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Introduction

The continuation of this project has taken a number of quite specific
directions which are confained‘in the separate sections of this interim
report. The four major work areas are: (a) pilot inter-firm comparison;
(b) data methodology, documentation and collection; (c) regulation and
policy; and (d) management uses.

In section 6ne, the pilot inter-firm comparison is discussed. In
this study, we are using publicly available data to compare firms' efficiency.
With the cooperation of companies, we have é]arified the differences in
their current data. In the comparison, we have tried to isolate some of the
differences betwéen the companies by selecting alternative output and input
definitions and measures. In addition, we have considered the usefulness
of alternative methods of comparison.

The second section describes our efforts to imp]ement the groundwork
from last year's final report. This has been done in three stages. First,
we havée documented the current data methodology of the companies partﬁci—'
pating in our pi]ot‘project. This has permitted a much niore intei]igeht
interpretation of the pilot project results: The difficulties and possibili-
ties of improving this existing data have been discussed extensively.- de
stages of data development were considered. An "interim" data base was
designed which we hoped could be used in this year's pilot project. It
will not be possible to fully incorporate this new data into our pilot
study. Some of the data cannot be produéed and seﬁt to us in time for full
scale use. However the portion that has been produced-has assisted us in
understanding the companies' performances. Our final task in this area

was to specify the appropriate methodology appropriate for the Tong run



development of a data base éuitab1e for internal and external efficiency
measures. | |

Section three-describes our efforts to eva]uéte fhe interaction of
efficiency performance and measurement with regu]afion and policy making.
We are in the process of (i) reviewing recent regu]atory comménfary on
efficiency measurement, (11) evaluating the impact of major regulatory
decisions on efficinecy (i111) deriving analytic results for regulatory
impact (iv) attempting to quantify the. impact of regulation ﬁnd (v) investi-
gating "incentive" regulatoin including rate adjustment clauses.

The final section defails our e%forts in developing internal uses
of efficiency measurement. Progress.in this direction has pértia]Ty been
achieved through contact and discussion with the companies. In our written
work we have extended the previous analysis in two directions. If eff%ciency
analysis is integral to the decision-making within a firm it must be coordin-
ated with existing budgetary, planning and control functions. Our work
approaches this task through a more detailed analysis ofldisaggregated
efficiency analysis within the firm and an extended ana]jsfs of the relation-
ship between the aggregate Tevel of efficiency, rate of return and profit-

ability of the firm in planning.




I.

INTER-FIRM COMPARISON

(a) An Interpretation of ‘Alternative Methods of
Comparing the Efficiency of Firms



Introductiqn

This brief report is intended to be a non-technical intreduction to
the comparison of firms' efficiency. In particular, the development of
new methods which we will be using in our telecommunications study are

discussed. There are two broad approaches to comparative efficiency. The

accounting method attempts to derive from data on the prices-éhd quantities

of inputs and outﬁuts a measure of relative efficiency. The simplicity
of this method makes it very appéa]ing and it will undoubtedly be wide]jI
used. Properly understood these methods can be.vefy_he]pfu] and our dis-
cussion will concentrate oﬁ-these methods. |

'The alternative approach requires Much more information but holds
out the potential of a far richer interpretation and ubderstanding.‘ If
sufficient data is available, statistical procedures exist which will per-
mit the estimation of the production technology of the firm. With these
statistical results comparisons are possibie which are more diverse than
those available from the accounting procedure. 'The difficulties with this
method are rooted in the veracity, sensitivity and ré]i&bi]ity_df the econo-
metric results. Since these are not specifically problems associated wifh
comparing efficiency levels and there is a very large literature associated

with these problems, we can not discuss these problems here.



The Production Technology

Underlying any method of measuring productivity are some implicit
or explicit assumptions about the production technology. This technology-

can be represented by either a production function or a cost function.

The production function is a construct that represents in abstract fashion
the simple ideas that (1) outputs can not be produced without inputs,

(2) different input bundles permit you to produce different output bundles

~ (3) the same output bundle may be prdduced'by different input bundles

(and vice versa) and (4) for any input bundle, there is an upper Timit
to how much of any output(s) can be produced.

Measures of productivity or efficiency are related to the production
technology in several ways. First,all efficiency meésures involve a compari-

son of the output level produced relative to the inputs used. Therefore

‘these measures are concerned with the relationship between the volume of

output that firms can produce with various input bundles. This is obviously
related to the production technology. More formal relations can be developed
by noting that any particu1ar efficiency measure implies some assumptions
about the production technology. We know for example that the use of a
particular index number formula implies that the production technology must
have a particular form. Often the particular form of the technology can be
written down explicitly although this need not be true for our argument.
Similarly efficiency formulas that use only an incomplete list of inputs
or reduce output to value-added can be interpreted as imp]yingASpecific
restrictions on -the technology in the 1atter.case and implicit assumptions
about the role of other inputs in the former case.

The production technology provides a framework to interpret all work
on productivity. We will retain it throughout this discussion since with-

out this structure very 1ittle can be said about the measurement of efficiency.

-~




Comparing Firms
Suppose we knew the production function (or cost function) for

each firm. Algebraically we can represent these functions by,

Q; = f; (K,L) i - indexes the firm
where output Q is produced using inputs capital (K) and Tabour (L).
Select any input bundle X0 = (KO’ LO) and calculate

'_Lo) y

for all firms. A particular firm 1"wili be more efficient than firm
j if QiO > QjO . That is the more efficient firm i produces more out-
put for a given input bundle thén the other firm Jj . For any number of
firms one can rank the firms using this procedure. If desirable, the pro-
portional difference in the output levels between any two firms may be
defined as the relative efficiency level. An index can be constructed by
choosing any single firm as having an efficfency level of 100 and all other
firms can be compared to this firm.

vNotice'carefu]]y that we chose a particular input bundle >X0 for
the comparison. Is the comparative ranking independent 6f this choice?
In general the answer 'is no, although many methods imp]iéitly assume the
opposite.” The methods we prefer permit the answer to depend on the input
bundle chosen. While this complicates the comparison it is a desirable
feature. Some firms may be more efficient than others for some input
bundles and_not-for others. This is a sensib1e poss1bi1i£y that we do not
wish to eliminate. To illustrate this situation, consider Figure 1. Out-

put is produced with Tabour only in this two dimensional example. Firm Two




is more efficient at input Tevels less than H while Firm One is more
efficient at higher input Tevels. While the geometry becomes complex,

the extension to more outputs and inputs can be done algebraically.
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Figure 1

If we want to use cost functions, a similar procedure must be used.
Assuming that we know the cost functions, gi(wK, W, Q) for each firm,
choose a particular set of input prices Weor Yo and output Tevel QO

and calculate
S0 = 9i(Wko2 ¥oe Q)

for each firm. The firm with the JTowest cost is most efficient. The
remarks made about the input ve;tor, X0 » pertain here to the input prices
ij and output Tlevel, Qd .

Providéd-wehaVe enough“ihfbrmation on the technology, our general
methodology is very simple, At any specified input bundle, the firms output
level produced from those inputs is compared. The efficiency ranking and'1éve1s
may be different for different input bundles. We do not have all the required

information and most of our efforts must be directed towards using the Timited

information available.




Two broad types of methods can be distihguished.. First, there is
the index ﬁumber or accounting method on which we will concentrate here.
Second there is the econometric method which we will only br1ef1y d1scuss

The econometr1c method requires a sufficient quant1ty of qual1ty |
data .to permit the estimation of the production and/or cost function. With
these estimates, one can direct1y<ca}cu1ate the comparisons dfscuesed above,
There are a number of difficulties in obtaining the'eétimafeseof the tech-
nology. These will not be discussed at this stage of our work. When this
method is used a discussion of any problems will be included.

The accounting method requires that we extract from - 1imited informa-
tion a measure of relative efficieney without knowing the complete produc-
tion technology. With thisvmethod there is no requirement that we know the
details of the production function. How are we goiﬁg to attain a comparison.
without knowing the specific fechno]ogy of the firms?

The accounting method, we prefer can now be outlined. The basic

requirement is that we must be able to measure the relative efficiency of the

firms using on1y_data on the quantities and prices of the inputs used and
outputs produced. This is a relatively weak data base but we wish to elim-
inate the necessity of complex statistical procedures or a reliance onlother
peoples estimates. The teChnology of any firm is to be approximated by a
second-order approximation. As noted above, all methods must make some
implicit or.explicit assumption‘about the production technology. In this
case, we will assume that a second order approximation to the true unknown
technology is adequate. This does not presume a knowledge of the exact
function, only the general type of second order function which can approxi-

mate any true unknown technology to the second order. In particu1ar; an




approximation in the Togarithms of the outputs and inputs will be.uéed~in the
case of production function. There are specific reasons for these decisions.
The second-roder approximation is used because it will not be possible to use
the Timited data available with a higher order»approximation. In fact we
will use a quadratic function as the second-order approximation.. This 1is
also required by the limited data as we will explain more comp]éte]y.be1ow.'
The choice of the 1ogarithm1c form is not necessary but it has one major
advantage. We will be able to directly 1ink our method to the most prevalent
measure of productivity and.to the pioneering method of measuring intra- |
firm efficiency. However for some purposes one may wish to give up these
links.

| The next few pages may be excessive]y techhica] for some readers.
However it is suggested that the algebra be omitted ahd the text read in
-order to perceive in non-technical terms our procedures. Assume that the
technology of the firm can be approximated by a quadratic form in the
lTogarithms of the variables of the cost or production function. In this
case, Diewert's quadratic Lemma proves that the difference in the Togarithm
of output between two firms can be expressed exactly as a weighted sum of
the differences in the logarithms of the inﬁuts and a term which Wé will
interbret as the difference in the productﬁvity level between firms.

Let the production function for all firms be written

Q0 = (K, L, D) | O

where D 1is a discrete variable indexing the firm. This representation
restricts the differences in the approximation to each firm's technology.
That is each firm's technology is approximated by a function which can be

completely different for each firm. This is required for our method and a




‘ similar restriction is required for any accounting method.

The Quadratic Approximation Lemma States that

Tog Q' - Tog Q7 = -u[fy + £31[0" - D']

+ 5fy + F1lTog K' - Tog KT
+5[f, + f)1010g LT - Tog L] (@)

where f; js the partial derivative of the production function with res-
pect to the z-th argument evaluated at the i-th firms input vector.
The approximation to the production technology must be gquadratic
if equation (2) is to hold. The key property of (1) which requires the quad-
. ratic assumption is the presence of only first.order dém’vatives. If non-
quadratic approximations are used then the correct replacement for (2) will
“involve terms which include the second order derivatives of the production.
function. These second order derivatives are related to the curvature of
the production function and consequently to the prices e]asticifies of
factor demand. Un]éss one knows the price elasticities, which is very
.un11ke1y, it will not be possible to use accounting methods with expressions
~that include these second order derivatives. Since we cannot see‘any
reasonable possibility of including more complex information requirements,
the quadratic assumption is strongly recommended as a practfca] necessity. -
The differences in the firms inputs and technology are weighted
by the average_bf the first order derivatives. For the accounting method
we must reiate these derivatives to observable data. In thé Togarithmic

. case these are the shares of the inputs in total cost under the assumption



that firms.minimize costs in competitive markets. If one did not make the
logarithmic assumption then one would find that these weights are not thé
average shares. In that case one might or might not be able to relate the
weights to observable data. It will depend on the particular case. One
must.be careful not to choose some alternative to the Togarithmic case
which is impossible to apply with observations on only the prices and
quantities of inputs and outputs.

In the logarithmic case, equation (2), the assumptions of constant
returns to scale and compeﬁitive markets will pefmit us ﬁo rewrite the

expression
Tog 9' - Tog 01 = 0" 4 ys, + sel[1og K' - Tog k']

+

Yy

[s| + s/1[Tog L' - 10g L] , S (3)
where SL is the cost share of input h in firm i and 0.4 is the

raw measure of the efficiency differentia] between firms 1 and j . To
provide an easier interpretation of the efficiency diffekent1a1, we prefer

to define

)

E.. = exp (613

1J

The transformation to Eij permits us to make the following 1nterprgtation.
The efficiency differential, E%j » is the output Tevel ip firm i rg]ative
to that in firm j after accounting for differences in the levels of inputs
used by the tWO.fTYmS.

Recall that in the beginning we stated thét we wished to consider

the output Tevels produced by each firm with a given input bundle XO .

Our actual observations on input bundles are unlikely to be identical. To




adjust for differences in the input levels across firms, some of the
observed differenées in the output 1eve1$ are attributed'to the observed
differences in the input levels. It is not possible. to combare the firms
at identical input quantities unless we know the'barticular‘techhology of
fhe firm. Our method 1s an alternative which states that for certain’-
classes of techﬁo]ogies we knbw exactly how differences in output levels
must be allocated between efficiency differences and differences in the

~quantities of inputs.



Alternative Methods

Since the procedure we Have been discussing has only recently been
developed, I will consider the alternatives that have often been apﬁ]ied.
It is possible to argue that there has only been one alternative measure
although it has been applied in a number of variatioris. The major studieé
by'Gilbért and Kravis (1954), Gilbert et. al. (1958) and Kravis‘eﬁ. al.
(1975, 1978) have used variants of this methodology. In Canada, compari-
sons of the U.S. and Canada have also used this method, West (1971), and
Walters ( . ).

It will be useful to define a revenue‘function,>.R(p,X) » where
p= (p1,...pn) and X = (X1""Xm) are vectors of outpﬁt-prices and
input quantifies. The revenue function ié_defined as the maximum'reVenﬁe.
that a producer can obtain at output prices, P when using input quanti-
ties, X . For example, if we observe a firm which produces 'Qi outputs
which it sells at prices P then R(b,X) = Z piQi . This assumes that
firms attempt to maximize revenue in the;mark;ts in which they sell.

Consider an efficiency comparison between two firms. Eacﬁlfirm
is observed to produce outputs Qg which are sold at prices, pg where
j=1,2 andAindexes the firms. Suﬁpose we want to compare efficiently

(LP). measured as aggregate output (QJ) per‘manhouk_(LJ)..

How are we
going to aggregate outputs for each firm? A common procedure is to aggregate
outputs for each firm using both the output prices of the other firm and
its own prices. Define QE',

k

Qs

— k j . O . ‘ - '
;= 2}:31-‘01- ; i=12; k=12 .

This will provide the basis for two productivity comparisons,
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Firm Oné's Prices: LP} = Q}/L] VS LP; = Q;/L2
Firm Two's Prices: LP? Q?/L] VS LP2 = Qg/L2

where the first pair use firm one's price‘weights aﬁd the second pair firm
two's price weights. Is it possible to interpret these résd1t§ to provide
'some understanding of what they mean? | A |
Consider the output aggregates Q} and Qg . These can be inter-
preted as R](p1,X]) ana RZ(pZ,XZ) s fhe revenue functions for firms one
and two evaluated at their-actual outbutlprices and input quantities. The
output aggregates Q? and Q; are ' not equal to any revenue function but

do satisfy the following inequalities,

¢ < R (o%x)

1

Qz Rz(p] :XZ)

A

These inequalities. must hd]d since in 6alcu1ating Q? for exampTe; firml
tWo's prices are used to aggregate firm one's observed outputs. “However
if firm one actually had the opportunity to sell at firm fwb's prices, ‘it
would probably choose a different output vector than the actual observed

output vector- chosen at the actual prices for firm one. Given the defini-

tion of the revenue function, 'R'(bz,x]) must be the maximum revenue attain-

1
able at these output prices and input quantities. ~Consequently it must

be at Teast as large as Q? .

1

Rewrite the first comparison, LP} VS LP2 » @s

Ry(pl XL vs /L% < Ry (0! K82
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Using firm one's prices we have aggregated the output of both firms and

dividéd'By the respective Tabour input quantities. Firm two will do rela-
tively pobr]y in this comparison since Q;.i Rz(p],xz)

that it 15 the unobserved R2(p],X2)

I would argue

put. Since it is not unobserved it is replaced with Q; which is pro-
bably. smaller. .The relative'perfOrmance of the firm whose prices are ﬁot
used will be underestimated by this method.

The other comparison, at firm two's prices has similar problems
associated with the underestimate of firm one's efficiency when evaluated
at firm two's prices. = - | | |

" A possible conc1u$10n might Be based on thé fo]]owing argument.

Suppose firm one is more efficient when both its own prices and firm two's

prices are used as weights. . Can we conclude that firm one is more efficient?

At firm two's prices, firm one's performance is underestimated. If it is
more efficient as measured then it certainly musf be more efficient when
correctly measured at these prices. However the bias goes against firm
two when firm one's prices are used. Consequently even if firm one is
measured as more efficient it may not be so if correct methods were used.
At best this method can establish which firm is more efficient only if the
firm whose prices are not used is more efficient (as measured) than the'
firm whose prices are used. Notice that this will not permit any conclusion
when comparing two firms using a'tﬁird firm's set of prices.

