Price (EUR)

Y T T T T 1
100 000 208 000 300 000 400 000 S50 000 £00 000

Mileage {Km)

Cluster
membership

i
3

Graph 16: Position of clusters in the price, agedmileage space (Source: own elaboration)

Graph Graph 16 shows that the individual clusteessituated in layers: this confirms

my preliminary assumption that the groups of camskén down according to their
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engine power form distinct layers in the databasel that the depreciation of the cars
belonging to these groups may only be examinedratgda. | will therefore perform the
tests separately for the individual clusters. Thiegs of the cars belonging to the
individual clusters with respect to their ages amlages are positioned as shown by the

following diagrams:

96



The empirical research

Cluster 1
40 0001 60 CICIG_E
o 40 000 nDc
2 w
2 o
= o
Y L
] £
£ IS
o
20 000-|
o
o
o
ol T T T T T T T
30 0 100 000 200 000 300 000 400 000 500 000
Mileage (Km)
Cluster 2
100 000 o000 g e®e @
-]
80 00 80 0007
g 60 000 g 60 000
1} w
('] (1]
o L2
& soooog a0 o0o
20000 ° 20 000
o
o o ®
B T T T T b T T T T T T
o 10 20 20 40 0 100000 200000 300000 400000 500000
Age Mileage (Km)
Cluster 3
100 000 1000 ©
o
H
80 000 £0 000 i
9 &
— L]
o 000 = BOE()-)—go&fW o
2 bl o L
w 1 a 8,
[} o
b 8 < e ‘i e
R — & wuey %o e
o q}“ﬂ"cﬂ o 40 °
o o o CI
B a0 o o
20 000 20 0004 no @ o
o OQE%.%"“;? as%o,“o
° T oF o
o a L] %@ “a o
P o e @ o
T T - T T T
10 20 10 0 0 WA000  2DODOG 00000 400000  Sooca
Age Mileage (Km)
Cluster 4
40 000
40 000-]
o
o
o
30 000
3 e
=
o @
=20 DO
@ 20000 o
£ 9
o i °
10 000
a
o
b T o T T T T T T
40 0 100 000 200000 300 000 400 000 500 000
Mileage (Km)

Graph 17: Prices in the individual car clusters pted against age and mileage.
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Graph 17 clearly shows that the depreciation of daes belonging to the individual
clusters, plotted against age and mileage, isineat in either of the clusters; therefore
in order to determine the depreciation function, veed a method that is able to work

for functions with non-linear shapes.

Furthermore we may observe in Graph 17 that tlveedse in the value of used cars is
halted, in each cluster, sometime about the a@® gkars, and subsequently an increase
follows, due, presumably, to the fact that the dargjuestion reach veteran status.
However, this so-called ‘veteran effect’ is noteagsd in the case of the same cluster
plotted against mileage, which shows that the aeteffect is characteristic of cars older
than 25 years but with comparatively low mileages.

The elements of the subsets created through dlugtenay be considered to be
replaceable with each other, and so the clusterswtable for the differentiated testing

of the hypotheses.
6.3 Verification of the hypotheses

6.3.1 Verification of H1 and H2

| used theBox-Coxtransformation byHulten and Wykoff1981a] for the verification of
hypotheses H1 and H2, as the flexibility of thediion shape it yields makes it possible
to identify the most current shapes of cross-sectiepreciation functionggéometric,

linear, ‘one-hoss shayas described in Chapter 6).

The Box-Cox transformation used to identify thephaf the cross-section depreciation

function shall be a specifically transformed venstd the linear regression function, i.e.:

yA—q x*2—1

(70) n =a+tpf

+u.

2

It may be demonstrated that4f,1, - 0 then the model is simplified to the log-log
foomInY =a+BInX+u. If 1, = 1, =1, we obtain the linear fornfk — 1 =a +

B(X —1) +u, whereas ifA; - 0 and A, = 1, the model gives the semi-logarithmic
form InY = a + (X — 1) + u (Ramanathan[2002]); this semi-logarithmic function
shape is identical with the depreciation functioolldwing a geometric pattern
Therefore, the different values taken bymake it possible to determine the shape of the

depreciation function and, consequently, the degtiea pattern of passenger cars.
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The regression equation adjusted for the Box-Camstiormation may be formulated for
the analysis of the cross-section depreciatiokbsas:

A1 A2

P -1 s; -1
(71) ™ =a+pf o

+ul-, i = 1,...,N,

whereP designates the supply price andesignates age as an independent variable.

If the independent variable of the analysis isthetage but the mileage of the car, then
the regression equation formulated with the Box-@arsformation shall be:

A1 A

P -1 m;“—1
(72) ™ =a+pf rn

+ul-, izl,...,N,

where P designates the supply price and designates mileage as an independent

variable.

Following Ramanathais [2002] method of determining the definition @fand A,

allowing the best covariance, |1 first formulatec tfollowing new variables from the

A1
i

P/1-1

A

dependent and independent elements of equatiohsafd (72): P;" =

A
m;?-1

A2

A2
S; -1

A2

*

ym; =

Subsequently, | identified the valuesAgtind A, which yield a minimal sum of squares

for the residua of linear regressions (73) and, (i7d) which show the best covariance.

(73) P'=a+pfs/+u,i=1..,N
(74) P'=a+pmi+uy,i=1,..,N

The following table summarises, broken down to teliss the values of;and 1, thus

obtained.
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Cluster centre  Independent
Cluster _ _ 21 X2 R ot R

(kilowatt) variable
. 0 Age| 0.0000 0.766] -0.240] 10.191] 0.6191
' Mileage] 0.000 0.826)  0.000 10.268 0.507"
Age| 0.0000 0.800] -0.229] 10.722 O.624|

2. 147 _
Mileage| 0.000, 0.783  0.000] 10.815 0.458"
5 017 Age| 0.000| 0.658 -0.303| 11.086 0.822"
' Mileage| 0.000, 0.761] 0.000] 11.193 0.677"
. o Age| 0.000] 0.756] -0.244] 9.698 0.687"
Mileage| 0.000f 0.863  0.000 9.761 0'541

Table2: Estimated parameters of the Box-Cox transformatiq®ource: own elaboration)

Table Table 2 clearly shows that the valueg,oére quite close to zero for both age and
mileage, and the values #§ approximate 1. This shows that the depreciatiowtion

of cars is semi-logarithmic in respect of both agel mileage, which means thae
depreciation function follows a geometric pattern both cases. Based on this fact, |

accept hypotheses H1 and H2.

The effective cross-section depreciation of fixedets therefore follows a geometric
sequence pattern both in respect of age and opliysical performance variable, from
which fact it ensues that the linear cost allocatimodel used in practice exerts, in the
case of comparable fixed assets, a distorting eféec the image of the company’s

financial and income situation.

6.3.2 Verification of H3

As the results of the Box-Cox transformation shbat the depreciation function of the
examined cars is semi-logarithmic and follows a ngewic pattern, therefore by
logarithmising the supply prices, the depreciationction may also be expressed as

follows:

(75) InP=a+pfs;+u, i=1,..,N.

By logarithmising prices, | have therefore defirredew variablén P; for the regression;
the following graph shows the position of pricemken down to categories, plotted

against age and mileage.
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Graph 18: Logarithmised supply prices plotted against age anidleage.(Source: own elaboration)

Graphl18 shows that after logarithmising prices,dhservations approximate the linear
pattern: therefore for the purpose of testing higpsis H3, | used logarithmised prices as

the dependent variable.

| ran the regression by clusters, including theepehdent variables of age and mileage,
using the ‘stepwise’ method. The results of this rare presented ippendix 1
Reviewing the descriptive statistics, it appeaet the relative deviation of the variables
does not exceed 2 in either of the clusters; themma that they are not excessively
heterogeneous, and may thus be involved in the mdtie correlation matrices show
that the independent variables of age and mileagengy correlate with the
logarithmised price variable. We also see a stimmgelation between the independent
variables of age and mileage in each cluster; tidticollinearity evidently follows
from the nature of the variables. In all four chrst the first variable to enter the
regression is age, and no variable exits it ineeithf the clusters. The value of Bnly
weakly improves with the entry of the mileage vhlgain the case of clusters 1 and 4
with a higher number of elements: this is a coneaqa of the strong multicollinearity
between the independent variables. In the caselustecs 2 and 3 containing less
elements, the multicollinearity between the indejest variables is weaker; here the

value of R improves by 0.1 with the entry of the mileage ahte.

