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N - ABSTRACT

In an industrial ambient, both regulatory and
nonrequlatory, an understdnding of the mortality behavior of
physical property is necessary to compute depreciation
expensé for revenue requirementS'ahd/or rate regulation

>

b
purposes’. The e%f:mation of the mortality characteristics 1is

commonly called life estimati-n. Life analysis is an

a

“important element of life estimation. The end result of -life

analysis i¥s an estim=te of the probable average service

life, the proba-~ie .~tireme ' dispersion pattern and a
p P P

knowledge’ of a~, ciscsini le trends in the above two.

There are -uriot’ we 'ods of life analysis namely
actuarial meth~ds, se;  =ctuarial methods and the simulation
methods. The method :0of life analysis used is dependent on

the type of available -data.
Traﬁsparéqt Plant Balance Method (TPBM) is a simulation

method of life analysis applic.uble when a partial and unaged

: !
data is available. The method wus developed by Edmonton

Telephones. A sensitivity aﬁalysis'of'the model conducted by

A.Tharumarajah of the University ,of Alberta revealed sever-l

+

limitations of the model. The present study has been

-

conducted to modify the Transparent Plant Balance Method so

i

as to overcome some of the prevailing limitations of the.
< * . .

model. This modified version has been called the MTPBM. A

sensitivity analysis has been conducted to evaluate the

performance of the MTPBM for varying input parameters.

¢

v
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1. INTRODUCTION

1.1 Purpose
The purposes of this study are “

1. to have a'brief overview of the existing methods of life
analysis of industrial property, | |

2. to evaluate and analyze the performance of ﬁhe existing
Transparént Plant BalancevMethod (developed by Edmonton
Telephones) using the results of the study conducted by
Tharumarajah [ﬁ]},

3. . to develop a modified version of the Transparent Plant

. Balance Method so as to overcome some of the prevailing

limitations of the method (this modified version will be
called the MTPBM), and

4, tb study the performance of the newly developed MTPBM

using stochastic data sets generated by a Monte Carlo

Simulator developed for the purpose.

1.2 Background Information

This section gives a brief account of the existin§~~ .

methods of life analysis and its need.

"1.2.1 Depreciation -
Any property in use loses value over its life. Hence, a
property which has been used is not worth the same as an

identical new property. This phenomenon\of the loss in value

[}
o

is called Depreciation. This phenomenon can be attributed to
N



three main factors:
t». physical factors,
2. functional factors, and

3. factors unrelated to the property.

Physical Factors
The physical factors for the loss in value and finall;
retirement can be due to:

.1. the physical damage because of accidents like
collisions, falls, breaking of machinery by extraneous
forces etc.,

2. catastrophes like floods, storms, earthquake, fire étc.,

3. wear and tear from normal usage, and | h

4, deterioratién\ovef time inspite of maintenance and
repairs. This might Be due td the factors like decay of

timber, action of chemicals, weathering, rusting, etc.

Functional Factors

Any industrial property is deemed'functionélly
inefficient whenever the same function can be performed more
efficicntly and effectively by other equipment of similar or
different kind. The functional inefficiency might be becéuse_
of (i)inadequacy of thegcapacity of the eguipment caused by
an increased demand or.reduced efficiency of the property,

(ii)obsolescence resulting from the invention and/or



development of more effective performing models.
Obsolescence may result from either economic factors or due

to outdated style and mode.

Factors Unrelated to the Property
c Occass1onally the management may be ﬂprced to retire
some property inspite of satlsfactory performance This may
be due to: (i)the termination of the need for that kind of -
property, (ii)closﬁng down or abandonment oﬁ the enterprise,
and/or (iii)the requirement of a public autnority like the
municipality, provincial government or the Federal
Government.

The revenues and profits of any organization can be
.determined only with a consideration of the depreciation
expenses. A majority of the methods of calculating
depreciation are dependent on the service life of the
property being depreciated. The service life can be measured
in units like years, units of production etc. A knowledge of
the probable service life of the physical property is
especially important in a regulatory ambient for. the
rate/price regulation and for the revenue requ1rementsr
determination by the governmental authorities. The average
service life and the retirement dlsper51on about the average
service life are very useful in the managerial dec151on

making processes like 'How much to buy?', '"Which kind of

equipment to buy?', 'When to buy?' etc.



1.2.2 Life Analysis
Thefe are three important steps of life estimation.
They are, ) |
1. data selection for the analysis,
2. life analysis based’on therseledked data,
‘a. treatment of the datq,(deve&opment-of the survivor
curves), | |
b. mathematical and/or graphicél description of the

life characterestlcs

3. life forecast in light of the results obtalned from the
life analy51s
Life analy51s is an 1mportant step of 1life estimation.
A life analy51s ylelds'(l)the probable average service life
(ASL), (ii)the probable diSpersion‘patte:n of tﬁé*
retirements about the average service life and
(111)dlscern1ble trends, if:éhy, in_the aﬁoVe two fadtors.

A life forecasQ seeks to predlct future service lives

{
‘based- on 1nformed ?udgement and past experlence In fact

A

Edlson Electrlc Iqstltute has cautioned that the plant
‘installed today mlghg bear little or no resemblence to the
plant being retired or wﬁ\cQ\has_ 1ready been retlred The

same view is expressed by Winfrey [15] as under

'While the author strongly recommends the
development and use of the retirement data and the
survivor curves as the basis of estimating the
probable life of the.property units, he does not

~  mean that the expert judgement should be done away

- with in favor of pure statistical treatment. Each

individual item, each group of items, and each
property or company must be dealt with in the light
of its present condition, its character and the




amount of service production, and its relation to
the present and the probable future economic trends,
art of manufacture, and management policies. Tables
of probable service lives, type survivor curves and
statistical methods are simply means of recording

the past experience to use 1in predicting what the

future service might be.'

There are various methods of life analysis which can be
‘broadly ;lassiﬁied into three categories. They are,

1. Actuarial methods,
2. Semiactuarial methods, and
3. Simulation methods.

The choice of the method of life analysis is dictated
by the type of available data. For the actuarial methods to
be applicable, a complete aged data reco;d éhowing the age
‘of each unit at the retirement date and the age composition
of the survivor group is very essential. If the data records
are unaged and either compléte or incomplete, one of the
semiactuarial or simulation methods is used. While the
semiactuarial analysis yields an estimation of pnly the
;verage service life, the simulation methods of analysis
provide estimates of both the probable average service life
and the prébable dispersidh pattern of the . individual
retiréments about the probable average service life.

The - best method of service life estimation is to base
the estimation on the study of the past experience. Life
insurance companies have developed mortality tables by which
the average life-of humans and their expectancy of life at

any age can be determined with accuracy. In a similar

manner, the industrial statisticians and engineers have



studied the life histories and ages at retirement of many
different types of the industrial physical property. This
data enables one to forecast’the probable lives of similar
units that are still in service. It is likely that this
estimation of life expectancy of any single unit or group of
units will be in error.~Nevertheless, if the sgrvice‘
conditions of the'prqper;y are considered by the’engineers
in addition to their own expert judgement, the'probabilifx
of an error in the forecast of the life expectancy will be
substantially reduced, especially if the estimate is revised
from time té time as and when new data becomes available.
Aécounting regulations, books on engineering valuation,
and the utility regulations uéually cpntain tables of
estimated average service lives which can bé used to.
estéblish a tentative figure for the avérage_servipe life
and the other mortality ch;racteristics of the property for
which the refirement records and experience are not
available. There are many types of such tables and curves
available today from different éources. Iowa Type Curves are
one such type curves. These curves will bé discussed in
detail in one of the following chapters; Thesé '"Iowa Type
Curves' are the basis for almost all of the simulation
methods. ‘ . v | A
The important simulation methods of life analysis are:
1. Simﬁlated quntIRecord Method (SPR),
2. Computed Mortality Method, and |

3. Transparent Plant Balance Method (TPBM).

[ 4



The.fi:st ethod mentioned above is used when only
unaged but complejte data is available while the last two
methods are used Sben only unaged and incomplete data 1is
available. Whereas the Simulated Plant Record method of life
analysis is extensively researced and is in use, the
Computed Mortality method'and the Transparent Plant Balance
Method are étill in the research and éevelopmental stages.

The Transparent Plant Balance‘Method wés developed by
Edmonton Telephones. A sénsitivity analysis of the model was
conducted by A.Tharumarajah [10,11]. Due to this sensitivity
analysis, several limitations of the model have come to
light. The present study is intended to ‘overcome séme‘of

these limitations by developing a modified version of the

model.

1.3 Scope and Methodology
This section provides a synopsis of the discussion to

follow in the subsequent chapters.

1.3.1 Scope

143

The scope of this study includes:

j. a brief over&iew of the existing methédé of life
analysis,

2. a detailed discussion of the Transparent Plant Balance
Method of life analysis,

3. development of ‘a modified version of the frapsparent'

Plant Balance Method so as to overcome some of the



existing limitations, and

4. a petformance study of the newly developed version of
the Transparent Plant Balance Method using stochastic
data sets of known mortality charateristics generated

from a Monte Carlo Simulator developed for this purpose{

1.3.2 Methodolody'
The methodology adopted for the study has been:

summarized in this section.

Chapter 2: Methods of Life Analy51s

ThlS chapter covers a brief overview of the various
existing .methods of life analysis like the actuarial
methods, semiactuarial methods and the simulation methods
(except. the TPBM). For each\method, a short outline of the
process, 1ts applicability and limitations will be

discussed.

Chapter 3: TPBM

¥

» This chapter exclu51vely deals with the Transparent
Plant Balance Method as developed by Edmonton Telephones and -

"also the study conducted by Tharumrajah [11] to evaluate its

performance.

Chapter 4: Modified TPBM
To begin with, this chapter evaluates the results of
the study.conducted by Tharumarajah [11]. This evaidat{iﬁn\\\\
' . . A\

o

\

v



helps to provide possible explanations for the occasional
unpredictable behavior of the Transparent Plant Balance
Method. With this as the basis, the modified version of the

Transparent Plant Balance Method is developed.

Chapter 5: Monte Carlo Slmulatof
In this chapter,'the dlSCUSSlOD concentrates on the
Monte Carlou Simulator deyeloped to generate‘the data sets of
known mortality characteristics, growth profile and growth
rate. These data sets'will be used in the performance‘teste
.

to be conducted for the performance evalbation of the

modfied.version of the TPBM. ' i ‘w

Chapter 6: Petformance‘Evaiuationl<'

This chapter deals.with tte performance evaluation .
' tests conducted on the model. A discussion on the
sensitivity of.the model to the cﬂanges in the Obéervation
Band length, Tqanéparent Band'lenéth and the growth profile

~will be presented in addition to a discussion of the

behavior of the various indices.

Chapter 7: Summary and Conclusions ‘ o
ThlS chapter summarizes the present %tudy, lists all
the- conclu51ons and finally discusses the scope for future -

research 1n the'fleld.
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2. METHODS OF LIFE ANALYSIS

As mentioned earlier in Chapter 1, there are many
methods of life analysis. The choice of the method is
influenced to a great extent by the\kind of data available.
In this chapter, many of these methods of analysis will be
reviewed. |

The existing methods of life analysis can be classified
into 3 types, namely: -
1., actuarial methods,
2. semiactuariél méthods, and
3. simulation methods.

Before proceeding any furth;r, a few definitions used

’

in life énalysis will be.presented in the following section.

Terminology Used in Life Analysis‘

The following are a few definitions [14] used in -
conjunction with a survivor curve. These definitions have
also been-illustréted on Figure 2:1:

1. A Property Group (or Property Account) 1s a collection

of similar units (usually fonwaccouhting purposes)
comprising a property or a section of the property

regardless of the ages of the individual units.

2. A Vvintage Group (or Oriﬁ!nal Group) is a collection of
7 similar units in§talled.in service at the same time or
N .

in the same accounting period.

3. Original Data refers to the records showing showing kind

of property installed, the number of units installed,

10



Due to copyright requirements, page 11 nas been omitted. It
“had been reproduced from Reference No. 1 (page 26).
Figure 2.1 Typical Survivor Curve and the Associated

Terminology.
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dollar cost, ages, dates of placement in service, date
of retirement and otl- r -elated factors neceésary to a
complete understanding of the life hisfory of the
property during the period covered by the data.

Observation period (or Experience Period) is comprised

of” the number of years over which the propertykéroup is
observgd. |

The age of a grogefty is the lapsed time from the date
of installation to the observation date.

The average age of a property group is the average
of the individual ages of all the units in the group.
For convenience, the age is usually designated to the
nearest whole year on January 1st, which would age the
property on the half year when measured from the assumed
average installation aate of July 1st.

' The Service Life of a property is that period of time

extending from the date of its installation to the date

of its retirement from service.

The Probable Life of a unit is that period cf time
extendiné from iEs date of installation to the
forecasted date when probably it will be retired from
sefvice.

The Average Service Life of a group of property is the

quotient obtained by dividing the sum of the service
lives of all the units by the number of units in the
group. It is also equal to the area (in percent-years or

unit-years):under the survivor curve divided by 100 (or
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the total number. of units).

9. The Expectancy of Life of a unit is that period of time

ext: 1ding from the observation age (usually the present)
to the forecasted date when the unit probably will be
retired from service. Age plus expectancy always eguals

the probable life. o
: e
10. The Probable Average Service L fe of ¢ group ofééﬁqts is

%‘h —n
APV

the average of the probable servi~~ lives of the
individual units in the group.

11. The Maximum Life or Age is the age of the last unit of a

given group to be retired from service. It is also the
age at which the survivor curve has a zero ordinate or

zero percent surviving.

12. Survivor Curves show the property surviving in service
at successive ageé. At any particular age, the ordinate
of the curve gives the percentage surviving (or the
actual number of units) at that age. The abséissa is
usually measured .n either years or the age expressed as
a peréent of the average service life. |

The original survivor curve is the curve drawn
through ;he points calculéted from the original da£a
without adjustment. Since the original survivor curve-is
generally irrégular, it 1is smoothed to produce a smooth

’

survivor curve, sometimes referred to as an adjusted

curve.

13. A Stub Survivor Curve is an incomplete survivor curve;

that is, one which does not extend to zero percent
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surviving because of the lack of the retirement data.

14, A Probable Life Curve shows the probable average life of

the survivors at any age from zero to the maximum life.

15. Retirement Frequency Curve shows the percent (or the

number of units) retired during various age intervals.
16. Mode is the point on the frequency curve having the
greatest ordinate.

17. GeneralizZed Curves are those curves whose ordinates are

expressed in percentage of the total number of units and
whose abscissa (ages) are expressed in percentage of the
average service life,

18. Type Curves depict typical survivor curves and frequency

curves. Original survivor curves are usually compared
with the type survivor curves in the process of
determining the probable average service lives from the

original data.

2.1 Actuarial Methods

For any actuarial method of life analysis, a complete
and aged data record is very essential. A data record 1is
called 'aged' when the property records contain the‘
installation date for each retirement and each survivor.

The statistical compilation aﬁd'study of human births
and deaths have been in practice for a long time. Though the
compilation of similar curves for the physical property
should have logically followed, it is only since 1902 that

such curves have been compiled. The actuarial analysis of
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the service lives of depreciable properties is now an

established practice in the industries, both regulated and

nonregulaﬁed.

2.1.1 Survivor Curves

A survivor curve indicates the percentage of the
property which survives in service at ages from zero to the
maximum life. The actuarial methods involve the treatment of
the available aged data.to de&elop the_original survivor
curve. Usually the original survivor curve will contain some
degree of irregularity. Due to these inherent
irreqularities, an original survivor curve qually provides
insufficient information for depreciation purposes unless
some graphical or mathemétical standard curves .are fitted to
smooth and, if necessary, exfend them. The process of curve
fitting and the Iowa type curves Qsed for the pufpoée will
be discussed in the section following the discussion of the

‘'methods of calculating the Original Survivor Curves.

Methods of Calculating the Survivor curves

‘ There are five methods of calculating the survivor
curves. These are: |
1. Individual Unit method,

2. Annual Rate method,

3. Original Group.methdd,

4, Composite Original Group méthod, and

5. Multiple Original Group method.
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All these methods yield an observed\(also called
priginai>‘life table whieh'is simply a tabulation of the
émount of'propérty surviving at eaéh age from zero to the
limit of the indicated life. A survivor table is considered
two dimensional because it lists percent surviving at
varying age intervals. If thése original table values are
plotted on a graph, the resulting curve is caikpd an
original survivor curve. If an original survivor curve does
not extend to zero percent surviving, it is called a stubbed

curve.

Individual Unit Method
Individual Unit method of calculating the survivor
curve is used when only an aged mortality data is available.
The data suitable for this methodwtypically consists of only

the total ﬁumbér of units retired during a given year
together with the age of each unit at retirement; The data
record is incomplete in that the plant balance or the number
of units surviving in each year is unavailable. The data is
illustrated in Table 2.1 [15]. The table shows the
retirements arranged 1in order»df their ages. These arranged
retirements are then summed from the oldest to the youngest
(Sottom.to top of column 6). From these cumulafive
retirements, a survivor curve can be plotted as shown Figure
2.2 [15]. It should be noted that the figures in column 9

- (Table 2.2) represent only the total retirements during the

experience year(s); the ‘data does not reflect other units



Due to copyright requirements, pages 17 and 18 have been
omitted. They had been reproduced from Reference No. 15

(pages 20 and 21).

1. Table 2.1 Typical Treatment of Original Data by the

Individual Unit Method.

2. Figure 2.2 Typical Individual Unit Method Survivor Curve

and Probable Life Curve.
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remaining in service during or at the end of the experience
period- every unit has been considered only after its
retirement. As such, the method does not take into account
other units remaining in service. The average service life
is\calculatedvby dividing the total service measured in
Unit-Years (Table 2.1, column 3) by the .total nuﬁger of
units retired. /
Ind.vidual Unit Method will approximate the mortality

- racteristics only if the property account has been in
conv .ued -istence fbr a long time and has been maintained

the same number of service units by regular replacements

‘h th. unics of the same probable average service life.
However, since it is infrequent to have an account which has
been stationafy for a long time, the method should be'usea
with caution. Anather limitation of the individual unit
‘method is that it does not give weightage to the units still.
in’service. Hence, for the property accouhﬁs that have been
in éervice for a long time, it is essential to use a method
which takes into account the units still in-service as well

as those retired from service. The Annual Rate Method and

the Original Group Method are such methods.

Retirement Rate Method

This 'is also called the Annual Rate Method.because the
rate of retirement is calculated from each like-age group of
units in service during the experience years. As this method

considers all the surviving units also, the available data
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- ™\

should show the number of units retired during the period of
observation, their respective retirement ages and the number
of units in service at the beginning of the observation

period and their ages. To guote Winfrey [15}:

'The probable average life (obtained by the usual
method of determining the area under the completed
survivor curve) for survivor curve constructed by
the annual rate mehod is a reflection of the average
rate of retirement for the observation period
chosen. It takes into consideration not only the
current retirements ("deaths") but also the units
remaining in service (the "living"), and utilizes
them in accordance with both their number‘-and age.
Such a calculation results in a true picture.of rate
of retirement since it includes all the prior
retirements because the annual rate is dependent
upon both the age and the number of units in ‘
service.' '

It is possible to calculate the annual rates. for each
age interval from (0-1) to the age of the oldest unit 1in

service if the data (both the retirement and the survivor

v ~

data) for all the previous vintages upto and including the
observation period years is available. From these annual
rates, the survival rates can be obtained. A su?vivor curve
results ifbthese,calculated survival rates are plotted
égainst the age of the property. The SQrv;vof curve so
calculated will be stuctbed if the earliest vintage is yet to
retire completely. In zuch a case, the stubbed’curve has to

be extended by the method of curve matching (to be briefly

discussed later in this chapter). ,

~

The following are the steps involved in calculating a

survivor curve:
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-

The first step involves the compilation of the data
showing the total number of units (or their total cost) and
their respective retirement ages for each year of the
observation (or experience)’band_years. This is illustrated
in Table 2.2 [14].

The next step is to compile a similar table for the
plant surviving and their réspective age for each year of
the experience band as shown in Table 2.3 [14]. ,

In' the third step, the.retiréments (Table 2.2) for each
experience year from all the vintages as well as the total
number of units ex?osed to retirement (Table 2.3) at the
beginning of each age interval are calcul@ted. In Table 2.3,
all the units remaining in service on the diagonal Steps are
from the same agé interval.

Step 4 involves the calculation of the retirement ratés
for each age interval from the retirements and balances as
calculated in the pfevious step. Once these retirement rates
are calculated, the corresponding year end survivai rates
can be obtained by the product of the begining of the year
survivor rate -and (1 retirement rate for the year under
consideration); |

The next step is to plot the survivor and the
retirement rates as far as they extend as indicatea in
Figure 2.3 [14]. | |

‘ Thé fifth step involves the smoptﬁiné of the o}iginal
survivdr curve so obtained (and if required, extending it

also) by either a mathematical or a g}aphical curve fitting
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Due.to copyright requirements, pages 22 to 24 have been

omitted. They. had been reproduéed'from Reference No. 14

(pages 156, 157 and 159).

1. Table 2.2 Typical Treatment of the retirement data by
the Retirement rate Method.

2. Table 2.3 Typical Treatment of the Survivor Data by the
Retirement Rate Method.

3. Figure 2.3 Typical Survivor Curve Developed by

Retirement Rate Method.
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|
process (to be discussed later).
The last step is to determine the average service life‘
from the total area Qnder the survivor curve. The total area
‘under the survivor curve is representative of the -total
amount of property considered (which is 100%). As_such, the
area measured in percent-years divided by 100 yields the
avefage service life of tHe property. ‘ |
Original Group &ethod
As the name indicates, the original groub me thod ié the
process of developing a survivor curve fof a specific
vintage. Sometimes more than one vintage will be grouped
together for the study. Such a process is called the
,Composité Original Gfoup Méthodior the Multiple Original
Group method (in actual practiée, there'ié‘a subtle
difference between the Composite Original GroUp-Method and

~

the Multiple Original Group Method).

The vintage group under consideration ié observed to
determine the percent surviving and the percent reti;ed.
Using this, a surinor curve is plotted. The Originalié}oup
- Method will result in a stub survivor curve if all‘the uniﬁé*i
in the vintage are yet to be retired. However, thé curve
gradually extends‘al}wthe way to zefo percent surviving with;?
‘the progress of tiTe;“fhe Origiﬁal Group Mfthod o;lf? '

calculating the survivor curve, if appliedEto develop

N

individual survivor ‘curves of successive V}ntage groups, 1is

useful in determining any trends in the average service life
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and the mortality distribution pattern.

Curve Fitting to the Original Survivor Curves |
If the developed oFiginal survivor curve is found to be
stubbed and/or scattered, 1t becomes essential to first
exeend and/or-smooth the original curve v.ing one of the
curve fittingvmethods. It is possibie in practice to fit a
number of different curves to the original mortality data.
The methods used for the purpose are:
1. Iowa Type Curves,
2. Gompertz-Makeham Distribution Curves,
3. h - curves or fhe Kimball Curves,
4; polynomials, and
5. | the Weibull Distribution.
| Of the five types mentioned above, the first tﬁree
systems of curves are used more than the last two methods.
However, lowa type curves are .the most popular curve types
used for llfe analy51s
Henderson [6] of the Iowa State Unlver51ty conducted
tests to compare the performance of these five methods of
curve fitting and found that | | b :
1. though the grephical methods have ouly a finite set of
curves to‘fit and appeér to.be more of judgement |
oriented uethods, it was ﬁoundvthat they»perform very
well when used in‘coujunction with a computer for the
curve fitting procees (ie when a large number of

calculations are made),
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2. the five actuarial methods of.cﬁrve fitting are.not
significantly different when tested with simulated data.
Howeior, based on the results of curve fitting of actuél
property data, lowa and h - types of curves were found
to be‘superior to the other methods.

As already mentioned, the Iowa Type Curves are the most
extensively used type curves for this purpose. Extensive
research has been conducted to determine their validity. As

such, they will be discussed in greater detail now.