This method generates two compérisons which do not correct]y.eva1uate
the efficiency‘of firms whose prices are not used. What is the difference

between the two comparisons? In general, an empirical comparison may give

different answers at every set of data for the firms. There is no sensible

that should be used as aggregate out-
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way of comparing thé two relative efficiency measures. Each is as good as
the other since they purport to compare the firms at different output'prices.
In neither case do we have the required data on the revenue functions and
even if we did the relative efficiency levels may change as one selects
different input and output vectors. |

Qur example was simp]ified.by choosing a Tabour productivity measure.
Suﬁpose we shift to TFP with either one or mény oufputs. The procedure underA
discussion aggregates inputs in a manner comparable to the output aggregation
and results in similar problems. Define input aggregates XS'

m .
X< = ) WE X3
b h=l !

and TFP measures,

The input aggregates X} and Xg can be interpreted as the value

of the cost functions C1(w1,(Q})) and C2(w2,(Q§)) . The other input

aggregates X% and X; must satisfy inequalities

R D)
Xy > Cylu',(05))

That is, the aggregate input is too large when one firm's inputs are
eva]uéted at the other firm's input prices.

Combining the problems of input and output aggregation two points

can be observed. First if revenues equal costs, thén the productivity
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index uéing own prices will always equal one, PR} = PRg =1 . To the

extent fhat they do not, we are either measuring economies of scale,
measurement error or some behavioral misspecification. The important
point is that we are not measuring efficiency. Second, theiva1ue of PR?
for j # k reflects the ovegestimate of X? s JFEK and‘the'underestimate

of Q? » J# k which implies an underestimate of PR? .

The éame type of conclusions may be reached in this case. ‘If the
firm, whose output and input prices are not being used as weights, is more
efficient than the firm whose prices are used then it is certainiy more
efficienf if one could correct for pias. In all other cases no.unambiguous
conclusion can be reached and this includes a11‘663es in which a third
firm's priceé are used.

The other most pbpu]ar variant of this method of making comparison
can be discussed as an example df using é third firm's prites. One cah
find exémp]eé in which outputs and inpﬁts are priced at world prices’
when making comparisons. That is , no particu]af country‘s or country
industry's prices are used. A third set of prices called world ﬁrices are
used which will result in all the biases discuséed above.

Both of the variants most cohmon1y used -suffer éon;eptua1 flaws
even when used for a single year. Just aS‘seriQus 1s.the1r‘1ack of ény
conceptual basis for linking jntertempora] with interspatial measures of
efficiency. While it 1s-conce1v$b1e that measures could be developed
they do not exist currently.

.‘I have been fairly blunt in attacking the conceptual weakness of
these methods and_yet I intend to calculate such measures. What is a
_ reasonable defense of these calculations. First, we want to-see how. the

results compare with those of our preferred procedure. Second,'the.empiricé1
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magnitude'of the errors may be small. This will occur when either (a) the
quantities of outupts produced and inputs consumed are insensitive to
differences in relative output and input. prices or (b) re]atiye input and
output brices are very similar for the two firms. The first condition is

never 1ikely to occur although any approximation to it combined with rela-

' tiye]y small differences in relative prices may make the biases quite small.

For these two reasons, we will calculate the alternative measures.



I.

INTER-FIRM COMPARISON

(b) Comparing the Efficiency of Firms in Canadian
Telecommunications



Introduction

A study of the effﬁciency of individual firms is seldom possible
due to data restrictions. This paper reports on é Qnique empirical investi- =
gation of the efficiency of four telephone companies in Canada. The data |
has been‘made available by the telephone companies. They ofigiﬁa]]y
developed the data for their own separate productivity studies;- w1thout
this considerable effort this paper would not be possible. |

The data base for éach‘company is not entirely comparable. The
appendix to the paper clarifies the major differences. ‘Part of our task is
to evaluate the sensitivity of our cemparisons to alternative measures of
the variables. This 1is required to 1imit the errors of Timited comparabi]ity
of data and to study the advantages and disadvantages of definitions of
economic variables. The latter problem is broader than the veracity of the
measured variables. Telecommunications' firms offer a wide variety of services
through their networks. There aré alternative sensible definitions of econo-
mic variables which will alter the magnitude and perhaps ranking of the
firms' efficiency. While not wishing to obscure the results, we believe thqt
the COmp1ex1ty.introduced by the alternatives provides a much better under-
standing of the detailed changes of efficiency within énd across fifms.

Given a set of data on the prices and quantities of inputé and outputs,
the methods we use to comﬁare efficiency have been discusSed_e]sewhere by us'
(Denny, de Fontenay and WernerA(1980a,b);kDenny and Fuss (1980a,b) and by
Christensen, Caves and Diewert (1980)). In this paper, we will apply these

methods without extensive discussion due to space limitations.



An Introduction to the Companies

At a later stage of this paper, a forma1vana]ysis of the efficiency
of Bell Canada (BELL), Alberta GovernmentlTe1ephones (AGT), British Columbia
Telephones (BCT) and Teleglobe (TG) will be presented and discussed. In —
this section we.want to provide a descriptive analysis of the_Four companies.
Thrge of the companies, Bell, BCT aﬁd AGT, are the largest common carriers
in Canada and proVide a very wide range of te]ecommunicationsiservices
- within their geographic service area. Teleglobe provides overseas service
almost ex;1usive1y and produces a more limited and specialized sgrvice mix.
Bell and BCT are private companies whose rates and rates of return are
federally regulated. AGT is a crown corporation;_i.e., a public enterprise
in the Proviﬁce of Alberta. Teleglobe is'a federal crown corporation.

In 1978, AGT, Bell and BCT provided about 75% of domestic telecommunica-
tions‘services in Canada. In Table I, the structuré of revenue and costs
for these companies jn i9f8 is presented. BelT is by far the']argest com-
pany with revenues that are roughly five times;]aréer than the other two
firms.

The opefating revenue of the three firms is derived from Tocal, long
distance and other services. The revenue proportion of these serviées.is
quite different. Bell receives over one-half of its revenue from local
services while AGT receives less than one third. BCT generates about 43% of
its revenue from Tocal servi;es. The observedrdifferentié]s are partially
the result.of AGT's Tong distance.revenue received for transit traffic that
neither originates nor terminates in AGT's territory. This is a more imbor—
tant source for AGT than the other companies. AGT‘a150‘provideéjlong dis-

 tance services for Edmonton Tel. The latter firm provides local services
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Table 1

Revenues and Costs .in 1978

~ (percentage distribution in brackets)

Operating Revenue

Local
Long Distance -

Other

Operating Cosf ’

Maintenance
Depreciation
Traffic
Marketing
Other

Non-Income Taxes

AGT -

444

138

(31)

292
(66)

17
(4)

339

87,
(26)

125
(37)

24
(7)

29
(9)

64
(19)

BELL

- BCT
2497 551
1263 242
(51) (43)
1153 319
(46) (57)
94 2.3
(4) (0)
1785 393
420 109
(23)  (28)
474 113
(27) (29)
127 40
(7) (10)
141 46
(8) (12)
481 58
(27) (15)
141 28"
(8) (7)



for one of the largest urban areas in Alberta. If one combined AGT with
Edmonton Tel., the revenue shares would be very similar to those of BCT.
Consequently, it may be suggested that AGT's high long distance revenue
share is due to both transit traffic and the existence of a large local
service company within AGT's territory. |

The 1978»operating costs for the companies have also been broken
_dowﬁ in Table I..: For all companijes maintenance and depreciation are.over
- 50% of total operating costs. Bell appears tb have a Tower share of costs
devoted to maintenance than the other companies. AGT has an enormously
high depreciation cost share which will be discussed further below. Bell
has tended to have a Targer share of other costs than BCT and AGT. |

The statié_situation portfayed in Table I may disguise rapid shifts
in the importance of the revenue and cost components due to growth thfough
time. To characterize shifts through time, Table II shows the 1978 values
of revenue and cost component indexes with base year 1972. Revenue growth

has been much faster for’AGT than for Bell and BCT.

Total costs have grown with revenue for AGT but have exceeded revenue

growth in Bell and BCT. For all companies traffic costs have grown more

slowly than total costs. For AGT, the growth in depreciation and maintenance

costs has. been higher and in non-income taxes,lower than total costs. Bell's

other costs grew much more while depreciation and marketing grew less than
the firm's average. Marketing and non-income tax costs grew faster than‘
average and maintenance costs grew slower in BCT. While there is some
diversity in the revenue and cost growth and shares it is not sensible to

conclﬁde anything about efficiency from these data. They will provide some

questions which we will attempt to explore in more depth Tlater in the paper.




Table II

1978 Indexes of Revenue and Costs, 1972 =100

AGT BELL  BCT
Local Revenue 319 201 227

Long Distance Revenue 315 248 278

Total Revenue 314 222 242
Total Cost 314 233 246
Maintenance 329 217 222
| Depreciation ' 382 208 260
Traffic : 217 192 201
Marketing 2311 203 315
Other Costs 309 310 236

Non-Income Taxes 248 261 | 321



A further sfmp]e comparison of these companies can be based on the
number of telephones per employee. Very roughly this measures the magni-
tude of the network served by each employee. The companies differ enormously
in the value of this measure as one can see in Table III. Of the three
major companies, Bell has the largest number of telephones per employee
followed by BCf and AGT. There are some sharp fluctuations in the annual
series and perhaps a Very slight trend upwards.

What do these differences signify? First, the AGT numbers are
extremely low and this appears to be‘a function of the Tow average density
of the AGT area served. Edmonton Telephones is incliuded in Table III to
provide a contrast. Their urban nefwork has a very high number of tele-
phones per employee. If we combine Edmonton Tel. with AGT the results are
very similar to those for BCT. If this interpretation is corréct.the
high numbers for Bell may only sighify a more densely packed network. We
will try to explore this in mofe detail below.

This example should highlight the difficulty of using véry simple
measures to compare the companies. The number of telephones i§ an important
component of output and we will consider it hbre fully below but it ignores
too many other components-to be satisfactory alone. Morepver, the type of
network each company serves is going to make a difference to our compari-
son and it is one which we will have a difficult time treating adequately

with out existing data.




Table III

Telephones per Employee

EDMON.

BCT  AGT  BELL TEL.
1972 109 . 85 166 . 240
1973 08 87 165 250
1974 99 84 162 230
1975 M2 82 176 222
1976 112 . 86 173 220
1977 121 90 . 71 - 220

1978 121 95 168 245




Productivity as Measured by the Companies

A1l four companies have produced productivity measures and for
reference purposes we have included some of their estimates here. In
Table IV, some company estimates are shown. B.C.Tel., Bell Canada and
Teleglobe have calculated estimates of tbta] factor productivity growth
rates. Teleglobe has had excepfiona]]y fast increases in productivity.
Bef] has had an average rate of growth of TFP of 3.1% compared to the
lower B.C.Tel. average of 2.6% from 1972-79. Given the differences in
the methods used the Be]]-B.C.Te]. results cannot be easily compared but
Te]eg]obé's pfoductivity has clearly grown more swiftly.

AGT and Bell produce estimates of value-added productivity. AGT's
productivity.has grown at 7.2% a year which s substantially higher than
Bell's average of 4.0%. Without any serious investigation éf methodo]ogy,
the ranking using these measures would be Teleglobe, AGT and-Bell and
B.C.Tel tied. There is no doubt that'fhese are very high rates of produc-
tivity growth relative to other industries. Our task is to evaluate why
these results were achieved and to provide a more detailed underbinning
for these results.

Measured productivity growthiis often correlated with output growth.
This is expected since accurate measures of utilitization of quaéi—fixed
inputs is seldom possible. In perjods of slow output growth, productivity
growth is low since our input meésurements incorrectly overestimate utiliza-
tion which falls as firms maintain input levels over fluctuations in demand
growth. This may be a more serious problem in telecommunications due to
the high weight of relatively fixed capital and the Tabour required to main-

tain it.




Table IV

Company Measures of Productivity Growth

TFP : Value-Added Pfoductivity

B.C.Tel  BELL  TELEGLOBE BELL  AGT
1967 — . 57 — 6.6  —
1968 — 3.9 —_ 4.5 6.9
T B— 2.9 - 7.4 6.8
1970 — 3.5 — 4.2 5.5
1971 — -1.0 — | -0 4
1972 0.3 3.8 12.7 4.5  11.5
1973 2.8 4.8 16.7 5.7 9.0
1974 5.7 4.7 8.9 5.6  14.2
1975 5.9 6.9 10.7 8.2 9.9
1976 4.7 1.0 14.3 1.2 0.7
1977 -3.6 0.7 1.3 0.8 7.2
1978 2.5 2.0 — 2.5 2.7

1979 2.4 1.3 . — 1.5 —



10

In Table V, the companiés' output growth rates are shown. First
one can see that Teleglobe and AGT have had very high rates of output
growth underlying their high rates of productivity growth. .Be11's output
grew at 10.2% compared to B.C.Tel's output growth of 8.8% from 1972-79.
These are less than 60% of AGT's output growth rate. Forva1] companies
relatively high.average rates of output growth have accompanied retatively
- hiéh rates of growth of productivity. It is not yet c1ear'why this relation-
ship exists.

If f1u§tuations in productivity and output growth are considered
for individual companies, fhere is no consistent pattern. It is easy to
find excebtions to any but weak re1étionsh1ps that tie ups and downs in the

two measures together.



1967
1968
1969
1970
1971
1972
1973
1974

1975

1976
1977
1978

1979

11

Table V

Company Measures of Output Growth Rates

BCT

9.0
11.0
]4.3
10.3

9.2

6.3

9.8
11.7

(Ne] ({e]
. .

10.
11.

Gy 0 O 0~

BELL

w N o o O O 0~

AGT

10.5
13.7
12.1
10.6
15.7
13;9
20.1

19.0

12.2
13.6
19.2

TELEGLOBE

14.8
24.3
24.3
27.9
17.5
18.6 -
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Labour Productivity and Labour Efficiency Levels

To begin our comparison, we have measured labour productivity and
compared the_Companies on their levels of labour productivity. Output is
the aggregate of the output disaggregation provided by the firms and dis-
cussed in the appendix. For reasons of cbmparab11ity, Tabour is measured
as unweighted man-hours of labour worked in each company.

In Table VI, 1ndexesfof Tabour productivity for AGT, B.C.Tel. and

-Bell are shown. Labour productivity in AGT and B.C.Tel. have grown at

approximately 8% a year since 1972 compared to about 4.5% in Bell. Prfor
to 1972,.1abour productivity waS\grpwing at an annual rate above 10% at
AGT and 7.7% in Bell Canada.

Outpuf growth was higher at Bell than B.C.Tel. after 1972. Labour
input must have grown substantially faster at Bell than at B.C.Tel. in
order to convert the.output growth advantage 1nt6na Tower labour produc-
tivfty growth performance. AGT had thé fastest rate of gkowth of output
after 1972 but this was not translated into a higher labour productivity
growth relative to B.C.Tel. Given the rates of ‘growth of output; B.C.Tel.
has managed a superior performance relative to Bell and AGT in achieving

labour productivity growth.




1967
1968

1969
1970

1971
1972

1973
1974
1975
1976
1977
1978

1979

Labour Productivity
(1972 =100.0)

Table VI

- 100.

107.
121.
143.
149.
164.
159.

. ‘. .
o ~ ~
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BCT

100.

104.
111.
131.
150.
159.
157,
149,

- BELL

69.2

76.4

82.7
87.3
92.8

100.0

105.3
110.3
122.1
125.1

129.0

130.1
133.1
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Total Factor Productivity: An Initial Comparison

To begin our comparison, we will measure total factor productivity
for AGT, Bell and BC.Tel. using a common methodology and data which is

partially standardized,A Define the rate of growth of productivity,
TFP=0Q-F

where the aggregaté output growth.rate é is defined by,

and the aggregate input growth rafe,- F is defined by,
F = % S:Xs

The disaggregate output (dj) and input (ii) growth rates areiweighted
by the revenue (rj) and cost (Si) shares respectively. This standardizes
the methodology for the three companies.

The data are partially standardized by the choice of input variables.
At this stage, we will not standardize the output measuremeﬁt. This process
will require a separate section below. For each company, labour input is
measured as man-hours worked without any adjustment for skill levels. Capi-
tal is meésured as the gross capital stock which is aggregafed from detailed
disaggregates. Material inputs afe.not comp]ete1y comparable but this is
not believed to be a problem. Finally, the assumption is made that the
value ofgcapita1 services can be measured as a residual component in total
rea1izéd costs. Each of these measurement choices will be discussed be]ow.

Given the lTimitations of the public data, we cannot directly move to an
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improved data set. Our strategy has to be more indirect.