The following table shows the values obtained essalt of the calculation of regression
as defined in equation (75) for the individual ¢téus, with age as the only independent

variable:
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Cluster centre
Cluster _ o R R
(kilowatt)
1. 99 10.228 -0.155 0.614
2. 147 10.641 -0.126 0.526
3. 217 10.946 -0.131 0.690
4. 65 9.650 -0.141 0.650

Table3: Values of the regression based on the variablgea (Source: own elaboration)

It is therefore clear that the covariance of thgression function is nearly identical with
the covariance of the equation determined usingBiine Cox transformation as shown
in Table 2.

The histogram of the standardised residuals shoesaai normal distribution for the
four clusters. In the normal probability plot, theints sometimes deviate from the 45°
straight line, but there are no major deviatiortss tshows that the results of the

regressions run are suitable for the verificatibthe hypotheses.

The results show that the independent variable of ge has a higher explanatory
power than mileage in each cluster; therefore, bageon the above results, | accept
hypothesis H3.

It seems demonstrated, therefore, that whereasgphysical performance variable of
fixed assets as such only comports the phenomeesghalistion and deterioration, the
age of passenger cars also incorporates the phenomef obsolescence, in addition to
exhaustion and average deterioration. Consequentlye calculated value of

depreciation will be more precise if the age of Hsset is taken into account in the

calculation.

6.3.3 Verification of H4

To verify hypothesis H4 | used thleedonic’ methodparting from the assumption that
the supply price of the examined cars is a redulh@ characteristics of the individual
cars, these characteristics being in the presesd tbe exhaustion and deterioration
resulting from use, and the embodied and disemboalisolescence resulting from the
technological progressl constructed the hedonic method used for théingpsof
hypothesis H4 by classifying the observation umitshe individual clusters into 10

groups on the basis of the deciles of the ‘mileag@iable, with the result that the
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observation units belonging to the individual grewpould have approximately similar

mileages. Subsequently, | defined a new varialdenfthe quotient of the age and the

mileage, denoted by ¢ge/mileage’ In the case of new cars, | changed the value of

mileage from 0 to 1 so as to be able to performdiiesion for the calculation of the

‘age/mileage’ variable. Next, | divided the obséima units into another three groups on

the basis of the $3and 66' percentiles of the ‘age/mileage’ variable, assigrthe units

with low age/km values to Group 1 and those witjhhage/mileage values to Group 3.

If the value of the ‘age/mileage’ variable is loivmeans that it took a comparatively

short time for the given car to perform a distan€e kilometre; if this value is high,

then the car took longer to run the same distastéhsequently | computed the

difference of the average prices of Groups 1 ancofstituted on the basis of the

variable ‘age/mileage’ for each of the 10 mileageugs, in order to be able to say

whether among cars with the same mileage, the micthe older cars contains the

negative premium due to obsolescence.

Percentiles Negative premiums
according to by clusters (EUR)
mileage 1. 2. 3. 4.

1. -14861.2 - - -1442.2
2. -5541.3 -11722.2 -9930.8 -2812.0
3. -6122.6| -14635.8 -33893.6 -3157.0
4. -6089.6| -8659.2| -24033.7 -3524.0
5. -5346.6 -10790.5 -23959.9 -3728.8
6. -5778.8 -11687.9 -17208.8§ -4034.3
7. -5688.9 -9021.8 -16387.5 -4225.3
8. -5641.0| -11680.0 -18092.0 -3747.5
9. -4565.5 -12914.2 -13849.0 -2615.3
10. -3691.5 -7118.0 -6933.3 -1098.6

Table4: Negative premiums in the individual clusters, bken down by clusters. (Source: own elaboration)

Table 4 clearly shows that in almost each of tloaigs created on the basis of mileage, a

negative premium may be identified in the supplicgs of the older cars, which |

attribute to the effect of obsolescence. Clusteas@ 3 did not contain any observation

units belonging to Group 1 (among the groups ctutsti on the basis of the

‘age/mileage’ variable), probably due to the smaliber of elements in these clusters.
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To demonstrate the existence of the identified tieggremium, | also performed a
paired t-test on the whole database. The subjethefpaired t-test were the supply
prices of the observation units in Groups 1 and tB® database broken down into three
groups based on the3and 68' percentiles of the ‘age/mileage’ variable. Theultssof
the paired t-test are presentedAippendix 2 The results clearly show that the value of
the F-test is significant, therefore the null hypedis for the F-test needs to be rejected;
the variances of the supply prices of the carsrgphg to Groups 1 and 3 are different,
which means that the results of the Welch's tdhsuld be considered as relevant. The
results of the Welch's t-test are significant: ¢here, by rejecting the null hypothesis, |
have demonstrated that the averages of the supplgspof the cars belonging to
Groups 1 and 3 are not identical.

Based on the results of the hedonic method and ohd paired t-test, | accept
hypothesis H4.

Therefore, the depreciation of fixed assets iscédfik by the embodied and disembodied
obsolescence of the services of the asset, iniaddd its exhaustion and deterioration;
consequently, it is necessary to take these phemoime account in the calculation of

fixed asset depreciation.
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7 Summary

In my dissertation, examining fixed asset depremiafrom the aspect of business
income, | have unequivocally established that ffe®ttetical background of depreciation
goes far beyond the simple cost allocation approactieed, the calculation of
depreciation should rather be regarded as an @fsasset valuation. Through the end-
of-period capital value of the company, the caltofaof depreciation impacts on the
income of the business, which at the same timeagiaes the intactness of the capital as
of the beginning of the period. It also follows rirothe various concepts of capital
maintenance described that there is no single, rgiyneaccepted income concept
universally suitable for each market player; thesconfirmed by the existence of a
variety of incomes derived in line with differergpital maintenance concepts. The value
of business capital is equal to the totality of tie¢ assets of the company, i.e. the value
of its total assets, less the value of the compargbilities; certain part of the
company’s thus determined net assets is constiwete fixed assets, labelled as “fix”
because they serve the activity of the businessglseveral periods; as a consequence,
the physical and price impacts occurring duringséh@eriods shall influence the
assessment of the asset’s future usefulnesstsiealue. International literature explains
the changes in asset values with the phenomenaxttdustion, deterioration, and
embodied and disembodied obsolescence; consequitige phenomena also influence

asset depreciation.

The change in the asset value, assuming that thditmm of certainty and exact
knowledge about the future is fulfilled, is callg¢ithe series depreciation’ in academic
literature: this may be further broken down to telements, cross-section depreciation
and revaluation. Cross-section depreciation expeeite change in the asset value due
to aging at a given moment in time; whereas revanparepresents the difference
between the values of an asset of a given age mashatitwo different moments. These
effects may also be regarded as age and date.dfieabsence of certainty and exact
knowledge about the future, the change in the assleie is complemented by the
differences in the estimates made at different nmasan time, called ‘capital gains or

losses’ in academic literature.
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Cross-section depreciation therefore constitutesnharent part of the change in the
asset value occurring between two (reporting) datbs change in value—and
consequently the calculated value of cross-sedeapreciation itself—is a fundamental
element in the determination of the business incantkeof the unit cost of the company
output. As a result, the way of determining theng®in value also impacts on the
competitiveness of the company on the commoditycapatal markets.

It is apparent from the above outlined interpretatof the change in fixed asset value
that the calculation of business income recogrtiseshange in the market value of the
fixed assets; however, the fixed assets used byanms hardly ever have an active and
transparent market which would enable us to measeend-of-period value of the
assets. Therefore, in practice, the values of fiesdets used by companies are
established using depreciation rates which needotoespond with the time series
depreciation rate, constituted of the ex postchahge in the price of the asset services,
the ex post periodical inflation, and the crosdisacdepreciation rate of the asset as
determined at the end of the period. The real pri@nge rate and the periodical ex post
inflation may be established in an ex post manaiethe end of the period, based on the
changes occurring within the period in the serviakies of new assets available on the
market and perfectly replacing the given assetsndhe service values of the new
assets. In order to determine the cross-sectioredgpion of the asset, however, it is
necessary to estimate iesxhaustion deterioration and embodied and disembodied
obsolescenceoccurring in the given period and anticipated foe future; these
phenomena will determine the depreciation pattéiaracteristic of the given asset and
of its usage. The cross-section depreciation pettef the assets may be calculated
using Jorgenson’s capital vintage model, on theshafsinformation derived from the
second-hand asset market; the results of this lesilon are instrumental in the
computing of the depreciation of the individualetss Consequently, when performing
the empirical verification of the hypotheses, | mxa@ed the depreciation of second-hand
passenger cars using the theoretical base of fhakaintage model; the results of the
Box-Cox transformation used for the verificationhgfpotheses H1 and H2 have shown
that passenger car depreciation followgeometric sequence patterwhere—as is
apparent from the testing of hypothesis H3—the afethe cars has a stronger

explanatory power than themileage This result is explained by the phenomenon of
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obsolescencepresent in the ‘age’ variable as demonstratedti®y acceptance of
hypothesis H4.