Iowa Type Standard Curves

The research and development of the Iowa type curves.
were started around 1921 at the Iowa State College. The
first publ;catién of this research (Bulletin 103, 1931)
-éontéined 7 types of Iowa éurves. Subsequent research has
,enabled the development of more types of Iowa survivor
curves. At present there are a total of 31.type curves whi;h
are élassified into 4 main groups namely, left modal curveg,
symmetrical modal curves, right modal curves and the oriéinF
modal curves.

Figures 2.4 through 2.7 [11].illustrate the four main
groups mentioned above. As seen from the figures, the
abscissa values are.expressed in percent of the average
service life while the ordinate values are expresséd in.

. percent surviying. Each curve type is designated by a
comb%nation of a letter and a number indicative of the

1. degree of symmetry, and



Due to copyright reguirements, pages 28 to 31 have been

omitted. They had been reproduced from Reference No. 11

(pages 28 to 31).
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Figure 2.4 Iowa
Figure 2.5 Iowa
Figure 2.6 Iowa

figure 2.7 Iowa

\

Type Left Modal Curves.
Type Symmetrical Modal Curves.
Type Right Modal Curves.

Type Origin Modal Curves.
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2. degree of peakedness, respectively.

Degree of Symmetry

The degree of ;ymmetry of a survivor curve referévto
the symmetry of the &orresponding retirement frquency
distribution curve rather than that of the survivor curve
itself. It is designatéd by L,S,R or O. The designation is
indicative of the position of the mode of the retirement
distribution with respect to the average service life. The
letters stand for left modal, symmetrical modal, right modal
and origin modal curves respectively. |

The pésition of the modal value with respect to the
average service life determines gﬁe percent surviving at aﬁy

time or the property under consideration. For left modal

-

curves, the percent of the property retiring before’the
average service life is more than that retiring after the
average service lif_. In case of symmetrical curves, fhey
are identical while the latter percent is more in case of
right modal curves. All the origin modal curves have more
percent retiring before the average service lifé than after

it except for the '01' curve for which the two values are

I3

identical.

Degree of Peakedness
The peakedness of the frequency distribution curve 1is

indicated by the number assigned to the type curves. The
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range of this number for the different groups is as follows:

NUMBER OF CURVES

CURVE TYPE . RANGE IN THE GROUP
L 0 to 5 -8
S - =0.5 to 6 10
R . ‘ 0.5 to 5 : : 8
0 1 to 5 5.

. These numbers indicate the relative height of the mode.
A\Iarger nﬁmber indicates a steeper curve. However, these
numbers are not absolute values but are relative within thé
respeciive mode group classification. The larger the
assigned number of a curve, the higher will be its mode
(relative to the curves with smallér nﬁmbers wiﬁhin that
modal group only).

The area under any s:urvivor curve is measured in
percent-years. Consequently;rthe total area under a survivor

curve divided-by 100 gives the average service life of the

property under consideration.

2.2 Semiactuarial Methods
These methods are also called the turnover methods.
There are many semiactuarial methods of life analysis. These

methods of life analysis are applicable only if the

=4
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available data is not aged (ie., if the ages of the retired
units as well as the surviving units are unknown). Due to
this restraint, the turnovér methods rely on the ratios of
the total annual retirements to the total annual plant
balances without regard to the‘ages >f the property, either
retired or surviving. These methods yield an estimation of
the probable average service life only, without any
indication of the probagle distribution of retiremnts.

The three turnover methods of life analysis are:
1. Turnover Period method,
2. Half-Cycle Ratio method, and

3. . Asymptotic method.

2.2.1 Turnover Period Method

The data records necessary for this method should
contain the aﬁnual édditions, annual retirements and the
annual plant balances. The 'turnover period', which is the
time required to turnover the plant balance, is calculated
as follows:

1f the plant balance at the beginning of a period is

'X', and if the cumulative plant retirements over 'n'

periods (usually years) amounts to 'X', then the turnover
period is 'n' years. The turnover period so calculated is
not equal to the average service life, but is only an
indication of the same.

A few subtle variations of the me£hod are also in

existence. In one of the variations the period between

[P R

ot bt it
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identical values of the cumulative retirements and the
cumulatinve additions is the turnover period. In yet another
variation, the period between thé identical values of the
plant balance and the cumulative plant additions is the
turnover period. The turnover period method is applicable to

nongrowing accounts only.

2.2.2 Half-Cycle Ratio Method

This methéd is applicable even when the data available
is only half as much as_that required for the Turnover
Period Method. This is essentially an iterative method.
Under this methoé, a turnover period (N) is assumed. A year
(X) is chosen for which the total retirements are known
(Rx). The plant balance (B) for a year N/2 periods away is
obtained from the records. This plant balance 'B' is divided
by '"RX' to obtain the caiculated turnover period 'Nc'. The
procedure is repeated £ill 'Nc' and 'N' correspond with one
another. As in the case of the turnover period method, th¢
turnover period obtained has to be adjusted for growth and
retirement dispersion in order to get an estimation og the

average service life.

2.2.3 Asymptotic Method

This method is dependent on the fact that any
cbntinuous property group maintaihed at the full operating
level thrbugh replacements (ie. through regular plant

additions as required) will reach limiting ratios of annual
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additions and retirements to the plant balance. In this
method, the average service life is the reciprocal of the

geometric mean of the additions and retirements ratios.

The limiting asymptotes are determined by plottiqg the
. -

curves of the two ratios and fitting them to a curve with

‘the equation:
y = a + (b/x) + (c/x?)

where y is either the addition ratio or the retirement -
ratio, X 1s the year or age scale and a,b,c are constants.

Since the actuarial methods are by far the best, it is

advisible to use them rather than the semiactuarial methods

if the required type of data 1is a?ailable. The turnover
methods do not Yield goéd results if the account is young,
if there are a large number of retirements or if the
additions and‘fetirements are not reasonabiy uniform.A
Anéther drawback of the semiactuarial methods 1is that they
do not yield an estimation of the retirement distribution

pattern.

2.3 Simulation Methods -
o Simuyation methods are superié; to semiactuarial‘ 5
" methods because Ehey yield estiQates of both the averége
service life and the retirement distribution pattern.

However, if suitable data is available, actuarial methods

are better than the simulation methods.

e A it R 8 i e e e = e
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There are three iﬁbortant simulation methods of life
analysis. They are:
1. Simhlated Plant Record Method,
'2. Computed Mortality Method, and
3. Transpareqt Plant Balénce'Method.

~ Of the three methods mentioned above, the first two

37

will be discussed in this chapter. The immediately following

chapter contains a detailed review of the Transparent Plant

Balance Method. The basis .for all of these simulation

methods is the Iowa type curves.

2.3.1 Simulated Plant Record Method

This methoa was first developed and proposed by Bauhan

[1].

"The Simulated Plant-record method of life analysis
consists of applying such (Iowa Standard Curves)
standard mortality dispersions to the record of
plant additions and discovering by trial and error
which particular combination of average life and
mortality dispersion (sometimes hereinafter called a
mortality pattern or a mortality characteristic)
best simulates in calculated results the record of
actual balances or actual retirements. The method
serves equally whether applied to records of
balances or retirements,...'

One of the reguirements of this method is the
availability of suitable unaged data; annual plant

additions, annual plant balances and annual retirements.

'Suéh data should be available for all the years during which

the account has been in existence.

The analyst must specify a range of the average service

lives over which‘the trials should be conducted. It is also

\
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necessary to specify the standard curve types to be tested.
The plant baiances are simulated by the successive
application of the survival rates (derived from the’
specified standard type curve) to each of the vintage
additions. Now, the plant balance for each year 1is
calculated by the addition of the individual blant balances
for that year due to all the earlier vintages. Tabie.2.4
illustrates this method for the firéﬁ 5 years of én account
where the actual plant additions for the five years are
100,000, 5,147, 11,074, 9,149 and 11,737 units respectively
(column 2). The actual plant balances ar: 98,961, 101,986;
105,168, 108,424 and 111,326 units respectively (bottom |
row). An average service life of 10 years and LO type curve
have been specifiea for the test. For this LO-10 curve type,
the cumulative retirement rates for the first five years are
1.1063%, 5.0783%, 10.2173%, 16.0068% and 22.1395%
respectively.. Therefore the corresponding survival rétes are
98.8937%, 94.9217%, 89.7827%, 83.9932% and 77.8605%. These
rates are applieé to thé first vintage (100,000 units) to
calculate the plant balénces in each of the five years due

to that vintage. For example,

Plant balance in the 2nd yéar due to the first vintage
= (vintage size)x(survival rate)
= (100,000)x(94.9217)/100

.= 94,923 units.
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Only the first four rates are applied to the second
yeaf vintage because it was installed in the second year and
was only 4 years old at’ the completion of the fifth year of
the account. Now, the plant balances from all the vintages
for each year are added to produce the simulated plant
balances (2nd row from the bottom). This set of simulated
plant balances will be compared to the actual plant balances
. to determine the quality of the simulation. En_the
iliustration provided in Table 2.4, the caiculatiohs are
shown for only the first five years éf the accouht. However,
in real practice, this will be done for the entire
experience band. This procéss will be repeated for all the
possible combinations of the aQerége service life and the
" Iowa Type Curves ana the best combination wiil be selected.

In this method of life analysis, an index is used as a
measure of the closeness of fit between the actual and the
simulated plant balances. The. index beiﬁg used is the

Conformance Index which is given by Equation 2.1.

ZTBj/n
v

[ZT(BJ— ij)Z/n]1/2
Jd '

CI Egn. 2.1

where, - /
n = number of years in the experience band,
B; = actual plant balance in the jth year of the
experience bénd,
B'j = simuléted plant balance in the 5th year of the

experience band, = ;7(Ni)x(sij)
b
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N, =\plant additions in the ith year of the account,

S{j = survival rate in the jth yéar for the property
installed in the ith year of the account. This value
is obtained from the Iowa type curve.

An arbitrary range for grading the curves has been
specified: (0 to 25)—pdor; (25 to 50)-fair; (50 to 75)-good;

;
(75 to infinity)-excellent.

It is obvious from the above discussion that for the
SPR method to be uéed/vthe unaged data record should be
‘available for all the years from the beginning of the
account. However, if some of the'initial data 1is
unavailable, a historical trending 1s done for the years in
which the data is missing. This trending is‘done by
generating the missing data using the available data for the
later years as the basis. The tre;dinglis more one of
subjective judgement than one of an empiricél nature. This
is likely to cause some errbrs>in the final results
especially if a large portion of the earlier data is missing
from the records.

The performance of the SPR method has been extensively
studied at.both the Iowa State University and the Western
Michigan Univefsity,_lt has been found that ﬁhe SPR method
reflects the life characteristics of the property which has
nearly the same life.characteristics for all the vintages

[4]. However the scale specified to grade.the quality of the

fit wds found to be arbitrary. According to Fitch et al [4],

'Reservations about the usefulness of the indexes
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v

measuring tﬂe matching of annual balances and the
length of curve stub also arise......In 1947, Bauhan
presented a scale of ratios for the calculated CI
based on the empirical evidence at the time; but
with more evidence and a different technology today,
it is not necessarily applicable.’

2.3.2'Computed Mortality Method

This is a recent method of life analysis developed to
overcome the limitations of the SPR method of life analysis
in cases of incomplete data availability. However, this
ﬁethod is still in tbe developmental stéges.

The simulationyis usually begun in a épecified
experience year for which the retirements, plant additions
and plant balances are known. The first step is to estimate

the vintage composition of the beginning of the year plant

balance for the year under consideration. This process is

again subjective and is dependent on the per:¢ . experience

and expertise'of the analyst. From these estimated vintage
survivors, retifements by vintage for that year are
simulated acecording to an assumed survivor curve and average
servicé life. All these individual vintage retirements‘are
summéd. The average service\life is variéd till'Fhe
simulated rétirementé match the total actual retirements for
that year. The end‘of the year survivors from each vintage
are calculated and appended to the data matrix. This
procedure is repeated for each yeér. The‘avefaée service
life used for each year is rggorded.-Thus, the method is
likely to yield a different average service life for each.

year of the experience band.

PSP 2 S ST
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The metﬁod appears to need no indices to measure the
closeness of fit of the annual retirements since each year
it must duplicate a single retirement total. The choice of
the rve type used to simulate the retirements is
subjedtive. The mgthpd by which a property life estimate 1s
.mé rom the Computed Mortality data isvyet to be well
defined. One method usés the trend of the recorded curve
_averages usea to caitulate the retiremen;s, Alternately, thé
full matrix of simulated aged data may be used to calculate
~vintage group depreciation or may be analyzed by actuarlal
methods to estimate a life to be used with broad group
depreciation. One other approach uées time series analysis
to forecasé a t;end of thé~average service life, Hoﬁever,
the perfofmonce of the model is yet to be studiea in detail.

i A}
The following chapter contains a detailed discussion on

the Trahsparent Plant Balance Method of life analysis.



. method in generating the missing data. As such, the

3. TRANSPARENT PLANT ‘BALANCE METHOD

Tne Transparent Plant Balance‘Method of life analysis
has been derived from the Simulated Plant Record Method
(SPR). Though the SPR is qu1te useful -3¢ a method of life
anlysis when unaged and complete data is available, the
performance of the method becomes- unsatlsfactory if only
partial data is available. Thls is beCause of the method
employed in the SPR for the generation of the missing data.
Once this missing data is generated, it becomes a permanent
part of the available data record. Using *' "5 generated data
in conjunction with the actual data, the SR method selects

i )
the best fitting curve and the average service life.

‘Consequently, it is quite likelymtnat the selected mortalify

characteristics are not representative of the\true mortality
characteristics (see the previous chapter for details about
the SPR method).

‘The Transparent Plant Balance Method was developed by

Edmonton Telephones to reduce the subjectivity of the SPR

o,
N\

\,
\
\,

Transparent Plant Balance Method (TPBM)'iS”applicable only \

to the cases where the available data is inadequate for the
SPR meﬁhod'to be used. The TPBM emplqys an iterative method
of generating the missing data; it is generated by using
various combinations of the mortality eharacterigzigs. The

‘
charactericstics of the generated“data which proéuces the
simulated plant balances closest to the actual blant
balances are selected as the true mortality characteristies,

.
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of the data set. Thus, the procedure adopted by this method

is such that the mortality characteristics used to generate

the missing data are identical to the finally selected

mortality characteristics of -the property under o

consideration.

3.1 Terminology
The fellowing are a few of the definitions associated
with the TPBM and are illustrated on Figure 3.71.

Transparent Band is the band comprised of the years for

which the actual data is not available. As a result of
this, the missing data will be generated with some
assumed characteristics.

Observation Band is comprised of the years for which the

actual data is available.

Growth Profile is the profile of the curve obtained by .

plotting the plant additions against time (years-
representing the age of the ac~ount). The growth profile
is exponential if the curve obtained by plotting the
plant additions is increasing with years in an

exponential manner.

3.2 Procegs of the TPBM

The TPBM is apolied in four stages namely,
1. selection.of the initial condition,
2. generation.of the data,

3. initial selection, and
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4, final selection.

3.2.1 Initial Condition

It is first necessary to assume some initial conditions

“for the analysis as described below:

Type of Growth Profile

The TPBM, as developed by Edmonton Telephones, always
assumes an exponentigl growth profile (Figure 3.1) for the
annual plant additions (ie. the model assumes that the plant

additions grow annually by a fixed percent) .

Growth Rates

Givén that the TPBM assumes an exponential growth of
the annuai plant additions, it 1is hecessary for the analyst
to specify-a range of growth rates and an incremental value
(increméntal value is the value by which the growth rate 1is

to be incremented for each trial).

Average Service Life

As in the case of the growth rate, the analyst must
provide a range for the average service life over which the
test has to be conducted. During the test, the TPBM
increments the average service life (ASL) from the intial to

the final value in steps of one year.
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Curve Type

Usually the analyst specifieé all the 31 Iowa type
curves for the analysis unless there are some strong reasons
to believe that the actual mortality characteristic curve is

not represented by a specific standard curve.

Transparent Band Length

Although the length of the Transparent Band will be
usually a known parameter, occasionally the analyst might
come across a si&uation when the length of the Transparent
Band (ié. the age of the account) is not known definitely;
only an approximate length of the band might be known. If:
this is the case, the analyst will have to specify an
estiméted length of the Transparent Baﬁd. If the Transparent
Band (TB) length is known, which usually will be the case,

the known length has to be specified.

3.2.2‘Data Generation

Using the initial conditions as specified by the
analyst, the TPBM generatés the missing data in the
Transparent Band. This generated data will be of the unagea
type comprised of the annual plant additions'and_annual
plant balances. |

As hentioned earlier, the TPBM assumes a compounding
growth for the plant additions. To begin with,Athe plant

\additions for the transparent band will be generated using

b e e o e e e

<

the specified growth rate as shown below:

ek e
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N,., = N,/c for i = k+1 to 2. Egqn. 3.1

where 'k'' is the length of the Transparent Band,

"N,' is the plant additions for the ith year of the
Transparent Band,

'c' is the compounding factor (for example, 1.07 for 7%
growth rate etc.)

Thus, for example, if the Transparent Band length is 15
years, the Observation Band length is 7 years and the growth
rate specified is 5%, then the plant addition for the last
year (15th year) of the Transparent Bund is given by
dividing the actual plant additions for the first year of
‘the Observation Band by the specified exponential factor

(1.05 in this case). The plant addition for the 14th year of
the Transpa;ent Band is obﬁained by'dividing the pla5£

balanﬁe for the 15th year (calculated as described avae) by
the specified exponential factor of 1.05. This procedu;e is

repeated to get the calculated plant additions for each year

of the Transparent Band. Once the plant additions for tbe

. o
entire Transparent Band is generated, the problem is \
In khe

somewhat similar tovthe SPR method of life analysis.
Transpafernt Plant Balance Method of Life Analysis, the: N
simulated plant balances will be métched to the actual planz\
balances in the Observation Band to determine the best
combination of the characteristics.

After the plant additions are generated for the

Transparent Band using the initial growth rate and the other
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parameters, the plant balance for the Observation Band are
simulated fér each possible cd&#fnation of the specified
average service life and the Iowa type curve. The simulation
process is similar to that of the SPR method (refer to Table
2.4). For example, i1f the specified range of the average
service lifé s 8 to 12 years in steps of 1 year each, the
curves to be tested are all the 31 Iowa type curve and if
the specified range of the growth rate is from 1.0 to 1.2
the incremental steps of 0.01, the TPBM would generate and
test a total of (31)x(5)x20=3,100 sets of data. To give a
better understanding of the process, the nested DO loops
used in the computer program are diagrammatically shown in

Figure 3.2.

3.2.3 Initial Selection

It is obvioﬁs from the preceding discussion on data
generation that it 1is advantageous, if possible, to
eliminate some of the generated data sets by some /process of
initial selection. Hence, the TPBM emplbys an initial
selection process wherein many of the improbable data sets
are eliminated at the beginning. The procesé of the intial
selection used in the TPBM is discussed in the following few
paragraphs.

The criterion used for the initial selection is the
accuracy of the simulated plant balance for the first year
of the Observation Band. From the generated plant addifions

for the Transparent Band, it is possible to simulate the

i bl o
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Growth Rate

r———————————— Average Service Life

— Iowa Type Curve

Figure 3.2 Simulation Process of the TPBM.
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Figure 3.3 Initial Selection Process of the TPBM (111,
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plant balance for the first'year of the Observation Band
using the survival rate derived from the Iowa Type Curve and

the average service life under consideration. This process

is mathematically exp;essed as,

P'yiy = LiN{S, .y
L4
where,
k = length of the Transparent Band,
P'k;1 = simulated plant balance in the first year of the
Observation Band, | \
N, = génerated plant additions in the ith year of the
Transparent Band, -
Si x.1= % surviQiﬁg in, the (k+1)t? fear from the’vintage

instélled“in the ith year of the Transparent Band.
This value is obtained from the Iowa'type survivor
curve.

Thus, for each combination of the initial parametrs

(ASL, growth rate and the Iowa type curve), the P',., is

calculated as described above. Now, the criterion for the

initial selection is

| Peoy = Py | / Peoy S 0.02 or 2% Eqn. 3.2

where,

P,.; = actual plant balance in the 1st year of the

Observation Band.

i‘—.ﬁ! 2 ‘ﬁ"‘-ﬁ" ot R g o S b S
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Hence the criterion for the selection is that the relative
error of the simulated plant balance for the first year of
the Observation Band should be less than or equal to 2% of
the actual plant balance. This figure of 2% 1s an
arbitrarily selectea value and does not have any empirical
substantiation. This process of initial selection 1§

illustrated in Figure 3.3 [11].

3.2.4 Final Selection

In this phase of the analysis, the initially selected
combinations of the mortality characteristics (ie.‘ |
combination of the ASL, Iowa type curve and the growth rate)
are tested for the final selection. The combination of the
characteristics that produces the best matching simulated”
- plant balances in the Observation Band is selected as the
cbaracteristics of the data under consideration. As in the
case of the SPR method of life analysis, the Conforman;e
index developed by Bauhan [1] is used as an index of the
closeness of fit. The Conformance Index (CI) is based on the
minimum sum of the squares criterion. The CI gives an
lindication about which set of the simulated plant bélanceg
has the ieastisuﬁ oﬁ~the squares of the differences with the
acﬁual plant balances.
We have,

Average of the actual.plant balances in
the comparison years

Root Mean Squared Deviation Between the
" simulated and the actual plant balance.
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Mathematically, the CI can be defined as,

?ij/n

‘ Egqn. 3.3
[(ZV(P;- P';)*/n]'/?
J

CI

1]

where,
n = number of years in the Observation Band,

P, = actual plant balance in the jth year of the

J

-

Observation Band,

P', = simulated plant balande~in the jth year of thé
Observation Band, = %f(Ni)x(Sij)

N, = plant additions in the ith year of the account,

S;,, = survival rate iﬁ the jth year of the property

installed in the ith year of the account. This value
is obtained from the Iowa type curve.

An arbitrary scale for grading the curve has been

established:
0 to 25 POOR
25 to 50 FAIR
50 to 75 GOOD : |
7% to INF.  EXCELLENT

3.3 Performance of the TPBM
A performance evaluation (sensitivity analysis) of the
TPBM was conducted by Tharumarajahl[11]. A summary of the

investigation is provided in this section.

e et s i a e} e e et T a1
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The objectives of the study were:

1. to examine the effects of the length of the
transparent band used on the.final results,

2. to determine the minimum actual data required for
the TPBM to produce acceptable'results,

3. to test the validity of the compounding growth rate
assumption used, and

4., to investigate the édequacy of the Confonﬁénce Index

to indicate the correct mortality characteristics.

Transpare: =~ 3and Length

Since the length of the Transparent Band will be
occasionally an unknown factor, the effect of.any error 1in
the specification of the Transparent Band length on the

finally selected curve was investigated.

Minimum Actual Data Requirement

The virtue of the method is that it is applicable to
cases where sufficient data is not available to use any
oﬁher standard method. However, even for the TPBM to be
used? there 1s some minimum actual data requirement in order
to derive meanihgful results. Hence the performance of the
model for varying 1engths of the Observation Band was
evaluated. The intention was to establish thé minimum
Observation Band length requiréd to produce satisfactory

results.
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Vélidity of the Exponential Growth Profile

Since the TPBM assumes an exponential growth profile
for thebplant additions under all circumstances, it is quite
likely that the model will fail to perform as expected,.
especially if the actual growth profiie is other than the
-exponential type (like linear, no growth etc.). Hence the
TPBM was tested with simulated data sets having.diffg. nt
,grcwth profiles (of the plant additions) and‘the performance

of the model was studied.

Adequacy of the Conformance Index

Due to the large number of possible combinations of the

input parameters, the number of tests conducted by the TPBM

'1s also equally large. As such, the entire success of the
modél is d%pendeht on the sensitivity of the Conformance
Index to the variations in the parameters and the accuracy
of the characterestlcs selected by the index. Hence, the
performance of the index was studied for various input

variables.