For the three companies, the rates of growth of total factor pro-
ductivity are shown in Table VII and a productivity index (1972 = 100)
appears in Table VIII. The rough standardization does not alter our earlier'
comments based on the companies published results. AGT has had a faster

rate of growth of TFP than Bell and B.C.Tel. during any time period when com-

parable data is available. From 1972-78, AGT's productivity grew at an average

. annual rate of 6.6% compared to a rate of 3.9% for Bell and 3.5% for B.C.Tel.
Recall that AGT and B.T.Tel. had almost identical rates of growth of
labour préductivity. THe TFP results indicate that B.C.Tel. achieved the
labour productivity results through faster rates of growth of the capital-
Tabour and thé»materia]s—]abour ratio relative to AGT. The latter company was
more successful at achieving high rates of labour productivity growth via
high rates of TFP growth.
Bell had a substantially Tower réte of growth of labour productivity
than B.C.Tel. but TFP grew at least as quickly. Relative to Bell as well as
AGT, B.C.Tel. must have had a faster rate of growth of capital and materials

to Tabour intensities in order to achieve the results portrayed above.
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Table VI

Annual Rates:of Growth of TFP

BCT AGT BT

— — 6.4
- 5.3 4.9
- 5.5 3.5
. 4.6 4.3
- 4.2 1.2
- 9.3 4.2
2.9 7.7 5.2
5.9 11.9 4.9
6.2 8.3 7.5
4.5 3.3 1.8
2.2 6.6 3.0
3.1 2.0 3.0

2.4 o 1.6




1967

1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
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Table VIII

TFP Indexes
. (1972 =100)

-100.0
102.9
109.2
116.2
121.6

118.

122.6
125.6

AGT
74.
78.
83.

. 87.
91.

100.

108.

121.

132.

132.

141.

144.

o O

~

o oo 0o W

84.4

88.6

91.
95.
95.
100.
105.
110.
119.
- 121,
122.
126.
128.
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Using the data underlying our calculations of labour and total
factor productivity, an initial comparison of the firms' relative levels of
efficiency was made. Relative efficiency will be measured in the fq11owin§
ways. Define the relative total factor productivity level, of firm be

relative to firm h , Ekh

10g 'Ekh = 10,g (Qk/Qh) - 1/2 ;(Sﬂ( + S'ih) 10g (X'ik/x'ih) s

- where Sik is the cost share of factor i in firm k and Xik is the

equivalent quantity.
From the cost function, one may define a relafive cost efficiency

Tevel, CEkh'

log CE, = Tog(C,/C,) - 1Z(x1-k t Xyp) Tog (wg /wsp) - Tog (Q/Q,)

where C, is the total cost and W, ‘the price of input i in fim k .
Tables IX and X present the results, Ekh and CEkh » of measuring
both of these relative efficiency measures for the three companies. Con-

sider the results of comparing Bell and AGT in Table IX. The results for

1967 state that Bell's relative TFP Tevel was 140.4 éompared to AGT's 100. -

Alternatively one may state that the quantity of output produced by Bell
was approximately 40% greater than that produced by AGT after acéounting
for differences in input qUantitiés; For the companies to be equally
efficient, the E value for Bell wouid have to be 100.

The results are roughly equivalent when measured from the cost side.

Be11'§ cost efficiency in 1967 was 71.3 relative to AGT's 100. Bell's costs

were only 71.3% of AGT's after accouﬁting for differences in input prices'

and output levels.
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Table IX

Relative Efficiency of Bell Compared to AGT

Productivity Cost Efficiency

BELL - AeT BELL
1967 140.4 100 71.3
1968 140.4 T .100 71.3
1969 136.8 100 » 73.1
1970 ©136.2 100 73.4
1977 130.2 100 76.8
1972 124.0 100 . 80.6
1973 120.4 100 - 83.0
1974 - 111.5 100 89,7
1975 110.5 100 90.5
1976 | 111.3 100 89.8
1977 104.9 100 95.2
1978 105.2 100 95.0




20

Table X

Relative Efficiency of AGT and Bell Compared to BCT

Productivity Cost Efficiency

AT~ BELL BCT AGT . BELL

1972 107.7 134.6 100 92.8  .78.3
1973 113.4  137.5 100 88.2 72.8 "
1974 120.2 134.8 ° 100 83.2 74.2
1975  122.8 137.8 00 814 72.6
1976 118.4 132.9 100 84.4 75.2
1977 130.5 136.5 100 76.6 73.2

1978 130.3 136.9 100 76.7 73.1
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Through time AGT has eliminated most of the relative effiéiency
gap. In 1978 there is almost no difference in the relative efficiency’
level. In our explorations below we will try and indicate what Ted to this .
sharp improvement in AGT'sAre1ative efficiéncy. |

In Table X, AGT and Bell are compared to B.C.Tel. for the years
1972-78. At theibeginning of the period, Bell had much higher relative
efficiency Tevel which they have roughly maintained over the time period.

‘AGT has made sharp gains in ré1ative efficiehcy‘re1ativé to BCT. A minor
AGT advantage in 1972 was converted into a major efficiency advantage for
AGT by 1978. -
Our initial setvof results suggest that AGT's very rapid growth in
total factor productivity has resulted in a major shift in their efficiency
relative to the other two companies. Bell has maintained its high level

of efficiency relative to B.C.Tel. The latter company has had the weakest

performance during this period.
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A First Interpretation

The magnitude of the differences in our initial comparative results

surprised us. Much of the remainder of the paper will be an eXpToration

of the factors that result in these differences. To begin, it is useful to

consider the input-output ratios for the three companies. .These are presented

in Table XI for labour, capital and materials.

The Tabour-output ratio has fallen steadily for all companies.
- Bell has had the Tlowest Tabour coefficient but both AGT and B.C.Tel. have
gained relative to Bell. By the end of the period the use of 1abour did
not contr%bute strongly to the majob relative efficiency differences.

The variations in the capital-output ratio provide a sharply differ-
ent 1nterpretation. In Table XI, Bell has had a much Tower capital coef-

ficient than either AGT or B.C.Tel. However AGT has managed to reduce the

size of its capital coefficient to within 20% of Bell's capital coefficient.

B.C.Tel. has had and continues to have.a very large capital coefficient.
this difference must significantly contribute to the relative efficiency
differences that persist for B.C.Tel. .

The materials fnput coefficient is of less quantitative importance.
AGT has.had the smallest coefficient.a1most every year. The size of Bell's
coefficient is moderately high which tends to offset the advantages they ‘
- have had in Tabour and capital. .

This brief look to the timé-path of input-output ratioé clearly
suggests that the capital stock be more closely investigated. This will
be done below.

First we will consider the underlying implications from the cost

side. From equation ( ), the differences in measured cost efficﬁency must




1967
1968
1969
1970
1971

1972

1973
1974

1975

1976
1977
1978
1979

Labour

AGT . BCT BELL
112 - .074
.098 - .066
.090 - .060
.085 - .057
.078 - .053
.069 .060 .049
.064 .057 .046
056 .053 .044
.048 .045 .040
.046 .040 .039
.042 .037 .038
.042° .038 .037
- .040 .036

Input-Output Ratios

Table XI

Capital

AST  BCT . BELL
6.29 - 4.27
6.27 - 4.23
6.01 - 4.10
5.79 - 4.04
5.69 - 4.08
5.33 6.58 4.03
4.94  6.46 3.85
4.39 . 6.25 3.69
4.15 6.31 3.56
4.13 6.34 3.54
4.01 6.34 3.54
3.74 6.29 3.38

5.93 3.40

Materials
AGT  BCT  BELL
.148 - 155
.146 - .150
140 - - 162
.134 - .150
.129 - .169
115 .130 .160
.103 .126 .154
.094' T 146
.096 .103 131
.106 .105 131
.091 .133 137
.097 .115 .138
- .106 130

€<
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ariée from differentials in input prices and output Tevels relative to

total cost differentials. The observed total cost differentials are largely
offset by output level differentials. The input price differentials for
labour and materials are quite small. Most of the differentfa] efficiency
arises from quite large cépita] service price differentials. This may

be the cost side manifestation of what we observed on the productfon side
through the input;output coefficients. However, there are some independent
issues that need clarification.

As~staﬁed earlier, the‘capital service price is the implicit price
defined by the residual value of~bap1ta1 éervices divided by the grosé
capital stock. If we choose a non-imp]icit, ex ante measure of a capital
ser?ice price the relative efficiency measures will be substantially altered.
In particu]af if we equalize the capital service price across firms we will
pfactica]]y equalize the relative effiéiency. A Tater version of this
paper will include results based on the development of ex ante capital
service prices.

The Targe differences in first relative efficiency measuresvmust be
considered an.initial‘reference point from which we will explore further to

discover the underlying differences in the efficiency of the firms.
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Incomplete Work

The current draft is at best a minimal introduction to the final

paper, The work which is in progress but incomplete is outlined
here.

First, the definition of output in telecommunications and thelaggre-
gation of outputs using exisfing prices will be extensively explored in
order to provide more comparability across firms and an understanding
of what types of activities havg resulted in measured productivity increases.

Second, the measurement alternatives on the input side are under
investigétion. The importance of capital measurement has already been
stressed. There are similar although not as crucja] issues for labour and
capital.

Third, some information on the network charactefistics of the firms
exists and this will be used to evaluate the impact of treating fhe network
as a more conventional production proéess. .

Fourth, the comparison can be made more illuminating by usihg a
simple NIPA type analysis to indicate fhe financial consequences-of differ-

ential efficiency.




1967
1968
1969
i970
1971

1972

1973
1974
1975
1976
1977

1978 -
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Table A.]

Cost Shares:

(percentage of operating costs)

Labour Capital

AGT

39.7 47.8
33:3 54.4
33.4 54,3
34.5 -~ 53.0
36.7 50.9
34.4 54,1
34.1 54.7
33.9 54.5
36.6 50.6
33.8 52.7
33.8 54,3
31.6 55.2

12,
12.
12.
12.
2.
1.
1.
1.
12.
13.
1.
13.

Materials

5

[S2 B o)

N
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Table A.2

Cost Shares, Bell Canada
(percentage of operating costs)

Labour =~ . Capital Materials
1967 . 27.3 58.6 14,1
1968 26.8 58.9 14.1
1969 26.7 57.4 15.8
1970 27.1 _58.1 14.7
1971 26.4 '56.8 16.7
1972 26.9 57.0 - 16.0
1973 26.8 57.4 15.7
| . | 1974 28.1 55.7 16.2
1975 29.2 55.5 15.2
1976 30.1 54,2 15.6
1977 - 31.0 52.0 17.0
1978, 29.9 53.0 17.0
1979 31.4 52.1 . 16.4



1972
1973
1974
1975

1976

1977
1978
1979

Cost Shares:
(percentage . of operating costs)

Labour
37.
36.
37.
35.
36.
32.
32.

34,
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Table A.3

Capital
49.

50.

~ 49,
‘52.
51.

51.

54.

52.

B.C.Tel.

8

A w N

13.
13.
12.
1.
12,
15.
13.
13.

Materials

0



IT. DATA: METHODS, DOCUMENTATION AND COLLECTION




DATA

I) INTRODUCTION:

The uTtimate reliability of empirical results, iﬁ any study, after model

specification, will depend Targely on data quality and éonsiétency.~ The
exact definitions of both these characteristics will depend on’the.nature of
any particular study. In general, however, the former may be viewed‘as per-
taining to the fidelity of the data's information content. For example, a

fu¢1 efficiency indicator for fleet of vehicules that simply sums the galion
consumption values of aifferent petroleum grades would not be considered as
high quality data. To upgrade the quality of this type of "input" data Wou1d
requireAan intermediate data “massaging“.step whereby all the fuel is standard-
ized in terms of; say, BTU's. Another example of this infidelity of data to
information content, can be found within a modern telephone/telecommunications
company which would never 1magiﬁe that counting telephone sets, disregarding
whether they were main stations or extensions, in some.sense accurately measures
local service output. Along with consistency, which is defined below, it is
within this context of data "quality" that existing and forthcoming télephone/

telecommunications company data will be evaluated.

The consistency issue becomes relevant only when we introduce the notion
of comparison, either chronologically or at a point in time. When the exercise
fnv01ves only one entity, over time, then consistency ié.a unidimensional concept.
Having resolved quality, consistency simply implies data that'is more or less
identically defined and measured in each successive period. When comparing two

or more entities, the consistency issue assumes more complex proportions.



Not only must there be chronological correspondenée within each_entity over

time, but, as well, there must exist acceptably strong similarities in data
across entities at any point in time. These similarity exigencies, when the
entities under consideration are, for example, two identical plants, on either
side of the same road, would normally not present any further obstacles than
those already removed for chronoiogica] consistency. However, when contrasting
firms each of which,while ostensibly in the same business, have unique output
distributions, geographical quirks, accounting procedures, regu]atoky restrictions
and so on, then consistency beqomes more difficult to ensure because the line
between it anﬁ the quality issue becomes somewhat blurred. One alternative
would of course require one single, entirely standardized, set of data, whereby
each firm sacrifies some of its (to a certain.extent)‘subjeétive quality consi-
derations for the sake of consistency. This type of "second best" solution is,
however, not entirely satisfactory. While it purports to provide a middle
ground, it would, in practice, be very difficuit for every firm to accept all
empirical results without at least a tinge of suspicion - that the data compromises
may have been more comprimising. for some. While there may not be any.choice,
given short term time constraints, a more serious approach wou1d be to consider
comparisons which use more than one data'definition. A case 1in point concerns
the treatment of income generated from activities outside of the operationa]
definition of a telephone company, such as interest and investment income.

- While it may be argued that this type.of incoﬁe generating‘actiVity is non-
operational, does not directly enter the production process and therefore cannot
be defined as part of the production function, this view also ignores the impact of

internally generated funds on the cost of invested capital. Furthermore, in the




case of a firm where this type of revenue is relatively important, its elimination
- wou'ld definitely understate the enterpeneurial efficiency of its management.
Ideally, in this case, data would be defined both with and without this other

income. Fig. 1 provides a graphic view of this consistency question.

Data, within the context of measuring relative efficiency (for individual,
as well as across firms), as it exists publicly, as it has been requested for
the interim data basis and as it will be desired for thel1onger term, will be
evaluated as per the dual criteria of quality.and consistency. This can most
easily be done by commenting on and‘detqi1ing the method of data preparatioh
for those firms with established productivity studies. The descriptions will
encompass, as we11, procedures pertaining to éggregation and index number

methodologies.

(see Fig. 1 on the following page).
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Each datum or data series will be either an "input" or an output. Both

. of these general labels have a number of subheadings which in turn are composed

- of what we may consider as basic elemental data. It is our intention to begin

with this basic information and trace its evolution towards the general
input/output aggregate. While index numbers provide the medium;for aggregation
there will not be any major discussion of their relative theoretical merits.

As for data, the operational subheadings for the major catégories w1]1 be:

OUTPUT INPUT
- Local Services ~ - Capital
- Tol1l Services ~ : - Labour

. intra-company ' —~Materia1s

. trans-Canada (originating,
terminating)
. adjacent members (East, West)

. transit
. Canada/U.S.
. overseas

- Other Toll

It should be noted that not all telecommunications companies produce the
same array of outputs. The above 1ist closely covers thebservice offering of
those companies loosely defined as domestic telecommunications carriers such

as Bell Canada (Bell), British Columbia’ Telephone Company (BCT), Alberta

. Government Telephones (AGT), etc. Companies such Teleglobe Canada (TC) and

Telesat produce a fairly different set of telecommunications service outputs.

These will be Tisted and described when the TC productivity study ié discussed.



IT) AGGREGATION:

A1l the carriers with productivity (TFP) studies.f011ow procedures which
have many general similarities. They all begin with a re]ativeiy'disaggregate
set of price and/or quantity data and develop aggregate indexes for each of
the major categories 1isted in the introduction. These are u1f1mate1y aggre-
gated into total input/output quantity or price indexes which form the basic

variables of the TFP equation. Thus ff
Q the quantity of the ith element of the jth major category of

ijt .
output in year t.

~

. |
the quantity of the kth element of the 1th major category of
input in year t. 4

9 3¢ = the price of the ith element of the jth maaor category of output
in year t.

the price of the kth element of the 1th major category of
input in year t.

x
==
a—t
c+

n

then the first stage consists of either ¥G1JtQ1Jt = th and

X

1t for'all j and 1 in every period t or ZG

Exku;xku; ijt9ije = q

Exk1txk1t = X]t for all j and 1 in every period t. This gives a set of major
input and output aggregate indexes of either quantity or price. These are
subsequently aggregated into total output and input quantity or price indexes

through either §Gitth = Qt and %Ix]tx1t = Xt or §Gjtqjt = qt

§x1tx]t = Xt for every period t.
(It should be noted that in some cases, where weights are not updated, then

to calculate either TFPt = Qt - Xt

Xk]o)‘ These aggregate indexes are then combined




or, if tht = tht’ which implies that returns are identically (in every

period) equal to costs,

where the dot over a variable means the proportional rate of change of that
variable. It should be noted that while all the existing studies do in fact
assume q,Q, = x4Xy» none uses the second TFP expression in its calculations.
Each calculates quantities either directly or indirectly through the
expressions q;, +-th = Rjt and xq, f'XTt = Cqy where

R.

it = Py5elyp and

1t = Pttt

It is the evolution of elements from Q. X through to

ijt? "kiee Hiee Xkt
Qt’ Xt’ Qps Xy and their respective definitions that will be scrutinized
below. The different data categories will be covered by the four distinct
data sets, Bell, BCT, AGT and TC. After each category, differences (or

inconsistencies) between these data sets will be enumerated.