To illustrate the results, by substituting equaii@b) into equation (43) the depreciation

rate estimated on the basis of regression may pessed as follows:

(76) atc,s =1- [Ptl+1,s+1/PtI+1,s] =1- [9a+ﬁ(s+1)/ea+ﬁs] =1-eP.

When determining the depreciation rate, | assuna the duration of the service
lifetimes of the different cars examined differeedo external impacts such as accidents
or crashes, which impacts | do not consider to fpart of the cross-section depreciation
of passenger cars. Therefore | do not adjust thinitien of the cross-section

depreciation function for the distribution descdbe Subchapter 4.5.2.1.

The following table shows the depreciation ratdsutated using the regression values

B presented in Table 3.

Cluster | 68fs | 1— 65

1. 0.144 0.856
2. 0.118 0.882
3. 0.123 0.877
4. 0.132 0.868

Table5: Depreciation rates computed for the individualuditers. (Source: own elaboration)

Table 5 shows that there are only minor differeniceshe depreciation rates of the
individual clusters. The following graph preserits tvalue functions determined for the
individual clusters using the computed depreciataias for a period of 40 years.
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Graph 19: Depreciation patterns computed for thedimidual clusters. (Source: own elaboration)

The graph shows that the estimated depreciatiothef examined cars follows a
geometric sequence pattern, shaped—according torythdy the exhaustion,

deterioration and obsolescence of the cars.

The identification of the geometric sequence patiera prominently important finding
because in Hungarian accounting practice, asseedagion is typically determined
using the linear cost allocation model, which dstain the light of my present
empirical research results—that through the ushefinear cost allocation method, cars
become overvalued in the balance shietlso follows from the above facts that the
depreciation write-offs corresponding to the indival periods are overestimated in the
initial periods and underestimated in the later ipés. This distorts the image of the
company’s income situation and (through the alledadlepreciation) the unit cost of the
company output, which affects the competitivenégbeo company on the commodity

and capital markets.

108



Acknowledgments

Acknowledgments

The completion of a doctoral dissertation is ndelyathe merit of any single person, but
also of those who have supported the author thrmutghwish to extend my gratitude to

all those who supported me, first to my supervistite late JAnos Bosnyak, and Rezs
Baricz, for their continued guidance. | am alsoyvgrateful to Professor Ivan Bélyacz,

for helping set out the course of my research anduggestions of academic works that
eventually formed the basis of this dissertatidiésature. | also thank Gyérgy Boda for

his enriching suggestions.

Finally, 1 owe gratefulness to my family member$onhave shared the human burden
of writing this dissertation, and provided the resagy environment that helped me

finish writing.

109



Appendix

8 Appendix

Appendix 1. The results of the regression analysis of eachtetus

Regression 1

Descriptive Statistics

Mean Std. Deviation N
Ln price (EUR) 9,3721 58723 17171
Age 5,5088 2,95995 17171
Mileage (Km) 119288,05 66610,643 17171
Correlations
Ln price
(EUR) Age Mileage (Km)
Pearson Correlation Ln price (EUR) 1,000 -,783 - 712
Age -,783 1,000 ,707
Mileage (Km) - 712 , 707 1,000
Sig. (1-tailed) Ln price (EUR) ,000 ,000
Age ,000] . ,000
Mileage (Km) ,000 ,000] .
N Ln price (EUR) 17171 17171 17171
Age 17171 17171 17171
Mileage (Km) 17171 17171 17171
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Variables

Entered/Removed?

Model

Variables
Entered

Variables

Removed Method

Age

Mileage (Km)

,050,

,100).

,050,

,100).

Stepwise
(Criteria:
Probability-of-F-

to-enter <=

Probability-of-F-

to-remove >=

Stepwise
(Criteria:
Probability-of-F-

to-enter <=

Probability-of-F-

to-remove >=

a. Dependent Variable: Ln

price (EUR)

Model Summary®

Model

Adjusted R

R R Square Square

Std. Error of the
Estimate

1
2

,783%
,814°

,614 ,614
,663 ,663

,36499
,34074

a. Predictors: (Constant), Age

b. Predictors: (Constant), Age, Mileage (Km)

c. Dependent Variable: Ln price (EUR)
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Model Summary®

Model Change Statistics
R Square
Change F Change dfl df2 Sig. F Change | Durbin-Watson
1 ,614 27276,007 1 17169 ,000
2 ,050 2531,604 1 17168 ,000 ,498
c. Dependent Variable: Ln price (EUR)
ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression 3633,626 1 3633,626 27276,007 ,000%

Residual 2287,201 17169 ,133

Total 5920,827 17170
2 Regression 3927,555 2 1963,777 16913,962 ,000°

Residual 1993,272 17168 ,116

Total 5920,827 17170
a. Predictors: (Constant), Age
b. Predictors: (Constant), Age, Mileage (Km)
c. Dependent Variable: Ln price (EUR)

Coefficients®
Model Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.

1 (Constant) 10,228 ,006 1738,030 ,000

Age -,155 ,001 -,783 -165,154 ,000
2 (Constant) 10,316 ,006 1789,541 ,000

Age -,111 ,001 -,561 -89,490 ,000

Mileage (Km) -2,778E-6 ,000 -,315 -50,315 ,000

a. Dependent Variable: Ln price (EUR)
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Coefficients?

Model 95,0% Confidence Interval for B Correlations
Lower Bound Upper Bound Zero-order Partial Part
1 (Constant) 10,217 10,240
Age -,157 -,154 -,783 -,783 -,783
2 (Constant) 10,305 10,327
Age -,114 -,109 -,783 -,564 -,396
Mileage (Km) ,000 ,000 -, 712 -,358 -,223
a. Dependent Variable: Ln price (EUR)
Coefficients®
Model Collinearity Statistics
Tolerance VIF
1 (Constant)
Age 1,000 1,000
2 (Constant)
Age ,500 2,001
Mileage (Km) ,500 2,001
a. Dependent Variable: Ln price (EUR)
Excluded Variables”
Model Partial
Beta In t Sig. Correlation
1 Mileage (Km) -,315° -50,315 ,000 -,358
a. Predictors in the Model: (Constant), Age
b. Dependent Variable: Ln price (EUR)
Excluded Variables®
Model Collinearity Statistics
Minimum
Tolerance VIF Tolerance
1 Mileage (Km) ,500 2,001 ,500

b. Dependent Variable: Ln price (EUR)
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Coefficient Correlations®

Model Age Mileage (Km)
1 Correlations Age 1,000
Covariances Age 8,856E-7
2 Correlations Age 1,000 -, 707
Mileage (Km) -, 707 1,000
Covariances  Age 1,544E-6 -4,852E-11
Mileage (Km) -4,852E-11 3,049E-15

a. Dependent Variable: Ln price (EUR)

Collinearity Diagnostics®

Model  Dimension Variance Proportions
Eigenvalue | Condition Index | (Constant) Age Mileage (Km)
1 1 1,881 1,000 ,06 ,06
2 , 119 3,974 94 ,94
2 1 2,791 1,000 ,02 ,01 ,01
2 ,141 4,442 ,97 ,10 17
3 ,067 6,435 ,01 ,88 ,82

a. Dependent Variable: Ln price (EUR)
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Casewise Diagnostics®