3.3.1 Procedure adopted fcr the Investigation

- In order to reduce the distortion likely to be caused .
by parameters other than the one being tested, their values
were held fixed at scme prespecified values while that of
the parameter under study was beihg‘varied. The input data
sets (the piant additions, plant retirements and the plant

balances) necessary for the tests were generated using a
. / :
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coﬁputer program. The generated data sets were deterministic
with the plant balances conforming exactly to the specified
Iowa type curve and had the specified average service life
and the growth rate. The data sets generated were agcording
to no-growth, linear growth or exbonential growth profile of
the plant additions. The perforﬁahce of the model and hence
that of the Conformance-Index was measured by its ability to
~select the right average service life and the right Iowa
type curve (identified by its standard deviation and

designation number).

Investigatfon of.the Transparent Band | -

This phase of the ipvestigation‘involved testing of the
sénsitivity of the model to the Transparent Baﬁd length. The
Observation Band length was fixéd at 10 years. A linearly
growing data set was‘USed‘for the tests. The Transparent
Band length was varied f;om 30% of the true avé;age service
life to that percentage of the average‘séfvice:life‘for
which there will be 5% or less surviving. The following»are.

the data parameters specified for the study:

Length of the Observation Band 10 years,

Growth profile of the data set Linear

- Type curves used,=ﬁ0, L3, L5, s(-0.5), S3, S6, RO.5,
R2.5, R5. |
Average Service Life=10 Years. - _ .

Number of Years for which data was generated =Maximum

life + 10 ¥rs. \

s

-
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The ranges of the parameters specified in the TPBM were,
Curves to be tested Jﬁ%ll 31 Iowa curves

Average Service Lives to be tested = 7 to 13 years in“‘f
incréhents of 1 year.‘

Growth Rates to be tested = 1.0 to'1.2 in increments of

0.01

\Investlgatlon of the Observation Band

The length of the Observation Band was varied from 3 to
10 years. Throughout this phase of the,study, the length of
the Transbarent Band was held at the optimum value as found
ou;"in the previous phase of the tests. The rsst of the data
for these tests was fhefsame as before. |
fnvestigation of the Growth Profile

The effectiveness of the TPBM to select the right
mortality characteristics of the data sets with different
growth prbfi}es was tested. The data sets generated for this
,test were‘of the following growth profiles (growth of the
plant additions); »
1. ‘linear, . , ' )
2. exponential, and \ ‘
3. no-growth. |

The optimﬁm lengths of the Tfaﬁsparent Band’and the
Observatlon Band as determined from the previous’ phases of

the tests were used. The rest of the data used was as

e 2D piid Fse
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before. .
3.3.2;.:#-5#“5 of the InQestigation

;?itﬁwas found that the validity of the results obtained
were very much dependent oh the length of.the Transparent
Band used.' The minimum length.of the Trensparent Band
required varied with the modal~tjbe and, the peakeduess of , .
the curve belng tested.

The minimum requ1red\length of‘the Observation Band was
found to be low for lower order curves and high for higher
order curves. It was found\that caution is necessry in the
use of the methéd 1f the artuar d@%é&avallable is for only 4

»J’ 3
or .5 years. ° - » b ,";j,f;

L
o

LIt was fcaﬁd in cases of a no—grdhtﬁhsituatioh that the

results produced are not satlsfactory‘ Tt was also found

that the methed produces satlsfactory results in case of
llnear.growth and guite llkely 1n exponentlal growth
situatien also. |

From.the test results, 1t was ebncluded that the CI
might not-be a good indicator of the best fitting mortality

characteristics because of its frequent unreliable and

‘inconsistent behavior.

”  Another finding of the study was that the right average

_Vservice life will be selected for a wide range of-input

variables. As such, the average service life selected is

insensitive to the input variables over a wide range.’

However} the curve type selected is guite sensitive.to the,
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input variable specified. -
The following chapter deals with how the existing TPBM
was modified in the light of the results of the

investigation conducted by Tharumaraja



4, MODIFIEb TRANSPARENT PLANT BALANCE METHOD

The previous chapter discussed the existing Transparent
Plant Balance Method and its performance as determined by an
evaluation study conducted by Tharumarajah [11]. From this
study, a few of the limitations of the TPBM came to light.
In this chapter, the method employed to suitably modify the
TPBM and the rationale behind it will be discussed. The
-objectivelof this modificétion was to overcome some of the
limitations and to rectify some of the inherent flaw; in the
process itself..The modified vérsion of the TPBM so
developed will be hereafter called the 'MTPBM'.

Before it is attempted to modify the TPBM, it is
imperative to recognize the implicit assumptions \
incorporated in the TPBM; and understand their likely
‘influence on the performance of the model. This would help
to determine the validity of the’exiéting model. Alsg, it 53
equally important to undetstand and logiéally explain the
possible reasons for thc .casional inconsistent pérformance
of the model. The following sections contain an evaluatién
of the process adopted in 'the TPBM,{possible reasons for its

somewhat unsatisfactory perfotmahce and the suggested

alternate approaéh.

4.1 Evaluatior: ¢uf che TPBM

!
Th%s section is an interpretive discussion of the
. & \ . .

respltsxéfithe.study conducted by ‘harumarajah [11].

’ "
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4.1.1 Process of the TPBM
The validity of the TPBM hingﬁs on the assumption of an
exponential growth profile of the plant‘additions. The
model, as developed and being used by Edmonton Telephones,
treats the plant addition as an independent variable. This
allows the anaiyst to specify a\grogth.profile ané growth
rate to the plant ndditions. Due to this ttegiment, the
plant balances respond to the specified growth profile of
the plant additions, thereby behaving as a dependent
variable of the plant additions. In the study conducted by
Tharumarjah to validate the model, the data sets required
for the test wvere simulated not only deterministically but
also with a growth proflle specified to the plant additions.
Consequently, the stué§ has only contirmed that, if the |
plant additions grow exponentially or linearly in a real
life situation, the TPBM is likely to provide satigsfactory
results. Hence, the gquestions to be answered now are 'Is it
acceptable to treat the plant addition as an independent
variable and specify a growth profile to it?‘, 'Does the
plant balance really behave as a dependent variable of the
plant additions in real life?', and 'ﬁhat would be the .
performance of the model if tested with stochastic data sets
(as is true in real llfe) ;ather than deterministic data
sets?'. ER 2% |
ﬁm&ﬁ
" To answer these questlons, a systems configuration of

an organization (in context to the process under

s . L .:'\‘5
_consideration) was developed as showncln Flgupe,4 1. In this
: . J , 0
7_}_.H.> S
RSO

5
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System i=bt oy ) ’ System
Boundary
Economic
Condi tions '\\\\~4 ) .
. Plant
Additions
8
External . .
Plant - A

Demand on

the System Balance

(¢]

Retirements

r7echnological ///‘

Changes

where,

A = required plant additions to compensate for
any random errors in the plant balance,

B = required plant additions to meet the
expected growth rate, and

C = required plant additions to compensate for.

the units expected to retire in the current
year . )

D

Figure 4.1 Systems-Configu;ation of Industrial Property
Response to External Demand
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configuration, the system boundary is drawn afound the
orgaZization and encloses the annual plant balances, the
annual retirements and the annual plant additions. The
demand on the system is shown external to the system
boundary because we are interested in analyzing the response
of the system to any changes in the demand on the system.
Tﬁé system as conceived for this analysis functions as
follows: the demand on the system for the service/product
produced by the system is generated outside the system
boundary. Any additionaliplant and eguipment required to
satisfy this demand will be made availabe by the system.
Thus, at any time, the total plant balance in any ‘plant
éccoUnt is directly proportional to the external demand on
the system. The plant balance responds to any”changés in the
demand; if thé dehand is growing exponentially, the plant
balance will also grow exponentially; if the growth of the
demand is linear, the plant balance grows linearly, and so
on. Though the plant balance is apparently a dependént
‘variable of the.total demand on the system, ip can be
"considered as an independenttvariable with reference to the
system itself. This is becéuse; the management of any
organization (syétem) has the option to manipulate the plant
balance to meet the entire demand or a part of it.
 Usually the>mana§erial policy of any system will be to
keep tﬁe plant balances growing at a specific growth rate.

The plant addition only responds to the required growth rate

ff‘@ the plant balance. When the plant balance is required to

| RO e

i st
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regpond to any growth in the demand on the system, it is.
accomplished through the plant additions, thereby making it
. a dependent variable. Had the plant addition been a d;rect
function of the required change in the plant balance alone,
it would not -have mattered whether the.plant addition is
treéted as a dependent variable or otherwiée. This is
because, in such a case, the plant additions would have been

just equal to the required change in the plant balance.

However, this is not true in a real life situation because,

N=2a+ B+ C+D Egn. 4.

4
il

plant additions in the current year
A = additions to compensate for the random errors in the
plant balance caused due ﬁo the'randomness of the
plant retirementsp
"B = required.change in the plant balance to meet the
,gr9wth rate, |
‘JC = expected reti;eménts in the.current year from the
vintégeé of the previqgs years, and o .
D = expected retirements'fggm the new Qintage‘to be
installed in the currént year.
The last term in equation 4.1 arises betause, as per
convention, ali plant additions are assumed‘té be on July
1st (though they might be scat£erd all through the year) and

“the plant balances are as on December 31st of the same year.
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Hence any plant additions:in é given year will be half a
year old by the end of the year and éffew of the units might
retire in that half a year périod.

Consequently, if it is necessry to have 'X' units at
the end of the year, it is essential to install 'X+F' units
at the middle of the same year. Here, 'F' is the number of
units expected to retire by the end of the year from the
vintage iFstalled at the middle of the same year (the value

\ .
for 'F' can be derived from the Iowa survivor tYpe curve
being considered); The plant addition compensates the plaot
balance for the stochastic retirements and thus filtérs out
the Eandomness-of thé blant balance to a great extent.
However, the plaht addition itself becomes a stochastic
variable becauée it captures a major portion of the inherent
randomness of the plant balance. %hus; the plant addifions
can be considerd as a stochastic variable and‘is governed by
the corresponding retirement probabilities of all the
vintages to date. It seems logical to assume that the
managerial policy of any organization will usually be to
maintain the plant balances at a specified growth rate to
meet the changes in the demand. If fhis assumption iég’aw
accéptedh the plant add?tions will have to be'seen as a

depéndent variable responding to the changes in the plant

balance. Consequently, the assumption of the TPBM that the

plant additions always grow exponentially does not appéar to

be a valid assumption. It seems more logical to assign a
- 9

growth profile and growth rate .to the plant balances.

e ol S i Bou ek et b b s P i e 2
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Suggested Approach

In the light of the preceding discussion, it is
advantageous to suitably modify the model to treat the plan£
balance and plant additions as independent and dependent
variables respectively. This approéch necessitates the
extension of the plant balances into the Transparent Band
instead of extehding the plant additions.

In the TPBM, the only growth profile being used is the.
exponential growth profiie. But itﬂdbes not seem reasonable
to assume that any property account will always grow in an
exponential manner. It i1s not uncommon to come across
stationary accounts (ie. no growth -in ﬁhe plant balances) or
linearly growing accounts. Hence the model should have |
provision to specify growth profiles other than the

exponential growth profile.

4.1.2 Conformance Index

It was mentioned in the; previous chapter that due to

RS NS

fhe method employed for the data generation, the TPBM
‘generates and tests a large number of data sets which are
graded for the closeness of fit using the Conformance Index
(c1). If moré growth‘profiles are to be added, the number of
data sets tested will increase. Under the circumstances, it
is imperaﬁive to use an index which is sensitive énough to
differentiate the data set with the actual grgwth profile
and the mortélity cha:acteristics._Ho&evér, tﬁe‘ihdex should

be reasonably insensitive to the .inherent stochastic
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variations 1in thé data sets. The performance evaluation of
the Conformance Index cénducted by Tharumarajah indicates
that the Conformance Index appears to be an ingdequgte index
of the closeness of fit. Hence, it is necessary to take a
closer look at the CI and try to understand the possible
reasons behind its dubious performance. This is a very
important and essential step towérds the selecfion of an
index with a favorable performance. Equation 3.3 is ‘the
mathematical equation for the Conformance Index which

reduces to that shown in Equation 4.2.

TP,
J

CI Egn. 4.2°

n'/ELET(R - P )P)
where,
n = number of years in the Observation Band,
Py = acéual‘plang balance in the jth year of the
Observation Band,
P', = simulated plant balance in the jth year of the~
Observation Band, = ;f(Nl)x(Si,) - | |
N; = plant additions in the ith year 6f the account,
S,; = survival rate in the jth year of the.properﬁy
installed in thé'ith year of the account. H
It is evident from Equation 4.2.tﬁ$§§ihe CI is a
function of the length of the Observation Band; it ié
Ainversei& related to the root of the length of the
Observation Bahd; Hence it does not seem reasonable to

assign anyqpredefinedlranges (as is.being done) to the index

S sEuar T e
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as a basis for grading the closeness of fit of the data

sets.

Equation 4.2 further reduces to Equation 4.3.

CI = R/n'’? Eqn. 4.3

where R is the same as Equation. 4.2 except for n'‘? in the
denominator of that eguation.

Now, consider two data sets 'A' and 'B' with, say, 5
and 8 data points respectively (ie. plant additions, plant
retirements and plant balances for 5 and 8 years
respectively). While testing these data sets, if it so
‘happens that the raﬁio 'R' (Equation 4.3) iﬁ bofh cases work
out to be equal, then the CI will have a higher va;ue for |
the data set 'A' because the value of the denominator
(Equation 4.3) will be ¢'5 fog data set 'A' as against ¢8 'for
daté-set '"B'. This is, in net gﬁﬁect, the same as saying

b

that if the number of yeafs-for“which the actual data is

I

available is smaller, the selected mortalitf‘characteristics

are better. 'It, can be easily seen that the converse is true.

That is, the larger the number of years for which the,actual
&daté is availaﬁle, the better will be the selected mortaiity
characteristics..In this context, it becomes necessary to
differentiate between a 'good quality' fit (a fit which
produces thé least root mean squared error) and the best
fitting mortality characteristics (mortality cha;acteristics

which accurately represent those of the data set).
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N Let us assume that the actual data (plant additions,

plant retirements and pIant bglances) are available for only
one year. Then ﬁt is possible to select a large number of
combinations of the mortality characteristics, growth
Iproﬁile-and growt* rates which can simulate the aétual data
with a great deal of accuracy..ThQs, even though the guality
oi the fit between the simulated .rd -he actual data might
be excellent, the quality of the mr‘fality characteristics
sélected could be very poor. However, if the actual data ié
évailable for two years, many of the previously'seleéged
combinations of the'mortality characferistics coutd be
easily eliminated. Thus the qﬁality of the selected
mortality characteristics wouid be better than in the first
case. However, because thgre are two years of actual data
(which are stochastic in néture)'to be simulated, the

minimum possible value of the root mean squared error from

all the different combinations of the mortality _

¢teristics is quite likely to be higher than the first

> ael ‘where only one?year of data was available. Similarly,
AL , -

as the number of years.for which the actﬁal data 1is
available increases, the qualitf 6f the finally éelected
mortality characteristics incféases; This is be¢ause iE

| _
becomes increasinglyydifficult for the incorrect
combinations of the characteristics to simuraté the abﬁual'
data set without producing a large error. In light 6f‘this

discussion, the fact that the CI tends to have a higher

value for smaller Observation .Band length appears illogical.

YR
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The CI varies from zero to infinity. The arbitrary
scale'specified as a basis for grading the curves considers
a curve as excellent if the value of the CI is 75 or higher
(all the way to infinity). But since the index has a finiti
lower limit (zero) and an infinite uppef limit, the
performance of the index is likely to~be biased towards the
higher limit. Such a bias, if any, could be 0vercome'if the
index used has finite lower and upper limits.

The discussion under this section indicates the need

for an index which 1s not a function of the variables of the

" model. Such an index, if used, could_be assigned some

definité and fixed ranges of values as aybasis for grading
the quality of the curves selected. Also; the index should

prefefably have finite upper and lowér boundaries.

4.1.3 Data Base
For the study conducted by Tharumarajah [11],_a'
computer program was used to generate the de%grministic data

sets. The process of the generation was as in Equation 4.4.

N;S;; ‘ Egn. 4.4

Si; = survival-rate in the jth year of the account for
the property installed in the ith year of the
account. |

N; = plant\additions in the ith year of the .account.
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N The data so generated was testedﬁusing the TPBM.
However,:even the TPBM simulates the plant balances using
the same process. It is likely that the ranges of the
different variables specified for the TPBM are such that,
during the test run, the-data combination attained is the
same as the combination used to generate the data set being
tested. Under these conditions,'the plant balances simulated
by the TPBM will be identical to'thevactual plant balances
used in the input data set because the input data set is }
dete:ministic. As a result, the CI will assume a verf high
valoe However, in a real life situation; it is very
1mprobable to encounter such deterministic plant accounts
‘Hence, the model should be tested with stochastlc data” sets
"generated u51ng a Monte Carlo simulator.

4.2 Modified Transparent Plant Balance Method

This section deals with theVprocedures used to modify

the TPBM.

4.2.1 Procedure of the Mod1§3ed ‘Model

In accordance tothe preced;ng discussion, a modlfled
'veaflon of the TPBM has been: developed called the 'Mod1f1ed
Transparent Plant Balance Method"(MTPBM). TQe MTPBM treats
the plant balance as an independent vatiabie& Hence the
plant balances will be extended into the Transparent Band  °
instead of the plent additions. Plant additions will be

allowed'only to respond to the required growth profile and
J . ’



-for the no- growth slinear and exponentlal growth proflles

the growth rate of the plant balances. .
: \ :
Two other growth profiles have been. included in

additibn to the exponential growth proflle as used in the -

TPBM These growth profiles are 1llustrated 1n Figures M”Z

through 4.4, Figure 4.2 1llustrates a stat;onary accoqnt

while Figure 4.3 shows an_acoount whlch is growing llnearlyyf

B

Figure 4.4 is the exponential growth profile as used in‘the4

TPBM. R e

BTN
ey

The process of extendlng the plant balances into. the

Transparent Band is somewhat 51m1 Al[t,

v

the TPBM t0<extend the plant

\

Band. The actual plant balance 1n the fLrst year%of the

Transparent Band (shown. as c1rcles in Flgures 4 2. through

4.4) is the startlng value Theyplant balancesffor each‘yea
Q

. of the Transparent Band is obtalned by equatlons 4 5 to 7. 7

v

v

respectlvely . o , : o

No-Growth: P, ., =.pir},wi = 0 to k-1. o R EQn: 4.

Linear: Py.y = Pyoy - (8)x(i+1), i = 0 to’ k-1. -Bqn. 4.

where § = the Slope of the straight line

o . v
. -

.; - ' . y ‘ (s>0) | -
“Bxponential: Pr{a Pkr,.1/R i =0 to kl1:;;»‘pagnu‘4.
| Qhere R .= the exponent (R>1) S % )
Once the plant balﬁnces are generated for the n,}

M

”,Transparentggand as- dlscussed above, the plant . retlrements
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addltlons 1nto the Transparent
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)
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‘and add1t1ons are 51mu1ated for the whol 2 (TranSparent
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':growth of the account®’

L R S R L
.}.2.2 Indices for the Goodness of Fat

1. Conformance Index,

| :3¢_ Thell s Index _ Type T (UI), ang

75

Band léngth + Observation Band length) of the account
/
according to equation 4.1

Due tc- this process of data generation emploved, an

.“

initial selection criterion, as the one used in tne TPBM,

will not economize the computer resource usage. Hence an

initial sel%ctipn procedure has not been incerporated in the.

s
@y

Unlike in the TPBM, the simulated/plant additions are
matched to the actual plant additions of the Observation
Band in the MTPBM (in the %PHM plant balances are matched).

A likely advantage of thlS method of matchlng is that since*

Bl

‘the plant additions represent both,the retlrements and the

/ . - P v
growth rate, such a matching process is likely to be more

sensitive to both thﬁJ

rortality characteristicswand the

L
B

L~

As two more growth proflles have been added in the

MTPBM, the number . of trials performed durlng the matchlng

process is increased. This has enhanced &he need for a

i . s

reliable index of the; goodness of fit. Consequently, three

-.additional indices Have been used in the model to find a wg

VI

‘suitable index for the purpose.'The‘four indices used are:

I Fo

LN oY)

-2 2. ‘Relat1ve Percent Errot (or Mod1f1ed Conformance Index -

"MCI ),

o

Py
e
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. r

N
4, Theil's Index - Type 2 (Ur1).

The r¢ason for u51ng four indices is 'to study the’
performance of these indices and. to determine which of the
four indices is the most suitable to be used in the MTPBM.

An index 1is suitablevto be used in the MTPBM if it has
the ability to select the right characteristics when tested

with favorable input parameters and has the ability to
indicate any unfavorahie patameteggilif\erroneoﬁsly '
specified. : . : , ' .
Of the four indices mentioned above, the Conformance
Index has alreadyvbeen disCussed~in detail. However, a brief
‘disuseion of “he CI follows because of a subtie difference
- due to the ehghge in the matching process. The remaining
‘three indices will be discussed in greater detail.
,Confonmance Index

Due -to the difference in the matchlng process, the

~

Conformance Index is given by equatlon 4, 8

y LN /n D 2
Cl.'=" ~ ) . N Eqn . 3\4 .8
oo [Zh(Ny- A E/n]t IR A C
- J o . - :, . ?::7?"?‘
where, ’ o . o . .
, N %;number of years in the Observation Band, @ -~

‘E’

&
N, actual plant addltlons in the jth year of the

- : Observatlon Band,
fAﬁjV A .= 51mulated plant addltlons in the jth year of the
) Observatlon Band,” = - . ' '.';; "

J_

"Ton 4 8 dlffers from equatlon 3.3 in that the plant

(S
o \&,
'.‘(‘f\‘
A
L el

. 5
[ L9
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additions are used in place of plant balances.

:

’Modified Cohfonmance Index

Lo
Ca

The Modified Conformance Index represents the relative

percent error (RPE) given by egquation

MCI =RPE=§ZT‘|(NJ'—A,~)| /ZNj Egn. 4.9

Relative Percent Error (RPE) is a good measure of the
error in the central tendency. That~rs, any difference
between the meap-values of the actual and simulated plant. .
additions can be eas.! detected by?tﬁe index. Hopever,
since more tﬁan.fust cnc mean vaiues ought to be compared td
determine wherher @ﬁo safkples come from tﬁe same population,
the index 1is unlikely to perfprm well, Mqreover, the index
'again.pas no uppgi limit because the numerator can assume

‘ any value between zero and infinity.

dTherl ‘s Index - Type 1w

Thls index has been proposed by thII [2 12] and is

defined by equation 4.10. E oy

R T LS L

[Z (N;)?2 /n]”2+ [Z. A;)? /n]”2

,// This 1ndex is bound by flnite lower and upper Timits;
~ :
zero and one respect1vely~ The 1ndex w1ll be zero for a

perfect fit (at whlch time the numerator will be zero). The

1ndex will be qnltythen the match is so bad that all ‘the.A

3 i ,
: LA EN

K ’ “
e -~ B
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values are either zero or the negative values, of N.

Consider only the numerator of the index without the

groot sign:

Z(NJ— Aj)z/n

A = mean of the simulated plant additions ,

Il(a - &) 2N - N) + (3 - N)1%/n

= 82 + s + (KA - N)? - 2rSs S~

+

= (A - N)? + (Sa- Sw)? + 2(1-r)SaSw Eqn. 4.12

N = mean of the actual plant -dditions,
Sa® standard deviation of the simulated plant additions,
Sv= standard deviation of the actual plant additions,

r = correlation coefficient, and \

*'n = Observation Band length. ¢ .

Now, consider the right hand side of the eqgquation 4.12. We

have,

1.

(A - N) which measures any_.S"Yferences in the central
. AN P A0 - . .

tendency of the two samples, the simulated and the

actual plant additions. This term will be zero only if

2N

the two sample means are -identical.

(Sp-Sv ). is a measﬁre of the error.due to unequal
variations of the t&o samp%gsi— simulated and the actual
plant additions. This term vaﬁishes oniy if the two'
samples have the same standard deviafion. .

(1-r) is a term indicative of the correlatian, between

the two samples being compared. This térm will be zero

only if there.is a complete. covariance of the two

e e ey o [ MR e e Gy R R e T v s b e A R DR s
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index

" the. plant bakanfes ‘into the Transpé%ent Band (as per

' 6 Q)A-

“k
o -
Sl

amples .