IIT) DATA:

A) Output:

1.) Local Services

Most services that are bi1ﬁed on -an access (and, in some instances, on a
duration) basis with no consideration to distance as a variable, are considered
as part of the local service offering. It should be noted that distance is
a varjable in determining rate differences between Local Serviée groupings
but has no significénce within-particu1ar ones. That is, once the distance
parameter is chosen then communications'within that L.S. grouping no longer

give it any consideration.

There are several major categories of L.S. which include primary, extension,
auxiliarysinstallation and special facilities. Their extent is summarized in

Table 1A taken from the Bell(CRTC) 27 Dec..79—70].‘

For purposes of bomputing a Local Service quantity or price index (i.e.
th or djt) we would ideally 1ike to account fof every single item and its
changes, particularly since non-primary services haveAassumed-very significanf.
propoktions in the generai earnings of the domestic telephone company. In
reality, however, while it is not known whether any company actually accounts -
for all of its Local Service components, indivfdua] practice differs between
them. Beyond certajn clear inconsistencies in approach (such as one company
which simply counts number of extensions as opposed to another which purported]y‘

accounts for differences in extension models as well) there is also the problem,



when comparing two firms, of nomenclature. This difficulty is present both in
terms of the same name applied to different products and, its.invefse,‘whereby
the same product goes under different names. To the extent that such infor-
mation is available, the carriers each develop a Tocal service index as

follows:

Bell:

This company purportedly includes, with individual revenue weights, the
prices of most of the items (from Table 1A) to construct an aggregate Local
Service price index. For most of the historical pehiod, however, it seems

that the elements of this aggregate index are -in fact unavailable (for the

most part) because there was never any pressing need to save them. Furthermore,

they do not necessarily reflect éctua] price changes because both these and
the weights were based on some future test period calculated for regulatory
rate hearings to demonstfate revenue impacts. While more recent calculations
take price elasticity effects into conéideration, previous such efforts did
not, thus suggesting that-the weights were also probably incorrect. The most

positive aspect of the L.S. index is the alleged extent of coverage.




TABLE 1A

LIST OF SERVICE CATEGORIES

CONTRACT PRIMARY

RESIDENCE PRIMARY

BUSINESS PRIMARY

Individual Line

Two-Party Line

Four-Party Line

More~-than-Four-Party Line

PBX Trunks

Individual Line - Flat Rate ,
(Including Add'l Individual Lines)

Individual Line - Message Rate

Two-Party Line

Four-Party Line

More-than-Four-Party Line

PBX Trunks

MISCELLANEOUS PRIMARY

a

_Hotel PBX Trunks ~ G.T. Item 620.1(b)

Hospital PBX Trunks - G.T. Item 660.1(b)(1)
Exchange Radio Telephone Service

Semi~Public Telephone Service Daily Guarantee
.Centrex

Exchange-Wide Dial PBX

NON-CONTRACT PRIMARY

Public Telephone Service

Message Charges - Mobile

- Individual Line - Message Rate Service
- Other

- Service System Service ..

10.



TABLE 1A (continued)

CONTRACT EXTENSION
Residence Extensions

Business Extensions
Hotel Guest-Room Extensions
Hospital Patient-Room Extensions

CONTRACT AUXILIARY
Manual PBX Systems
Dial PBX Systems
Hotel PBX Systems
- . Automatic Call-Distributor Systems

Push-Button and Key Telephone Systems:

6 Button Telephones

Logic 10 Telephones -

_Call Directors

Line Feature (illuminated)
» - Other | '

Telephone Answering Boards o

Residence Push-Button Dialing (TouchPhone)

Business Push-Button Dialing (TouchPhone)

‘Contempra Telephones ‘

Equivalent Service
Special Billihg Codes
Intercom Circuits
Intercommunicating Telephones

..Mobile Telephone Service _ _ _
Other Auxiliary for which rate changes are requested
Other Auxiliary for which no rate changes are requested




TABLE 1A (continued)

INTER-EXCHANGE, DATA AND LOCAL CIRCUITS
Message Toll Service

- Ontario-Quebec~Schedule 1
~ Message Time Allowance Plan (Econopak)
- Other Message Toll (Message Toll Schedules 2 and
3, Zenith listings)
WATS o
Inter-Exchange Voice-Grade Circuits or Channels
(G.T. Item 3750.1(d)) -
- Voice Circuits or Channels
~ Data and Signal Channels
Telpak
Other Private Line Voice Facilities
TWX Message Charges (intra-Bell Canada)
Teletype - Grade Circuits or Channels: Ohtario-Québec Schedule
L (G.T. Item 3750.2(a))
Channels for Program Transmission - ' ’
- Local (Including Wired Music)
- Inter-Exchange
Television Channels
- Local -
- Inter-Exchange
Data and Teletype Equipment
~ Other Data Facilities
"Local Circuits and Channels (G.T. Item 950.3)
- Voice-Grade '
- Teletype-Gréde'_
Information - System Access Lines (ISAL's)
Extra Exchange Mileage/Distance .
Commuted Extra Exchange Mileage/Distance (Locality Rates)



TABLE 1A  (continued) =

SERVICE CHARGES

OTHER
Directory Assistance Charge (DAC)
Special Facilities Tariff
- Items for which rate changes are réequested
- Items provided under the Bell toop Agreement
- Items for which no rate changes are requested
Individual Exchange Tariff Items,(excluding'deality
Rates and Exchange-Wide Dial PBX Service)
Arrangements for Cable Television Lessees
- Partial Cable - Distribution Systems
- Use of Support Structures
'Tariff for Interconnection with the Equipment and
Facilities of CNCP (Type 1 and Type 2 Connections)

13.
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BCT:

The disagéregation does not seem as extensive as with Bell, hor does BCT,
for the most part, calculate quantities indirectTy. Instead, as can be séen
in Table 1B, most of the items are counted quantities such as "number of
telephones, mid-year average" for.Month1y Contract Business Extensiohs.(

There are 10 L.S. components (number 1-8, 10, 27).

AGT:

While the extent of disaggregation for this firm is unknown, its metho-
dology, at whatever level of detail, +is ;tated, in evidence submitted by
Hu Harries (in April 1978) for the CP interconnect case, to be identical to

that used by Bell.

AGT has quantity information on a monthly basis regarding telephones in

service and covering the following categories:

Residence & Business - Main Stations
- Equivalent Main Stations
- Extensions
PBX - - Equivalent Main Stations
' - Extensions
Key - ‘Equivalent Main Stations
- Extensions
Multi Party - Main Stations

- Extensions
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‘ AGT: (continued)

Existing price indexes, at AGT were calculated on the basis of a future
test year as in the case of Bell (with all its noted shortcomings) and comprised

a somewhat different set of categories than those 1isted above. They include:

Indjvidual Lines

Residence & Business

- Extensions
- Multi Party

Switchboards - Trunks
- Stations
- Manual ~
- Dial
~ Centrex

- Auxiliary Equipment

. Key Equipment - - Trunks
' - Stations
- Auxiliary Equipment

Miscellaneous - Premium Services

Equipment ~ - Emergency Reporting
- Private Line Local
- etc.

The revenue weights were previous month actuals and a twe1ve—month'

arithmetic average was used to derive the annual index.




' S Table 1B 4 : . '

Category " Quantity . o ' Value
1. Monthly Contre(a -  DESCRIPTION: No. of telephones, mid-year average Billed revenue with no
Business Main'l) : Include "individual, “measured", .adjustment. :

"party" -and "radio" _ : Derived from "Analysis .of
E : Iocal Revenue'.

SOURCE: Telephone Data =~ , ‘ Financial Planniﬁg .and
: Forecasting records

2. Monthly Contract -~

DESCRIPTION: No.: of telephones, mid-year average
Business Extension‘l) . -

SOURCE: - Telephone Data
- ‘ (as above)
3. Monthly Cohtra?t - DESCRIPTION: No. of telephbnes,' mid—yeair average
Residence Main 1) , Include "individual", "measured",
‘ - "party" and "radio" :
SOURCE: . Telephone Data . _
(as above)

B.C. Tel. Total Factor Productivity Study:
Data Description and Methodelogy ] :
J.T. Marshall Lee, June, 1980 . . ;

‘91
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Category

Monthly Contract -
Residence Extension

PBX & Centrex

Service Connection

Local PL

(1)

- Monthly Contr?ct -

DESCRIPTION:

SOURCE:

DESCRIPTION:

SOURCE:

.DESCRIPTION:

SOURCE:

DESCRIPTION:

SOURCE:

Table 1B (Continued)
Quantity

No. of telephones, mld—year average

1

Telephone Data

No. of PBX & Centrex, mid-year average
Include PBX, Centrex - CO, CU
Télephone Data - :

TotallInward Movements

Include both business and residence

Forecasting Department records

No. of PL telephones, mid-year average

Telephone Data

Value

- (as above)

(as above)

Service oonnection, moves !

-and changes charge

MOR

Iocal PL Service Revenue
less PL Radio (8 below)

Iocal PL Service is broken
down into (1) Local PL :
telephones & (2) PL Radio

Financial Planning and
Forecasting records

"Ll




~ Category

8. PL Radio

9. Rent of Bquipnent

.

10. Other Cperating
Revenue

11l. WATS

DESCRIPTION:

SQURCE:

DESCRIPITION:

SOURCE:
DESCRIPTION:

SQURCE:

DESCRIPTION:

SOURCE:

Table 1B (Continued)

Quantity

+

No. of PL radios, mid-year average

Telephone Data

-Revenue deflated by GNE Implicit Deflator

7

' Revenue deflated by GNE Implicit Deflator

.

No. of WAT lines, mid-year average.

Télephone Data

'..

Value

Billed revenue
Accounts 5393 and 5394

Financial Planning and

" Forecasting records

Rent revenues

Mor(2)

Other operating revenue

detailed description
MOR

WATS revenue

_See Accounting Manual for

See Accounting Manual for

detailed description

\

MOR

"8l




Categoi:y

12. Toll PL

13. Message Charge

and
15. Public Coin

Table 1B (Continued)

. Quantity

- DESCRIPTION: Revenue deflated by GNE Implicit Déflator

i

SOURCE:

DESCRIPTION:- Business Measured Service,
mid-year average Co

SOURCE: Telephone Data

DESCRIPTION: Revenue / $.10

‘SOURCE:

Value

Toll PL Service revenue

. See Accounting Manual for

detailed description

MOR

Message charge — gross

‘See Accounting Manual for

detailed description

MOR

Semi~Public Coin Revenue

MOR

6l




Category

16 to 254

26.

27,

28.

Message Tolls
- TC OPR

- TC DDD

~ US OPR

- US DDD
Alta OPR
Alta DDD .
Intra OPR
Intra DDD
OVS Mtl

- Vs Van

!

!

TWX

Miscellaneous
{Residual)

DESCRIPTION:

SOURCE:

DESCRIPTION:

'SOURCE: |

‘Directory Assistance DESCRIPTION:

SOURCE:

DESCRIPTION:

SOURCE:

Téble 1B (Continued) ©

Quantity -

For each settlement, toll messages allocated
on the basis of TSF, DDD and OPR breakdown

Toll- Sample File (TSF) and Financial Planning
. and Forecasting records. -

Ofiginating Message

Financial Planning and Forecasting records

Revenue/ .25

Estimated from MOR

Revenue deflated by GNP

Implicit Deflator

Value

Toll revenue for each
settlement allocated

* the basis of TSF, DDD and

OPR breakdown.

As left.

Bilied Revenue
Financial Planning and
Forecasting records
Billed revenue

MOR

Adjusted revenue less sum
of all avove

Calculated as residual,

02
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Teleglobe:

Teleglobe is an international carrier and it does not have a Local Service

component to its output.

Local Services Summary:

Apart from the fact, but that is already crucial, that Bell and AGT
measure quantities indirectly, through the medium of a price index, while
BCT directly counts quantities there are a number of important differences
that could render the data incohsistept. fhe most important of these involves
the different levels of disaggregatiqn wfth Bell allegedly greater than BCT
(and unknown for AGT). This, of course, implies that no account is taken of
possibly important mix charges. For example, in the BCT "Month1y'Contract
Residence Extension", from Table 1B, the number of telephones, without regard
for type, are simply counted.. This Tack of distinction could readily distort
the weighted results, particularly if there are any shifting pYeferences between

these various equipment types with different unit prices.
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2.) Toll Services:

A11 servjces'that are bi]]ed on a usage basis witﬁ_conéideration given to .
distance (and, in some instances, access as well) are considered as part of the
to11 service category. It is a mixed bag of different types of toll services
which iné]ude: Intra, Trans-Canada, Adjacent Member, Canada/U.S., Overseas
and Other Tol1. Whi1g Intra, which a}e tol1 messages that originate and
terminate within the territories of the carriers, presents no real data problem,
the other categories are not as straightforward: “For each of Trans-Canada,
Adjacent Members, Canada/U.S. and Overseas, any toll call can be either an
originatiné or terminating message. }n that part of the charges collected
from consumers in the originating territbry are paid (on the basis of somé
complex revenhe sharing agreemeﬁt) to the terminating territory administration,
with some amount also going to those administrations whose territory is trans-
itting, originating, terminating and transit traffic should really be treated

as separate goods. Therein 1ies the difficulty.

There is no explicit collection of this type of data. At present; infor-
mation is readily available on originating.messages and revenues and settled
revenues. However, the information from which to extract the terminating and
transit traffic data would seem to exist. At the very minimum, for billing and
settlement purposes, records are kept that show the originating and terminating
territories (by area codes) from which it would seem possib]e tb derive va]ues'
for transit and terminating territory messége durations. The present practice,

by the domestic carriers, of calculating price indexes weighted by originating




“calls in order to deflate settled revenues-does not seem entirely appropriate.

Teleglobe Canada, on the other hand, as will be explained below, correctly
treats originating and terminating telecommunications separately. The treatment

accorded the various toll categories by specific carriers are as follows:

Bell, AGT:

Both of these carriers in developing their TFP measures seem to treat
to11l more or less identically. The big difference would real]y.enter only
at the level of disaggregation chosen for either and the fact that AGT does.

not seem to include distance as a consideration.

Intra:

This is the only one of the.toll indexes developed by the carriers
themselves. Price indexes are calculated through weighting by originating
messages classified by type (i.e. operator handled, DDD, etc.), time

of day, conversation minutes and, only for Bell, by distance as well. These

indexes are then used to deflate settled intra company revénues which may

or may not differ frbm originated for both carriers. In the case of AGT they
do differ. The reasons are not entirely clear but seem to invoTve sett]eﬁents
between AGT and private companies, within the proviﬁce of A1berta, such as
Edmonton Telephones. Aslmentioned above, the difference between settled and
originated revenues doeé introduce inconsistencies with respect to weighting

by originating messages.

Trans-Canada:

Price indexes are calculated by TCTS presumably in the same way that the
individual carriers derive their intra indexes. Price movement is weighted

by originating messageé by type, duration, time of day and distance.

The number of categories is not known. - .
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Canada/U.S. and Overseas:

A1though'these are settlements concluded thfough TCTS, in conjunction
with TC and AT&T it is available separately from the Trans~Canéda indexes.
However, while Bell explicitly lists this as a separate category in its
Toll breakdown, it is not clear whether AGT also considers Canada/U.S; and

Overseas apart from the general TCTS index.

BCT:

For all the above categories, the major differences are that:.

~

a) Quantities are counted and quantity indexes are thus directly calculated.
b) The basic quantity is the "message" without any consideration for

duration. Its has only two explicit charactefistics, being either DDD

or .operator handled.

c) It covers all settlements including Canada/U.S. and Overseas.

Teleglobe Canada:

Toll is really the only output categofy that provides an fmportant point
of similarity between TC and the domestic carriers. It should, of course,
be kept in mind that the_TC "toj1" category includes outputs other than voice
service. However, Telephone does account for almost 65% of total revenue

in 1979 with overseas Telex and Telegraph making up only 15% and 1% respectively.
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While. TC ‘sends and receives telecommunications to and from well over
200 different locations around the globe, nine of these account for over 70%

of its toll revenue. Thus TC, begins with distance data (known as streams)

. . . . ..
for nine specific locations and a tenth category grouping the remaining "other"

streams. In addition, each stream is either inward or outward traffic

-classified by type of communication, whether operator handled (station to

station or person to person) or ISD (which is the international equiva]ént
of DDD) and also by time of day. These categories can be summarized as

follows:

TeTeEhone. 10 streams
by 2 directions (inward or outward)
by 3 types of calls (operator handled: person to person
operator handled: station to station
A ISD)
by 2 times of day (full rate or reduced rate)

total: 120 _telephone categories

Telex 12 streams

by 2 directions

total: 24 telex categories

Telegraph 2 directions

total: 2 telegraph categories

TOTAL: 146 -Tol1 categories

|
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Toll Services Summary:

With respect to the domestic carriers while Bell and AGT data differ more
with resﬁect to levels of disaggregation the gulf between them and BCT seems
quite Targe. Not accounting for duration would introduce no important incon-
sistency for the BCT data vis-&-vis its Bell and AGT equivalents if average
message duration (given distance and type of call) remained un;hanged over
time. This, however, is quite a remote possibility. Thus, assuming some
relatively stable 1evé1 of network utilization, an increased average message
duration would depress output growtﬁ\and'vice versa in the case of decreased

average message duration for BCT.