Case Number Ln price
Std. Residual (EUR) Predicted Value | Residual
9 -9,719 5,70 9,0153 -3,31154
56 -4,026 6,11 7,4809( -1,37170
57 -4,026 6,11 7,4809 -1,37170
71 -4,070 6,21 7,6014( -1,38680
72 -4,152 6,21 7,6294 -1,41480
124 -3,148 6,40 7,4696| -1,07267
125 -5,030 6,40 8,1110 -1,71403
174 -3,722 6,48 7,7451 -1,26808
199 -8,508 6,51 9,4138( -2,89906
202 -3,314 6,55 7,6803( -1,12926
203 -4,496 6,55 8,0831( -1,53201
204 -4,116 6,55 7,9536 -1,40256
239 -3,750 6,62 7,8980( -1,27789
345 -3,821 6,75 8,0472| -1,30197
455 -4,049 6,90 8,2825| -1,37977
468 -3,695 6,91 8,1666 | -1,25888
469 -3,695 6,91 8,1666 | -1,25888
470 -5,021 6,91 8,6187 -1,71091
471 -4,211 6,91 8,3427 -1,43496
472 -5,937 6,91 8,9308| -2,02307
473 -7,501 6,91 9,4637 -2,55591
631 -3,741 7,00 8,2779 -1,27479
692 -4,100 7,09 8,4872( -1,39708
693 -4,280 7,09 8,56483 | -1,45825
815 -4,182 7,13 8,5557 -1,42482
816 -4,182 7,13 8,5557 -1,42482
908 -3,523 7,17 8,3704 -1,20028
909 -3,105 7,17 8,2280 -1,05791
958 -3,284 7,21 8,3269 -1,11909
959 -4,209 7,21 8,6419 -1,43407
996 -4,050 7,24 8,6206 -1,37997
1083 -4,519 7,31 8,8523 -1,53975
1116 -3,799 7,31 8,6076 -1,29442
1117 -3,919 7,31 8,6484 -1,33521
1118 -5,598 7,31 9,2208 -1,90756
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1119
1120
1466
1467
1468
1611
1788
1979
1980
1982
1983
2190
2191
2192
2196
2238
2275
2513
2514
2515
2662
2768
2853
2854
2855
3370
3470
3471
3745
3948
4018
4019
4090
4091
4099
4367
4530
4531
4961

-5,598
-4,571
-3,415
-3,415
-4,000
-3,385
-3,271
-3,319
-3,319
-3,596
-3,596
-3,342
-3,342
-3,204
-3,412
-3,416
-3,963
-3,214
-3,803
-4,024
-3,287
-3,192
-3,126
-4,763
-5,287
-3,162
-3,145
-3,145
-4,814
-3,485

3,581

3,581
-3,216
-3,216
-3,162
-3,462
-3,145
-3,036

3,558

7,31
7,31
7,44
7,44
7,44
7,49
7,55
7,60
7,60
7,60
7,60
7,63
7,63
7,64
7,65
7,67
7,70
7,74
7,74
7,74
7,78
7,82
7,82
7,82
7,82
7,90
7,92
7,92
7,97
8,00
8,01
8,01
8,01
8,01
8,01
8,07
8,09
8,09
8,16

9,2208
8,8708
8,6021
8,6021
8,8012
8,6484
8,6642
8,7318
8,7318
8,8263
8,8263
8,7644
8,7644
8,7308
8,8124
8,8373
9,0467
8,8359
9,0366
9,1116
8,9032
8,9078
8,8893
9,4470
9,6255
8,9782
8,9911
8,9911
9,6128
9,1904
6,7860
6,7860
9,1023
9,1023
9,0838
9,2507
9,1579
9,1209
6,9482

-1,90756
-1,55755
-1,16368
-1,16368
-1,36284
-1,15345
-1,11462
-1,13088
-1,13088
-1,22536
-1,22536
-1,13877
-1,13877
-1,09167
-1,16275
-1,16410
-1,35052
-1,09522
-1,29590
-1,37099
-1,12002
-1,08773
-1,06529
-1,62297
-1,80141
-1,07755
-1,07172
-1,07172
-1,64031
-1,18733

1,22033

1,22033
-1,09593
-1,09593
-1,07748
-1,17976
-1,07154
-1,03452

1,21235
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4962
5363
5401
5561
6332
6333
6981
7937
8707
9086
9467
9468
9639
9694
9695
13529
14314
15152
16380
16388
16964
18558
19692
20089
22830
22831
23516
23517
24146
24718
27275
28149
28623
30021
30022
30981
31357
33444
33940

3,558
-3,047
-3,103
-3,157

3,199

3,199

4,263

4,213

5,108

3,540

6,299

6,271
-3,251

3,959

3,959

3,810

3,164

3,343

4,033

3,230

3,309

5,230

4,252

6,844

5,588

5,588

6,681

3,405

4,185

3,121

4,174

3,692

5,985

3,506

3,506

4,494

3,681

3,317

3,903

8,16
8,17
8,19
8,22
8,29
8,29
8,38
8,48
8,52
8,56
8,59
8,59
8,61
8,61
8,61
8,84
8,85
8,92
8,96
8,96
8,98
9,05
9,09
9,10
9,21
9,21
9,21
9,21
9,26
9,28
9,39
9,43
9,44
9,51
9,51
9,54
9,55
9,65
9,67

6,9482
9,2131
9,2460
9,2918
7,2040
7,2040
6,9253
7,0407
6,7765
7,3502
6,4480
6,4572
9,7185
7,2636
7,2636
7,5410
17,7754
17,7769
7,5875
7,8613
7,8534
7,2658
7,6393
6,7674
7,3013
7,3013
6,9340
8,0500
7,8331
8,2193
7,9697
8,1756
7,3980
8,3160
8,3160
8,0119
8,2927
8,5185
8,3443

1,21235
-1,03835
-1,05730
-1,07575

1,09002

1,09002

1,45259

1,43570

1,74066

1,20624

2,14620

2,13693
-1,10783

1,34893

1,34893

1,29823

1,07826

1,13909

1,37438

1,10063

1,12752

1,78205

1,44885

2,33202

1,90406

1,90406

2,27638

1,16029

1,42603

1,06336

1,42216

1,25787

2,03946

1,19448

1,19448

1,53131

1,25413

1,13011

1,32976
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34461
34855
36565
37037
37038
37039
37040
37043
39212
39510
40084
40437
41162
41163
41808
42070
42127
42486
42624
42700

4,687
3,527
4,867
4,673
4,673
4,379
4,379
3,623
3,498
4,553
3,128
3,838
3,843
3,204
3,346
3,860
3,045
3,144
3,525
4,474

9,68
9,71
9,80
9,83
9,83
9,83
9,83
9,83
10,00
10,04
10,09
10,13
10,23
10,23
10,37
10,46
10,46
10,61
10,71
10,78

8,0831
8,5093
8,1370
8,2331
8,2331
8,3333
8,3333
8,5909
8,8070
8,4863
9,0284
8,8189
8,9247
9,1428
9,2335
9,1450
9,4256
9,5378
9,5133
9,2515

1,59722
1,20186
1,65836
1,59239
1,59239
1,49220
1,49220
1,23463
1,19185
1,55125
1,06574
1,30769
1,30955
1,09177
1,14003
1,31527
1,03755
1,07126
1,20094
1,52433

a. Dependent Variable: Ln price (EUR)

Residuals Statistics®

Minimum Maximum Mean Std. Deviation N
Predicted Value 6,4480 10,3154 9,3721 47827 17171
Residual -3,31154 2,33202 ,00000 ,34072 17171
Std. Predicted Value -6,114 1,972 ,000 1,000 17171
Std. Residual -9,719 6,844 ,000 1,000 17171

a. Dependent Variable: Ln price (EUR)
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Charts
Histogram
Dependent Variable: Ln price (EUR)
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Mormal P-P Plot of Regression Standardized Residual

Dependent Variable: Ln price (EUR)
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Ln price (EUR)

Partial Regression Plot
Dependent Variable: Ln price (EUR)
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Regression 2

Descriptive Statistics

Mean Std. Deviation N
Ln price (EUR) 10,0280 ,60231 2635
Age 4,8814 3,47796 2635
Mileage (Km) 108867,21 68886,919 2635
Correlations
Ln price
(EUR) Age Mileage (Km)
Pearson Correlation Ln price (EUR) 1,000 -, 725 -,665
Age -, 725 1,000 ,553
Mileage (Km) -,665 ,553 1,000
Sig. (1-tailed) Ln price (EUR) ,000 ,000
Age ,000] . ,000
Mileage (Km) ,000 ,000] .
N Ln price (EUR) 2635 2635 2635
Age 2635 2635 2635
Mileage (Km) 2635 2635 2635
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Variables

Entered/Removed?