~Thus, the right hand side of the equation 4.12 will be
zero only 1if the tw? samples are identical in all respects.

The preceding discussion shows that the Theil's Index
(UII) appears to be a very good 11dex for the purpose under
consideration. Although the denomlnator of the CI is the

same as the numerator of the UI, because of its other

drawbacks discussed earlier, Ul appears to be a better index

than CI.

Theil’s Index - Type 2

This index has also been specified by Theil [2,12) and

is denotd by UII. The index is given by the ‘equation 4,1&5

[EP(Nj-oA;)2/R] /2
[Z (Nj)2/n]"/2

The only dlfference between thlS and the precedlng

UIl = Egn. 4.13

(UI) is that the second term is m1551ng~from the
4 SON -

As a result, the index has no

denomlnator of equatlon 4 130
5 ?

f1n1te upper boundary because the numerator can vary 1n the:J

range of zero to infinity.

o
4

<

4. 2 3 Final Model and:the Process o wf&E ‘ e
) ¢

ThlS section recapltulates the- prevlous discussion and

presents a summary of the modelﬁdéveloped The MTPBM extends

)

'Eqpatlons 4.5 to 4. 7) and 51mu%at%§ the planmt add1t1ons asg

\) - - N
. wy IR A

i
ot
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analyst for the tests:

" 2. . the. growth rate,

‘ | | 80

.per equation 4.1. The simulated plant additions are matched

" to the actual plant additions in the Observation Band. The

combination of the mortality characteristics producing the
best fit is selected. The indices used are CI, MCI (Relative

Percent Error), UI and UIIL.

Stages of the MTPBM ..

There are three important phases of the MTPBM. They
are:
1. selection ot the initial.parameter,
2. data generatidn,.and

3. final sel.ction.

Initial Parametersr

The following parameters shohld be spec1f1ed by the

1-, one of the following types of gln;v"

N
K\

'\—“'( ™ : . ".‘ e -. - ..‘
proflles have been a551gned the numeéﬁﬁ ﬁﬂﬁfpaq§;3‘iff§
; o

- l.a. ‘no growth,
" b. 7liheaf,

~ ¢. exponential,

h a. zero growth rate for the first growth profiley
f“gbﬂ .rahges of the@slopes to be tested and the

d

‘1ncremental value for the linear growth proflle,.

- o 3 . - . =
Vi L - - >,
t e . ) e . 4
: L [ . < .
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c. vrange of the growth rates and the incremental value

for the exponential growth profile,
3. range of the average service lives to be tested;
4f- curve types to be tested (usually all 31 txge Towa
curves), and | -

5. length of the Transparent Band.

Data Generation

The plant balances for the Transparent Band years are

generated using the specified growth profile and growth

“a

rates. Using the plant balances so generated, the plant

i

additions are 51mulated Thus, a data set is generated for
each possible comblnatlon of the growth rate,-average
service life and the curve type. This process is. represented

in the form of nested 'DO' loops in Figure 4.5.

Final Selection

o . : .
i The model selects the ten best fitting data sets‘for

each of. the four indices used. The output of the MTPBM 16/

3
r,,,o,

" ‘shown in Flgure 4.6. The computer program of the.MTPBM has

been listed in Appendlx I1'.

. The next chapter deals with the Monte Carlo simulation

technlque used to generate the data sets for the testing and
£ .
valldatlon of the developed model. |

'All the variables used in the MTPBM program have been
llsted in Appendlx I. _ #
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MODEL NUMBER= 29
N \

The following straight line has been fittea TO THE OBSERVAT{ON
BAND DATA
sLoPE- 301 76172

Y INTERCEPT= 125950 25000

OBSERVAT[ON BAND DATA USED:

YEAR PLANT [N SERVICF GROSS ADDITIONS

1975 125920 14577

1976 12888R 14868

1977 131972 15077

1978 135042 15030

1917 . 1380953 15157

198y 141052, t3318

1981 144022 . 157235 . . R
1982 ﬂ;;,usg!: 16162

x&fb

ACTUAL CURVF USFD 10 GENERATE THF DATA ARDVF
CURVE* &
AStL+ 10

GROWTH PROFILE~ 2 SLOPE = 3000 0000 ACTUAL TB LENGTH»

;
THE DATA USED IN TP BD

cunVﬁs TESTED ALL 31 1OWA CURVES

THE RANGE Of ASL TESTED 7 TO 12 /INCREMENTS OF 1 VR
GROWTH:- LINEAR :

RANGE OF SLOPES TESTED 2800 0000 T0

Yrve- & asts 10 oBs sanDr 17 sioPEs 3000 0000

1« 176 47 €1 2+ 0 O MCT tr 0 00383

17

MC1 2+ O 00538

3300 0000 /INCREMENT OF

;tHE FOLLOWING ARE THE VARIQUS CALCULATED VALUES FOR THE ACTUAL CURVE

LREI* 0 95384

100 0Q0D
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i THE FOLLOWING CURVES HAVE BEEN SELECTED BASED ON
' (THE GROWTH PROFILE USED IS - 2)
CURVE# ° TRS. BO UNTH ASL  SLP OF LN. ct
6 17 10 2000 . 0000 176 .47
6 17 10 3100. 0000 17276
6 "7 10 2900 0000 163.93
6 17 10. 3200 . 0000 155 .99
6 17 "o 2800 0000 143.83
6 17 “ 10 3300. 0000 133.9%2
30 RS (K} 2900 0000 80.61
20 17 R 3000 . 0000 78.18
30 17 1 2800 0000 77 %8
s 7 10 3000 . 0000 772.68

THE FOLLOWING CJRVES HAVE BEEN SELECTED RASED ON MODIFIED CI

(THE GROWTH PROFILE USED 15 - 2}
N ,

CURVE # TRS BD LNTH ASL SLP OF LN [
6 17 10 2900 . 0000 163.93
6 - 17 10 3000 0000 176 47
[ '7 10 3100 0000+, 172 76
6 17 10 3200 . 0000 155.59
6 17 10 2800 . 0000 143 .83
6 17 . 10 3300 0000 13382
20 17 1 3000 . 0000 78 18
et 20 17 . [ 2900 . 0000 80 61
i 30 V7 K] 2800 0000 77.%5
o 0 . T 11 3100. 0000 72 18

THE FOLLOWING CURVES HAVE BEEN SELECYEO BASED ON 1HEIL’5

( THE GROWTHPROFILE USED 1S5 - 2}

CURVE TRS BD LNTH, ASL SLP  OF N
6 17 10, 3000 0000
[3 , t7 10 3100 0000
6 17 10 2900 0000
6 17 10 3200 . 0000
6 17 10 2800 0000
6 : 17 10 3300 0000

30 17 1y 2900 0000

0 7 1 3000 0000

30 .17 1 2800 0000
10 3000 0000

5 17

THE FOLLOWING CURVES HAVE BEEN SELECTED BASE&QN THETL 'S INDEX - TYPE
. (THE GROWTH PROFILE USED 1S - 2) R )
~
et . ' T

CURVE® . TRS BD LNTH ast stel of (N c) MCl

6 17 10 3000 0000 176 47 J 0 0048

[ 17 10 3100 0000 172 76 0 0019

6 17 10 2900 0000 163.93 0O 0018

6 17 10 3200 00CO 155.59 0 0051

6 17 R 10 2800 0000 143 83 Q 0Us!t
-6 17 10 3209 0000 133.52 0.0056
30 . 17 1 2900 0000 80 61 0 0108
30 17 . 1 3000 . 0000 78 18 0 oto4
30 17 11 2800 OQOO 77 55 0 o7

S o 10 3000 ‘72 €5 0 0124

: ' £
Figure 4.6 Continued f{rom
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133 52
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72 65

O00o000O©OO

THE ORIGINAL CI
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5. MONTE CARLO SIMULATOR

Life analysis and the related calculations involve

‘estimates that are derived through statistical analysis of

the past experience. The historical récords by their very

a

nature are subject to inherent random errors due to the

stochastic nature of the 'processes generating the data. This

data might be further distorted by ¢ - unusual or unnatural
‘happenings extraneous to the proc -ating the data.
. Hence such data will prove parfic -oublesome if used

during the developmental stages of any methods of life

analysis. Hence, during the developmental stages _of any new

‘ method, it will be essential to have an undlsto red data
" base with known parameters Otherwxse, it will be next to

.impossible to study the behav1or of the model under

/

development and its response to ‘the changlng input

ty of obtalnlng a-suff1c1ent number of‘realpllfe

) w.
a ‘_
b,
4'5’
h i
%

Phich have yready been actuarially eéaiyZed to

Computer simdletﬁo techniques are\espeeially'helpful_

S

to cater to these needa'of'the data base because it is

possible tq simulate stOchaStic data sets of known

.,characterlstlcs u51ng 51mulat10n technlques. Such a

‘procedure of testlng the modéls being developed w1th

stochasplca;ly simulated data has become'auw1dely accepted

standard in the field of life;_ sisws A% a result, it fe'

advantageous to simulate very

\ - e .
\ P
| . B \ . -
v & . .

L
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sets as a means of observ1ng, testlng and developlng the

-MTPBM. The Monte Carlo simulation techni  1is such a'method

of simulating stochastic, data sets with Jn\input'

parameters.

5.1 Principle of the Monte Carlo' Simulation
The underlying principle of Monte Carﬁp simulation is
the 'Law of Large Numbers' developed,by James Bernoulli frim

which the following thecorem has been derived.

- Theorem: @7

'Let fx'-be the number of successes in 'n' independent
trlals with a constant probability 'p' If“e' is an
1nf1n1te51mally small p051t1ve number, the probablllty of

>
]

the- 1nequalrhy in equat1on 5. .

o

[(x/n) - p]| < e H@qnl 5.1 i
. . ‘ r .

f

"tends to unity as 'n' approaches 1nf1n1ty 1

The simulation technlque 1s very well su1ted for the
study of phy51cal property This is. because, if there are
'N' unlts in a glven vintage, they can be v1ewZ; as 'N'f
1ndependent trlals with each ‘trial havlng 1ndependent

outcomes. The 'outcome of a partlcular un1t unden I

"1n year one, or

.,.7-‘#

con51derat10n (trlal) w1ll be 1ts retlreme

year two,'or year three, and so on, w1th FPe pmobablllhy of
"A

)

retlrement in each year belng g1ven by bhe ordlnate‘vaﬁue of

‘the spec1f1ed retlrement frequency—eurve. Accordlng to Whlte'u,ﬁ
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[13],

¢

'The observed mortality experience of a group of
related property units may be viewed as a random ;
sample from. some parent population. Viewed in this
manner, the objective of life analysis studies is to
estimate the parameters (ie. dispersion and ASL) of
the parent population from the observed sample. In
order:to develop a realistic model of retirement
experience, then, it is only necessary to reverse
the process of an ordinary life analysis study. That
is, a-random sample should be extracted from a
parent population that is described by a known
dispersion and ASL.' -

5.2 Simulation Process

This séction describes the basic Monte Carlo techniqﬁé
‘Qifh reference to life analysis. | |

The\ébjective of the éimulation fs to stochastically
generate the piant retirements given the plant additions and
the dther mortality characteristics governing the property
under study; The method involves 'the generation of a set of
unifofmly'aistribgted‘random numbers in the range of zero
and unity. There will be as many random numbers in the set
as there are units in the vintz je undér consideration. Thus
e;ch random number in the set.represents one specific unit |
in the vfntage. A cumulative retirement frequency curQe is
calculated ﬁext from thé'specified fétirement frequency
curve. Now, the magnifude of each random number is matched
"0 the ordinate values of the cumulative frequency
distributioﬁ curve., The corresponding abscissa values

determine the retirement ages of the unit being represented

by that random number.
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As a numer%cal example, let there be 1,000 units in a
specific vintag#; Let the specified Iowa curve type be LO
and thelaVerage\service life be 9 years (L0-9 curve). A

)
cumulative retirement frequency curve is now calculated by
¢ :mulative addition of the ordinate values of the

standard frequency distribution curve of LO-9 type. To
simulate the retirement age of,'say, the first unit in the
vintage, a random numbgr in the inclusiveirange of zero to
one is dréwh from an uniformly distributed population. The
age of retirement of the- unit under consideration is the

abscissa value (of the LO-9 cumulative freguency curve)

corresponding to the ordinate of the same magnitude as that

of the random number being used. This procedure is repeated
for all the 1,000 units, each time with a newly drawn random

number, to simulate the retirement ages of all the units 1in

‘that vintage. This simulated retirement distribution will be

a random §ample drawn from the parent population with a
distribution of L0-9 type. Howe&er, the accuracy of the
method 1is depéndent on the numbef of trials made becausé of
the underlying theorem~that was meptioﬁed earli?r; Only 1if
the number of trials are largé enough, the simulated
retirement distribution curve from all the'viﬁtages will be
close to the speéified distribution iygg curve.

_The retirement frequency curve is a «continuous
function. As(such, it will be diffi;ﬁlt to .find a point on

the curve equal to a discrete value. Conseqguently, the

cumulative frequency distribution curve is divided into
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equal intervals of one year each thereby forming a discrete
' . !

function. As a result, the retirements are simulated to

occur during an age interval of one year duration rather

than at a specific point in time.

5.3 Computer Model of the Simulator

A computer program was Writpen for the Monte Carlo
Simulator which has been listed 1in Appendiﬁ Iv?. The
computer model has provision for the simulation of the
retirements using either the expected values or the random
values. In expected vélug simulation, all the retirements
from evéry vintage will conform exactly to the specifiéd
frequency distribution curve. Expected value simulation is
ﬁot the 'Monte Carlo' method of simulation. The outputs from
this part of the simulator wéfe péed during the debugging
phase of the computer program written for the MTPBM. In the
rahdom value simulation, the resulting age-retirement
frequency distribution will randomly deviate about the
expected valﬂes of the specified retirement‘irequency curve,

As mentioned earlier, the simulation process employed
is a discrete value simulatiqh technique. Therefore, the
plant additions, plant retirements ana thé-plant balances
are observed at a specific point in time._By standard
convention used in life analysis studies, all plant
“additions a : assuned to be on July 1st. All the retirements

are assume ; =~ = ¢~ December 31st of the corresponding

2211 the veriables used in the simulator program have been
‘listed in Appcadix III.
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year. Hence the plant balances are as observed on December
31st of each year after all the additions and retirements'
have occured.

The program provides for thre¢ types of growth.profiles
for the plant Balances: | .

1. no-growth, -
2. linear growth, anc
3. exponential growth.

If the first géowth profile is selected, the plant
balance at which the account has to be stationary should be
specified as an input parameter; this is in addition to the
other input charactc:istic; like the average service life,
Iowa type curve and the total number of years for which the
.account has to be §imulated etc; |

I1f the growth profile used is“linear, the slope (or the
number of units by which the plant balance increases every
year) should be épecified in addition to the ones specified
for the previous growth profile (except that instead of
specifying £he plant alance at which the account is to
remain stationary, the plant balance for the first year of
the account will be specified).

The input parametefs for the exponential growth prdfile
is the same as for the linear growth profile except that the
exponent has to be specified instead of the slope. For
example, if the required annual growth in the plant balance

is 5%, the specified multiplication factor would be 1.05 and

so on.
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Since the 'Half-Year Convent&on; and discrete
simulation technique are used, the first age interval 1is
0 - 0.5 year. The subsequent intervals areb(0.5 - 1.5):
(1.6 - 2.5), (2.5 - 3.5) yéars etc., and hence are ohe'year
intervals. -
Figures 5.1 and 5.2 show the output from the simulator.

The output in Figure 5.1 shows all the input variables (cnly

a part of the output has been shown in Figure 5.1. The

"actual output contains similar listings for all the years cf

simulation). The input chqraéteristics for the data
illustra%ed here are:

Growth profile: Exponent:al with a éréwth rate of 1.d3v(ie.
3% per year).

Starting Value: 75,000 units (in the first year of the
account).

Curve Type’: No. 5 (ie. L2 curve).

average service life: 9 years.

Thé simulation has been performed for 25 years.

In year one (Figure 5.1), 75,019 units (or dollars)
were installed on July 1st of which 17 units retired by the
end of the 1st year leaving a plant balance of 75,002 units.
Thevsimulated retirements of the entire vintage are alsqw
listed. From the output, it is evident that it takes 25
years for the first vintage to retire completely.

In the second year, 2,607 units were installea. A total
of 362 units retired from both the first and the secénd |

>The number codes used and the corre§%onding curve types
have been ’ sted in Appendix V.
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. vintages leaving a plant balance of 77,247 units (thus the

total retirements every year contain the retirements from
all the preceding and the current vintages. The plant
balance is also from all the vintages to date). Again, the
coﬁplete retirements of the second vintage are listed.
.Figure 5.2 shows a summary of the plant account for the 25
years period'sﬁgeified. The program 1°:ts the yeafly pIant
additions, yearly plant retirements and‘the yearly _lant

-

balances.

5.4 General Equation for Simulated Plant Addit:ions

The generai‘functioning of the simulatér has been
explained in the previous sections. Details of the
simulation process employed to calculate the aﬁnual plant
additions will be discussed in this section.

The following notation will be used during the

discussion:

1 = year of the study where‘i=1,2,3,...,n,

n = number of years for which the property account is
being simulated, -

m = maximum age when all units have been retired from é'
given vintage,

N; = number of units installed in the ith year of the
account,

pi; = probability of retirement in the jth year of the

account for a unit installed in the ith year of the

’

account, -
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P, = probability of retirement of any upit before the
end of the firstxyear of the vintagé (ié{ybetween
July 1st ang December 31st of the firét year of the
vintage),

X,, = actual retirements that occur in year j from the
vintage of the year 1 (given the probability p;;),

E(X;;) = exgected value of the random variable Xij.

The ,rocess will be illuystrated for a no-groﬁgh’account
from which a general equation will be developed for-;ll the
three grbwth profiles. .

Let 'B' be the stationary plant balahcé/;f £he account

(ie. the plant balance each year will assume a stochastic

- value about 'B').

N, = Plant additions in the 'first year of the account
= B + E(X11) . ' ot
= B + N'1p1

& Ny = B/(1-Py)
~ However, thHe actual plant balance by the end of the year
= N; - Xy, | |
& Plant additions for ﬁhe 2nd year = [B‘- (N; - X,4)1]
+ E(X,2) + E(X;:)
* N, = [B - (N, —'x,1)]‘+ Nipi2 + N,P,
Now, | | e
Plaht additions for year 3
= [B - (N, - Xyi - Xy,) - (N; - X;2)]

+ E(X,g) + E(X;3) + E(X5,)
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= [B ~ (N, = X4y - X1z) _’(Nz - Xzz)]’
} +[Nypy3 + Nzp;3] + N3P,

In general, for a no:growfh account,
N=A+C+D Eqn. 5.1

where,

N = blant additions for any given year

A‘= additions to compensate for the randbm‘errors, 1f
any, in the plént baMnces ‘

C = additions to Compénsate for expected retirements in
the present year from all the previous vintages

D = additions to compensate for the expected retiremenés
before the end ‘of the year from the new vintage to
be installed in  the preseﬁt year
e N ,

Equation 6.1 is for‘a stationary.plant account. For an
account with a linearly or exponentially growing piant‘
balénce, an additional term will be required as below:

N =2 + BV+ C+0D ' Egn. 5.2
where, o .
B = additions to maintain the required gréwth,‘if any,
of the plant balances |

The first faétor on the right hand side of the equation

5.2 arises because the realized values of the rétirehents

"for the previous vintages will be different from the

corresponding expe.ted values used to determine :-he plant
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additions of the immediately precediny.year. If there is a
negative error, ile. more units are remaining than expected,
the error will be compensated by a‘corresponding'reductiqn

of the plant additions, and vice versa. However, the minimum

A .

*
possible plant addition is zero units thereby implicitly

assuming that no unit will be retired just because it is in
excess of the required number of units to meet the demand.
The data sets used for‘the performance evaluation 6f
the MTPBM have been generated using this simulator. The
performance evaluatibn has been discussed in detail in the

next chapter.
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6. PERFORMANCE EVALUATION
?he performance of any n;wly developed model should be
thoroughly investigated and understood before tne model is
used for practical applications. As such, this chapter deals

with the various tests conducted on the MTPBM, the results

obtained from these tests and an 1nterpret1ve dlscu5510n of

-the results so obtained. The data sets used for the ‘purpose

._have been simulated using the Monte Carlo Slmulator

'Before proceeding any further, a few definitions
necessary to understand the diseussion to follow are

prov1ded

" An actual parameter (for example, actual Observatlon

Band length, actual Transparent Band length etc.) is ‘the
value of the parameter with which the data set being studied
has been simulated in the Monte Carlo Simulato;.

A specified parameter is one which has been specified

by the analyst as>input to the MTPBM while conducting the
tests. In real practice, the actual paeameters will ‘be
nnknown“(the model nill be used to determine the actual
parameters ‘given the available data set). Therefore, it is

guite likely‘that-the specified parameters will be different

from the actual parameters. The ability of the model to

determine ghis difference between the actual and the

specified parameters, if the specified pérameters'are
erroneous (conversely, the ability of the model to identify
matching specified parameters, if the specifications are

\
accurate) is under investigation-here.

98



<99

It is essential to study the pefformance ~f the model
from various perspectives. The entire validity of the model
is primarily dependent on the validity of the assumption
that a partial actual data is sufficient to differentiate
any data set with a given combination of mortality |
characteristics from other data sets of different mortality
characteristics. Such being the case, it is imperative'to
test the validity of this assumptibn. Hence the performance

~

of the model will be e§aluated for different Observation
| Band léngths:

ﬁ Given the required dbservation Band length, the
"performance of the model is likely to be sensitive to the
gransparent Band length specified (if the actual Transparent
ﬁand length is not known) by the analyst. Therefore ‘the
performance of the model will be tested for different

spec. ied lengths of the Transparént Band.

The next paraﬁeter likely to have a significant effect
on the performance of the model is the Specified growth
profile. This is essentialAbecause, if the analyst |
‘unkowingly specifies an incorrect growth profile, the modél
might behave in a different manner than expected. Hence thé
sensitivity of fhe.model to the specified growth profilé
will bef§ubject to investigation‘in the third section of
%his éhaﬁtef.

Finally, since the performance of the model is directly

correlated to the performance of the various indices used in

the model, the behavior of the four indices used in the
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model will be observed dnring:the three types of tests
mentioned above. This is essential to understand the
behavior of these inoices for varying input oarameters. It
1s’ of course recognized that the general behavioral pattern
of these indices will be somewhat similar. This highﬂ
correlation can be expected becaucse of the presence of the
'"Root Mean Square' function in three of the four indices.
However, the points of>inrerest here are the numerical
valnes assumed by these'rndices under Qarying conditions and
the‘consistency of these values to fall witnin some range.
‘This-study.will help to establish a scale of ranges for the
indices to assist in the grading of the selected curves.
Thig is essential because the ranges set for the Conformance

Index has been found to be arbitrary due to the reasons

_ already discussed elsewhere in this report.

6.1 Testing Strategy

When tne moael is berng tested for itsAsensitiyity_to
the varlatlons of a spec1f1c ‘input parameter, ‘the model
" should not be subjected to any other dlsturbance Otherwise
‘the‘effectsvof the parameter under study on the model will
be very difficult ro assees. Hence, it will be important to
keep :he.distortions likely“to be eaused'by other_paramerers
than the one being studied, as lon.as poeSible With this in
v1ew the’tests on th Pbservatlon band will be conducted

first by spec1fy1ng the actual Transparent Band length and

the growth profile, This test will yield the minimum length
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of the Observation Bang reéuired for a satisfactory
performance of the mogzl; Thevlfngth of the Observation Band
so obtained will be used iﬁ'the tests to be conducted to-
find the sensitiviﬁy of.the'model to the specified
Transparent Band length. This phase of the test will provide
an understanding of the requiredATransparent Band length,

~~.

given the required Observation Band length. The values for
the Observatioﬁ Band and the Trénspa:ent Band obpained from,
the first two phases of the test will be used to test the
model for its sensitivity to@ards the specified growth

profile. The behavior of the various indices will also be

under observation throughout all these tests.