Apart from consistency, the major problem with\present to11 service data
is the lack of explicit information on terminating and transit traffic. If the
Tatter makes up significant portions of a carriers output it can introduce some
serious distortions in the final TFP measure. Transit switching facilities
are almost all fully automatic (i.e. hardpatch) and the cost structure is
probably quite different. from either regular toll or local services. Thus,
a price indeX based on originating messages applied to total toll revenues which
are composed of significant transit traffic income, will prdbab1y not ref1ect

true quantity movements.
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3.) Other Toll

Once again, as in Toll Services, this is a mixed bag of services which
presents even more consistency problems. While Trans-Canada and Intra have
more or less standardsdefinitions across companies, other tol1 includes
some special, unique services which are different acrdss companies. These

‘include such items as private measured 1ines, WATS, TWX, etc.




B) INPUT

As per our definitions, for the study of TFP, eaéh of the multitude of
inputs entering the»production process falls under one ofAthree major
headings: either Capital, Materials or Labour. We will cover the price
and/or quantity and value representations for éaéh of these items. While
-1abour'has a fairly straightforward interpretation the others are more am-
biguous. For purposes of TFP Capital is viewed either as a étock or a flow.
The stock of capital is the value (in constant terms) of all plant and other
ré]evant assets in service (orvabout\to.enter service, as in the case of
plant under construction). The flow of capfta1 services from the capital
stock is a concept born out of the fact that capita] is durable and put-
in place to provide service for longer than one "accounting period". The
role of each and the connection between them will be fully covered below.
Materials, on the other hand, falls under a pure flow concept. It is

sometimes referred to as "Intermediate Inputs" whose current value is the

"other expense component of total operating expense on the income statement.

1) Labour

While in general terms the four carriers have similar labour input deri-
vations, using productive, expensed only, manhours aggregated with relative
Tabour expense weights, there are some important differences. These include,
the Tabour classes chosen, the use of service age data, and the allocation

principles for benefits.

\.

28.



- 1. Plant bﬁanagénent

© 7. Accounting Management ﬁ

" 'Table 2B

LABOUR CLASSIFICATION

' 2. Traffic Management
3. daﬁpercial Managemént
4. Engineering Managehént
‘5."Mafketing‘Maﬁaggment

6.. Executive Management

8. MIS Management.
9. Iegal Management -
10. ‘Personnél Management
11. Public Affairs Managemeﬁtf
12. ST&B Ménagement
13. Plant Clerical
14. Traffic Clefical

15. Commercial Clerical

.16. Engineering Clerical

17. Marketing Clerical
18. Executive Clerical
19. Accounting Clerical

20. MIS Clerical

* BC Tel. Total Factor Productivity Study

21.

22‘

23.

24.

25.

26.

27.

28.

- 29.°

30.

31.

32.

- 33.

35.

- 36.

37.

38.

39.

Iegal Clerical

Personnel Clerical

- Public Affairs Clerical _

ST&B Clerical -
Operators
Plant Occupational

Traffic Occupational

Engineering Occupational

Marketing Occupational )

ST&B‘Occupational
Engineering Engineers

Marketing Engineefs"

‘Salesmen

Commercial Service Reps

Marketing Service_Repé

Traffic Technicians

Engineering Technicians

Marketing Technicians -

Draftsmen

29.
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Ostensibly there are nine (9) occupational groupings divided into twelve

(12) departments. These are listed in Table 2B. We know that expensed

payroll dollars are taken directly from the General Ledger for 1971-1976
by the 39 occupational and departmental groupings and then adjuﬁted by a
scaler to conform to Form 550051L Subsequently, for 1977 onwards, this

information comes directly from MIS (Management Information Services), and

is still adjusted by a scaler to conform with Form S5005. :

Productive hours for 1971-1976 are calculated for the company as a

whole. These are defined as "(1i) hours worked plus rest period and (i)

exposure hour less training hour and conference hour." The meaning of

"exposure hour" is not quite clear. This total is then allocated, by

‘head count proportion, to the 39 categories. Because operators work shorter

shifts, their head count is scaled down by approximately 7% to 7.5% (sic)z.

From 1977 onward (with the exception of Traffic Operators) this information
is available from MIS. "Traffic hours ....... are ca]cu]éted as the sum of
Total on Duty Hours and On Board Hours less the sum of Traffic Management
and Clerical Hours. Traffic Hours are calculated using summary data from

Traffic Department's Daily Efficiency Repoft.”3

Capitalization of dollars and hours is assumed to occur only in Plant

and Engineering Departments. Total payroll charged to construction is alloca-.
ted to these departments based on their relative gross payrolis. Total houfs ére
adjusted down to reflect only the expensed portion by applying the proportion

of expenses to capitalized payroll for each of these.occupational groups.

1. Internal BCT accounting form
2. BC. Tel. Total.Factor Productivity Study, June, 1980
3. IBID



Expensed'benefits and payroll tax are allocated on the basis of relative

expensed payroll for each of the 39 categories. Finally, the expensed hours
and dollars are reaggregated by department (to give 12 categories). It is,

however, not clear if this is a.weighted aggregation. Ultimately, the 12

departments are aggregated into a labour input index for TFP.

BELL:

While it is not clear whether BCT weights its Tabour by occupation, by
department or just by department, Bea1 definitely has occupational group as
one of its weight determinants. In addition, fhe occupational classes are
further disaggregated by‘service age, for a total of 28 labour input catego-
ries. These and their reépective descriptﬁons are listed in Table 2A. |
As for data, it has been indicated that while annual daﬁa (as described
below) was collected for the labour index computations it was neveé stored

and would be difficult to recalculate.

To calculate productive, rather than paid, hours, the number of available
énnua] working hours per group are adjusted for losses due to vacation, sta-
tutory holidays, sickness, compassionate leave énd Tunches (with fraining,

as opposed to the BCT methodology, left in). Finally, overtime hours are

added. Total manhours worked per group are then calculated by simply multiplying

employees per group and productive hours.



1)

2)

4)

5)

Bell Labour Input Classification

Occupation Groups
and Years of
Service

Telephone Operator
-1

-2

3-5

6+

Plant .Craft
-1

1-2

3-5

6-8

O+

Clerical
-1
1-2
3-5
6+

Other Non-Management
-1 ’ ‘
1-2
3-5
6+

Foremen and Supervisors
-5

5-9

10-14

15+

32.
Table 2A

Description

Self explanatory

Self explanatory

Self explanatory

IncTudes all support staff
not accounted for in the
other categories, as well as
all secretaries for assistant
vice-presidents down.

A11 plant foremen, first and
second Tevels of management
and all secretaries not
included in category (4)
above



‘ Occupation Groups

and Years of

Service {Cont'd.) Description
: ' |
‘
6) Executive and Staff A1l management from the
_5' : third ‘level and above
: - - (where an assistant vice-
5-9 ' president is at the fifth
10-14 " ) Tevel).
15-19
20+
7) Part Time N . Self explanatory
8) Occasional - Self explanatory

Source: Be1l Canada



The adjustment for capitalized hours is somewhat more elaborate. It
entails the derivation of a percentage of total Tabour cost which is charged
to construction for "general office", "enginéering", "traffic",‘"commeréia1“
and "marketing" employees. This percentage (whose.ca1cu1ation is not made

clear) is then applied to the wage payments for each group to obtain an

estimate of wage payments charged construction by group. For "Plant and

Services", wage payments charged construction are calculated by substracting
the total amount derived for the other groups from total wage payménts charged
construction. For "General Office" and "Engineering" the percentage ca]cu]ated

above is applied to the total ehp]oyées.in these categories to give the number

34..

éngaged in construction activities. For "Traffic", "Commercial™ and “"Marketing",

the wage payments charged to construction are divided by the average (annual)
engineering salary, and the wage payments charqed to construction for‘"P1ant
and Servfces" are divided by thét category's average (annua])‘sa1ary to give
the number of employees in construction activities for each of the groups.
Finally, the percentage.of employees not engaged in construction, for each,
group, is applied to that group's total manhours worked fn»érder to derive
the quantity of expensed manhours. Presumably, these expensed manhours
broportions are applied to the 28 labour categories as per the number of

employees from each group with the respective category. For example, if

"Foremen and Supervisors 15:" had 3000 engineering hours and, say, 4000 marketing

hours and these groups had 75% and-50% expensed hours, respectively,. then

"Foremen and Supervisors 15+" would have & total of 4250 expensed manhours.
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The va]ué'of labour services is equal to the sum of all employee related
expenses. These include all wage and all fringe benefits. The fringe

benefits costé are not norma11y included within the published wage figurés

and must be calculated. However, since a'computatibn of actual, individual-: ]
fringe benefits per employee would constitute -a major undertaking convenient

‘allocation principles are used. Consideration is given to that group of

employees such as temporary and part-time, which do not participate in the

entire benefit package of the firm. The relevant benefits are identified

and quantified. TheyAinc1ude'such iﬁems as Canadatand.Quebec Pension.P]ans,

Cafeteria Deficits, Medical Plan, Workmen's Compensation and Unemployment

Insurance. Since all employees (part and full tihe as well) participate in .

these, the ratio of part-time and temporary salaries to total sa1arié§fé§ﬁﬁ13

be used to allocate their portion. Then, this amount is substractedfffpmll'“w”if

total benefits, the remainder of which is allocated to all the~othénﬂ'iﬁégéf es™ -

based on the -proportions of their salaries to total salaries (for‘tﬁé"kéTél"“”“h

vant groups, of course).

Until at Teast 1978, the 28 labour categories. were aggregated into a
Tabour input index with 1967 weights where each weight equalled the proportion
of average group salary to total average salary. Essentially, a base weighted

Laspeyres quantity index of manhours worked.
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The Labouf_c1assif1cations are:

2. Plant Craft |
3. rica :
‘4, Qther Non-Management (support staff not in other categor1es and all {

secretaries for AVP and down) - L

5. Foremen and Supervisors (plant foremen, 1st and 2nd Tevels of management
' and all secretar1es not in 4.)

6. Executive and Staff -

- 8. Occasional

AGT:

At present only total unadjusted expensed manhours and~emp1oyee_exben$es'
‘seem to be used. A breakdown by occupational group and seniority is feasible
post 1975, but prior years data is non-existant exéept»in aggregate. The

~ occupational groupings are:

1. Management and Executive (assistant V.P. and up)

Management (Towest to director)

Other Management (special skills)

Non-Supervisory (engineers, associates, technicians)
Craft
Traffic (operators)

Clerical

0] ~ (o] (3] S w N
L - . . . . .

Casual
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| Categories 1, 5, 6, 7, 8 seem to have direct equiVa]ents with the
Bell. breakdown, while categories 2, 3 and 4 seem to be grouped into. the two
Bell c]asses,l“other non- management"” and "foremen and supervisors".
With respect to behefits, while the information seems to be available, it is

not clear whether or not allocation would be difficuTt.

Teleglobe Canada:

Manhours worked are derived by adjpsting manhours paid for loss due to
sickness, vacation, legal holidays and other identifiable non-productive
hours. Benefits are allocated on the basis of the relative payroll propor-
tions per group. While adjusting manhours for capitalization is recognized
as important, Teleglobe Canada does not yet have the means for 1dentify1ng

the relevant amounts.

The category breakdown, somewhat different from the other three carriers

is:

1. Management (includes supervisors as well)

2. Technical & Professional (engineers, accountants, analysts, etc.)
3. S.C.T.T. ‘(maintenance and repair technicians)

4. Support Staff (secretaries who are exempt from union, Tocal 1653,
Attached mainly to management)

5. Local 1653 (a11 clerical workers and secretaries not in 4.)

6. Hawaii (all personnel whose place of work is in Hawaii. They are not
counted in the above categories). ‘
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2) Materials (M)

Materials include all those items which contribute neither to Labour -
nor Capital costs. It is comprised of stationary, fue] and utilities,
travel, .rentals, and so on. A1l the carriers ultimately calculate the value
of Materials as a residual. This is possible due to the constraint'that in
all periods returns are identically equal to costs, or, alternatively, the
total value of output is always exhausted in meeting, exactly, the required

payments to factors.

BCT:

As with the others Materﬁa]s includes all costs other than those attri-
Qutab1e to Labour and Capita]! Its ca]cu1ation closely mirrors that for
Bell, whereby its current value equals total operating expense less deprecia-
tion, employee benéfits and expensed payroll. It is then deflated by the |
GNE implicit price deflator. |

BELL:

The procedure is essentially identical to that for BCT. Materials (Other
Expense) current value is calculated as per the example of Tables 3A and 4A
‘where fhe first shows the income statement and the second demonstrates the
manipulation of the various items to derive Materials. Constant va1ué is
derived, as w{th BCT, by deflating the current value bf Materials with

the GNE implicit price deflator.
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TABLE 4A

" Employee Expense, Depreciation Expense, Other Expense, Other Taxes

1978 Bell Canada Example

Total Operating Expense
income statement line 30 .

‘Depreciation' Expense

income statement line 7

Other Taxes . . -’
before charges to construction line 23 w-T
less charges to constructlon- line 29

expensed other taxes '

Employee Expense
Total wage payments (from other records)
less capitalized & other portion (other records)

expensed wage payments

Pen51on expense before charges ‘to construction line 20
Benefits before charges to construction line 21

less capitalized benefits & pensions line 27 i

less wages included in.pensions & benefits
- (already counted in expensed wage payments)

vacation liability accrual
Employee expensec:) +'(:) + (:) i -

OLHer Expense‘
TOE - Depreciation - Other Tahes —~ Employee Expense

40.
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AGT:

Its procedure is didentical to that of Bell.

Teleglobe Canada:

Teleglobe Canada, as well, derives Materials as a residual exéept that
.1t does not apply the same procedure as the other whereby Materials is extracted
from total operating expenses. Teleglobe Canada begins with Revenues = Costs
and given Revenues, Labour costs and Capital cbsts then M = Revenues - Labour -
costs - Capital costs. Once again the volume of Materials, as with the
other carriers is derived through deflation of current value Materials by

the GNE impTlicit price deflator.
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3) Capital (K)-

Conceptuai]y K can be treated as either a stock or a flow. The capital
input variable in a TFP study refers to the flow concept. Befofe describing
the particular methodologies that different carriers use to calculate their
capita1'data it will be informative to briefly review the two concepts of

capital.

i) Capital Stock:

Accounting records of the K stock are not diréct]y usable for a TFP
study. These Tist the value of K in original cost terms whereby the

total value of any particular category is really a blend of plant

values frbm different years. In order that these different "vintages"

be amenab1e to aggregation requires that they all be repriced to a

common value. This requires a price index for capital équipment.

While records may exiét detailing the surviving value of pWént additions

by year of emplacement at original cost for part of the capital stock

(with the remainder requiring estimation), price indexes~are not norma11y
stored. Thus, in order to ultimately have available a capital stock series
in constant value terms requires thé extracting from existing records

and estimation through survivor curve technidues of vintage information and,

secondly, the development of an appropriate price index for the repricing

of the vintage values.



i) Capital Stock: (cont'd.)

In so far as the vintage distributions are concerned, for that part
of the data fohnd in existing records, to the extent tHat most firms
follow fairly similar capital accounting procedures, there should be very
little difference between the companies with reépect to data collection.
Appendix I gives a relatively detailed description of this aspect, inclu-

ding a short discussion of curve fitting techniques.

The required Telephone Plant Price Index (TPPI) is the more difficult
of the two capital stock requirements. First of a11 it should be made
clear that we are dealing with a reproduction cost index, whereby it
is dééigned to measure the effect of price changes through time on
the cost of reproduction of annual gross additions to telephone plant.
This is to be distinguished from a replacement cost type of index which
endeavours, explicitly, to include the effectslof technology. The repro-
duction cost index, it should be noted also includes the.effeéts of techno--

logy, but only coincidentally so, when it updates weighting distributions.

For index number calculation plant is broken down into m categories.