Model

Variables
Entered

Variables
Removed

Method

Age

Mileage (Km)

Stepwise
(Criteria:
Probability-of-F-
to-enter <=
,050,
Probability-of-F-
to-remove >=
,100).

Stepwise
(Criteria:
Probability-of-F-
to-enter <=
,050,
Probability-of-F-
to-remove >=
,100).

a. Dependent Variable:

Ln price (EUR)

Model Summary®

Model

R R Square

Adjusted R
Square

Std. Error of the
Estimate

1
2

,725%
,791°

,526
,626

,526
,626

41478
,36837

a. Predictors: (Constant), Age

b. Predictors: (Constant), Age, Mileage (Km)

c. Dependent Variable: Ln price (EUR)

Model Summary®

Model Change Statistics

R Square

Change F Change dfl df2 Sig. F Change | Durbin-Watson
1 ,526 2921,015 1 2633 ,000
2 ,100 706,282 1 2632 ,000 , 764

c. Dependent Variable: Ln price (EUR)
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ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression 502,549 1 502,549 2921,015 ,000?

Residual 452,997 2633 172

Total 955,546 2634
2 Regression 598,389 2 299,195 2204,864 ,000°

Residual 357,156 2632 ,136

Total 955,546 2634
a. Predictors: (Constant), Age
b. Predictors: (Constant), Age, Mileage (Km)
c. Dependent Variable: Ln price (EUR)

Coefficients®
Model Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.

1 (Constant) 10,641 ,014 764,065 ,000

Age -,126 ,002 -, 725 -54,046 ,000
2 (Constant) 10,825 ,014 763,596 ,000

Age -,089 ,002 -,5615 -36,004 ,000

Mileage (Km) -3,324E-6 ,000 -,380 -26,576 ,000
a. Dependent Variable: Ln price (EUR)

Coefficients®
Model 95,0% Confidence Interval for B Correlations
Lower Bound Upper Bound Zero-order Partial Part

1 (Constant) 10,614 10,668

Age -,130 -,121 -, 725 -, 725 -, 725
2 (Constant) 10,797 10,853

Age -,094 -,084 -, 725 -,574 -,429

Mileage (Km) ,000 ,000 -,665 -,460 -, 317

a. Dependent Variable: Ln price (EUR)
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Coefficients?

Model Collinearity Statistics
Tolerance VIF
1 (Constant)
Age 1,000 1,000
2 (Constant)
Age ,694 1,441
Mileage (Km) ,694 1,441

a. Dependent Variable: Ln price (EUR)

Excluded Variables®

Model Partial
Beta In t Sig. Correlation
1 Mileage (Km) -,380° -26,576 ,000 -,460
a. Predictors in the Model: (Constant), Age
b. Dependent Variable: Ln price (EUR)
Excluded Variables®
Model Collinearity Statistics
Minimum
Tolerance VIF Tolerance
1 Mileage (Km) ,694 1,441 ,694
b. Dependent Variable: Ln price (EUR)
Coefficient Correlations?®
Model Age Mileage (Km)
1 Correlations Age 1,000
Covariances Age 5,400E-6
2 Correlations Age 1,000 -,553
Mileage (Km) -,553 1,000
Covariances  Age 6,136E-6 -1,713E-10
Mileage (Km) -1,713E-10 1,564E-14

a. Dependent Variable: Ln price (EUR)
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Collinearity Diagnostics®

Model  Dimension Variance Proportions
Eigenvalue | Condition Index | (Constant) Age Mileage (Km)
1 1 1,814 1,000 ,09 ,09
2 ,186 3,127 91 91
2 1 2,680 1,000 ,03 ,03 ,03
2 ,187 3,787 ,80 ,50 ,02
3 ,133 4,483 17 A7 ,96

a. Dependent Variable: Ln price (EUR)
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Casewise Diagnostics®

Case Number Ln price
Std. Residual (EUR) Predicted Value | Residual

23214 -10,036 6,68 10,3815 -3,69685

23216 -5,349 7,24 9,2146 -1,97032

23217 -5,349 7,24 9,2146 -1,97032

23218 -4,696 7,28 9,0094 -1,73005

23219 -3,391 7,31 8,5625 -1,24926

23220 -3,391 7,31 8,5625 -1,24926

23221 -3,753 7,47 8,8497 -1,38232

23222 -3,142 7,52 8,6802 -1,15725

23229 -3,013 7,82 8,9338( -1,10975

23230 -3,013 7,82 8,9338( -1,10975

23231 -3,866 7,82 9,2481 | -1,42407

23234 -3,529 8,07 9,3707 -1,29981

23242 -3,347 8,16 9,3936( -1,23306

23243 -4,419 8,16 9,7882( -1,62773

23256 -3,152 8,34 9,5040( -1,16119

23327 -3,014 8,90 10,0060| -1,11040

23386 4,710 9,10 7,3643 1,73510

23412 -3,286 9,18 10,3882 | -1,21034

23421 5,287 9,21 7,2617 1,94764

23422 5,287 9,21 7,2617 1,94764

23509 4,945 9,39 7,5670 1,82151

23591 5,601 9,51 7,4473 2,06314

23777 3,209 9,65 8,4665 1,18209

23778 3,209 9,65 8,4665 1,18209

23782 4,334 9,65 8,0520 1,59656

25844 3,910 11,51 10,0726 1,44031

25845 3,201 11,51 10,3338 1,17914

25847 3,220 11,51 10,3268 1,18615
a. Dependent Variable: Ln price (EUR)

Residuals Statistics®
Minimum Maximum Mean Std. Deviation N

Predicted Value 7,2007 10,8243 10,0280 , 47663 2635
Residual -3,69685 2,06314 ,00000 ,36823 2635
Std. Predicted Value -5,932 1,671 ,000 1,000 2635
Std. Residual -10,036 5,601 ,000 1,000 2635

a. Dependent Variable: Ln price (EUR)
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Charts
Histogram
Dependent Variable: Ln price (EUR)
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Partial Regression Plot
Dependent Variable: Ln price (EUR)
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Regression 3

Descriptive Statistics

Mean Std. Deviation N
Ln price (EUR) 10,2243 ,68669 298
Age 5,5043 4,34789 298
Mileage (Km) 111664,53 77100,054 298
Correlations
Ln price
(EUR) Age Mileage (Km)
Pearson Correlation Ln price (EUR) 1,000 -,831 -, 763
Age -,831 1,000 ,602
Mileage (Km) -, 763 ,602 1,000
Sig. (1-tailed) Ln price (EUR) ,000 ,000
Age ,0001 . ,000
Mileage (Km) ,000 ,000] .
N Ln price (EUR) 298 298 298
Age 298 298 298
Mileage (Km) 298 298 298
Variables Entered/Removed?®
Model Variables Variables
Entered Removed Method
1 Age Stepwise
(Criteria:
Probability-of-F-
to-enter <=
,050,
Probability-of-F-
to-remove >=
,100).
2 Mileage (Km) Stepwise
(Criteria:
Probability-of-F-
to-enter <=
,050,
Probability-of-F-
to-remove >=
,100).

a. Dependent Variable: Ln price (EUR)
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Model Summary®

Model Adjusted R Std. Error of the
R R Square Square Estimate

1 ,831° ,690 ,689 ,38301

2 ,893° ,798 797 ,30948

a. Predictors: (Constant), Age

b. Predictors: (Constant), Age, Mileage (Km)

c. Dependent Variable: Ln price (EUR)

Model Summary®

Model Change Statistics
R Square
Change F Change dfl df2 Sig. F Change | Durbin-Watson
1 ,690 658,691 1 296 ,000
2 ,108 158,347 1 295 ,000 1,063
c. Dependent Variable: Ln price (EUR)
ANOVA®

Model Sum of Squares df Mean Square F Sig.
1 Regression 96,625 1 96,625 658,691 ,000%

Residual 43,421 296 ,147

Total 140,046 297
2 Regression 111,792 2 55,896 583,592 ,000°

Residual 28,255 295 ,096

Total 140,046 297
a. Predictors: (Constant), Age
b. Predictors: (Constant), Age, Mileage (Km)
c. Dependent Variable: Ln price (EUR)

Coefficients®
Model Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.

1 (Constant) 10,946 ,036 305,501 ,000

Age -,131 ,005 -,831 -25,665 ,000
2 (Constant) 11,141 ,033 339,591 ,000

Age -,092 ,005 -,582 -17,770 ,000

Mileage (Km) -3,672E-6 ,000 -,412 -12,584 ,000
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Coefficients?