6.2 Observation Band Tests

Since the available actual data js the most limiting
parameter of the model, the tests on .he Observation Band
length have been conducted in greater detail than for the
other parameters. However, the tests have been limited to
the left modal, symetrical modal and the right modal curves.
The origin—modal curves have been omitted. This is because
the origin-modal curves»are similar to left modal cufves
except for the O1 curve which is similar to the symmetricl
modal curves. |

For each of the three typeé of growth profiles, two
curves from each modal type have been tested; a lower order
curve and a higher order curve. The results have been

displayed in Figures 6.1 through 6.18. All the plottings are
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against -the Observation Band length expressed as a percent
of the average service life. The ordinate scale has been
changed to logarit nic scale in some of the plottings to .
accommodate all the data points. Figures 6.1 through 6.. zre
for left modal curves with the actual growth profile and
growth rates as specified on each figure. Figures 6.7
through 6.12 are for symmetrical modal curves with the
actual parameter as shown on each figure. Figures 6.13
through 6.18 are for right modal curves for the actual
parameters as shown.

‘The standard deviations of the Iowa type survivor
curves‘have ~_.n used on the plots to ideﬁfify the selected
type curve. The dashed lines on the plots of ASL versus
Observation Band and Standard Deviat%on,versus Observation
Band indicate the respective aqtual values used in the Monte
Carlo Simulator for the simulation of the data set. For want
of spéce, the following abbreviations have been used in all
the figures throughout.

ASL (AVG. SL) - Average Service Life

CI - Original Conformance Index

MCI - Modified Conformance Index (relative % error)

OBS. BAND - Observation Band

ORIGiNAL ClI - Original Conformépce Index

STRD. DEVIATION - Standard Deviation of the type

survivor cﬁr?e.

Ul - Theil's Index - Type 1

UIl - Theil's Index - Type 2
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Left Modal Curves

The tests for the left modal curves have been conducted
under two categories; lower order curves and higher order

curves.

Lower Order Left Modal Curves

Figures 6.1 to 6.3 are for a lower order (LO) curve
with linear, exponential and stationary growth profiles
respectively.

The results of the test for the lower order, left modal
curves show that the Selected average service life is
sensitive to the length of the Observation Band till the
Observation Band length is about 20 to 30% of the average
service life. When the Observation Band length is more than
30% of the average serv... life, the selected average
service life accurat:-ly rcatcnes the actual average service
life. For a linear growth account, the selected average
service life appears to be'quite insensifive@to'the
Observation Band length used.

'HoweQer for the correct curve type to be selected,‘the
actual data requirement is much larger than that required
for‘the average service life. The stationary accounts //
(Figure 6.3) appear ﬁo be quite sensitive to the amount/of
the actual data available and‘require an Observation‘ﬁand
'iength of 80% to 90% of the average service life.

Thé plots of MCI, UI, and UII will be discussed at a

later time under the discussion of the behavior of the



CI

AVG. SL (YEARS)

-+

STRD. DEVIATION

,...
(e}
(e}

10°

104

X
9

2 b
o— g
s e A v - A e A Y R .
S“ CURVE TYPE LO-9 i
il T T T T T T T T T T T 3
0 20 40 60 80 100 120
0OBS. BAND — %ASL
—— —— + +~ 4+~ + +— T
= , +
g.. L
o , |
- A/A\k/\‘ |
O o e e e e e e . = e V- A A - dom — e ]
[em]
('?-1
(=
[ 2 L
O_ . L
o CURVE TYPE LO-9
D_ :’L R 1 | T § 1 T R k] 1 1 3
0 20 40 60 80 100 120
_ 0BS. BAND — %ASL
st oS  _ CURVE TYPE LO-9
2 b= )
e .
5 Q -
2 G\ 8
5 S - -~ =
2 S & Z : = &
5 S i 3 8 b4
g - 5o
5
2 .
I T 1 R 1 R T 1] 1 RJ T T 1
0 20 40 60 80 100 120

0BS. BAND — %ASL

Figure 6.1 Results of the Invesfigation of the Observation
Band Length for a LQ-9 Curve With a Linear Growth Rate of

2000 Units/Yr.



105

0 +— +— + —~+— A 4 +~ — -
100
10-1F = s 2 3 § @© @ '
of . 8 § § § 5 g g 8
102} g § 8 3 ¢ T & 2 3
5: o C;
H 2f o o~
-3
Q10
104} |
, zd“ CURVE TYPE LO-9
#1075 T T T T T T T T T  E—
0 20 40 60 80 100 120
0BS. BAND — %ASL
1Q0 e - -
SE 3
2f. -]
1ot s £ 3 s =8 = 1
SF § ~ @ @ 2 3 S = 5
10-2 g 2z ¢ & g § & 8 -
O 2 iy o (=] . . I Y
ot 5{ ; c; = o o o (-] = o -!
— 10797 ; - :
r o 1
> 5¢ o .
2f o ]
10_45! 8 ‘ '!
d o 'CURVE TYPE LO-9 3
10-5w T T T T 1 T T T T T 4]
0. 20 - 40 60 80 100 120
0BS. BAND — %ASL
109 — - , - o
SE
ot f : . f B 5 8 3 &
o S & 8 8 8 8§ g 8 :
_2 ~ 3 o o P P - .- e 4
102 f 8. 2 2 &—&—8—8 |
! 2f S ]
— 103 r 4
D sk
2t ]
10_45[ ';
2f - CURVE TYPE LO-9 :
10°8 T T T T T T T T T T f
} 1 T
0 20 40 _ 80 80 100 120

0BS. BAND — %ASL

Figure 6.1 Continued from the Previous Page.



106

i o ) |

o . .

'_',-1 ‘ \‘y
aﬁ" | 3
@ _ : B
a T+ -—-——-—--- f———‘-——‘————‘——q‘————‘———-&—*
W " |
\>_:O. / \
N .
[T B \\ +
S ] . [
F < CURVE TYPE LO-10 ‘

B I R 1 L T T T T #

) 0 20 40 60 80 100 120
0BS. BAND — %RASL

o

=

o

1 I\ 1 1

1

STRD. DEVIATION
0.300

S L
] CURVE TYPE LO-10
Cf | EREEE R B SR T T T T T
0 20 40 60 80 100 120
: OBS BAND — %QSL
106 e -
'gE CURVE TYPE LO 10 5
108 F 3 “ .
14 ~ 3
of @ ]
104 o E - . 7
< o g - 3
2t N b+ o 2 ]
3 . . . .
SR | i 8 s !.
2f = ]
2 -
10 5! }J
2- . X p
10t T T T T T T 1 T T T T
0 20 40 60 80 = 100 120

) -0BS. BAND — %ASL

Figure 6.2 Results of the Investigation of the Observation
Band Length for a LO-10 Curve W1th an Exponenetial Growth

Rate of . 03



MCI

UL

UIT.

107

0 — . — . N .

10 5| N - ‘
2t *

_1 —- - o - - p
] g z 2 8'z § 3 § g }
10_22-[ s g 2 s 8 8 8 8 8 ]

s. ; o o o (=] o o o ) -g
2F S ! ]
10-3 3 e ]
- st o k
2f ]

-‘ 4
10 sg | 1
. n-g 2k CURVE TYPE LO-10 ]
.0 H T T T T T T T T T T | —

9] 20 40 60 - 80 100 120
OBS. BAND — %ASL
100 + P : —+— — -
WOF
F ]
10-1F i ]
4§ 3§ 8§ 8§ : 33 |
1072 5 & 8 § § § §. % 8 |
5¢ o o ° © o O o o o ]
2t 3
1073 F ]
2f ]
10-455 . 3

2 s - ' _CURVE TYPE LO-10 j
10 i T T T T T T T T T T T T :

- 0 20 40 60 80 100 120

0BS. BAND — %ASL
100 p—— e e

. SE '
o123 - - S T '
i z 2 - B % 2 8 2 2 @2

2f g8 8 © 8 8 &8 8 8 8 .
10’25; 6 &6 © & 6 o & o o .
E o W@—e———&———e——e——e——-a E

) S - ‘ : ]
103 ;// ’ 1
SE S E

L 2F ]

, 10"45; _ ' E

o CURVE TYPE LO-10 i
10°% @ T T | T T T T T T

0 - 20 40 60 80 100. 120

OBS. BAND — %ASL

Figure 6.2 Continued from the Previous Page.

N



108

] !
» A
(e
a -
W
\>;O \
__]0;- ——————— P 5 —d- 4 4 ~ ’ S v < e - - - -
U). - +
d -1 +
F 27 CURVE TYPE LO-9 [
i e T T T T T T T L T T T T
g 20 40 60 80 100 120
'0BS. BAND — %ASL °
o
o
Z 3 L
O o
H
=
&
> 31
il o4 |
CJ"c',q
o
T 3 : :
5;“ CURVE TYPE LO-§
4 t T 1 I T r LB LIR 1 i T 4 H
0 20 40 60 8d 100 120
0BS. BAND — %ASL
o CURVE TYPE LO-9 _
\. 8 »
d .
Ho - @ f
O 2 I \
= - > ~ -~ —~ —- - -~ |
g3 B s - % 8 &8 8 g 3
8 h Nid b :é § b4 2 e )
1 o &8 B
&
1 b
O
i T T T T T 7 T T 7T :
00 20 40 .60 80 100 120

0BS. BAND — %ASL

Figure 6.3 Results of the Investigation of the Observation
Band Length for a L0-9 Curve With a Stationary Plant Balance



MCI

UL

UTT

109
100 - — - A - ‘
5_ w 3
10 - s 2 £ 5 F = & 3 ]
St A I o P 3 8 e .8 S 3 . E
2t 8 S S 8 < o e < o 9 ]
ey 2 2 8 55 5 585
of - : ) ' ’ ]
-3 _ o )
10 5{ . _ _ ;
2. b4 , 4
10 45{ : , | !
i CURVE TYPE LO-9 ]
10-5 T T T T T T T T T T T
0 20 40 60 80 100 120
- 0BS. BAND .~ %ASL
109 + -
5S¢
z-
5[ - o 3 2 - 10 ® % o 3
22 £ : 8§ § § 8 &8 % 8 & ]
LO™%er S & 5 & 8§ & o o g 2 ]
f &5 S8 B S8 ° =
10’35{ ' . , 1
2f ~ -
-4 .
10 st ‘ ]
. of CURVE TYPE LO-S ]
10°%® T T T T T T T T T T T 1
0 20 40 60 80 100 - 120
0BS. BAND - %ASL
0 — . .
10 s ,
2t - -
> —1 - — o ~ ~— — -+ ~
L0 r Z = B8 @ 8 B8 & & & B
2f o S = o ‘ 2 9 Q o <
1072y M_Q/N
Sk o ’ -
2f ’
-3
10 s
2f 1
-4
10 s | »
2k " CURVE TYPE LO-8 .
1075 —x T T T T T T T T T
g 20 40 60 80 100 - 120

0BS. BAND — %ASL

Figure 6.3 Continued from thePrevious Page.



110

indices.

Higher Order Left Modal Curves

Figures 6.4 to 6.6 show the behavior of .the model for
higher order curves. The L5 type curve, which is the highest
left modal curve available, 1is QUite insensitive to the
Observation Band length and provides satisfactory results
with an Observation Band length as little as 10% of t@g/
average'service life (Figures 6.4 and“6.6). The L4 type
curve, (Figure 6.5) which is one order lower than the L5
curve,‘requires an Obsgrvation Band leﬁgth of about 30% of
the average service life. These results, in cénjunctién with

the results obtained from the tests for the'othef curves

discussed are suggestive that lower order curves of the left -

modal type require more actual data than highef order type.

v

Symmetri cai Modal Curves

Again, the tests conducted are for lower order curves

§nd higher order curves.

Lower Order Symmetrical Modal Curves

As in the case of left modal curves, the selected

average service life does not appear to be very sensitive to:

the available Observation Band data (Figures 6.7 to 6.9).
1

However, a higher data requirement is evident for the

selection of the correct curve type. For both the average

service life and the curve type to be accurate, the required
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length of the Observation Band appears to be about 55% or

more of the actual average service life.

Higher Order Symmetrical Modal Curves

As in the case of left médal curves of the higher
order, these curves also éhow a high degree of insensitivity'
to the quantity-of the available actual data. However, the
~indices fér the stationary accbunts show very unfavorable
values indicating that this kind of account.is hard to -
match. The performanée curves have been shown in Figures

6.10 to 6.12. /

Right Modal Curves
The tests for the right modal curves also have been
conducted for both the lower order curves and the higher

order curveg.

Lowér Order Right Modal Curves

The behavior of the lower order curves is similar to
that of the other modal types. The selected average service
life has again been found to be less sensitivg to thé actual
data availability ‘than the sensitivity of the selected type
curve. The perforﬁance curves have been shown in Figures

\

6.13 to 6.15,
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Higher Order Right Modal Type

Figures 6.16 to 6.18 ag;in suggest that property data
sets generated by higher order cugves are quite uniQue.
Hence, the model is capable of selecting the correct

mortality characteristics even with short Observation Band

lengths.

Summary of the Observation Band Tests )

The above tests for the three different modal type
curves are indicative that lower order curves need more
actual data than the higher order curves. This behavior
might be due to the fact that, for higher ofder curves.the
retirements are clustered close to the average sérvice life.
Therefore, this makes the plant additions to be unigue and
hence ﬁpliy reflective of the mortality characteristics
generating the data.

However, when the available data is very small (50% or
less of the avérage service life), the indices should be
treéted with caution..This is because the values of the

1
indices may appear fayorable inspite of a wrong set of

' specified characteristics. This aspect 1is evident in all the

. Figures 6.1 through 6.18. A more detailed discussion on this

behavior of the indices will follow at a later time in this
chapter.

The results obtained from the above tests are
suggestive‘that the Observation Band length must be at least

70 to 80% of the average service life in order to have an
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effective performance of the model for all curve types and
growth profiles. Though the higher order curves apparehtly
require lesser actual data than the lower order curves, it
i's necessary to provide an Observation Band leng:th of as
much as 70% to éO% of the average service life, This is
because, in real life applications, the curve type which is
generaﬁing the retirements will be unknown to the analyst
(the curve type will be one of the variables being sought by
the analyst). Such being £he case, it will be essential to
provide enough data (70% to 80% of the average service life)

for the most demanding type curves to be satisfied.

6.3 Transparent Band tests

After\the Observation Band length, the next parameter
required to be tested is the specified Transparent Band |
length and its effect on the final result. Although the
Transparent Band length will be generally a known parameter,
it is likely that occasionally an accurate length of the
Tranqurent\Band length>(ie. how old the account under

consideration is) will be unknown. In such case§, the

LR ¥
A

analyst will have to specify an.estimate of thevTransparentauWNE

Band length for the test which may be in error compared to:
the actual Transparent Band length. If this is the case, the
model might behaveidifferen;ly than expected. Hence, it is
important to study and understand the behavior of the model
under such circumstances. With this in.view, the model was

tested to find its sensitivity for varying Transparent Band

s

RS VI

o S

B sia iz
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lengths. The performance curves (Figures 6.19 to 6.27) have
been plotted against the specified Transparent Band length
expre;sed as a petcent of the actual Transparent Band length
(rather than expressed as a pe:cént of the average sefvice
life). This is because, in such cases, any changes in the
behavior of the model will be due to the error introduced by
the specifiéd Transparent Band length that differs from the
‘actual Transparent Bané length. | -

The following abbreviations are used in addition to the
ones already mentioned:

Tﬁ.BD. - Specified Transparent Band Length

ACTTBL - Actual Transparent Band Length

A total of 9 different data sets were tested. These
data sets were simulated using middle order L,S and R type
curves. For each of these curQe types, three data sets were
simulated; one each of no-growth, lineaf and exponential
growth types. All‘the data sets had an average service life
of 10 years except for one set which had an average service
life of '9 years (§1.5-9 linear growth). An Obsefvation Band
length of 8 years was provided (as determiﬁed in the
previous phase of the test - 80% of the ASL of 10 years).
The actual Transparent Band length for all the data sets was
17 years (ie. data sets were simulated for 25 years and the
- data for the last 8 years was treated as the actual data
input for the model). This Observation Band length was
provided t~ minimize any distortions that might be otherwise

imparted by an unfavorable Observation. Band length.

%
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Left Modal Curves

Figures 6.19 to 6.21 show the behavior of a left modal
curve of the respective growth profiles and groﬁth rates
mentioned on the figures. All three growth profiles were
tested with a L1.5-10 curve. it was found that for both
linear and exponentiél profiles (Figures 6.19 and 6.20), the'
model provided satisfacto;y results when the specified
Transparent Band length was about 55% or higher of the
actda1 Transparent Band length. The indices were highly
suggestive of the pfésence of a wrong parameter when the
specified Transparent Band length differed substantialiy
from the actual Trgnsparent Band length. As the 'specified
Transparent Bénd length Qas brOJght.closef and closer to the
actual Transparent Band-length,‘the indices improved
gradually hinting at a more and more favorable combination
of‘the input parameters. Ho#ever, the performance of the
model for a stationary data set (Figure 6.21) was

unsatisfactory. Although the selected average service 1li

was correct even when tic specified Transparent Band
was about 10%\of the actﬁal Transparent Band length,
selected curve did not match the actual type curve e
100% of the-actual Transparent Band length. A L2-10
was éelécted (at about 83% of the actu§1 Transparent Band
léngth) which is a similar and a very close curve to a
L1.5-10 type curve. Hence, this error in selection might be
juét due to the stochastic nature of the data set (ie.

because of the stochastic scatter, the °specific data set
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under consideration might be closer to a L2-10 curve than to
a L1.5-10 curve). Again, the specified Transpaient Band
length necessary to yield good results was quite close

(about 85%) to the actual Transparent Band length of the

data set.

rSymmetnicﬁl Modal Curves

Figures 6.22 to 6.24 are the results Qf the Transparent

Band tests for the symmetrical modal curves. The performance
u es for this modal type are highly suggestive that for a
sn_ller than actual4Transparent Band length, the curve type
is indeterminate. However, when the specified Transparent
Band length is close to the actual Transparent Band length,
the standard deviation of the selected curves are close to-
that of the actual curve. It is also seen, that, for linear
and eiponential growth curves, the selected avefage_service
life is insensitive to the Transparent Band length in the
range of 65% to 100% of the actual average service life. The
stationéry accounts show erratic behavior with respect to
even the average service life (Figure 7.24). Again the’
indices are reasonably suggestive of the presence of an

unfavorable parameter.

Right Modal Curves

The results aré not very satisfactory in the case of
right modal type curves also (Figures 6.25 to 6.27). Even

the average service life becomes indeterminate till the

« »
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specified Transparent Band lehgth is 90% or more of the
actual Transparent Band length. As in tﬁe case of
"symmetrical modal curve, the curve tybeireﬁains
indeterminate till the specified Transparent Band length is
identical to the actual Transparent Band leﬁgth. However,
the indices are clearly suggesfive of the presence of one or

more incorrect parameters.

Summary of the Tr'anspébent Band Tests

The preceding discussion indicates that the model is
quite sensitive to the errors in the specified Transphrent
Band'iength. Extreme caution should Bé exercised if the
actual Transparent Band length is not a known parameter. In
particular, if the analyst suspects a stationary plant
account and/or a right modal curve type and if the
Transparent Band length is unknOwn,.the method should not :be
used to determine th. mortality characteristics Qf the data
set. However; if an approximate T:anspareﬁtiBaﬁd iength is
knoﬁﬁ and.if there are reasons to believe that the account
is growing either linearly or exponentially, then theAméthod
can be used to aétefminé the average‘éervice“life. The curve
type selected in sucﬁ a case shcg}gabé subjected to a
critical evaluation before éccepgghfé. in such cééeé, the
Transparent Band length should be varied o&er a fange of
values before a fihal selection. _

If the length of the Transparent Band is known, which

usually will be the case, the method is applicable for the .
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determination of both the average service life and the curve

type. }
L2V

6.4 Growth Profile Tests
The sensitivity of the model to the specified growth
profiie type is subject to investigatién in this section.
The strategy employed for the test is somewhat the same as
before: left modal, right modal and the symmetrical modal
curves have been tested. For each curve'type,fsix data sets
have been used for the tesf. Of the six data sets simulated
for each curve type, three are lower 6fder and the other
three are hiéher order curves: one each.with linear,
exponential and station;ry profiles. The objective of this
phase of the tests is to study the performance of the model
if a growth profile oéhgr than the actual growth profile is
erroheously specified by.the analyst during the use of the
model. The lengths of thé Obsérvatiop Band and the
Transparent Band'used for this phase;of the study are those
obtained from the previous twc phases of the performance
tests. The average service life used for the simulation of
most of the data sets is 10 years; a few with 9 yéarsland
one set‘with 8 years. The data used for the tests have been
simqlated for 25 years each and the data for the laét 8
years has beenvtreatea as the Obéervation Band data. Hence,
~ the actual Transparent Bané length for these data sets is 17
years which has been used'for the tests (En accordance with |

the findings of the immediately oreceding phase of the

a
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teets). The specrfiCation of the optimum values of the
Observation Band lengtﬂ and the Trenspareht Band length
heiosito'reduce any distortions likely to be caused
otherwise.

| For e;ch data set, all three Qrowth profiles have been
tested to determine the cap. biiity of the model to
differentiate and select the correct mortality
characterlstlcs even 1f the spec1f1ed growth proflle is in
error. ‘

Tables 6.1 through 6.18 show the results éf e tests.

Of these 18 tables, the first six are for the data sets of
linear actual‘growth profiles, the next six are for the
exponential type and the last six are for stationary plaﬁt
accounts. The actual characteristics of each data set (ie.
the characteristics used in the Monte Carlo Simulator to
simulate the data set) are as shown in the title of each .

‘table. The first row in all the tables is the specified

growth profiie identical to ‘the actual growth profile of the
data set being tested.

- To aid the analyst io the specification of the growth
profile and the ‘range of growth rates over which the ‘test
has to be performed a subroutine to flt a stralght line to
the Observatlon Band data has been prov1ded in the model

-

This subroutine regresses a straight line to the actual ?ﬁ
plant balances in the Observation Band years, thereby giving

~an indication of the likely growth rate and profile of the

plant account under investigation. If the growth profile is .
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either linear or exponential, the slope of the fitted
straight- line wiil be shbstantially higher than zero.
Similarly, the sloée of't@gﬂfitted straight line will be
quite close to zero, if the account is stationa;y. This
featufe of the model has been used to specify the ranges of

the growth rates for all the test runs.

Linear Data Sets

Tables 6.1 to 6.6 show that for the data sets with‘an
"actual linear growth profilg,'the model successfully selects
the correct characteristics whereither the linear or the
exponentiél growth prsfile is specified. The curve typé.
selection is poor when the spécified profile is a
'no-growth' type. Neverthelésé, the.indices are suggesgive
of the p:ésence of a wrong parameter. However, the slope of
the straight line fitted to the Observation Bénd (as
discussed before) has beén highly inQ}cativéuof a-growing
account. This reduces the po%sibility of an erroneous
_specificatioﬁ of the g:ddth profile. For all'the cases, the
correct average service life has been selécted iﬁdicating-
its insensitivity to any errors in the growth profile

specification. l

l

Exponential Data Sets

<

Tables 6.7 to 6.12 show ‘that the behavior of the
exponential data sets is similar to that of the linear data

sets. The selected characteristics have been'accurate for
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both the linear and exponential gtowth profile

specifications. As before, the 'no-growth' type produces
poor results. But, again, the slope of the regressed N
stralght line to "the Observatlon Band data has been clearly
suggestive of a grow1ng account and hence reduces the K
p0551b111ty of any errors in the growth proflle' ; «

spec1f1catlon. Tables 6.8 and 6.9 show some evidence of

. possible sensitivity of the selected average‘service'life to

errors in the specification of the growth profile,

especially for a ‘no—growth"type.profile.

Statioﬁany‘Data Sets

Tables 6.13 to 6.18 are for stationary data ~sets. These
tables—demonstrate the advantage of the procedure of
regre551ng a straight line to the Observatlon Band data. The
slope of the fitted stralght line has been low fir all the
statlonary data sets. This gives  an 1nd1cat10n of' a |
stationary plant account amd causes the'analyst Ho;assign
very low growth rates even 1f he erroneously specifies
llnear or exponentlal“growth proflles. ThlS has produced
excellent results for all the spec1f1ed growth proflleSt
These tests indicate that the average service life is not -
very sensitive to the specified growth profile.