Generally each Ki (i=Tyieens. m) has five identifiable components:

1. Material

2. Engineering . , A
Normally employed by the equipment supplier
Labour

)
)
)
Engineering )
g In-house capitalized labour

(&2 I S st

Labour

43,



These components normally have associated with them prices (or rather
price indexes) and naturally values which become the weights for indexing

Ki‘ Thus, if the five components were each denoted by 9ip for quantity

with price (or price index) Pirj’ then the index for K; would be:

:>: P, Qs : |
: iritiry _ o .. _ . .
(Pirj) = TPIij = A price index for Ki in year J.

r *P. .Q

irdtird

where the proportional change in the price of each component (Pir) is

weighted by its share of the totat vq1ue of Ki' If there are m categories
of plant and T years of data then their should bem x T components in the
index number series. Then, the original value of the ith category of plant
placed in service in year j and still sur?iving inyear S (S = koevuun. Ts

k20) is denoted as TPLisKiss = Seup,s TPT44K45,s-1 Where Sy o is the

rate of deterioration of Kij from (s-1) to (s).‘ In order to now combine

all the TPI,.K

i5%3s into on aggregate K,is requires revaluing with the TPI.

TPI.. K (TPI,

1jK

TPIijs '

TPIij

jjstijs * 1js)

And, finally, since we are interested in ultimately monitoring the movement
of TPIijsKijs over al1 S, S = Kyvuvunnon T we much choose one S, say r where
k<r T and ca]cuiate the series:
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K

irs ijs ijs ijr ijs ijs ijs

= TPI%erK.. TPI.. = TPI. TPI,. S Ko TPI.. TOr s = Kyeevueueoo
J TPI ’

ijs
We now have m constant value capital aggregates for each of the (T—k) years.

There .are various ways of grouping these into overall capital stock series.

These include:

1) ZKirs = K.r‘s fors = kyeeeveiinaas, 5T

which is the simple unweighted (and least desirable) version.

2
2) ZTPI; .. K., K = K
\ j  1Js TiJs irs irs
T\ IXZTPI, . K..
T\ §; "13s7ids

which is the weighted aggregate of the M constant capital values
in every year S with the weights being the roportion in, current
value of each of the M categories to total aggregate current

value of the M categories in each year S.
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3) This version is also a weighted aggregate except that the weights in
this case are the cost of capital (which is a flow concept) for each
Kirs as a proportion-to the aggregate cost of capital. Thus, if
we denote proportional rate of change with a dot over the variable,
iJe. X and Tet P, be the cost of capital in year S pertaining to

capital category i, then,

\\\ PisKirs (k_ ) = k3

P. K. irs irs
yd _ § Isirs

i

The cost of capital is defined as- the sum of depreciation expense,
debt cost (i.e. long term interest costs), equity costs and income,
properfy and other capital related taxes. (It is more precisé]y

defined below).
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W = the proportion of interest payments applicable for tax deductions

X = the proportion of capital losses chargeable against income

é/q = the rate of capital gains/Tosses

h = the rate of interest or required return to equity (or both)

Naturally, compuﬁation of ¢ -independantly would mean that the sum-of Tabour,
matefial and capital expenses would equal total revenues only by coincidence.
This s inconvenient not in the sense that TFP analysis would be made any
more difficult bﬁt rather that the choice of r in the above forhu]ation
would have to be called into question. For, ultimately, it is the choice

of r that renders the inequality between total revenues and costs.

The method of the residual eliminates the prob]ém'of explicitly calculating
c. Instead, it assumes that the residué1\pdrtion of total revenues, after
payment to labour arid materials suppliers, is always 1dentiéa11y equal to-
the cost of capital. In the long run this is probably true. If it were
consistently below some true ¢ then the firm would certainly go out of
business and if above, then other firms would enter the industry until
approximate equality between returns and c were established. (And in the
case of regulated industries the authorities would react to a return
consistently above c). In the short run, on the other hand, the equality

between returns and costs is a doubtful proposition.

We will examine individual company practice, separately, within the contexts

of, the stock and the flow:
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ii) Capital Services Flow (or cost of capital):

The nature of capital equipment with an ahticjpated 1ife span greater
than one period is such that it provides a stream of services over the |
period of its useful 1ife and is purchased and put in place with. this
view in mind. Naturally, payments to the owners of the capité] are also
timed to coincide (roughly) with its flow of services. When considering
capital input to.the production process it is this flow of services and
not the total stock that is relevant. Although in all of the company
methodologies which are discussed below the cost is always assumed equa]
equal to the return (or service flow) of capital, this is, of'course,
not necessarily always the case. There are essentia]iy two -methods of
computing the cost of capital; either independantly or as a residual (which
is the method chosen by the four companies presented below). The mechanics
of the independant method are usually associated with Jorgeﬁson and we

will therefore.present his formula for the cost of capital (found in:

Jorgenson, D.W., "Capital Theory and Investment Behaviour", AER, p. 248, 249,

May 1963):
c = q |+=Ws + 1-uwh - - ux g
1T =-u T - u T-u g
where:

g = the price of capital goods (i.e. the TPI)

u = the rate of direct taxation
v = the proportion of depreciation applicable for tax deductions
s = the rate of depreciation
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The Stock:

The equipment for Bell, B.C. Tel. and AGT are essentia]]y»simi1ar and
given the fact that Bell and B.C. Tel.,.at least, both have TPI's then
their breakdown must also be fairly detailed. For BCT, as can be seen in
Table 3B, there are at least 41 different categories of plant. These are
all revalued at reproduction cosf in 1973 prices. (In addition, the
figures are all mid-year averages). Bell, although it has constructed a
very detailed TPI (which requires detailed capital stock information);
reveals only six aggregate.categories-of plant, as seen in Tab]e For
AGT, while no vintage distributian of depreciation exists,.it does have
a very detailed set of gross additioné»by vintage. Finally, TC also has
a very detailed 1ist of gross additionskﬁy surviving amounts in original
cost dollars. It should be noted, however, that there is a limited simi-
larity between its plant (with large proportions of undersea cable and

satellite systems) and that of the domestic carriers, AGT, Bell and BCT.

To reprice the stock, Bell and BCT both seem to have very well developed

TPI's. AGT does, as well, but only since 1976, to the extent that it 1is
participating in the Joint Statistics Canada/CTCA TPPI study. TC, on the
other hand, even though it also participates in the above study, must
itself develop most of its own ‘indexes because of the differences in its

p]aht from the other carriers,
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N 175LE 3B
BRITISH COLUMBIA TELEPHONE COUPARY

Cateapry
1 Pole Lines

12.2 Aerial Cabie

3 Underground Cable
4 Burfied Cable
5 Submarine Cable

" 6 Aerial Wire
7 Underground Conduit

8 Bu11d1ngs
9 Hicrowave . Tower

° 1D Access Road .- -

oo

-t .

Y eve

11 Aerial Tramways

* 12 Wharves & Landings L
ﬁ13 Telephone Apparatus =
+ 14 Small PBX Equip. o

15 Telephone Booth = . -

16 Teletypewriter

.17 Radiotelephone

18 large PBX & Test Equzp.
19 Video
20 Lg.Priv.Branch Sw.

" 21 Step X Step 6112618
'22 Step X Step €612

- 23 Step X Step C619

'24 Step X Step C613

" 25 Crossbar S

26 Electronics

.27 Switchboards

28 Circuit

Z9 Radio CB71
30 Radio €872

31 Radio C873
32 Radio CB75

" 33 Radio €878

3 Radio €879
35 Furn, & OFf. Equ1p.
36 Telephone Cornections
37 Teletypewriter Conn.

38 Radiotelephone Conn.

39 Hotor Vehicles

40 Afrcraft

41 Other

&2 Traffic Labour

43 Commercial Labour
44 Gen.0ffice Labour
45 Traffic Other
46 Cormercial Other’
47 Gen.0ffjce Other

.48 Other Expense

.. ..._,;“..‘...50.'34;@;._..,._‘,




' TABLE 5A
PRICE INDEXES OF CATEGORIES OF PLANT

CENTRAL ' i : PLANT
. LAND & OFFICE  STATION . OUTSIDE GENERAL  UNDER CONS-
YEAR BUILDINGS EQUIP. EQUIP. - PLANT EQUIP. ~  TRUCTION AGGREGATE
1975 3 . | o | |
1976
1977 )
1978 )
*1979
*1980 /
*1981
CATEGORY WEIGHTS FOR GROSS STOCK OF PHYSICAL CAPITAL
: CENTRAL | : PLANT
LAND & ~ OFFICE  STATION ©  OUTSIDE GENERAL UNDER CONS- -

YEAR ~ BUILDINGS EQUIP. EQUIP. - . _PLANT EQUIP.  TRUCTION

‘LS
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Aggregation methods do differ among the carriers. We do not believe
that any use the simple unweighted aggregation brocedure described above
but rather use methods (2) and (3). Bell, it appears, uses method (2)
at a certain level of diéaggregation, but app]ies "investment weights"
at the very detailed stage (which would be at say, the level of aggrggating

- different types of pole prices into one pole cafegory) in developing the

TPI .These "investment weights" are merely the prdportion of total

irs’
investment in a particular Kiu within the i.th category of plant.

AGT has details on gross and net stocks of capital for 70 different categories.
It has TPI from 1976 on, that is specific to AGT and is Tlinked to the

Bell TPI 1in prior years. The method of aggregation, we can only guess,

. is similar to that of Bell.

BCT and TC follow identical methods of aggregation which, unlike the other
carriers, is actually an integral part of the TFP calculation process.
The details are outlined in the following section, "The Flow".

Essentially, BCT and TC use method (3), as described above.
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The Flow:

A11 the carriers use the method of the residual, abbeit, differently
applied. That is, remaining revenues after paymenf to all other factors
are considered equal to the current value of capital costs. The other
important assumption (a]thohgh not restricted to accompany only the residual
B method) is that the growth in the stock of capital is proportional to the

growth in capital services (or input).

Bell and AGT choose a base year (whether it is fixed or an individual

year- from each of a set of chained two year periods) and then calculate

C R

t ° t - WtLt - m My for tmr=g
2
Krs

so that capital input in year t equals Rt - tht - tht and capital input

(where K. is the value of the capital

inyear t + v = C. K~ ey

tor, t+y

stock in constant dollars of year t. Rt = total revenues 1in year t;

tht and tht are the values of Tabour and materials expenses in year t and

‘ Kri is according to the definition given in the description of aggregation

method (2) above). In words, the proportion of the revenue residual (after
payment to all other factors) to the value of the capital stock in that year
yields an approximation to the cost of capital, Ct’ which is’then applied_td
thus

the subsequent years constant value of capital stock, Kr 4y e

calculating a cdnStant value of capital input in every year. It should be
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noted that Bell and AGT may now be chaining this calculation.

TC -and BCT also use the method of the residual but apply it somewhat |
differently. They explicitly sum the values of depreciation expenses,
' debt expenses, income and capital related (such as property) taxes and net
income applicable to dividend payments and it is this total that equals
the cost of capital. It .is the inclusion of net income that makes this a
residual method because net income 4is in fact the residual on an income
statement. This total is then allocated to the i plant categories Kirs
(as defined above), which are then aggregated into a capital growth
figure through Tornqvist's discrete approximation to the continuous Divisia

index:

3 P{sKirs - Ei,s-lKir,s—1 \\
. K.

W(kirs) - . =(Cs l'<rs >

.i
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APPENDIX I

A) Determining Original Value Surviving Plant:

th

Let Ki £.T be the original value of the i™ category of plant, put

in place in period t, which is still surviving in period T, t < T.
If we choose, as a starting point t = s where s>1 then we would have
a data matrix, as below, where, say, Ki,], T2 signifies the original

th

value of the i~ plant category, put in p1éce‘ in period 1 that is

sti11 surviving in period T - 2.

s S - 1 S-2 el T-2  T-1 T
1. K, K
1,1,S 1,1, S+l Khh T-2 K1.’1 T
2 K‘i’Z’S n n 1 n
3 n n n u n n
1] n n ] n n
S K.i,s’s Ki,s, S+‘] . : " n "
> Ky s, sa
1 T~
K2, 2 N2t Noreagr
n
K |
] : 1»3T"] ,T"-I K_i ,T—-l ,T
T | Ki,1,T




It should be noted that for any pair of row elements in the matrix, the
following relation always holds:
K

= K teS T

i,t,T i,t,S °
That is, row elements signify plant that is. subject only to degeneration.
There are no additions, except for the first element of any row, which

is the initial addition for that period.

If a1l the elements of the matrix are not available, i.e. there is not
enough plant retirement information, then‘mortality curves must be

fitted, in order to plug the gap. The methodology (as explained in the
attachment), basically fits a curve to existing data, at various intervals

and thus allows the gaps to filled. Such a curve may resemble:

100 .
9ot | | ' - 50% surviving after 4 years

sob - - 0% surviving after 10 years
70¢
60
50
40t
30
2071
10 | ‘ T

0
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Averaging:

Once the elements of the matrix are known we proceed with an averaging
proceduré that affects only the,didgona1 elements of the matrix. It

is done in order to smooth out a caéita] investment. schedule which
incorrectly attribute production to large capital projécts completed

in a particu1ar ﬁeriod even though it may not have entered service

until the very end of the périod. The averaging-also includes all plant

under construction (PUC). . The basic averaging function is:

~

1
w
—

Ae\naeK _05 _:Z:i_,'t_,:_r__ K.i,’t_-]’.l-—-]. + K_i’t’_l_ : :::‘js ------ T
S R 2 1,t-1,T-1 : .

which basically revalues one e1ement_6f the diagonal, in order that it

be suitable for addition to the next consecutive element down the diagonal.



C) Revaluing of Surviving Plant from Original to Current Values:

Once the elements of the matrix are all known (and the diagonal is
averaged), then they must all be repriced into common va1u¢s. This is
done by co1umn.4 Thus, column S would be entirely revalued in terms of
period S values, column St1 in terms of period S+I values and so on.

~ The elements can‘now be added, within columns to produce T-S aggregate

surviving plant values, one for each period. Thus, if we let K? £.T

denote the current surviviné valug of Ki £.T ° then:

KC

i, T P

i,t,T Ki,t,T t=1,.000iil, T
P

ist,T

and the current value of aggregate surviving plant category i, in period T
is:
P

Ci,t,T K

=1 Pig7

ist,T

~
1
o -

LT -
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D) Current to Constant/Va1Ue Plant:

Given K?T and P',t,T R A T we can revalue the K?T into

1

constant value. Choose t = o as the base year, then:

k . c
Kit = Pior N7
Pyt

59.



III. REGULATION AND POLICY




REGULATORY AND POLICY USES OF PRODUCTIVITY

I) INTRODUCTION

The productivity_pérformance of a firm>wi11 reflect directly on its ability
to absorb input price increases. Naturally, fhose input price ihcreéses that-
caﬁnot be covered by productivity growth must be offset thtough output price
rises. Thus, we can understand the more than passing interest-that a regulatory
body might have in a regulated firm's productivity record. To note that a
connection does exist is, however, not enough, it mus%t be understood, measured
and interpreted before-it can be put to inte11igent'ﬁse; Understanding is not’
a problem. It is widely acceptéd that unit costs will change by the différence
batween the changes in productivity and costs. For example, a 5% rise in
productivity, accompanied by a 10% ﬁrice increase,‘wi1i translate into a.5%

growth in unit costs. The nextllogiCa1 step, 6ne might imagine, would be for

the regulator, presented with this unit cost calculation. to award a petitioning

utility a 5% increase in rates (given no demand effects). This, however, does
not necessarily follow. The rate award would have to be coﬁtingent upon the
regulator's acceptance of, on the one hand, thg appropfiatehess of the given
pfoductivity measurement techniques,ahd, on the other hand, the heritsiof both
the measurement and interpretation of costs. By interpretatibn, we refer to
the perception of costs as either controllable or uncontrollable. An additional
consideration; in determining the size of the rate award would, of course, be

the incentive criteria.




Thus given that the regulatory use of productivity is in some sense an'>

~effort to 1ink rate awards to productivity movement, it cannot be properly ‘

examined without an equally close scrutiny of the measurement and interpretation“

problems. The fol]owing discussion will focus main1y on past'efforts to |
introduce an automatic rate adjusfment (ARA) formﬁla as a su§p1ement to the
normal regulatory process of full dress heérihgs. The view will be in terms

of the measurement and interpretation issues, It will a1soldraw upon recent

research in the area of productivity éomparisons which offers the possibility

of»overcoming‘one of the major deficiency of an ARA formula, choosing an

acceptable productivity level standard.

Given that as a policy goal the operational objective is quite simply to

promote dincreased efficiency in the telecommunications industry this question

~ really does not require a great deal of e1aboration. It will suffice to state

that specific policies designed to increase prqductivfty should, in some sense,
be measurable. In addition, the degree of expéctéd imprdvement shoﬁ1dva1so be
quantifiable. This latter probTem'is easily solved withiih the context of
interfirm productivity comparisons while the former issue can be resolved -

through single company measurement.

The following discussion will then focus on regulatory uses beginning with
a short hiétorica1 survey which will include the criteria usually set forth by
the regulators for an ARA. While the survey is by no means complete it

does cover some of the more important ARA cases.




IT) AUTOMATIC RATE ADJUSTMENT

Historica11y, there are four salient events in this area, for North

America:*

- January 1972, NARUC, in an economic paper (NARUC, Economic paper no. 1,
by Subcommittee of Staff Experts on Economics) proposed an "Automatic

Adjustment Clause" (AAC). See Appendix 1.