Model Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.
1 (Constant) 10,946 ,036 305,501 ,000
Age -,131 ,005 -,831 -25,665 ,000
2 (Constant) 11,141 ,033 339,591 ,000
Age -,092 ,005 -,5682 -17,770 ,000
Mileage (Km) -3,672E-6 ,000 -,412 -12,584 ,000
a. Dependent Variable: Ln price (EUR)
Coefficients®
Model 95,0% Confidence Interval for B Correlations
Lower Bound Upper Bound Zero-order Partial Part
1 (Constant) 10,876 11,017
Age -,141 -,121 -,831 -,831 -,831
2 (Constant) 11,076 11,205
Age -,102 -,082 -,831 -, 719 -,465
Mileage (Km) ,000 ,000 -, 763 -,591 -,329
a. Dependent Variable: Ln price (EUR)
Coefficients®
Model Collinearity Statistics
Tolerance VIF
1 (Constant)
Age 1,000 1,000
2 (Constant)
Age ,637 1,570
Mileage (Km) ,637 1,570
a. Dependent Variable: Ln price (EUR)
Excluded Variables”
Model Partial
Beta In t Sig. Correlation
1 Mileage (Km) -,412° -12,584 ,000 -,591

a. Predictors in the Model: (Constant), Age
b. Dependent Variable: Ln price (EUR)
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Excluded Variables”

Model Collinearity Statistics
Minimum
Tolerance VIF Tolerance
1 Mileage (Km) 637 1,570 637

b. Dependent Variable: Ln price (EUR)

Coefficient Correlations®

Model Age Mileage (Km)
1 Correlations Age 1,000
Covariances Age 2,613E-5
2 Correlations Age 1,000 -,602
Mileage (Km) -,602 1,000
Covariances  Age 2,678E-5 -9,098E-10
Mileage (Km) -9,098E-10 8,516E-14

a. Dependent Variable: Ln price (EUR)

Collinearity Diagnostics®

Model  Dimension Variance Proportions
Eigenvalue | Condition Index | (Constant) Age Mileage (Km)
1 1 1,785 1,000 11 11
2 ,215 2,883 ,89 ,89
2 1 2,645 1,000 ,04 ,03 ,03
2 ,220 3,469 ,85 ,38 ,04
3 ,135 4,420 11 ,59 ,94

a. Dependent Variable: Ln price (EUR)

Casewise Diagnostics®

Case Number Ln price
Std. Residual (EUR) Predicted Value | Residual
22916 -6,823 6,80 8,9129 -2,11166
22917 -4,815 7,50 8,9858 -1,49030
22924 3,339 8,85 7,8202 1,03348
22925 3,339 8,85 7,8202 1,03348

a. Dependent Variable: Ln price (EUR)

Residuals Statistics®
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Minimum | Maximum Mean Std. Deviation N
Predicted Value 7,6786 11,1396 10,2243 ,61352 298
Residual -2,11166 1,03348 ,00000 ,30844 298
Std. Predicted Value -4,149 1,492 ,000 1,000 298
Std. Residual -6,823 3,339 ,000 ,997 298

a. Dependent Variable: Ln price (EUR)

Charts
Histogram
Dependent Variable: Ln price (EUR)
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Partial Regression Plot
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Regression 4

Descriptive Statistics

Mean Std. Deviation N
Ln price (EUR) 8,7285 , 71369 22915
Age 6,5523 4,09134 22915
Mileage (Km) 120956,38 70959,059 22915

Correlations

Ln price
(EUR) Age Mileage (Km)
Pearson Correlation Ln price (EUR) 1,000 -,806 -, 737
Age -,806 1,000 , 740
Mileage (Km) -, 737 , 740 1,000
Sig. (1-tailed) Ln price (EUR) ,000 ,000
Age ,000] . ,000
Mileage (Km) ,000 ,000] .
N Ln price (EUR) 22915 22915 22915
Age 22915 22915 22915
Mileage (Km) 22915 22915 22915
Variables Entered/Removed®
Model Variables Variables
Entered Removed Method
1 Age Stepwise
(Criteria:
Probability-of-F-
to-enter <=
,050,
Probability-of-F-
to-remove >=
,100).
2 Mileage (Km) Stepwise
(Criteria:
Probability-of-F-
to-enter <=
,050,
Probability-of-F-
to-remove >=
,100).

a. Dependent Variable: Ln price (EUR)
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Model Summary®

Model Adjusted R Std. Error of the
R R Square Square Estimate

1 ,806° ,650 ,650 42212

2 ,833° ,694 ,694 ,39493

a. Predictors: (Constant), Age

b. Predictors: (Constant), Age, Mileage (Km)

c. Dependent Variable: Ln price (EUR)

Model Summary®

Model Change Statistics
R Square
Change F Change dfl df2 Sig. F Change | Durbin-Watson
1 ,650| 42589,801 1 22913 ,000
2 ,044 3264,790 1 22912 ,000 ,413
c. Dependent Variable: Ln price (EUR)
ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 7588,767 1 7588,767 42589,801 ,000%
Residual 4082,701 22913 ,178
Total 11671,467 22914
2 Regression 8097,964 2 4048,982 25960,599 ,000°
Residual 3573,503 22912 ,156
Total 11671,467 22914

a. Predictors: (Constant), Age

b. Predictors: (Constant), Age, Mileage (Km)

c. Dependent Variable: Ln price (EUR)

138



Appendix

Coefficients?

Model Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig.
1 (Constant) 9,650 ,005 1832,879 ,000
Age -,141 ,001 -,806 -206,373 ,000
2 (Constant) 9,765 ,005 1835,007 ,000
Age -,101 ,001 -,576 -105,963 ,000
Mileage (Km) -3,125E-6 ,000 -,311 -57,138 ,000
a. Dependent Variable: Ln price (EUR)
Coefficients®
Model 95,0% Confidence Interval for B Correlations
Lower Bound Upper Bound Zero-order Partial Part
1 (Constant) 9,640 9,660
Age -,142 -,139 -,806 -,806 -,806
2 (Constant) 9,755 9,776
Age -,102 -,099 -,806 -,5673 -,387
Mileage (Km) ,000 ,000 -, 737 -,353 -,209
a. Dependent Variable: Ln price (EUR)
Coefficients?®
Model Collinearity Statistics
Tolerance VIF
1 (Constant)
Age 1,000 1,000
2 (Constant)
Age 452 2,213
Mileage (Km) ,452 2,213
a. Dependent Variable: Ln price (EUR)
Excluded Variables®
Model Partial
Beta In Sig. Correlation
1 Mileage (Km) -,311° -57,138 ,000 -,353

a. Predictors in the Model: (Constant), Age
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Excluded Variables®

Model Partial
Beta In t Sig. Correlation
1 Mileage (Km) -,311°% -57,138 ,000 -,353
a. Predictors in the Model: (Constant), Age
b. Dependent Variable: Ln price (EUR)
Excluded Variables”
Model Collinearity Statistics
Minimum
Tolerance VIF Tolerance
1 Mileage (Km) ,452 2,213 ,452
b. Dependent Variable: Ln price (EUR)
Coefficient Correlations?
Model Age Mileage (Km)
1 Correlations Age 1,000
Covariances Age 4,646E-7
2 Correlations Age 1,000 -, 740
Mileage (Km) -, 740 1,000
Covariances Age 9,000E-7 -3,842E-11
Mileage (Km) -3,842E-11 2,992E-15

a. Dependent Variable: Ln price (EUR)

Collinearity Diagnostics®

Model  Dimension Variance Proportions
Eigenvalue | Condition Index | (Constant) Age Mileage (Km)
1 1 1,848 1,000 ,08 ,08
2 ,152 3,490 ,92 ,92
2 1 2,761 1,000 ,03 ,02 ,01
2 ,170 4,033 ,96 ,16 ,08
3 ,069 6,315 ,02 ,83 ,91

a. Dependent Variable: Ln price (EUR)
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Casewise Diagnostics®