-

Summany of the Growth Profile.Tests

?Qw

The tests shoL that if the actual proflle is elther

linear or exponentlal, the selected characterlstlcs are

\
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accurate when tested with either of the two specified
profiles. However, if the data set is tested with a -
specified no-growth profile, the model does not select the
right characteristics. Nevertheless, in such a case, the
indices suggest the presence of ogé or more incorrect
parémeter(s). |

In case of.data sets with a stationary plant balance,
low ranges of gfowth rates of linear and exbonential types
were assigned. (because of the indication given by the slope
b%‘tbe straight line regresseé to the Observation Band plant
balances) when the linear ard exponential profiles were
specified for the test. The.results obtained have been
satisfactory for the no-growth profile for all the three
types of specified profiles.

Thus, given the optimum lengths of the Observation Band
and the Transparent Band, the modél performs satisfactorily
.for all the growth profiles. If the growth p:ofile is
erroneous or unreasonable, fhé indices are highly sugge;five
of the presence of an incorrect parameter. However, the
feature of regressing a straight lihe to the plant balances

of the Observation Band reduées the likelihood of such a

wrong specification of the growth profile.

6.5 Performance of the Indices
As mentioned earlier, the values of the indices and
hence their performance has been redorded during the tests

- conducted in the first three phases of the tests on which
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the following discussion is based. |

All the indices are highly correlated which was
expected due to the presence of the root mean sg1~red value
in three of the four indices. The porformance of all ﬁhel
indices have been found to be identical except for the QCI
(Modified Conformance Index which is the relativ per ont
error) whose performance was found to be occasionu'iv
slightly different from that of others. »

Althciagh all the indices are identighl with res -ct to
performance, they can not ge ident@cal when 1t comes to

s%ecifying ranges of the values as a basis for grading the

»

curves being tested.

For example, CI is a function of the Observation Band
}enqth: Hence it seems unreasonable to assign fixed ranges
ove. which the curves se.ected ?5uld be gradédJas excellent,
gcod, fair and bad. This aspect has already béen discussed
in detail elsewhere in the report.

The suggested gr&ding scale for the Theil's Index -

Type 1 1s

0.000 to 0.003 Excellent
0.003 to 6.006 Good

' 0.006 to 0.009 | Fair
0.009 to 1.C00 - Poor

This grading system is based on the values that have
been recorded for the various tests (Figqures 6.1 to 6.27 and
Tables 6.1 to 6.18). A summary of these values of tlz= index

(U1) pas been provided in Table 6.19. The Ul values fo. the

4
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Observation Band tests for which the Observation Band length
was extreme]yismall (less than 50% of the average service
life) have not been considered 1n Table 6.19. The reasons
for thi§ exclusion wéll be discuscsed later in this section.,
A total of 243 cases were observed. Of these ubservations,
59 were 1n the rahge of 0 to 0.003, 87 were in the range of
0.003 to 0.006, 36 werc in tne range of 0.006 to 0.009 a 3
59 were in the range of 0.009 to 1.000.

It can be'observed from Table 6.19 that out of a total
" of 59 cases in the range of 0 to 0.J03, only two
observations were wi£h a wrong curve type and a correcc
average service life. There were nb observations in this
r;nge with both ﬁhg characteristics in error. This suggests
that this range is difficult to achieve, sometimes even for
the correct combinations of the charactéristiés because of
the stoéhastic scatter. Hence this rangé has been graded as
excellent!. Similar arguments hold good for the reméining
ranges spécified in Table €.19. These ranges have been
graded as good, fair and poor for the reasons evident from
the table.

A discussion on the behavior of the various indices for
very low values of the Observation Band length follows.

As was expected (see discussion under section 4.1.2),
"when the available actual data is very small (short
Observation Band lengths), exceptionally good values were
obtained for all the indices even though the‘sélected

characteristics were unsatisfactory. This is because, if the

$
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data for only one year is available, it is possible to

~ L

closely appﬁoximate this value with many differeht
combinations of even incorrect characteristics. However,
with the increase in the available actual data, the number
of combinations yhich can simulate the actual data SeE will
be reduced till finally only the right combination or |
combinations ci1.se to the right combiﬁqtion will remain.
Also, due to the requiremént of matching larger nﬁmber of
stochastically distributed data points, the minimum
achievable error may increase. This behavior {s evident in
most of the Figures 6.1 through 6.18. '

This indicates that the Qalues of the indices and hence
the performance of the model becomes meaningless if the
Observation Band length is excessively short (less than 50%
of the averégé service life - refer to the section on
Observation Band tests for more details). If‘this is‘in fact
the case, the model should not be used for the estimation of

the mortality characteristics even if the values of the

indices appear to be favorable.-

6.6 Applicability of the Model

1. 'The results obtained by the model are quite credible if

the required amount of the Observation Band dafa is
avaiiable in addition to a knowledge of the actual
fransparent Band length. ) -

2. As in any other method of life analysis, a favorable

index (even with sufficient Observation Band length

!
-
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etc.) should‘nox be used as the sole criterion for
selecting the morpality characteristicé. The indices
should be used only as qualitative gﬁides in conjunction
with other 'available informatiop‘before reaching a
conclusion about the life characferistics of any
property. The estimates provided by the model is
dependent -onlv' on the happenings of the past. The
analyst éhould consider sevefal other factors like the
number of test ye?rs, generally known characteristics‘of
the property beiné studied, pést and forecasted ecqnomic
conditions, changes in technology, changeb% in management
policies etc. It will also be vital to incorporate the
expertise and judgement of the anglyst before arriving
at a final estimate and gorecas£ of the characteristics.
It should‘be-remembered/that, as for any other model,
the results from this model will be only a starting

point and not the final values being sought.
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7. SUMMARY AND CONCLUSIONS
' g

Kl

7.1 Summary

The main objectives of this study are to provide an
overview of the existing methods of life analysis and to
suitably modify the existingATransparent Plant Balance
Method of life analyaie S0 aslto overcome some of the
inherent limitations of the method,

In compliance with the objectives, a brief overview of
.the various_methods of life analysis has been provided. The
Transparent Plant Balance Method has been discussed in
greater detall than the others This dlscu551on covers the
model, the loglc 1nvolved and the adopted process of the
calculations.\Details of the study conducted by Tharumarajah‘
[11] to evaluate the model has also been provided.

"The performance of the Transparent Plant Balance Method
- (TPBM) and the probable reasons for the behavior have been
discussed in detail. Based on this discussion, a modified
version'of the Transparent.Plant Balance Method (MTPBM) has
been proposed | 'K |

The MTPBM differs from the TPBM in its. treatment of the

\,
plant balances In thefMTPBM, the plant balance has.been

v
—\’ AN . - T
2 o e )

A : X
treated as. an 1ndepe %t variable of the system (in

connrast.to the TPBM wherein the’ plant addition-is treated

as an 1mdependent%yar1able) The plant addltlon has been*

allowed to vary’ as a dependent variable of the plant balance
(instead of treating the plant addition as an independent

\
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variable as in the TPBM). As a result, the MTPBM e#tends the
plant balances into the Transparent Band using a specifiea
growth profile and.growth.rété. The plant additions for the
Observation Band are simulated using thékgenerated,plant
balances. This set‘of siéulated‘plant additions is matched
to the actual plant additions and the best Eompination of
the parémeters are selected. Th;ée ;dditional indices namely
i .
' the_ﬁodified Conformance quex,iTheil's Index - Typel (UI)
and:Theil's Index - type2 (UI1) [2,12] have been us€d to
study their pérformqnce in conjunction with the model.
Instead of usiﬁg only an exponential growth profilé, two
additional prgfiles— linear and stationary- héve been used.

A performance evaluation study was conducted wherein
the sensitivity of the model to the variatioﬁs.in the
Observation Band length; the Transparent'Band length and the
growth profiles were tested. Also, the behavior of the
indicés was studied during these tests.'

A Monte Carlo Simulétor was developed to generate the
data réquired for the above mentioned pérformance evaluation
vstudy. The simulator generates the plant mortaiity daéa
acéofding to a specified érowth profile, growth rate,

average service life and Iowa Type Curve.

4
4 o
v pe

7.2 Conclusions

i

The following”are'the various conclusions of this

»

study. The conclusions have been classified as:

1. conclusions related to the Observation Band,



2.
"3,
4.
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conclusions related to the Transparent Band;

conclusions related to the growth profile, and

conclusions related to’the general applicability of the

'model.

A

7.2.1 Conclusions Related to the Observation Band

.

2.

3.

For the left, symmetrical as well as the right modal
curves, lower order curves require more actual data than

the higher order curves for a satisfactory performance

‘of the model.

The selected average service life is fairly: insensitive

to the Observation Band length. For the model to eelect
the cyfrect average service life, the Observation Band
lengtﬁ should be'30% or more of the average service
life.
The selected curve type is compafatively more sensitive
to the Observation Band length. For 'the selection of the
eorrect curve type; fhe Observation Band. length should
be at least 80% of the average service life.

v,Heﬁce,for both the averege service life and the

R _
curve type to be correct, the Observation Band length

should be‘et least 80% of the average service life.

7.2.2 Conclusions Related to the Transparent Band

1.

The model is very sensitive to the specified Transparent-
Band length As such, the results should be treated with

caution 1f the actual Transparent Band length is
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unknown.

If the actual Transparent Band length is unknown and if
there are reasons to bel}e?eﬁthat the account is
stationary and/or conforms to a right‘modal curve type,
this method of life analysis should not be used because
there are strong indications. that, fé} such a case, the
mortality characteristics are inaeterminate“by this
method. !

If the actual Transparent Band length is known to be
within a given range, and if there are reasons'to
believe that the growth raté is either linear. or
exponential, the method may be used to determine the
average service life. Also, in such cases, the curve
type selected should bé used with_caution and only after

any necessary correction to compensate for any errors

that might have been introducedc. This limitation may be

‘overcome to a certain extent if the tests are conducted

with the Transparent Band length varied over the known

range.

For example, if the actual Transparent Band length

is known to be in the range of 8 to 11 years, the tests -

should¢be conducted with the Transparent Band length
being incremented from 8 to 11 years in steps of one .

year each. Even then, the curve type selected_shodld be

ST
.t oL . .
treated w1th\g§ptlon. The analyst should exercise his

\‘ .
experience and expertise before accepting the selected

curve type.

i
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4, If the actual Transparent Band length is known, which
usually will be the case, the mndel can be used to

determine the average service life as well as the curve

type.

7.2.3 Conclusions Related to the Growth Profile

Given the required Obse;vation Band length and the
Transparent Band length, the performance of the model is’
satisfactory for various growth profiles. However, if it is
impossible to select the correct mortality characterigfics
~with the specified groch profile, the various indices ao a

good job of clearly indicating such a situation.

AN

N\
7.2.4 Capclusions Related to the Indices
T

g
7

1. As expectealvall<the indices are highly correlated.
Howevér, to define a qualitati?e‘grading scale with
which the selected curves may be ranked, Theil‘S'index.
~Type 1.(UI)-[2,12] is recommended because it has finite
ﬁpéer and lower boundaries. Also, unlike the Conformance
Index (CI); it is not a function of the Observation Bana
length or ény other input parameters of the model.

2.. The suggested grading scale for UI is:

RANGE . GRADE
0.000 to 0.003 EXCELLENT
0.003 to 0.006 . ~GOOD

0.006 to 0.009 ' FAIR

Dtk S
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1

0.009 to t.000 POOR

The above mentioned scale is not applicable
(consequentiélly the model itself is not applicable) if
the Observation Band length'is small (0 to 80% of the
average service life). Therefore, extreme caution is
necessary in the use of the model and hence in the use
of the specified ranges for the UI if the Observation
ﬁand length is smaller than that recomménded (see

section 7.2.1 for details).

.5 Conclusions Related to the General Applicability of
the Model | ] |
As 1s evident from the conclusions above, the results of
the model are quite credible ‘when provided with a
favorable set of input parameters.
As with all the other existing models, the values of the
indices should not be used as the sole criterion for the
selection of the mortality characteristics. The result
derived from the model ig'only a starting value. The
analyst should incorporate his expertise and judgement
in addition to considering several other factors like
the magnitude of the indices, past and forecasted

economic conditions, change in technology, changes in

managerial policies etc.
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7.3 Scope for Further Research

Before any such newly developed model could be

iﬁplemented in real life, extensive research will have to be

conducted to understand the behavior of the model(s) very

thoroughly. The MTPBM is no exception to this requirement.

Though the performance evaluation teésts have been conducted

during-this study for the MTPBM, there is a wide scope for

future research in this field.

1.

In t'e present model, the plant additions are being

matched in the Observation Band. This gives a good

weightage to the recent trends in the growth of the

plant balances which is a very desirable feature.

‘However, if the actual growth is not as per any of the

three growth profiles (ie. {f the plant balances are yet
to stabilize and are showin~ wide fluctuations - growth
for a few years, staticnary for a few more years,

decline 1in between etc.), this method of matching might

. . . ' . O
prove as a limitation. Under such circumstances, the

model might yield better results if the retirements are

matched rather than the plant‘additions. It would be
interesting to study and compare the behavior of the
model with both types of matching the actual and//
simulated data sets.. -

A statistical table specifying the values of thé_Theil’s
quéx (UI) for different confidence limits could be

developed.

The behavior of the model for data sets with trends in
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the average service life and curve type is yet another
aspect that may be studied.
In the present Monte Carlo Simulator, the data ‘sets have
been stochastic. But the specified growth rates have
been fixed for the entire life of all the simulated data
sets. The model could be tested with the data sets
simulated having growth rates drawn each year from,
perhaps, a normal distribution.g "
The Monte Carlo Simulator output has the complete aged
data records for all the simulated data sets. These ageq
data sets could be analyzed by actuarial methods and tﬁe
results could be compéred with that of the model. This
aspect will prove useful if the model is to be tested

- o

(as suggested in point three above) with data sets

having trends in the average service life and the curve

r

type.
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APPENDIX I

Variables Used in the MTPBM Computer Program
1. ACTASL - The actual_average service life of the data set

being tested. W t )

- 4
5 -

2. ACTCUR. - The'actual curve with which the data has been
simulated in the Monte Carlo Simulator.

3. ACTGRP - The actual growth profile of the data set being

1
‘

tested. .

4., ACTSLP - The actual growthﬁ}ate of the data set being
tested. | |

‘5. ACTTBL - The aetual franséarent.Band length of the data
set being tested. ,

6. APS - That part of the plant balance resultlng from the
plant additions of the prev1ous years. |

7;. ASLI - Inltlal value of thevspec1f1ed range of the
average serviee‘lives-ouer_which the test has to be
conducted

8. ASLF - F1nal Value of the specified range of the average
service lives over,whlch the test has to be.conducted.

9. ASLS - The selected value of the average service life.

10. ASLT f'The value ,of the average service life being used
'in'the current iteration.

11. CURS - ?ne'curve selected by the ﬂTPBM.

t2. CURV - The type curve numbers of all the curves tnat
have'beenjepecified for the test.

13. CURVL - The curve being tested in the current iteration.

14. ERE - Expected retirements in the current year from'all

204
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16.
17.
18.
19,
20.
21.
22.
23,
24,
25,

26.

27.

28.

29.
30.
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the vintages to date.
GA - The simulated gross plant additions.
GAA' - Actual gross additions in the Observation Band.

GAACF - The gross additions in the Observation Band

- obtained by regressing a straight line to the actuql

groés additions.

IFLAG - Counﬁers to decide the branching to be taken in
the program. .

NCURV - Total number of the standard type curvés fo be
used to test the data sets. .

OBS - The Transparent Band length of the selected curve.
PISA - Actual plant balance in the Observation Band.
PISACF - The plantvbalanée in the Observation Baﬁd
obtained by regressing a straight line to the actual
plant balances. ‘ \

PISG - The generated plant additions in the Transparent
Band. |

P§URV - Standard lIowa type survival tables,

SELS - Selected value of the indices.

SLOPE - Slope of thé s;raight line fitted to-thé
Observation Band‘data.

SLOPEI - Initial®value of the range of the growth rates
speciﬁied for the test.

StOPF - Final value of the range of the growth rates

/specified for the test.

SLOPS - Growth rates of the selected curves.

SLPIN - The incremental value of the growth rate to‘be



3t.

32.

33,

206

used for the tests.

YA - Observation Band length

YNTCPT - 'Y' intercept of:;he straight line fegressed to
the Observation Band data.

YS - Transpareﬁf Band iehgth“

>
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MTPBM Computer Program
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REAL PSURV(1295,10),GAA(20),PISA(20),ACTSLP = ° ’

THEIS IS THE MAIN PROGRAM OF THE YTPBM. THIS SECTION OF THE
PROGRAM ASSIGNES THE INPUT AND THE OUTPUT DEVICES, RERDS IN
THE DATA AND CALLS THE SUBROUTINE DETRMN.

INTEGER IFLAG(20C).YA,YS,MAXYS,ASLI.ASLF,NCURV,CURV(31)
+,ACTZUR,ACTASL, ACTGRP, ACTTBL

COMMON/FLAG/ IFLAG

COMMON/CURV/CURV

COMMON/P/PSURV

COMMON/ASL/ASLI,ASLF

COMMON/NC/NCURV

COMMON/A/GAR,PISA .

COMMON/B/YA

COMMOK/G/YS

COMMON/H/MAYYS
COMMON/ACT/ACTCUR, ACTASL, ACTGRP, ACTSLP, ACTTEL

.

ASSIGNS THE INPUT AND THE OUTPUT DEVICES

LY
CALL FTNCMD('ASSIGN 1=KRPR:CI(#L+1)',622)
CALL FTNCMD('ASSIGN.2=KRPR:UI(#L+1)',k22)
CALL FTNCMD('ASSIGN 3=KRPR:ICURVE',20) . -
CALL FTNCMD('DETAULT S5=~#SOURCEx', 18)
- CALL FTNCHMD('DEFAULT 6=*SINK*',16)
CALL FTNCMD('ASSIGN 7=KRPR:QUTPUT (xL+1)',26)
CALL FTNCMD('ASSIGN 6=KRPR:UII(*L+1)',23)
WRITE(6,999)
FORMAT(//,'DO YOU WANT TO EMPTY KRPR:OUT?',/,' O - NO',
+/,'" 1 - YES'") '
CALL FREAD(S,'I:',IEMP) -
IF(IEMP.NE. 1) GOTO 995
CALL CMD('SEMPTY XRPR:OUT Y',i7) -
CALL FTNCMD('ASSIGN 9=KRPR:OUT (#L+1)',23) |

C READS IN ALL THE INPUT DATA.

[N}

DO 9C J=1, 1395
READ (3, 100) (PSURV(J,1),1=1,10)

CONTINUE

WRITE(S,3)

WRITE(7,3)
‘FORHAT(ql',‘i*a*******tt****t***t********tf**ft****')
CALL FREAD(4,'I:',MNUNM) S
WRITE(9,2)MNUN ‘ i
WRITE (6, 2) ¥NUX '
WRITE(7,2) MNUM

FORMAT(///, 'MODEL NUMBER=',14)

CALL FREAD(4, 'I:',JJK)

CALL FREAD(4,'l v:',IFLAG(1),JJK)

CALL FREAD(4,'3I:',YA,YS,MAXYS)

CALL FREAD(4,°'R V:',GAA(1),YA)

CALL FREAD(4,'R V:',PISA(1),YA)



100
01

102
103
164
105
106
107
108
109
110
111
112
113

114

115
116
17
118
119
120
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CALL FREAD(4, '2I:', ASLI,ASLF)
CALL FREAD(4,'1I:',6NCURV)
IF(NCYRV.LT.31)GOTO 130
DO i4C I=1,31 - ) o
CUYRV(I) =1
140  CONTINUE
GOTO 150
'30  CALL FREAD(4,'I V:' CURV(1),NCURV)
150 CALL FREAD(4, '4I:', ACTCUR,ACTASL,ACTGRP,ACTTBL)
CALL FREAD(4, '!R:',ACTSLP)
70 CONTINUE
. WRITE(S,160) ITLAG(3),¥S
'60  FORMAT(/,'GR. PROFILE=',I2,5X,'TR. BAND=',I3)

c
C CALLS THE NEXT SUBROUTINE TO CONTINUE THE OPERATION,
c
CALL DETRMN R
GOTO 120
100 FORMAT(10F11.6)
120  STOP
' END ‘ .
c J
¢ l
o4 "
¢ o ‘
SUBROUTINE DETRMN
c A
C THIS SUBROUTINE INITIALIZES ALL THE ARRAYS USED IN THE CALCULATIONS,
C CALLS THE SUBROUTINE TO REGRESS A STRAIGHT LINE TO THE OBSERVATION .
C BAND DATA, CALLS THE'APPROPRIATE SUBROUTINE TO EXTEND THE PLANT
C ADDITIONS INTO THE TRANSPARENT BAND AS PER A SPECIFIED GROWTH
C PRCFILE, CALLS THE SUBROUTINE THAT SIMULATES THE PLANT ADDITIONS,
C AND FINALLY PRINTS ALL THE OUTPUT.
c

REAL GAACF(ZO).PISACF(ZO).ACTSLP,ACCIl,ACCIZ,ACREI,ACUI,
+ACSLP,SEL(IO,5.5).REIS(IO,S)'SLOPS(IO,S).CI!(10),CIZ(|0).
+CI3(lo),CI4(10),GAA(20),PISA(ZO),cIs(’O).C(IO) .

INTEGER IFLAG(zo).CURv(al),Y.ASLI,AsLF,AcASL.ACTEs,ACTOB.
~ACTCUR, ACTASL; ACTGRP,CURS (10, 5) ,ASLS (10,5) ,0BS (10, 5) , YA
*,IR1(10),1R2(10),IR3(10) ,IR4(10),P,CURVT,ASLT, IP,X, IRS (10)
+,ACTTBL, YS ‘ .

COMMON/FLAG/ IFLAG

COHKON/SL/SLOPE,YNTCPT,GAACF,PISACF‘ ,

COMMCN/SLP/SLOPEI, SLOPF, SLPIN - . i

COMMON /NC/NCURV. -

COMMON/Y/Y,P
COMMON/ASL/ASLI, ASLF

COMMON/AT/ASLT

COMMON/CURV/CURV

COMMON/CUT/CURVT
COHHON/ACDA/ACASL.ACTES.ACTOB.ACSLP.ACCIl,ACCIZ,ACHCII, ®
+ACMCI2,ACREI, ACUI \ ‘

COMMON/ACT/ACTCUR, ACTASL , AGTGRP, ACTSLP , ACTTBL
COMMON/OUT/CURS, ASLS, OBS, SLOPS ,REIS, SEL

\

COMMON/B/YA ) ; _ _ .
COMNON/R/GAA, PISA oo
COMMON/IP/IP
COMMON/H/MAXYS
COMMON /MLX/XLM , MKX
COMMON/G/YS .
o] .
C CALLS THE SUBROUTINE TO REGRESS A STRAIGHT LINE TO OBSERVATION
C BAND DATA. - . ' 2
o .
10 CALL STLINE
20 p=1 :
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Y=0

INITIALIZEZS ALL THE VARIABLES.

ACSLP=0.0
ACCII=C.0
AZCI2=C.C

ACMCIN=C.D
ACMCI2=2,0
ACREI=(.0’
AZASL=G
AJTES=C
ACTOR=C
ACUI=C.C

IJ=IFLAG(3)
DO 763 I=*,10
DO 70 J=1,3
REIS(I,J)=C.0
sioBs(1,5)=c.0
CURS (I,J)=0
ASLS(I1.J)=0
085(1.J)=0
DO 180 L=1,5
SEL(I,J,.)=1000000C.0

18C CONTINUE .
170 CONTINUE
750 CONTINYE /

0o on

1an0n

O
N -
[e]

YS=YS-5
MKM=0

THE ©C LOOPITHAT ITERATES THE MTPBM FOR ALL THE COMBINATIONS
OF THE INPUT PARAMETERS STARTS.

DC 500 NNN=1,5

XlM=C
MRM=MKH+ 1
SETS THE TRANSPARENT “BAND LENGTH.