~

- December 1972, The New Jersey Board of Public Utility Commissioners

proposed a "Comprehensive Adjustment Clause" (CAC).

~ In March 1974, ITlinois Bell proposed a "Cost and Efficiency Adjustment' |

Clause" (CEAC).

- In August 1974, the Canadian Transport Commission proposed.a Rate

Adjustment Formula (RAF).

Some of the above material is taken from J. Lemay, "COTC and Rate Adjustment
Formula Procedure", November 14, 1974. An internal report prepared for
the COTC (now Teleglobe Canada). -



The common threads in all the above proposals included a desire to
reduce (or eliminate) regulatory lag, a need ease the regulatory cost and

administrative burdens and a recognition that without some built in incentives

~ the formulae would become cost p1us subsidies for inefficiency.f

Apart from the NARUC statement which was meant only as a stimulant for
the utilities to develop worﬁing formulae, the other proposals all had built

in productivity incentives.

a) The New Jersey Bell Formula included productivity only implicitly. It

entered the adjustment in several ways:

1) The allowed rate of return was allowed to fluctuate between a minimum

-of 8.15% and 8.30%, thus offering an incéntive for productivity gains
‘to’capture the 0.15%. |

Naturally, theiassumption being thét maximum productivity gains would
be pursued even if they pushed the rate of return beyond 8.30% which

would require downward adjustments in tarrifs.

2) Salaries and Wages would be, first of all subject to a ceiling (of

5.5% as a result of federal price controls) in order to ensure ;hat fhe
CAC does not unduly influence Waée negotiations, and secondIy,~w§u1d

be adjusted downwards by the value of the 1abour productivity increase.
Thus there does not seem to be any incentive to introduce Tabour saving

devices.



3)

4)

5)

Depreciation expenses, larger than 12.2% of total revenués (as determined

from a historical average) would not be allowed. Anything dnder 12.2%
would result in a definite and total cost pass through. This of course
encourages slower depreciation.and conseqUent]y the thding back -of

new techno]ogy.' A definite disincentive.

Other expenses were tied to the CPI, whereby the company would be

allowed to recover price increases in this~cate§ory equal to 50% of
the CPI growth. Naturally this creates an incentive to keep down
the incregsed burden' of covering other expenses through productivity
offsets but only to the extent-that the rate of return is not

pushed beyond the maximum allowed vaTue_of 8.30%. This is thérefore

mot always a complete incentive.

Taxes included, as part of the adjustment criteria, those relating

to real estate, revenue and social security.. The cost pass through
for changes in these rates or, as with sccial security taxes, for
changes in the maximum salary amounts to which social security tax

rates are applied, was to be full. Absolutely ﬁo adjustment was to

-be reflected for higher income tax dollars or rates because such

would have interfered with the intention of federal or state legislation.

That s, automatic adjustment in the income tax category would have
run counter to fiscal policy as well as called into play questions of

Tegality.




While, as can be seen from the-above‘descripfion, the New Jersey formula
attempted to go beyond the existing electric u£i1ity'fue1 adjustmént clauses.
by introducing some'productivityiincentive, allert implicitly, there were - N
some problems. Among these three'stand out. First.of a11‘1imiting fhe allowed |
rate of return range also limited to the productivity incentive.range. |
Secondly, the magnftudes and corresponding fndicés, such as the. CPI, to which
-the company's own cost inéreases were tied may have had little cdrrélatibn‘"

with its own experience. Finally, there was no consideration given to the

question of controllable vs uncontrollable costs.



b) The I1linois Bell pkoposa1 put forward essentially the same.argumehts‘as
NARUC and New Jersey Bell concerning the need of it CEAC in order to -
eliminate regulatory lag and reduce the cost and administrative burdens

of full dress rate hearings; "With continuing inflation at the 4%.a year

Tevel, and possibly substantially more, it is almost cekéain that IT1inois

Bell will find it necessary to petition the I1Iinois Commerce Commission
for higher service rates on at least a biennial, and possibly a more
frequent,  basis durihg the decade or so ahead.:

‘Substantial savings of time and\mohey, of course, could aécrue to‘both.the
company and the .commission, and customers could receive better service if
some kind of autowatic revenue adjustment clause was included in the:bompany's
tariff, thereby minimizing regu1atory Tag and reducing the'frequency of.

necessary formal rate case."*

ITTinois Bell in its argument also fecognizes the necessity of-bui]dfng
a formula which inc1udes_inceﬁtives to efficiency. To this end they go on
to say,"....... To the extent that a managemenf efficiéncy incentive or reward
could be incorporated, consumers could potentially benefit'to an even greater
extent and fprma1 rate cases might be even further deferred....... such ARAC's
‘have sometimes beer criticized because that confain no -incentive for efficient

performance,....."*¥

* "I1linois Bell, Cost and Efficiency Adjustment Clause", internal document,
October 1, 1973.

** Ibid.




The efficiency incentive, referred to above is the "universally accepted
concept of Total Factor Productivity". This TFP is essentially of the type
used; to until recently by, among others, Bell Canada. The general CEAC formula

can be stated as:

Revenue Adjustment = (_a% )} (unit cost change)
100%

100%"

~

+v( p%') (productivity saving)

- (rate of return ceiling)

If b was equal to zero then it would become the sfandard e]ectri§ and gaé
utility cost plus fuel adjustment clause. If a. vere equal to zero fhen high
inflation, compared to productivity would unduly punish the cohpany and,-in
the opposite case the consumer would never derive the benefit of lower rates.

The fiﬁa] formula, as. per Appendix 1, put a value of: a = 50 &nd b = 150.

Despite some minor drawbacks such as the arbitrariness of b = 150 and

a = 50, as well as the fact (as can be seen by.studying the formula) that the

'pértia1 intrastate business reacts with a total factor productivity measure

covering all company operations, it-was a promising formula. The state regu]aQ
tors, however, chose to reject the use of the I]jinois Bell bﬁoposed CEAC.

An important reason relates back to the basic question of determining the
extent of controllable vs uncontrollable cosfs. The ICC went on‘to'Say 
"operating expenses are incurred as a result of the exercise of managerial

decision and responsabi]ity'and, as such, are subject to the control in whole




or substantial part by respondent." They went much‘fﬁrther than.previous

such discussions in affirming that the basic différence between a gaé and
electric uti]ityland the telephone utility is that the uncontrollable cost is
~the exception rather than the rule. Thus they conclude that."approva1“of the
cost and efficiency revenue adjustment clause (CEAC) pfoposed by Be1i in‘

~the tariff filing of‘March 29, 1974,... is not currently in the public

interest or just andAreasonable at the present time and the schedules contained
in said tariff filing should be permanently cancelled and annulled."*

~

See Appendix 2 for details.

* I11inois Commerce Commission, Order #58916.
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The Canadian Transport Commission proposal dates-from Order No. T-474 of

August 15, 1974 originally summarized in the "Te1ecqmmunicationfs Committee ~

Decision on Bell Canada's Ammended Application B" for a general rate

increase, in 1974. It involved all the same reasons as the'pkeviOUS

proposals by NARUC, New dJersey Bell and I111no1s Bell, blaming regu]atory :f

..to make regulation more responsive to the present circumstances

and in order to ensure that the carriers are able to provide édequate

‘serv1ce w1thout resort1ng to frequent 1engthy pub11c hear1ngs, ..... '

The CTC proposal, as. well, expressed concerns similar to those'exposed
in previous proposals, emphasizing the need to isolate oniy those cost
not directly contko11ab1e by management and to ensure that the automatic.

adjustment would not act as a disincentive to inefficiency,** -

"The formula selected should compensate the carriers for the uncontrollable -

changes in cost. Any changes in costs under the control of the carriers .

Rate Adjustment Formula Procedure for Telecommunications Carr1ers under .
the Jurisdiction of the Canadian Transport Commission", Dec1s1on of

c)
lag and burdensome rate hear1ngs o*
in addition to ‘reducing the regu1atory lag."
will not be considered.
*
August 15, 1974.
** Ibid.
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Given the broad guidelines of including only uncontrollable costs as well |

as incentives for efficiency, the CTC formula proposed the same four broad

breakdown of cost categories as the New Jersey case discussed above.

These included "Wagés and Salaries" (all but those amounts a]ﬁeady capitalized),

"Taxes", (excluding income taxes), "Depreciation" and "Other Expenses".

For "Wages and Salaries" the CTC recommended using a combination of company

- specific and economy wide indexes in order to minimize its influence of

the labour-management wage bargaining process. Taxes were to be passed oh
in their entirefy.> Depreciation was\tO'be view {n terms of changfng'rates,

on the one hand, .and changing capital goods prices on the.othef.‘_th1e the
changing rates are fairly straightforward, capital prices are nbt° The
Commission recommended using the Bell Canada Telephone P1ant»Price Index (TPI)

for that company and similar ﬁndexes developed specifically for the other

companieé. Finally, other expenses were to be tied to the general economy

wide "price of gross national expenditures" (PGNE) def1ator.» In all.the above; .ﬁ

it should be noted, the adjustments are applicable on to the bfice effect

with cost increases due to growth already removed.

The productivity adjustment, as in previdus cases, remained a pr6b1em.*'

* Ibid.



"Clearly, productivity gains can be used by the carriers to offset
some of the uncontrollable costs it incurs. The .problem on an

adequate productivity adjustment is very difficult."

One of the maiﬁ difficu]ties'(at that time) was the rarity-of company produced
productivity (on a global basis) indexes. The CTc; therefbre, recommended . -
the use of a partial Tabour productivity measure,_af once récqgnizing‘its
drawbacks,* | | |

~

"The major drawback in using a partial-factor labour productivity
correction, especially in a capital intensive industry, is that
all improvements are then assigned to Tabour, and serious distor-

. tions may occur."

The full extent of the CTC proposal and concerns can be found in Appendix 3.

% Ibid.

12.
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From the above discussion it is, first 6f all, clear that any ARA must
have some bdi}t in incentive.mechanism and, secondiy, that this mechanism
be, in sdme sense, related to most of thé company's activities. The best _j
overall measure would seem to be the "Universally accepted of Tota] Factor -
Productivity."* This notion of a tota1 measure is given further support

by the CTC proposa], which, although 1t u1t1mate1y recommends a labour

partial product1v1ty measure, wou]d have, in.the event of wide ava11ab111ty, :

otherwise opted for a TFP measure.** While there are several different
approaches to the measurement issue, the TFP measurement séﬁemé, outlined

and used throughout the other sections of this report,'can easi1y~f1t into’.
any automatic cost adjustment formﬁ1a as the incenfive parameter.‘ |

It is interesting, at this juncture to briefly look at the recent decision

of December 18, 1979, by the New York Public Service Cdmmission whfch'

declared that TFP analysis "should not be made mandatory in rate cases, f-and
must be understood for {ts limitations. While administrative law judge Frank =~
S. Robinson puts fofward an e1oquent1y worded defense of the decision, a '

reading of hié article in the-Pub1ic Utitities Fornightly*** will show

" that some of the more salient concerns of the commission can be easily allayed.

These include the 1ength and expense of a TFP study, incémparabi]ity of

consecutive years, impossibility of forecasting TFP and the burden of

- heavy capital investment, due to§1ong term productivity considerations.

* ¢.f. I11inois Bell proposal.

** ¢.f. CTC proposal.

*%% Fpank S. Rob1n50n,."Tota1 Factor Productivity Studies as a Rate
Case Tool", Pub11c Utilities Fortn1ght1y, March 13, 1980.
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The first concern might be legitimate if regulation was the only
possible use of a TFP study. However, given the panaroma of management
models, NIPA, UNIPA, PAP, etc., all based, to varying degrees on TFP, the
cost is more than justified. The other concerﬁs can more appropriately
be combined and recycled as the single concern of knowing to whatllevel
of TFP the firm should be Tiable. While this is not>ah~easy question its
solution 1ies somewhere in.the fruitful and re1atiVe1y advaneed studies
of interfirm productivity eomparjsone by Denny, dJorgenson and Nishimizu
and the ongoing CTCA/DOC study, amohg others. The relative efficiency’
standing or, rather loss of standing of a particular firm_can informative1y
be viewed within the context of similar fifms.in the saﬁe industry. .That is,
a dramatic change in a compeny's historical performance could be more

accurately viewed with a comparative context.

The New York decision then, did voice the correct concerns but, unfor-
tunately was unab1e to bring available so]ut1ons into perspect1ve ~Further,
-the solution proposed by Mr. Robinson, in 11ght of the access1b111ty of TFP,
are primitive. He wou]d rather use pure guesswork and the be11ef that. the
arbitrariness "wou]d not be artibrary in the unlawfu? sense, rather, it
would represent a responsible exerc1se‘of a comm1s$1on s obligations to
fix just and reasonable rates."h .

He goes on to say: "This need (for productivity gain rates) is propef}y,
met by approximate, judgemental productivity adjustments, since to do better

is impossible."




It should be noted that Mr. Robinson's thinking may have been to some
degree influenced by the Consolidated Edison TFP study*, upon which the
commission reached its decision. Thé study, in all fairness, was based on

Kendriqk's original methodology as out}ined in his 1967 pamphlet "Measuring

Company Productivity” and his "Productivity Trends in the U.S.", Number 1961.

- This methodo]ogy pales as terms of accuracy andAuti]ity with respect to work

being done today. Naturally, some erroneous conc]usionS»may have been drawn.

One of the more importanf regulatory applications.of research into total

factor productivity measurement ié; tﬁerefore, within the context of an
automatic rafe adjustment formula. The essential characteristics of sgch a
framework for expeditious reguTation would not dfffer,substantié]]y from the
I11jnois formula discussed earlier. It would of course require a mutually
acceptable set of definitions vis-a-vis uncontrollable cost,.an agreed

upon indexing prdcedure and finally a defensible measure, which must.aiways
be company specific, of Total Factor Produdtivity. The TFP meésure woqu,
further, have to be‘defined in terms of some.foptimal" Tevel. This latter
requirement can be fulfilled either by extensive engineering ihvestigatfon

or through carefully designed interfirm productivity comparisons. In terms

of cost and time, the comparative study would appear to be the more expeditious

of the two approaches.

* Consolidated Edison of New York Inc., Electric Dept. ﬁFunctionél Analysis
of Inputs and Outputs for the years 1967 to 1976 on the Historical Cost
Basis and as repriced at the 1960 price level.

15.




| - o APPENDIX 1

EIGHTY-FOURTH ANNUAL CONVENTION

NARUC
ECONOMIC PAPER NO. 1

By
' SUBCOMMI'ITEE OF STAFF EXPERTS ON ECONOMICS*

This paper represents the opinions of the.
NARUC Subcommittee of Staff Experts on Economics,
It has not been submitted to, or approved by,

" . the Committee on Accounts.

AUTOMATIC ADJUSTMENT CLAUSES

An automatic adjustment clause (AAC) is & provision in a utility
company’s tariff by which a change in a selected cost item will automatically
change rates charged consumers. The most common form of adjustment-
clause is based on fuel costs in the case of electric utilities and purchased gas
cost in the case of gas utilities. Automatic clauses have also been utilized for
wages, taxes, and -other such easily identifiable cost items. This paper is not

concernsd with automatic rate increases that may occur for other reasons—
( such as an increase in telephone calling scope ‘
AACAdvantages \ . T ’ i -

1. During a period of inflation automatic clauses protect a company’s
rate of return from the impact of a rapidly changing cost item by reducing A R
the time lag between changes in cost, and the collec’uon of compensatmo o C et
.rates, B : :
2. During a’ penod of declining costs, AAC may help to prevent an
unreasonable enhancement of the company’s rate of return. o
‘3. They ease the administrative burden on the regulatory body and .
reduce the cost of regulation assessable to. the utxhty by eliminating the
prospect of repetitive tariff petition filings over a short time period. These
adjustments also replace the need for full scale hearings by an automatic
procedure that allows tariff chanves to compensate for known chanoes in =
spemﬁc cost items, )

AAC Disadvantages

1. Automatic adjustment clauses give undue wexght to a single costitem -
while ignoring other cost items thus possibly distorting the relationship of -
rates to costs. That is, they conflict with the goal of holding rates toa just

*Qriginal draft by Alvin Kaufman, New York Pubhc Service Commxssxon
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and reasonable level’ unless the change in the'item selected for: automatlc;

adjustment parallels the change in the total cost of service.

2. These clauses pass on to the consumer increased costs w:thout allowing
for compensating economies that may accrue from other cost elémentssuch -
as economies of scale or improved’ technology For example, in the case of -

fuel adjustment clauses fuel costs may rise, but may be more than balanced

.. by operating economies accruing from greater labor productivity. Despite this

.. balancing of cost the consumies would be requxred to pay higher rates: Thus,

AAC may generate excess-earnings for those companies continuing to benefit-

) from enhanced labor and plant productmty

* 3., Because costs that can be automiatically adjusted are passed on to the'. .