Case Number Ln price
Std. Residual (EUR) Predicted Value | Residual
1 -4,621 5,30 7,1231 -1,82483
2 -6,253 5,30 7,7679 -2,46956
3 -5,579 5,52 17,7247 -2,20327
4 -4,285 5,52 7,2137 -1,69222
5 -5,628 5,52 7,7441 -2,22267
6 -5,921 5,52 7,8599 -2,33846
7 -5,819 5,52 7,8194 -2,29796
8 -4,536 5,70 7,4920 -1,79153
9 -4,125 5,70 7,3330( -1,62923
10 -3,779 5,70 7,1962 -1,49237
11 -5,010 5,70 7,6825 -1,97871
12 -5,384 5,70 7,8300( -2,12625
13 -4,504 5,70 7,4827 -1,77894
14 -5,681 5,70 7,9473 -2,24352
15 -6,578 5,70 8,3017 -2,59795
20 -4,379 5,86 7,5874 -1,72951
21 -3,889 5,86 7,3939( -1,53597
22 -4,396 5,86 7,5942 -1,73628
23 -4,503 5,86 7,6361( -1,77816
24 -4,442 5,86 7,6123 -1,75441
25 -3,710 5,86 7,3231( -1,46513
26 -4,063 5,86 7,4627( -1,60478
27 -4,388 5,86 7,5910( -1,73305
28 -4,980 5,86 7,8248 | -1,96687
29 -4,369 5,86 7,5832( -1,72531
30 -5,209 5,86 7,9152 -2,05725
32 -4,395 5,94 7,6757 -1,73556
39 -3,035 5,99 7,1902 -1,19876
40 -3,319 5,99 7,3023( -1,31083
41 -3,394 5,99 7,3317( -1,34021
42 -4,111 5,99 7,6151 -1,62362
43 -3,811 5,99 7,4966( -1,50512
44 -4,207 5,99 7,6529( -1,66139
45 -3,595 5,99 7,4112 -1,41973
46 -3,579 5,99 7,4051 -1,41361
47 -3,585 5,99 7,4072 -1,41573
48 -3,447 5,99 7,3526 -1,36111
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49
50
51
52
53
54
58
59
60
61
62
63
64
65
66
76
78
80
83
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

-3,447
-3,805
-4,664
-4,243
-4,623
-6,494
-3,531
-3,044
-5,480
-5,480
-3,477
-4,720
-4,720
-5,193
-5,193
-3,302
-3,308
-3,018
-3,354
-3,263
-3,453
-3,393
-3,193
-3,789
-3,805
-3,906
-3,436
-3,755
-3,850
-4,439
-3,445
-4,661
-4,661
-3,319
-4,195
-4,581
-4,999
-4,655
-5,841

5,99
5,99
5,99
5,99
5,99
5,99
6,11
6,11
6,11
6,11
6,11
6,11
6,11
6,11
6,11
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21
6,21

7,3526
7,4944
7,8333
7,6670
7,8172
8,5563
7,5037
7,3114
8,2735
8,2735
7,4822
7,9734
7,9734
8,1601
8,1601
7,5187
7,5211
7,4067
7,5391
7,5031
7,5781
7,5546
7,4755
7,7110
7,7173
7,7571
7,5715
7,6976
7,7351
7,9678
7,5751
8,0554
8,0554
7,5252
7,8713
8,0239
8,1887
8,0529
8,5212

-1,36111
-1,50289
-1,84181
-1,67555
-1,82570
-2,56483
-1,39445
-1,20219
-2,16420
-2,16420
-1,37298
-1,86419
-1,86419
-2,05088
-2,05088
-1,30408
-1,30646
-1,19208
-1,32447
-1,28848
-1,36349
-1,34000
-1,26086
-1,49640
-1,50265
-1,54251
-1,35688
-1,48302
-1,52053
-1,75319
-1,36052
-1,84083
-1,84083
-1,31064
-1,65669
-1,80929
-1,97412
-1,83824
-2,30657
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111
112
113
114
118
147
151
152
154
155
156
157
158
159
161
162
163
164
165
179
180
181
185
186
187
188
189
200
219
220
222
223
224
225
249
250
261
265
266

-3,914
-3,012
-3,751
-4,169
-3,849
-3,693
-3,166
-4,353
-3,805
-3,747
-3,383
-3,041
-3,342
-3,381
-3,164
-4,148
-3,827
-4,415
-4,284
-3,364
-3,417
-3,581
-3,424
-3,446
-3,771
-3,433
-3,893
-3,005
-3,046
-3,323
-3,617
-3,320
-3,150
-3,551
-3,326
-3,326
-3,174
-3,222
-3,307

6,31
6,31
6,31
6,31
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,40
6,48
6,48
6,48
6,48
6,48
6,48
6,48
6,48
6,55
6,55
6,55
6,55
6,55
6,55
6,55
6,62
6,62
6,62
6,62
6,62

7,8555
7,4995
7,7914
7,9564
7,9154
7,8555
7,6474
8,1162
7,8997
7,8768
7,7331
7,5977
7,7166
7,7323
7,6464
8,0352
7,9082
8,1404
8,0886
7,8056
7,8265
7,8913
7,8293
7,8378
7,9662
7,8329
8,0145
7,7380
7,7540
7,8634
7,9796
7,8624
7,7949
7,9535
7,9337
7,9337
7,8735
7,8927
7,9260

-1,54560
-1,18956
-1,48147
-1,64651
-1,52017
-1,45859
-1,25044
-1,71925
-1,50273
-1,47985
-1,33621
-1,20082
-1,31971
-1,33534
-1,24946
-1,63827
-1,51126
-1,74343
-1,69168
-1,32866
-1,34954
-1,41431
-1,35231
-1,36081
-1,48921
-1,35595
-1,53756
-1,18687
-1,20294
-1,31233
-1,42848
-1,31135
-1,24385
-1,40237
-1,31363
-1,31363
-1,25345
-1,27259
-1,30597
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267
268
269
321
322
323
324
325
326
327
344
386
399
400
401
427
496
547
548
557
563
566
573
574
575
576
580
581
582
583
584
588
589
590
641
750
751
757
842

-3,020
-3,633
-4,168
-3,300
-3,257
-3,257
-3,634
-3,399
-3,399
-4,492
-3,050
-3,010
-3,250
-3,250
-3,684
-3,049
-3,079
-3,135
-3,135
-3,315
-3,129
-3,298
-3,242
-3,364
-3,364
-3,500
-3,206
-3,427
-3,522
-3,602
-3,602
-3,039
-3,150
-3,150
-3,009
-3,148
-3,526
-3,499
-3,034

6,62
6,62
6,62
6,68
6,68
6,68
6,68
6,68
6,68
6,68
6,75
6,80
6,80
6,80
6,80
6,86
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
6,91
7,05
7,09
7,09
7,09
7,13

7,8127
8,0550
8,2660
7,9881
7,9707
7,9707
8,1197
8,0271
8,0271
8,4588
7,9499
7,9912
8,0861
8,0861
8,2571
8,0607
8,1239
8,1458
8,1458
8,2170
8,1433
8,2101
8,1881
8,2362
8,2362
8,2899
8,1738
8,2614
8,2989
8,3301
8,3301
8,1081
8,1516
8,1516
8,2360
8,3335
8,4825
8,4719
8,3292

-1,19258
-1,43488
-1,64592
-1,30345
-1,28608
-1,28608
-1,43510
-1,34247
-1,34247
-1,77418
-1,20468
-1,18877
-1,28368
-1,28368
-1,45473
-1,20425
-1,21616
-1,23806
-1,23806
-1,30921
-1,23558
-1,30234
-1,28031
-1,32847
-1,32847
-1,38217
-1,26609
-1,35360
-1,39111
-1,42236
-1,42236
-1,20036
-1,24385
-1,24385
-1,18850
-1,24342
-1,39244
-1,38184
-1,19834
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849

850

889

897

898

1215
1216
1217
1655
1715
1718
2000
2012
2080
2081
2082
2203
2304
2551
2552
2553
2554
2555
2556
2565
2894
2895
2912
2913
3285
3339
3434
3435
3548
3549
3578
3579
3580
3779

-4,686
-4,686
-3,515
-3,423
-3,051
-3,070
-3,473
-4,002
4,251
-3,039
-3,176
-3,006
-3,189
3,346
3,470
3,470
-3,121
3,503
6,070
6,070
4,000
4,937
4,937
3,676
3,446
-4,022
-4,022
3,013
3,013
3,323
3,531
-3,364
3,352
3,470
3,470
5,748
3,507
3,874
3,568