YSwYS+5
WRITE(6,520) ¥S

FORMAT(//,'TB LENGTH=',I3)
DO 30 I=1,31
ASLT=ASLI-
C SETS THE CURVE TO BE USED FOR THE TESTS.

c
c
c

(500}

CURVT=CURV (I)
DO 140 L=1,20

SETS J ASL TO BE TESTED.

ASLT=ASLT+1

IF(I.NE.1)GOTO §

WRITE(6,6)ASLT

WRITE(7,6)ASLT

'FORMAT (' ASLT=',I3)
. IP=Q’

DO 40 J=1,20

210
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90
c

CALLS THZ SUBROUTINE TO EXTEND THE PLANT BALANCES INTO THE
TRANSPARENT 3AND.

GOTO(6C.62,70), 12

CALL SLGRPR

GOTC 90

CALL PEGPR1

GCTO SO
IF(IFLAG(2).EQ.1)GOTO 100

C CALLS THE SUBROUTIXE THAT SIMULATES THE PLANT ADDITIONS.

o}
100

120

40
150
140
160
30
130

60C

aO0nn

190

210
200

220

230

240

CALL GAAPIS
GOTO 126

P=0 ~
IF(SLOPE.GT.SLOPF)GOTO !5C
IF(SLPIN.EJ.0)GOTO 150
CONTINUE
IF(ASLT.GE.L.SLF)GOTO 160
CONTINUE
IF(1.GE.NCURV)GOTO130
CONTINUE

CONTINUE
IF(YS.GE.MAXYS)GOTO 610
CONTINUE

CONTINUE

Y=C

v

OUTPUTS ALL THE CALCULATED VALUES

WRITE(9,190)
WRITE(7, 190) .

FORMAT (///,'OBSERVATION BAND CATX USED: ,//,'YEAR',
+3X, '"PLANT IN SERVICE',3X, !GROSS;ASDITIONS')

DO 200 I=1,YA

NX=1982-YA+I

WRITE(S,210)NX,PISA(I),GAA(I)

WRITE(7,210)NX,PISA(I) ,GAA(I)

FORMAT(' ',I14,6X,F10.0,7X,F9.0)

CONTINUE )

WRITE(S,220) ACTCUR,ACTASL , ACTGRP, ACTSL?, ACTTEL

WRITE(7,220) ACTCUR,ACTASL,ACTGRP, ACTSLE , ACTTEL

FORMAT(///, 'ACTUAL CURVE USED TO GENERATZ THE DATA',
+' ABOVE:',//,'CURVE=',kI3,//,'ASL=',13,//,'GROWTH PROFILE=',
+13,3X, 'SLOPE=',F14.4,3X, 'ACTUAL TB LENGTH=',14)
WRITE(9,230)ASLI,ASLF,SLOPEI, SLOPF, SLPIN
WRITE(7,230)ASLI,ASLF,SLOPEI,SLOPF,SLPIN

FORMAT(///,'THE DATA USED IN TP BD:',//,'

+CURVES TESTED: ALL 31 IOWA CURVES',//,'THE RANGE OF ASL',
+' TESTED:',13,' .TO ',I3,’ /INCREMENTS OF 1 YR.',//,
+'GROWTH: LINEAR',//,'RANGE OF SLOPES TESTED:',F14.4,' TO ',

1

.+F14.4,' /INCREMENT OF',Fi4.4)
" WRITE(9,240)ACTES,ACASL,ACTOB,ACSLP,ACCI 1, ACCI2,ACKCI T,

+ACMCI2,ACREI,ACUL
WRITE(7,240) ACTES ,ACASL,ACTOB, ACSLP ,ACCI1,ACCI2,ACKCI 1,
+ACNCI2,ACREI,ACUI

FORMAT(///, 'THE FOLLOWING ARE THE VARIOUS CALCULATED',

+' VALUES FOR THE ACTUAL CURVE:',//,'CURVE=',6I3,3X,'ASL=',

*+I3,3%,'OBS. BAND=',I3,3X,'SLOPE~',F14.4,//,'Cl 1=' F10.2,

+3X,'CI 2=',F10.2,3X,'MCI 1=',F8.5,3X, 'MCI 2=',FB8.5,3X, 'REI=', F8.5,



258
289
300

260

330

430

340

500

510

460

+'UI= ',F9.€)

DC 260 I=1,10
IR1(1)=1

IR2(I)=I

IR3(1)=1

IR4(I)=1

IR5(1)=1
CIT(I)=SEL(I,1,1)

- CI2(I)=SEL(I,2,2)

Cl3(I)=SEL(I,3,3)

CI4(I)=SEL(1,4.4)

CIs(1)=SEL(1,5,5)

CONTINUE

CARLL VSRTR(CI‘, 10, IR!)

CALL VSRTR(CIZ, 10, IR2)

CALL VSRTR(CI3,1C, IR3)

CRLL VSRTR(CI4, 10, IR4)

CALL VSRTR(CIS, 10, IR5)

DO 440 L=1,5

GOTO(40C,410,42C,430,500),L

WRITE(S,270) IFLAG (3)

WRITE(7,270) IFLAG(3)

FORMAT(///,'THE FOLLOWING CURVES HAVE BTEN SELECTED',
+' BASED ON THE ORIGINAL CI - CI1:',//.' (THE GROWTH PROFILE",
+' USED 15 - ',I2)

WRITE(9,280)

WRITE(7,280)

FORMRT (//, 'CURVE{',3X, 'TRS. BD. LNTH.',3X, 'ASL',3X, 'SLP. OF LN.'

+.8X.‘CI1',10X,'UII'.IZX.'HCIl‘,10x.‘HCI2'.8X.'UI',11X.'H£I'./)

GOTO 460

WRITE(9,310) IFLAG(3)

WRITE(7,310) IFLAG(3)

ORMART(///, ' THE FOLLOWING CURVES HAVE BEEN SELETTED BASED',
N THEIL''S INDEX - UII:',//,'(THE GROWTH ',

+'PRDFILE USEDC IS - ',I2)

450

(9,330) IFLAG(3)

WRIDE(7,330) IFLAG(3)

FORMAT(///,'THE FOLLOWING CURVES HAVE BEEN SELECTED BASED',

+' ON MODIFIED CI - HCI1:',//,'(THE GROWTH PROFILE USED IS - ',

+12)

GOTO 450

WRITE(9,340) IFLAG(3)

WRITE(7,340) IFLAG(3)

FORMAT(///,'THE FOLLOWING CURVES HAVE BEEN SELECTED BASED',
+' ON CURVE FITTEC MCI - MCI2',I2)

GOTO 450

WRITE(S,510) IFLAG(3)

WRITE(7,510)IFLAG(3) :

FORMAT (///,'THE FOLLOWING CURVES HAVE BEEN SELECTED BASED',
+' ON THEIL''S FORECAST COEFFICIENT:',//.' (THE GROWTH',
+'PROFILE USED',
+' IS8 - ',12,)Y)

GOTO 450

DO 290 I=1,10

IF(L.EQ.1)N=IR1(1)

IF(L.EQ.2)N=IR2(I)

IF(L.EQ.3)N=IR3(I)

IF(L.EQ.4)N=IR4 (1)

IF(L.EQ.5)N=IR5(I)

212
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a0 0n

10

3c
200

2C

50
210
40

IF(SEL(N.1,L) .EZ.G.)SEL(N,1,L)=.001
IF(SEL(X,2,L).EQ.C.)SEL(N,Z,L)=.00"

SEL1=1,/SEL(N,1,L)
SELZ=SEL(N,Z,L)

WRZTE(Q.BOO)CURS(N.L).OES(N.L).AS;S(N,L).SL)PS(N.L).SEL7.SE;Z.
*SEL(N.3.L).SE;(N;&.L),SEL(N.S.L).REIS(N.L)
UEITE(7.3OC)CURS(N.L).OES(N.L).AFTH(K,L).SLOPS(N.L),SELT.SE;:.
'SEL(N.Z.L).SEL(N.é,L).SE;(N,L.L‘,REIS(N,L)
?DRHAT(ZH.I:.11X.IZ,‘JI,IZ,FI4.4.1X.F12.2.!X.Fl4.6.1X.F13.4.
i H,F'3.4,3%,F9.€,5%, "¢, 8)

CONTINUE
CONTINUE

DO 82C I=1,10

C(I) =3, /SEL(I,1,1)
CONTINUE

WRITE(1,800) (C(2),I=:, 10}
WEITE(E,810) (SEL(Z,2,2),1%1,10)
WRITE(2,810) (SEL(I,5.5),1=1,10)

FORMAT (10F:12.2)
FORMAT (10F:2.7)
RETURN

END

SUBROUTINE STLINE

REAL SLOPE.YNT:PT,GAA(ZO),PISA(20).GAA:F(ZO).PISACF(ZO),X(ZO).
‘Y(ZO).SUKX,SUHXS,SUXY.S

THIS SUBROUTINE REGRESSES A STRAIGHT LINE TO THE OBSERVATION
BANT DATA.

UMYS, SUMZY, N, YCF(20) ,A,B,C

INTEGER IFLAG(20),YA,Z,22

COMMON/FLAG/IFLAG

CDHKJN/SL/SLOPE.YNTCPT.GAACF.FISA:F

COMMON/A/Gah ,PISE
COMMON/B/YA

Z=0

2.0

DO 30 1I=1,20
Y(I)=GAA(I)

Y(I)=1I-1
IF(I.GE.YA)GOTC 200
CONTINUE
IF(ITLAG(2) .EQ. 1) Z2Z=1
GOTO 4C

D 5C I=1,20
Y(I)~PISA(I)
X(I)=1-1
IF(I.GE.YR)GOTO 210
CONTINUE
IF(IFLAG(2) .NE. 1) 22=1
SUMX¥=0.0

SUMXS=0.0

SUMY=0.0

SUMYS=0.0

SUMXY=0.0

N=YA

DO 60 I=1,20

213
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36z
364
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36€
367
368
3€e°
370
3N
372
373
374
375
376
377
37e
379
3ge
381
382
383
384
385
386
387
386
389
390
391
392
393
394
395
39¢
397
39e
39@
400
401

402 -

403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
418
420

60
7C

170

13C

100

90

120
110

190
240

nooan

c

C TH

214

SUMX=SUKX+X (1)
SUMY.S=SUMES+ (X (1)) ##2
SUMY=SUMY+Y (1)
SUMYS=SUMYS+ (Y(I)) ##2
SUMY.Y=SUMXY+ (X (1) #Y (1))
IF(1.GE.YA)GOTO 70
CONTINUE |

YNTCPT= ( (SUMXS#SUMY) - (SUMX*SUMXY) ) / ( (N»SUMXS)

+= (SUMY) ##2)

A= ((N=SUMXY) - (SUMX*SUMY)) .
SLOPE=A/ ((N*SUMXS) - (SUMX) **2)

IF(2Z.NE. 1) GOTC 140

22=0

WRITE (6, 130) SLOPE, YNTCPT

WRITE(9, 130) SLOPE, YNTCPT

WRITE(?7, 130) SLOPE, YNTCPT

FORMAT(///,'The following straight line has been fitted',
+' TO THE OBSERVATION',//,'BAND DATA:',//,'SLOPE=',F16.5,
+//,' Y INTERCEPT=',F16.5) .

IF(Z.NE.0)GOTO 90

DO 100 1=1,20

YCF (I)=YNTCPT+ (SLOPE*X (1))
GAACF (1) =FLOAT (IFIX(YCF(I)+.5))
IF(1.GE.YA) GOTO 110

CONTINUE

GOTO 110

DO 120 I=1,20

YCF(1)=YNTCP?+ (SLOPE*X (1))
PISACF(I)=FLOAT (IFIX(YCF(I)+.5))
IF(I.GE.YA)GOTO 110

CONTINUE

IF(Z.NE.0)GOTO 190

2=1

GOTO 20

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SLGRPR

IS SUBROUTINE EXTENDS THE PLANT BALANCES INTO THE TRANSPARENT

C BAND USING EITHER A STATIONARY PROFILE OR A LINEAR PROFILE (WITH
C POSITIVE SLOPE.

c

REAL GAR(20),PISA(20),SLOPE, YNTCPT,GAACF (20)°, PISACF (20),
+GVALUE (100) ,GAG(100) ,PISG (100) ,SLOPEI, SLOPF,SLPIN
INTEGER IFLAG(20),YS1,YS,Y,II
COMMON/FLAG/IFLAG
COMMON/A/GAA,PISA
COMMON/SL/SLOPE , YNTCPT, GAACF, PISACF
COMMON/B/YA
COMMON/G/¥S
COMMON/I11/11
COMMON/Y/Y,P
COMMON/GEN/GARG,P1SG, YS!
COMMON/SLP/SLOPEI , SLOPF, SLPIN
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280
260

2o

2€°

120 .

140

150

160
170

100

180

190

200

210

230

220

250
240

-

COMMON/IP/IP
IF(Y.EZ.1)GOTC :2¢C
IF(IFLAG(3) .NE. 1)GCTC 280
SLOPEI=O.

SLOPF=0.

SLPIN=0.

WRITE(7,300)

WRITE(9, 300)

FORMAT (//, 'GROWTE PROFILE USED FOR TESTING IS 1')

GCTO 261
WEITE(6,260)

FORMAT(///, 'ENTER INITIAL SLOPE.FINAL SLOPE & INCREMENTAL SLOPE')

CALL FREAD(S, '3R
WRITE(7,310)
WRITE(9,310)

' ,SLOPEI, SLOPF,SLPIN)

FORMAT (//.'GROWTH PROFILE USED FOR TESTING IS 2')

IF(SLOPEI.LE. YNTCPT)G"T‘ 261
WRITE(6,270) YNTZPT

FORMAT (///, ' **ERROR ENCOUNTERED#*', //,'THE INITIAL',
' SLOPE SHOULD NOT BE MORE THAN',F1C.C,//,

GOTO 28C
SLOPE=SLOPEI
1F(IP.EC.0)SLOPE=SLOPE]
IF(IFLAG(2) .NE. 1)GOTO 150
IF(IFLAG(4) .EZ. 1) YNTCPT=GAACF (1)
IF(IFLAG(4) .EQ.2) YNTCPT=GAA (1)

_GOTO 166

IF(IFLAG(4) .ED. 1) YNTCPT=PISACF (1)
IF (IFLAG(4) .EC.2) YNTCPT=PISA(:) -
GCTO 160

IF(IFLAG(7) .NE.1)GOTO :0C
SLOPEI=~(YS)/ (INTCPT-0.C)
SLOPF=SLOPEI °

" SLPIN=0.0

SLOPE=SLOPEI
i1=0 ,

DC 18D 1=1,Y¥S

GVALUE (I)=YNTCPT+ (SLOPE* (0.0-FLOAT(1)))
J=1I

IF(GVALUE(Z) .LT.0)GOTO 190
CONTINUE

GOTO 202

YS1=J-1

I1=1

IF(II.EQ.1)N=YS1

IF(II.NE.1)N=YS

K=N

IF(IFLAG(2) .NE. 1)GOTO 220

DO '23C I=1,N
GAG(K)'FLOAT(IFIX(GV&LUE(I)‘.S))
PISG(K)=0.0

K=K-1

CONTINUE

GOTO 240

DO 250 I=1,N

PISG (K)=FLOAT (IFIX (GVALUE(I)+.5))
GAG(K)=0.0

K=K-1

CONTINUE

¥=1

'TRY AGA

IN')
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502
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504
505
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509
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514
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531
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539
540

0o

anoanon

2
3

aagaQanw

Ip=1
RETURN
END

SUBROUTINE GHAPIS N

THIS SUBROUTINE SIMULATES THE PLANT ADDITIONS USING THE PLANT
BALANCES GENERATED BY ONE OF THE GROWTH PROFILE SUBROUTINES.

80
40

0

REAL -GAA (£0) ,PISA(20) ,GAG (100) ,P15G(100) ,GA(120) ,APS (120),
+PI(120),GAACF(20) ,PISACF (20) ,SLOPS (10,5) ,ACSLP,ACREI,ACUI,
+PSURV (1395, 10) ,ACTSLP,CIC(S) ,RE1S(10.5) ,SEL(10,5,5) ,ERE(120)

INTEGER IFLAG(20),Y,P,ROW,COLMN,ACTCUR,ACTASL,ACTGRP,ASLT
+,ACASL,ACTES,ACTORB, CURS (10,5) ,ASLS(10,5) ,0BS(1C,5), YA, ¥S, YS!
+,ASLI,ASLF,II,CURVT,X,XX,ACTTBL

COMMON/FLAG/IFLAG

COMMON/A/GAA,PISA

COMMON/B/YA

COMMON/G/¥S

COMMON /GEN/GAG, P1SG, YS!

COMMON/11/11

COMMON/Y/Y,P

COMMON/CUT/ZURVT

COMMON/ASL/ASLI,ASLF

COMMON/SL/SLOPE, YNTCPT, GARCF , PISATF

COMMON/P/PSURV

COMMON/ACT/ACTCUR, ACTASL, ACTGRP, ACTSLP, ACTTEL

COMMON/ACDA/RCASL, ACTES, ACTOB, ACSLP,ACCI1,ACCI2,ACKCI1,ACMCIZ,
+ACREI,ACUT .

COMMON/OUT/CURS, ASLS ,0BS, SLOPS,REIS,SEL

COMMON/AT/ASLT

COMMON/SLP/SLOPEI,SLOPF,SLPIN

COMMON/H/MRXYS

COMMON /KL¥ /KLY, MK¥

IF(P.GT.1)GOTO 5

DO 15 1=1,120

APS (I)=0.0

ERE(I)=0.

CONTINUE

IF(II.EQ.1)N=¥S1+1

IF(I1.EQ.Q)N=¥S+1

IF(P.NE.1)GOTO 340

WRITE(6,280)N

FORMAT ('N1="',13)

J=N-1

DO 10 1I=1,J
PI(1)=FLOAT(IFIX(PISG(I)+.5))
CONTINUE

JX=J+YA

DO 20 I=N,120
PI(I)=PISA(I-J)

IF (1.GE.JX)GOTO 30
CONTINUE

CALCULATES THE PERCENT SURVIVING AT THE END OF THE TIRST YEAR
FOR THE PROPOSED NEW PLANT ADDITIONS.

216
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J

KHALF=IFIX (10C.*(C.5/FLOAT (ASLT))+0.5)
IF(KRHALF.ED.0)GCTS 140

NN=KHALF- (KHALF/10) %10
IF(NN)120,13C, 120

ROW=IFIY (KHALFY 10.)+ (CURVT~ 1) #45
COLMN=1C

GOTC 140 s
ROW= (CURVT~1) *45+ (KHALF/10)~1 ',
CCLMN=KHALF- (KHALF/10) %10

IF (KHALF.EQ.Q) PSUR=1.

IF (KHALF . NE. 0) PSUR=PSURY (ROW , COLMN)
DG 40 L=1,120

ALCULATES THE PLANT AﬁDITIONS FOR THE CURRENT YEAR =

~GA(L)-FLOAT(IFIX(((PI(L)-APS(L)*ERE(L))/PSUR)*.E))
FIRST=GA(L) R

K=l

DO 7C I=~1,120
IF(CURVT.NE.D)GOTC 50
IF(1.GE.ASLT)FRQ=0.0
IF(1.LT.ASLT)FRQ=1.0
GOTC &C

CALCULATES THE YEARLY SURVIVAL RATES OF THE NEW VINTAGE.

HT-IPIX(100.*((FLOA?(I)TO.S)/FLOAT(ASLT))*0.5)
IF(MT.ER.0)GOTO 350 '
¥11=¥T/ 0

M2=MT~10%M11

IF(X2.EQ.0)M2=10
IF(M2.EQ.10) K1 /=K 11—

M1=45% (CURVT=1)+¥ 11+
AVPS=FLOAT (IFIX (GA(L) *PSURV(¥1,%2)+.5))
GOTO 360

AVPS=GA (L)

APS (K= 1)=APS (K+1)+AVPS

ERE (K)=ERE (K) +FIRST~AVPS
FIRST=AVPS

K=K+1
IF((I.NE.J) .AND. (L.NE. 1)) GOTC 59
REI=1,-PSURV (¥1,M2)
IF(K.GT.JX)GOTO Bo

GOTO 70 -

AVPS=GA (L) #FRQ

APS (K+1)=APS (K+1) +AVPS
ERE(K)=ERE (K) +FIRST~AVPS
FIRST=AVPS

K=K+

IF(K.GT.JX)GOTO 80

CONTINUE .
IF(L.GE.JX)GOTO 90

GOTO 40

CONTINUE

PASUK=0.0

PASUMC=C.0

PESUM1=0.0

PESUM2=0.0 '

PSUM1=0.,0 -

PSUM2=0.0
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P1=C.0
A1=0.0
M= 1
IF(P.NE. 1)GOTO 300
WRITE(6,290)N
290  FORMAT('N2=',613)
300 DO 100 I=N,120
o4
C PERFORMS THE VARIOUS SUMMATIONS REQUIRED TO CALCULATE THE INDICES
c . .
PASUM=PASUM+GAR (M) ~
PASUMC=PASUMC+GAACF (X)
PESUM 1= (GA (1) =GAA (M) ) #%2+PESUM 1
PESUX2~ABS (GA (1) -GAA (M) ) +PESUNM2
PSUM 1= (Gh (I)~GAACF (X)) ®*2+PSUM 1
PSUM2=ABS (GA (1) ~GAACF (M) ) +PSUM2
R1=GAA (M) *%2+A1
P1=GA (I)**2+P1 .
Me=N+1
IF(M.GT.YA)GOTO 270
100 CONTINUE
270  IF(PESUM1.EQ.0.)GOTO 240
. IF(PESUM1.GT..0000001)GOTO 110
CIC(1)=1,/1000000.

CTO 260
240 CIC(1)=1./10000000.

GOTO 260
c .
C CALCUATES THE INDICES

110 cI1c(1)=1, /((PASUH/YA)/(SQRT(PESUH1/!A)))

260  CIC(2)=SQRT(PESUX1) /SCRT(A1)
CIC(3)=(PESUX2/YR) / (PASUM/YA)
CIC(4)~(PSUM2/YA)/ (PASUMC/YR)
CIC(S)’SQRT(PESUM!/!A)/(SQRT(AI/YA)+SQRT(P1/YA))
X=0
XX=C

c : .

C IF THE COMBINATION OF THE MORTALITY CHARACTERISTICS IS THE

C SAME AS THE ACTUAL COKBINATION, THE VALUES OF THE  INDICES

C AND THE OTHER PARAMETERS ARE RECORDED

c
IF (PESUM2.EQ.0.)CIC(3)=.000001
IF(PSUX2.EQ.0.)CIC(4)=.000001
IF ( (ACTCUR.EQ.CURVT) . AND. (ACTASL.EQ.ASLT) ) X=1

N IF ((X.EQ. 1) .AND. (ACTGRP.EQ. IFLAG(3)))X=2
IF ((X.EQ.2) .AND. (YS.EQ. ACTTBL) ) X=3
IF (X.NE.3)GOTO 190
IF((X.EQ.3) .AND. (SLOPE.EQ.ACTSLP) ) XX= 1
IF(XX.NE. 1) GOTO 190
X=0
ACCIi=1,/C1C(1)
ACCI2=CIC(2)
ACHCI1=CIC(3)
ACMCI2=CIC (4)
ACUI=CIC(5)
ACASL=ASLT
ACSLP=~SLOPE
ACTES=CURVT
ACTOB=N-1
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o

ACREI=REI
¥¥=0
P=p+!

C SELECTS THE NEWLY SELECTED COMBINATION OF THE MORTALITY

C CHARATTERISTICS IF THE VALUES OF THE INDICES PRODUCEC BY

C THE NEW COMBINATION ARE RETTER THAN THE ONES ALREADY SELECTED
C DURING PREVIOUS TRIALS

[of

210
200

nnonon

nnoaon

DC 200 L=1,5
R1=SEL(1,L,L)

R2=SEL(2,L,L)

R3=SEL(3,L,L)

R4=SEL(4,L.L)

R5=SEL (5,L,L)

RE=SEL(6,L,L)

R7=SEL(7,L,L)

R8=SEL(8.L,L) . -

R9=SEL (9,L.L)

R10=SEL(1C,L,L) .
S=AMAX1(R',R2.R3,R4,R5,R6,R7,RE,R9,R10) -
DO 210 I=1,10 '
IF(SEL(I,L,L).NE.S)GOTC 210

IF(CI1C(L) .GE.SEL(I,L,L))GOTO 210

CURS (I,L)=CURVT

ASLS(I,L)=ASLT

OBS(I,L)=N-1

SLOPS (1,L)=SLOPE .
REIS(I,L)=RE!

DO 220 K=1,5

SEL(I,K,L)=S1C(K)

© CONTINUE

GOTO 200
CONTINUE
CONTINUE
SLOPE=SLOPE“SLRIN
MLM=1

RETURN

END

SUBROUTINE PEGPR1

THIS SUBROUTINE EXTENDS THE PLANT BALANCES INTO THE TRANSPARENT
BANL USING Al EXPONENTIAL GROWTH PROFILE

REAL GAA(20),P1Sa(20),SLOPE, YNTCPT,GAARCF (20) , PISACF (20),
+GVALUE(100) ,GAG(100) ,PI5G(100) ,SLOPEI,SLOPF,SLPIN
INTEGER IFLAG(20),YS,Y,YA
COMKON/FLAG/IFLAG
COMMON/A/GAA,PISA
COMMON,/SL/SLOPE, YNTCPT, GAACF , PISACF
COMMON/B/ YA

COMMON/G/YS

CCMMON/Y/Y,P

' COMMON/II/I1
COMMON/GEN/GAG,P15G, YS1
COMMON/SLP/SLOPEI , SLOPF, SLPIN

219
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COMMON/IP/1IP
IF(Y.EZ.1)GOTO 20
WRITE(7, 100)
~ WRITE(9,100)
100 FORMAT(//,'GROWTH PROFILE USED FOR TESTING IS 3')
WRITE (6, 10)
10 FORMAT(///,'ENTER INITIAL GROWTE RATE (EXPONENTIAL), FINAL',
~'GROWTH RATE AND THE INCREMENTAL VALUE')
CALL FREAD(S, '3R:’,SLOPEI, SLOPF,SLPIN)
SLOPE=SLOPEI
20 IF(IP.EQ.0) SLOPE=SLOPEI
" IF(IFLAG(2).NE.1)GOTO 30
IF(IFLAG(4) .EQ. 1) YNTCPT=GAACF (1)
IF(IFLAG(4) .NE. 1) YNTCPT=GAA (1)

GCTO 40
30 IF(IFLAG(4) .EQ. 1) YNTCPT=PISACF (1) .

IF(IFLAG(4) .NE. 1) YNTCPT=PISA (1) -
40 I11=0

GVALUE (1) =YNTCPT/SLOPE
DG 50 I=2,YS
GVALUE(I)=GYALUE(I-1)/SLOPE /

50 CONTINUE -
¥=YS
IF(IFLAG(2) .NE.1)GOTO 60
DS 75 I=1,YS .
GAG(K) =FLOAT (IFIX (GVALUE(I)+.5))
FISG(K)=0.0 °
K=K=1

70 CONTINUE
YGCTO B0

8C DC 30 I=1,¥S
PISG(K)=FLOAT (IFIX(GVALUE(I)+.5))
GAG(K)=0.0 B
Ke=K-1

=le] CONTINUE

80 Ve
IP=}
RETURN
END .



10.
11.
12.
13.

14,

APPENDIX I11

N

Variables Used in the Monte Carlo Simu]afor

ASL - The average service life to be used for the

-simulation

.CFRQ - Iowa type cumulative retirement frequency

distribution Tturve.

CFRQD - Retirement fteguency distribution curve.
DSEEDYF Seed number used for the random numbe r
generation.

ERE - Expected retirements in the current year from all

~the vintages to date.

FRQCUM - Cumulative frequency distribution table of the
Iowa type curve.

GA - Plant additions.

NCURV -~ The type number of the curve to be used for the
simulation. .

NYRS -‘Number-of yearg for which the account is to be
simulated.

PIS - Plant in service (plant balance).

PSURV - Standard Iowa type survival tables..

RET - Vintage retirements. '

SLOPE - Growth rate of the plant account.

START - Starting value of the plant balance, ie., the

plant balance at the end of the first year of the
account. If the growth profile used is stationary, this
is the value at which the plant balance is to be held

stationary.

-

221



APPENDIX 1V

Computer Program of the Monte Carlo Simulator

222



tr N~ O WO N <1 ho(a .

223

REAL START,FRQCUM(:1325,10) ,PSURV(1395,10)
THIS IS THE MAIN PROGRAM OF THE. MONTE CARLC SIMULATOR. THIS
SECTION OF THE PROGRAM ASSIGNS THE INPUT ~:0 THE OUTPUT DEVICES,
READS THE INPUT PARAMETERS AND CALLS THE APPROPRIATE SUBROUTINE
TO SIMULATE THE PLANT ACCOUNT EITHER DETERMINISTICALLY OR

CETERMINISTICALLY

Y)Y 0Oy 00

INTEGER NYRS,NCURV,IFLAG(10),ASL
DOUBLE FREC:SION DSEED,X
COMMON/FRQ/FRQCUM

COMMON/FLAG/ IFLAG
COMMON/IN/START,NYRS, NCURV,ASL
COMMON/P/PSURV

COMMON/DS/DSEED, X

ohotn 4.

060

AN

ASSIGNS THE INPUT AND THE OUTPUT DEVICES

CTALL FTNCMD('ASSIGN 2~KRPR:ICURVE',20) . .
CALL FTNCMD('ASSIGN 3=KRPR:FRQCUM',20) '

CALL FTNCMD('ASSIGN 7=XRPR:MONTEOUT (*L+1)',28)

CALL FTNCMD('ASSIGN 8~KRPR:MONTEQUTU (*L+1)',29)

W R - O WD

R L VLR SO IR S R I R NI I S I S SN ]
D g th tu s

w W
U ) -0

ot o W
(52

ww 9

o g ou VO G101 1 b b d Dok b b
~ O UVDNOUVHWN QIO IRV L W =0

‘fnoaan

nan

-
(o N e}

10

60

130

0000

40
50

READS THE INPUT DATA

DO 10 I=1,1295
READ(3,20) (FRQCUM (1,J)

JJI=1,10)

"READ(2,20) (PSURV(I1,J),3=1,10)

FORMAT(10F11.6)
CONTINUE
X=624.

CALL FREAD(5,
MNUM=MNUM-1

CONTINUE

IFLAG(3)=0
MNUM=MNUM+ 1

"I’ MNUM)

CALL FREAD(5,'I:',IFLAG(1))

CALL FREAD(S,
CALL FREAD(S,
J=IFLAG(1)
WRITE(7,60)
WRITE(8,60)

FORMAT (' 1", " ARk r ke an e h ek ko kk Rk kAR ARAA IR AR AR AR A kXA A hAk ')

WRITE(8, 130) MNUK
WRITE(7, 130) KNUK

"1R: ', START)
'31:',NYRS,NCURV,ASL)

FORMAT(///,3X, 'MODEL NUKBER=',kI4)

GCT0(30,40) ,J
CALL DETRMN

GOTO S0 L
CALL PRBLST
CONTINUE

STOP

END e

CALLS THE APPROPRIATE SUBROUTINE TO SIMULATE THE ACCOUNT
EZITHER DETERMINISTICALLY, OR STOCHASTICALLY
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SUBROUTINE DETRMN »

Do
3 INTEGER IFLAG(10) .
£4 COMMON/FLAG/ IFLAG
£z C
6E C THIS SUBROUTINE SIMULATES THE PLANT ACCOUNTS DETERMINISTICALL
67 c .
68 ChRLL FREAD(5,’'I:',IFLAG(2))
€¢ J=IFLAG(2) .
76 WRITE(8,50)
7 WRITE(7,59)
72 50 FORMAT(////, 'DETERMINISTIC DATA GENERATION')
72 c
e C CALLS THE SUBROUTINE TC CALCULATE THE PLANT BALANCES AS PER
7z C THE SPECIFIED GROWTE PROFILE
"€ c .
~- ) GOTO(10,10,20) .3
7€ 10 CALL SLGRP!
ye GOTO 40
gc 20 CALL PEGP11 : .
e ' GCTC 40 ) . ‘
52 40 CONTINUE
83 c : . ‘ o
8+ C CALLS THE SUBROUTINE TC SIMULATE THE PLANT ADRITIONS AND
8s C RETIREMENTS TO MMAINTAIN THE REDQUIRED PLANT BALANCES
gs c ) .
g” CALL SIMLT: +
86 RETURN
85 END -
ac c
91 c~_
92 c
52 c
94 SUBROUTINE SLGRP!
2% C
9e C THIS SUBROUTINE CALCULATES THE PLANT BALANCES TO CONFORN EITHER
S C TG A STATIONARY PROFILE OR B L-NLAR GROWTH PROFILE (WITH
o€ C POSITIVE SLOPE).
ae of o :
100 . REAL START, SLOPE,PIS(60)
2 INTEGER IFLAG(10),NYRS,NCURV,ASL ]
152 COMMON/FLAG/IFLAG .
103 COMMON/ IN/START,NYRS, NCURV, ASL ‘ . .
104 COMMON/P1S/PIS .
108 IF(IFLAG(2) .ED.1)GOTO 10~ ¢
106 ) CALL FREAD(S, '1R:',SLOPE)
107 : GCTO 30
108 . 10 SLOPE=0.0
103 30 © CONTINUE
e M=0
111 DO 40 I=1, NYRS
12 . PIS(I)-FLOAT(IFIX((STAR**SLOPE*H)* 5))
13 ' MM+
114 40 CONTINUE
118 WRITE (8, 50)
116 WRITE(7,50) :
117 50 FORMAT(//, 'THE INPUT VARIALBLES OF THE CURVE ARE:')
11 . " WRITE(S8, so)sTAhT NYRS,NCURV, ASL,SLOPE
19 - ’ WRITE(7,60)START,NYRS, NCURV,ASL,SLOPE
120 60  FORMAT(//,'THE GROWTH PROFILE USED IS LINEAR',//.

21 7 +'START VALUE=',F9.0,5X, 'TOTAL # YRS=',14,5X, 'CURVE NUMBER='

.
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*.iILENL.ASLe' 13,5, SLOPE~" F:.3)
RETURY ’
ENT
c
. o
126 c
ed= SUBRZUTINE PEGP!:
130 c .
13 C THIS SUSROUTINE GENERATE BRLANCES TC ZONFORK TO AN
132 C EXPONENTIAL GROWTK PROT
133 c
134 REAL START,GRRT,PIS(60)
i35 INTEGER IFLAG(1!0) ,NYRS,NCURV,ASL . .
¢ COMMON/FLAG/IFLAG
t37 COMMON/IN/START NYRS,NCURV,ASL
138 COMMON/FIS/P1S ’ : .
132 CALL FRERD(S,''R:',GRRT)
1ac PIS(1)=START .
te DS 20 I=Z.NYRS
142 PIS(I)=FLOAT(IFIX((PIS(I-:)*GRRT)*.5))
143 2C CONTINUE
144 WRITE(6,30)
145 WRITE(7,392)
14¢ 3C . FORMAT(//,'THE INPUT VARIR2LES OF THE CYRVE ARE')
147 WRITE(8,40)START,NYRS,NCURV,ASL, GRRT
148 WRITE(7,40)START, YRS, NCURV, ASL. GRR
149 4G FORMAT(//,'THE GROWTH PRCFILE USEC IS PCSITIVE EXPONENTIAL®,
150 =’ = TYPE 1',//,'STAET VALLE=',FS.C,S5X, TOTAL f OF YRS=',I4,51.
151 ~'CURVE NUMBER=',IX.5%, ASL=', 12, 5, GROWTE RATE~'.F7.3)
152 RETURN
153 ENC .
154 o
155 C
156 c .
157 c 7
'SE SUBROUTINE SIKLT:
152 c .-
1E0 C THIS SUBROUTINE SIMULATES THE FLANT ADDITIONS AND RETIREMENTS
16" C TC SATISFY THE REQUIREL GROWTH PROFILE AND THE GROWTH RATE \
162 c
182 RERL START.PSURV('39%,:10),GAA(60),FIS(80).SUM(60)
164 : ~.Gh(60) ,RET(60) .RETR(60) , ERE(100)
1€5 INTEGER IFLAG(10) ,NYRS,NCURV,ASL,ASLT,ROW.COLMN,CURVT
166 COKMMON/FLAG/IFLAG
167 CO¥MON/F/PSURV
168 COMKON/IN/START.NYRS,NCURV, ASL
1€9 COMMON/PIS/PIS
170 ~po~1t I=1,60 ! .
171 SUMW ) =0. NS
T2 RET(N=0f0
173 10 CONTIUE
174 DO 2007 I=1,100
175 . . ERE(I)=0.
176 200 CONTINUE
177 CURVT=NCURV
178 ASLT=ASL
79 " ¢ . :
180 C CALCULATES THE PERCENT SURVIVING AT THE END OF THE FIRST
181 C YEAR OF INSTALLATION

e
TR
Xyl
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FHALF=IFIY (102.%(.5/FLOAT(ASLT))+.5)
NN=KHALF- (KHALF/10)» 10
IF(NN)2C.3C,20
3z ROW=IFIX(KHALF/1C.)* (CURVT-1) #4¢%
COLMN=10
GOTC 4C ,
0 ROW= (CURVT=1) #45+ (KHALF/10) 1
COLMN=FHALF- (KHALF/10) *10
&C IF (KHALF.EJ.0)PSUR=1.,
IF(FHALF.NE.Q) PSUR=PSURYV (ROW, COLMN)
DC 5C I=1,60

CRLCULATES THEZ FLANT ADDITIONS

0ty ()

GA(I)~FLOAT (IFIX(((PIS(I)-SUM(I)-ERE(i})/PSUR)+.5))
K=

FIRST=GA(I)

DC 60 J=1,60

¥T=ITIY (10C. = ((FLOAT(J)-.5) /FLOAT(ASLT))~.5)
M1i=¥T/ac

K2=MT-10%M1}

IF(M2.EQ.0)K2=10

IF(¥2.EQ.10) M1 1=K 1=

¥ w555 (ZURVT= 1)+ M1+

AVPS=FLOAT (IFIX ((GR(1)*PSURV(K1,K2))~.3))
sun(x¢1)-sux(x+1)*Avps

CALTZULATES THE VINTAGE RETIREMENTS

QN

RET(J)=FIRST-AVPS
ERE (K) =ERE (K) +RET (J) ,
FIRST=AVPS
K=¥=1
N=J.
IF{AVES.EC.C.)G2TGC 70
6C CONTINUE

~
~

C PRINT™ THE ADDITIONS, RETIREMENTS AND THE PLANT BALANCES
C FOR TnaT YEAR

c

70 WRITE(7,80)I,GA(I),ERE(I).PIS(I)

89 FORKAT(////, 'YEAR',13,10X, 'GROSS ADDITIONS=' FS.0,10%,
~'RETIREMENTS=',F39.0, 10X, "PLANT BALANCE=' F9.0)
RETR (1) ~ERE(I)

L=1

Li=L+1 :

L2=L+2 ,

~

C PRINTS THE VINTAGE RETIREMENTS

c v

WRITE(7, 160)
160  FORMAT(//, 'VINTAGE RETIREMENTS:',/)
DO 100 M=1,20
WRITE(7, QO)L RET(L),L1, RET(LI) L2, RET(LZ)
IF(L2.GE.N)GOTO 110
L=L+3 N
Li=L+1
L2=L+2
100 CONTINUE
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301

ac FORMAT (3%,3(C" (',12,") .F9.0,15X))
10 CONTINUE
IF(I.GE.NYRS)GOTO 12C
50 CONTINUE
120 WRITE(8B, 150)
WRITE(7,151)

SRINTS THE SUMMARY OF THE SIMULATED ACCOUNT

0 an

DL 140 I=1/NYRS .
WRITE (€, 130) I,GA(I) ,RETR(I) ,PIS(I)
RITE(7,130)1,GA(1),RETR(I) ,PIS(I)
130 FORMAT(2X,13,10%,F9.0,8X;F14.0,9X,F9.0)
146 CONTINUE

227

15C FORMAT(////. YERR',SX, PLANT ADDITIONS',SX, 'PLANT RETIREMENTS'

+.5X. 'PLANT BALANCES')

, 5%, 'PLANT RETIREKEKTS'

151 FORMAT('t'',/,'YEAR',5¥, PLANT ADDITIONS'

+,5X, 'PLANT BALANCES')

RETURN

END
C
c
C
c .

SUBROUTINE PRBLST
c
¢ THIS SUBROUTINE SIMULATES THE PLANT ATCOURT STOCHASTICALLY
c .

INTEGER IFLAG(10)
COMMON/FLAG/IFLAG .
CALL FREAD(S,'I:',IFLAG(Z))
J=I1FLAG(2)

WRITE (8,50}

WRITE(7,50) .
50 FORMAT(////.' STOCHASTIC DATA GENERATION')
c
C CALLS THE APPROPRIATE SUBROUTINE TO CALCULATE THE PLANT
c BALANCES AS PER THE SPECIFIED GROWTH PROFILE
- .

GoTo(10,10,20),J

10 CALL SLGRP!
GOTO 40

20  CALL PEGP!)
GOTO 40

40 CONTINUE

~
-

¢ PLANT ADDITIONS AND THE PLANT BALANCES
o)
CALL SIMLT2

RETURN
END
Cc
C
Cc
(o
SUBROUTINE SIMLT2
C

C CALLS THE SUBROUTINE TO STOCHASTICALLY SIMULATE THE RETIREMENTS,

C THIS SUBROUTINE STOCHASTICALLY SIMULATES THE PLANT ADDITIONS,

C PLANT RETIREMENTS AND THE PLANT BALANCES.
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REAL PIS(60).CFRQ(100),R{ 70l 1) . GL(6C) .SUMM(100) ,REL100)

« . RET(100) , FRQZUM(1395,1C) . "RE(100),CFRRD(100),C(101)

INTEGER IFLAG(1C) NYRS.NCURV,ASL,ASLT,CURVT

DOUYBLE PRECISION DSEEL,

COMMON/FLAG/ IFLAG

COMMON/DS/DSEED. Y.

COMMON/IN/START,NYRS,NCURV . ASL ]

COMMON/PIS/PIS

COMMON/FRQ/FRZCUK

CRLL FREAD(S,'R:',DSEED) T

IF(DSEEC.LE.1.) DSEED~Y.

WRITE(7, 15)DSEED

WRITE(8, 15)DSEED

15 FORMAT (//, 'SEED NUMBER USED~'.F1€.4)
ASLT=ASL
N "\] '
CURVT=NCZURV
DC 300 I=t,10°
SLI)=C.

30C  CONTINUE

D5 10 I=i, 100

CALCULATES THEZ RETIREMENT FREQUENCY

¥T=IFIX(100.# ((FLOAT(I)-.5)/FLOAT(ASLT))~.5)
M11=MT/10
M2=MT—10%¥ 11
IF(M2.EC.0)K2~=:0
IF(M2.EG.10) K1 1=M11-)
IF(M11.GT.44)GOT5 20
M1=45% (CURVT=1)+M 11+
CFRQ(I)=~FRQCUM (M3 ,K2)
C{(1+1)=CFRQ(Z)
CFRQD(I)=CFRZ(I)-C(1)
N=N=1

e CONTINUE

20 CONTINUE
DO 90 I=1,100
SUMM(I)=C.0

_ RE(1)=0.0
ERE(1)=C.
90 CONTINUE
FISS=C.0
DO 30 I=1,60
MM=1
SUK=0.
C
C CALCULATES THE PLANT ADDITIONS
c
GA(I)=FLOAT (IFIX((PIS(I)-PISS+ERE(I))/(1.-CFRQ(1))+.5))
KK=I1FIX(GA(I))
c

C CALLS THE SUBRCUTINE TO GENERATE THE RANDOM NUKMBERS
c .

CALL RANDOM (KK,R)

K¥K=IFIX(GA(I))

DO SO L=1,60

RET (L) =0.
50 CONTINUE
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CALTULATES THE VINTAGE RETIREMENTS

DC 40 J=1 k¥

DO 60 L=1.N

-

IF(R(J).LE.CFRZ(L))GOTO 70

TONTINUE

PET(LLY=RET(LL)+1.

CONTINUE

DO B0 L=1,60

SUM=SUM+RET(L)

SUMM (MM) =SUMK (MM) «GA (1) -SUN

RE(MM)=RE (MM) +RET (L)

IF (MK .GE.NYRS)GOTO 210

ME=MM~1

CONTINUE
C  CONTINUE

I1=1

D2 227 L=1,N

ERE(II)=FLOAT(IFIX((GA(I)*CFRQD(L))=.5))+ERE(II)

I1=11+1
0  CONTINUE
PISS=SUMM(I)

PRINTS THE PLANT ACTOUNT TRANSACTIONS OF THAT YEAR

WRITE(7,100)1,GA(1) ,RE(1),SUMM(I)

0  FORMAT(////,'YEAR',13,10X, 'GROSS ADDITIONS=',FS.0, 0%,

+"'RETIREMENTS=',F9.0, 10¥, 'PLANT BALANCE=',FS.0)
L=1 .
Li=Li+1
L2=1+2"
S=C.
PRINTS THE VINTAGE RETIREMENTS -

WRITE(7,110)

DO 120 J=1,20
S=S+RET(L)+RET (L1)+RET(L2)

FORMAT(//, 'VINTAGE RETIREMENTS:',/)

WRITE(7,130)L,RET(L),L1,RET(L1),L2,RET(L2)

0 FORMAT(3X,3('(',12,')',F9.0,15X))
IF(S.GE.GA(I))GOTO 140
L=L+3
Li=L+1
L2=L+2

0 CONTINUE

140 CONTINUE

30

IF(1.GE.NYRS)GOTO 150
CONTINUE

150 CONTINUE

. WRITE(7,161)
160  FORMAT(////,'YEAR',SX,'PLANT ADDITIONS'
+5X, 'PLANT BALANCES')
161

WRITE(8, 160)

+5X, 'PLANT BALANCES')
DO 170 I=1,60
WRITE(8,180)1,GA(I) ,RE(I),SUMM (1)

,5X, 'PLA)ﬁf RETIREMENTS'

FCRKAT('1',/, 'YEAR',SX, ' PLANT ADDITIONS',S5X, 'PLANT RETIREMENTS',
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WRITE(7,180)1,GA(I) ,RE(1) ,SUMM(])

180 FORMET('%.13,9%.F9.0,13%,F3.C, 10X,F2.0)

aa0an

aaoan

naoaoagan

IF(:.GE.NYRS)GOTO 200
CONTINUE o

7C
200 CONTINUE

RETURN
END

SUBROUTINE RANDOH (KK,R)

THIS SUBROUTINE GENERATES THE RANDOY NUMBERS REQUIRED FOR THE
SIMULRTION
REAL R(KK) ) i
DOUBLE PRECISION DSEED,X
COMMON/DS/DSEED, X

GGUBS IS A SUBROUTINE AVAILABLE ON THE SYSTEM LIBRARY
(*IMSLLIB) . IT GENERATES UNIFORMLY DISTRIBUTED RANDOX NUMBERS
IN THE RANGE CF C TO 1

CALL GGUBS (DSEED,KK,R)

X=DSEED

RETURN .
END :

—
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APPENDIX V

Number ing of Iowa Curves

Iowa Curve Type \ : N'umber Used.
LO - o1
L0.5 - 02
L1 . | 03
L1.5 04
L2 | ‘ 05
L3- | 06
L4 o . 07
L5 08
S(-0.5) - | 09
S0 : \' ] 10
S0.5 ' ~ 11
S1 | | 12
S1.5 ' ' ' 13
s2 ‘ 14
s3 o - 15
sa . ‘ 16
S5 : : 17
S6 : - 18
RO.5 o | , 19
R1 . | 20
R1.5 | ' 21
R2 » ™ ' 22
R2.5 ) : : 23
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R3
R4
R5
01
02
03
04

05

24
25
26
27
28
29
30

31
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