7,17
7,17
7,17
7,17
7,17
7,31
7,31
7,31
7,55
7,55
7,55
7,60
7,60
7,70
7,70
7,70
7,70
7,74
7,82
7,82
7,82
7,82
7,82
7,82
7,82
7,82
7,82
7,86
7,86
7,96
7,97
7,97
7,99
8,01
8,01
8,01
8,01
8,01
8,04

9,0202
9,0202
8,5584
8,5218
8,3750
8,5256
8,6850
8,8938
5,8708
8,7498
8,8037
8,7881
8,8601
6,3749
6,3260
6,3260
8,9288
6,3571
5,4267
5,4267
6,2445
5,8744
5,8744
6,3724
6,4631
9,4124
9,4124
6,6734
6,6734
6,6428
6,5779
9,3010
6,6656
6,6355
6,6355
5,7364
6,6215
6,4765
6,6300

-1,85081
-1,85081
-1,38828
-1,35167
-1,20490
-1,21234
-1,37173
-1,58062
1,67886
-1,20021
-1,25413
-1,18717
-1,25923
1,32127
1,37023
1,37023
-1,23255
1,38355
2,39731
2,39731
1,57954
1,94968
1,94968
1,45161
1,36093
-1,58831
-1,58831
1,18990
1,18990
1,31232
1,39460
-1,32850
1,32393
1,37050
1,37050
2,26996
1,38488
1,52988
1,40916
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3820
3821
3970
4199
4254
4333
4655
4656
4740
4855
5177
5178
5179
5408
5409
5411
5731
5940
6051
6052
6053
6062
6063
6353
6354
6375
6432
6621
6622
6623
6892
6893
7214
7215
7220
7442
7443
7468
7564

4,855
4,855
3,158
5,294
3,259
4,095
5,747
3,785
3,410
4,954
3,790
3,769
3,844
5,267
5,267
3,139
6,531
4,239
6,635
6,635
6,214
3,387
3,387
-3,424
-3,424
3,023
3,147
4,706
3,316
3,181
3,452
4,305
6,342
4,736
3,770
4,860
4,860
3,152
3,523

8,07
8,07
8,09
8,13
8,15
8,16
8,19
8,19
8,20
8,23
8,28
8,28
8,28
8,29
8,29
8,29
8,35
8,39
8,41
8,41
8,41
8,41
8,41
8,41
8,41
8,43
8,44
8,48
8,48
8,48
8,51
8,51
8,52
8,52
8,52
8,54
8,54
8,56
8,57

6,1537
6,1537
6,8394
6,0409
6,8589
6,5432
5,9192
6,6940
6,8559
6,2732
6,7845
6,7929
6,7633
6,2139
6,2139
7,0542
5,7756
6,7153
5,7915
5,7915
5,9579
7,0742
7,0742
9,7642
9,7642
7,2401
7,2016
6,6177
7,1666
7,2200
7,1439
6,8071
6,0127
6,6468
7,0284
6,6177
6,6177
7,3116
7,1746

1,91725
1,91725
1,24698
2,09065
1,28723
1,61731
2,26946
1,49470
1,34656
1,95631
1,49695
1,48857
1,51818
2,08014
2,08014
1,23984
2,57909
1,67403
2,62036
2,62036
2,45395
1,33767
1,33767
-1,35235
-1,35235
1,19369
1,24301
1,85872
1,30975
1,25636
1,36319
1,70007
2,50448
1,87039
1,48879
1,91934
1,91934
1,24477
1,39135
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7565
7708
7792
7793
7912
7913
7914
7915
7916
7917
7918
7919
8214
8215
8323
8577
8611
8800
8801
8802
8803
9128
9129
9130
9315
9428
9594
10281
10779
11152
11153
11460
11667
11884
11885
11886
11887
11888
12350

3,523
5,032
3,489
3,489
5,739
5,739
3,680
3,680
4,172
4,172
3,271
3,271
3,556
3,086
3,107
3,904
6,619
4,145
4,145
3,104
3,104
6,106
4,965
4,965
3,843
3,281
3,290
4,300
4,380
4,888
4,716
4,348
3,232
5,974
5,018
5,018
4,313
4,463
3,761

8,57
8,58
8,60
8,60
8,61
8,61
8,61
8,61
8,61
8,61
8,61
8,61
8,62
8,62
8,65
8,67
8,68
8,69
8,69
8,69
8,69
8,70
8,70
8,70
8,72
8,74
8,76
8,81
8,85
8,85
8,85
8,89
8,91
8,92
8,92
8,92
8,92
8,92
8,94

7,1746
6,5977
7,2256
7,2256
6,3459
6,3459
7,1592
7,1592
6,9650
6,9650
7,3208
7,3208
7,2174
7,4027
7,4211
7,1323
6,0688
7,0542
7,0542
7,4655
7,4655
6,2880
6,7386
6,7386
7,1984
7,4447
7,4568
7,1117
7,1168
6,9234
6,9911
7,1715
7,6329
6,5634
6,9408
6,9408
7,2195
7,1602
7,4504

1,39135
1,98719
1,37775
1,37775
2,26663
2,26663
1,45329
1,45329
1,64755
1,64755
1,29174
1,29174
1,40418
1,21889
1,22716
1,54185
2,61387
1,63694
1,63694
1,22567
1,22567
2,41149
1,96090
1,96090
1,51768
1,29563
1,29941
1,69817
1,72973
1,93026
1,86258
1,71727
1,27637
2,35927
1,98187
1,98187
1,70316
1,76244
1,48551
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12351
12577
13145
13402
13629
14586
15398
16020
16842
17457
17678
17679
18040
19011
19012
19251
19430
19431
20351
20352
20747
21082
21442
21613
21614
22135
22136
22214
22215
22248
22457
22590
22841

3,761
3,991
4,187
7,808
4,211
3,649
3,157
7,487
6,507
4,334
4,982
3,239
3,393
4,952
3,122
4,023
4,635
4,635
5,000
3,401
4,257
4,530
8,435
7,710
5,209
4,030
4,030
4,247
4,247
3,344
7,724
3,357
3,128

8,94
8,96
8,99
8,99
9,01
9,07
9,10
9,16
9,21
9,24
9,26
9,26
9,29
9,37
9,37
9,39
9,39
9,39
9,47
9,47
9,53
9,55
9,61
9,62
9,62
9,71
9,71
9,73
9,73
9,74
9,79
9,84
10,04

7,4504
7,3857
7,3323
5,9036
7,3490
7,6298
7,8582
6,2023
6,6354
7,5234
7,2917
7,9801
7,9472
7,4158
8,1386
7,7997
7,5623
7,5623
7,4982
8,1296
7,8477
17,7579
6,2780
6,5711
7,5588
8,1194
8,1194
8,0488
8,0488
8,4144
6,7420
8,5106
8,8081

1,48551
1,57615
1,65368
3,08355
1,66287
1,44124
1,24663
2,95672
2,56998
1,71163
1,96747
1,27906
1,34010
1,95583
1,23296
1,58878
1,83035
1,83035
1,97451
1,34310
1,68107
1,78893
3,33112
3,04473
2,05700
1,59168
1,59168
1,67735
1,67735
1,32067
3,05056
1,32568
1,23515

a. Dependent Variable: Ln price (EUR)
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Residuals Statistics®

Minimum Maximum Mean Std. Deviation N
Predicted Value 5,4267 9,7642 8,7285 ,59448 22915
Residual -2,59795 3,33112 ,00000 ,39491 22915
Std. Predicted Value -5,554 1,742 ,000 1,000 22915
Std. Residual -6,578 8,435 ,000 1,000 22915

a. Dependent Variable: Ln price (EUR)
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Expected Cum Prob

Ln price (EUR)

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Ln Ar (EUR)
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Ln price (EUR})

Partial Regression Plot
Dependent Variable: Ln price (EUR)
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Appendix 2: The results of the pair t-test.

Group Statistics
Fatcentilis Std. Errar
M Mean Std. Deviation Mean
Price 1,00 14339 | 12063 4294 TES3,03172 £3,91300
3,00 14340 | 1177485462 | 10188,37017 85,08052

Independent Samples Test

Equality of Variances t-test for Equality of Means
Sig.(2- | Mean | Std.Ermor Inferval ofthe
F Sig. t df tailed) |Difference |Difference | Lower Upper

Price Equal 330,425 000 2705 2BETE 007|287 88325|106,41432| 79,30629(496 46022

variances

assumed

Equal 2705|26612,624 J007|287,88325|106,41225| 79,30966(496 45685

variances

not

assumed
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