- consumer quickly and easily; they tend to dampen the company mcentwe to .
‘bargain for a better fuel price or -better wage ‘settlement, etc, As :
consequence, they may tend to. cause addmonal pnce escalanon for the - -

adjustable item.

- 4. - A profusion-of automatlc adjustment clauses will rob the utility of its.

incentive to operate efficiently and may in fact become a subsidy for

_ inefficiency. In an instance where a company is permitted to adjust for fuel

"% costs, as well as: wages, taxes, and possxbl/ othef items, then the utility in" .

effect is operating under a kmd of *‘cost plus contract™ ’and has no need to
be efficient since the costs of inefficiency can be. passed on to the consumer
quickly and without regulatory interference.

Fuel Adjustment Clduses.‘ s

As an example of automatic clauses we can consider those used for fuel’ -
cost-adjustments. Such clauses tend to put great emphasis on changes in fuel .~

cost while minimizing the importance in changes in administrative, interest,

and maintenance costs, as well as changes in capital or rate of return. Many -

automatic adjustment fuel clauses do not take account of changes in the heat

- content per ton of fuel with consequent changes in cost per Btu, nor do these

clauses take account of changes in technical efﬁcxency or economies of scale

which might tend to offset fuel increases. Quite often these clauses will also .+

. ignore mitigating.cost circumstances that may result from use of more than

one method of electric: power generanon ‘with consequently different fuel
costs. As a consequence, even though a given fuel price may rise, total fuel. - -~
costs for the. company may increase very little if at all, In addition, automatic.. -

of alternate production methods such as nuclear plants

There is presently a great diversity -of automatic fuel adjustment clauses'-

with some states allowing rate adjustments for specific customer classes only,
such as industrial consumers, and others applying the change uniformly. All

 fuel cost adjustments may, duringa period of rising costs, bias the selection - '

clauses, however, should take account not only of fuel price, but also fuel

heat content, the trend of company heat rate, the proportion-of purchased,

e r— 2 st
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hydro, nuclear, and fossil fuel- gencr'\tcd energy. 1t may also be well to permlt .
the recovery of only 2 limited portron (say, 90%) of increased cost. Such-a' -
limitation has the advantace of preserving the utrhty s incentive to bargam for .
cost reductions.

A recent FPC survey as of .Tanuary 1, 1970. showed that 35 perccnt of the -
larger privately owned utilities had fuel adjustment clauses in their residential -
schedules, 58 percent:-had such clauses in their commercral schedules and 72
percent in their industrial schedules :

Possible Legal Problemns

In.a recent case by an etectrlc power company before 4 state commission
requestrng approval to utilize a fuel clause adjustment as a means of coping’
with rising fuel costs the question arose as to the legality of a state regulatory e A

. agency having the authority to-approve a fuel clause adjustment. Many states *. = "% - .
“have permitted 2 fuel clause adjustment and under some. state regulatory. - - . L. ¢
‘statutes the authority may be specrﬁcally granted the regulatory agency to ° ..
delegate its- rate ‘making authority viz the automatic adjustment clause =
vehicle. However, in heu of specific statutory authority the legality of an
automatic adjustment clause of any kind becomes an important factor for the -
regulatory agency to consider when confronted with. request for the approval *
of these type clauses.

" In'the case of arecent power company ’s request to a state commtssron forj_
authority to invoke an automatic fuel clause adjustmént the argument uga":st _
the agency having the legal authorrty to grant- the request by ‘the power
‘company ran thusty:

The. effective result of the proposed ﬁlmg, if. granted by thef "

commission, would be to delegate solely to the power company and its - -

suppliers of -fuel - who ‘enter -into’ private contracts with the power

company, the power and authority to determine the level of charges.to

be made by the power compaiy for electric service sold and. dlstnbuted; .

to, the using and consuming public, and various state agencies which

purchase said electric service from the power company. .

In support of the. foregoing, the Attorney General argued that the Cok

power to fix and regutate the reasonable rates and charges to bemade -

for such service is ‘vested solely in the commission. It was further

contended that this rate-making power is a delegable power and duty--

which has been delegated solely to the commission by the state General

Assembly, in the exercise of the states’ police powers and no firther SR
- delegatron of the rate-making power of the state is authorized; and that’ .

the using and consuming public would be deprived of the money:it pays . .

for electricity by a state franchised monopoly wrthout due process of". .

law.
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Aside - from the géonomic disadv‘amages enumerated previously, . all
regulatory agencies should also carefully consider the legality of automatic
adjustment clauses when decrdmg whether or not to permit their rmplementa-

tion.

Recommendat:on

It is recommended, therefore, that adjustment clauses, when beheved e

_advantageous to a commission, should ‘be weighted to reflect the relative
importance of the particular item in the company cost structure, and should
-include provisions compensating for economies that may accrue from
1mproved managerial efficiency, technology, innovation, or economies of
:scale. In addition, it may be advisable for an adjustment clause to include

other safeguards, such as.a requirement for periodic cost-of-service sub-.
missions . for commission review, in-order to minimize the nsk of the .

.. company’s having excess earnings for an extended period.’

Shiealy "S-bA? '.:'—Zi,lifmj:: SRR

Automatic clauses should. also be operable in two directions. That is, AAC _

should be permrtted to track increases during periods of rising costs, and

.. decreases during periods of declmmg costs rather than be used sole]y dunng _

inflationary penods

Automatic adjustment clauses should be established only after’ careful

consideration of all relevant factors from the standpoint of the commission’s
regulatory responsibilities. : -
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- . APPENDIX 2
'  STATE OF ILLINOIS'

ILL*UOIS COMMERCE COMMISSIONW

Illinois Bell Telaphcne Company

Praposed monthly changes in telephone rates : 58916 -
applicable to all exchanges of the Company :
due to Cost and Efficiency adjustment H
Factor, ‘ :
ORDER
"By the Commission: . ° ’

, ‘On March 29, 1974, Illinois Bell Telephone Comoany (" Bell" .
*Respondent®™ or "Cormpany") £iled a tariif consisting of Schedules

.Ill. C.C. No. 1, Seckion 1, lst Revised Sheet 23 and Original

Sheet 30 of the Gerneral Local Exchange Tariff; Ill. C.C. No.

3, 4th Revised Sheet 1 and lst Revised Sheet 13 of the Domestic
Public Land Mobile Telephone Sarvice Tarlf:; nd Ill. C.-.‘

No. 1, Criginal Sheet §.50 of the Signaling Se*v1ce Tarif

by which Bell proposed a new cost and efficliency revenue adjustnent

clause {hereinafter scmetimes referred to as "CEAC"), appllcable
to all exchanges of the Company. ‘

Under the proposed tariff £iling, billings to customers
for telephone service would be increased or decreased by applying
a cost and efficiency revenus adjustment factor which fagcter
thereby constitutes a £iling in the nature of a general rate
increase. )

Notice of the proposed tariff filing was posted in a con-
splcuoas nlace in each of the business oZIfices of Resporcent
and published in secular newspapers of general cizculatien

‘throughout the Company's service area, zs evidenced by the

record in this case, all in accordance with the requirenments
of Seztion 36 of the Illinois Public Utilities Act and the
provisions of General Order 157 of this Commission.

. An examination of the filed tariff schedules resulted

in a determination by this Commission to enter upon hearings
concerning the prepriecy and reasonableness of the cost and
efficiency revenue adjustment clause, inter alia, contained
therein and that, pending hearing and decisicn thereon, the
£filed tariff should-not become effective. On Apxri:i 3, 1974,

the Commission entsred an Order suspending the proposed tarif

to and including August 27, 1374, and therxealter on August

21, 1974, entered a Re;uspun5lon Qrder extending the period

of suspension of the tariff filing to and including February

27, 1975, pursuant to the provisions of Section 36 of the Public
Utilitles Act of Illinois. .

Pursuant to notice as required by 1aw and the General
Orders of this Commission, the initial hear;ng in this cause
was held befcre a duly authorized Examiner of the Commission,
at its offices in =orirg‘ielc, Illinois, on May 1§, 1974.

An appéarance was eatered by counsel on behalf of Respondent,
Various othexr persons, representatives of corporat*Ons and.

other entities were present, many represented by counsel; those
appearing were allowad to participate in the initial hearing '
by the Zxaminer stbject to an 2rder of the Coemmisson =llow;ng
individual intervention. Staff members of the Commission'
Telephcne Engineering Section, a2nd Accounts and Finance Section
fully participated ia all hearzngs held in this cause,’
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Subsequent .to the tariff filing of the Companv, petitions
to intervene were filed on hehalf 9f: General Telephcne Company -
of Illinoils, General Services adninistration (G3A), Continental
Telephone Company of Illinois and Bernard Carey, States Aattorney
of Cook County, Illinois (Statses Attorney). All of the ‘o*ego*"g
entities were subsecuently allowed to intervene by Crder of
the Commission. On June 12, 1974, a staff attorney representing
the corporation counsel entered the appearance of the City
of Chicago and participated fully on behalf of said City in
these proceedings as a party intervenor. Other municipalities
were represented at various hearings.

On July 30, 1974, a representative of Chicago ChépterA
of the Center of United Labor Action, f£iled a petition to intervene
which was subsequently denied by order of the Ccrmission on

-September-4, 1974, A later Reguest for a Special Public Kearing,

filed September 3, 1974, on behalf of such organization, was »
granted by the Commission on September 18, 1974; said special.
hearing was held by the Examiner cn Octcber 11, 1974, during
which hearing members of the public.appeared and testified
on behalf of themselves and certain organizations in the manner
provided by Section I:I(c) of the Rules of Practice of this
Commission, - T

Subsequent to the initial hearing held in this cause,
various hearings were held and on October 11, 1574, the case
was marked "Eeard -and Taken" by the Examiner. Notice of the
initial hearing and all subsequent hearings scheduled and held
were mailed by the Secretary of the Commission to the parties
and other persens and entities as shown by the docket sheet,
maintained by the Secretary of the Commission, f£or purposes .
of this cause, all in accordance w*th the Rules of Practice
of this Commission, .

The initial brief of Respondent was f£iled on October 15,
1974, Answey briefs were £iled on behalf of various intervenors
on or before llovemner 19, 1574, and the reply brief 2f =221l
was filed November 20, 1974. Oral argument, requested by various
parties, was heard by the Commission en banc on Novembsr 20,
1974, and at the'conclusion ther=¢f, the oral argumént was
narXed "Heard arnd Taken under Advisemnnt“

Suggested corrections to the t*anscr-pt~of record were
filed on behalf of various parties without objection by any
party to this cause. The Commission having examined the suggested
corrections, is of the opinion that the record should be changed
in accordance therewith and that the same be made a part of
the official record of this case.

The official record before this Commission consists of .
approximately 2,778 pages of transcript exclusive of oral argument
and voluminous exhibits relating to the proposed tariff filing.

All parties were afforded the opportunity to examine witnesses
appearing at the hearings held and to offer evidence w;th respect
to all proper issues in this proceeding.

During the course of these proceedings various parties‘
to this cause filed interrcgacories and requested additional
information from other parties. .The Comnission is of the opinion -
that the responses thereto as directed, allowed or modified
by ruling of the Exaniner, constitute a just and reasonable .
dispostion of the interrcgatories and informational requescs
of the moving parties, when viewed in light of the statutcry
time limits provided by Seciion 36 of the Public Utilities
Act of Illinois. All remaining motions, objections and other
matters not specifically dispc¢sed of by the Examiner sheuld
be taken with the case and disgosed of in a manner consistent
with the ultimate conclusicnS contained in this Order.
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‘Bell is one of 24 operating corpanies included in the

‘American Telephone and Telegraph Comgany's Bell System. All

of Respondent's outstanding capital is owned-by AT&T. The
Bell Syszem includes, inter alia, Bell Telephone Laboratories,
Inc. and Western Electric Company. Research, develcpment

and design work are performed by the former, and the latter
manufactures, purchases, repairs and distributes apparatus, .
equipment and supplies, and installs central office equipment
for the Bell System., The long—-lines department of AT&T constructs,
operates and maintains long distance interstate lines. The
parent company also provides many other contractual services .
for the operating Bell Telephone Ccmpanies and undertakes

to prov;de all financing requirements of the Bell System.

Respondent sexrves about 3,000, 000 customers thrcughout
a substantial part of Illinois and Northern Indiana. It provides
telephone service constituting beth lntrastate and interstate

" communication services in addition to a variety of ancillary

services relating to the transmission of telephone messages

-between points within and without this state. The proceadings

in this case relate to Respondent's Illineis intrastate operations,

The purpose of Bell's tariff £iling of March 29, 1574,
is to provide a method or formula for calculating a cost and
efficlency revenue adjustment factor (CEAF) which if allowed
to become effective may result in a monthly increase or decrease
in charges for telepnone service based not only on changes
in operating expenses but also on changes in operating efficiencles.
Bell contended that CEAC would in the future provide an opportunity
for the Company to earn a rate of retuxn within the range
allowed by this Commission as a result of its most recent
inVEstigation and determination concerning just and reasonable -
rates allowed to become effective by v1r~ue of an Oxdex o;
this Cotemiseion.

GSA Exhibxt 2, admitted into ev;dence, {a study made
by Bell entitled "Illinois Bell P:oductivxty Study Concepts
and Methodology"), and the record in this case contain a lengtny
and detailed discussion of theory and methodology utilized :
in the preparation of the CEAC formula..

. During the course of these proceedings, Respondent subn;tted
Company Exhibit 9, admitted into evidence,. containing Schedule

Iil. c.C. No. 5 Part I - Section 5, Original Pages 18 and

19, Said pages were purported to be part of Responadent's

proposal to modernize its tariff; containing in language and .

in suhstance, the cost and efficiency revenue adjustment clause .
(CEAC) proposed by Bell in the teriff £iling of March 29,

1574, The Company suggested that upon approval of the tariff
filing of March 29, 1974, the Schedules contained in said '

£iling should be made to conform to the language contalined

in Company Exhibit 9.

. N
Public interest requires that the regulated utilities.

be allowed by the Commission, to establish a just and reasonabdle
tariff, conta;nlng rates and charges which are as 1low as possibhle
for the consumlng public and vet sufficient to provide an
opportunity for a public utillty to earn a fair and reasonable

.return on the "value” of the utility's groperty dedicated

to public use, The standards by which a just and reasonable '
tariff may be judged.are many and varied. History discloses

" the theories and methods used by regulatory agencies in arriving
- at proper tariffs.

Increased supervision of the regulated utility during
periods of severe econcmic stress is necessary if this Cc mission
is to fulfill its cbligations under the law to the pub ic ard
to the regulated utilities,
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The Ccmnission is of th‘bpinion that the CEAC formula
contained in the tariff £iling of !larch 29, 1974 would result

.in a change in rates for elepnone service p*ov*ded the gustomer

of Bell, Undexr S=ction 36 of the Public Utilities Act the

legislature delegated to this Commission the power and authority

to enter upon a hearirg concarnlng‘uhe propriety and reasonableness

of changes in rates or cther charges,: cla;sﬁglcatlons, contfacts,

practices, tules or regula*lons, vwhich are contained in a filed
riff, Pericds of suspension are authorized durinq which

time the Commission may a2stablish rates or other charges, etc.

which it shall find just and reasonable. The Commission was

at the same time delegated the powa* and authority to allow

changes in such rates or cother charges, etc, to become effactive

by merely not exercisinq its power and authority to enter upon

a hearing concerning the chaﬂges.

A reading of the statute, however, clearly indi”ates that
the legislature intended that the public be given the opportunity
to ba heard prior to the 1mnos;t‘on of a significant rate increase
or other significant action by the public utility,

Consistent with this leqislatzve intent, this Commission
has uniformly entered upon full and complete public hearings
to ‘determine the just and reasonable nature of proposed changes
in rates or charges which would vonstitute a general increase
in rates of a substantial nature, The Commission is of the
opinion that such practice'is in the interest of the public..

The proposal of Bell (CEAC) is novel in scope and untried

" in Illinois utility regulaticns but has been carefully ccasidered

by this Cemmission., The Supreme Court of New Jersey._recently

published an opinion Gf the Court, decided February 10, 1975,
which modiZizd and approved a tarziff contiining a "Comprehensive
Adjus_ncnt Clause™_(CAC) auuhor;zed as_g;:eault of two orders””

the New Jersey Board.of Eublﬁc*U*llLtk ‘Cemnissioaesrs_(Ruly

»enterea December L3, eyt _Decenbar 23, 1573, _"—‘“* “G“ Doak v

_No, 7321340 “CAG would enables the New Jersey 2el) Telephcns
“Company to *ecap_Lre by flowing through to its custorers cartain
porticns of any increasz in certailn operating expenses as an
annual . adjustment., CAC is not as all-inclusive as CEAC proposed
by Respondent in this case. Four categories of operating expenses-
were included in CAC: {l) zalaries and wages including fringe
benefits; (2) depreciation charges; -{3) other expenses; and,

{4) taxes. The adjusiment was to ba based upon audited operating
results ror a twelve month periodr ending Saptenhexr 39 in sach '
year commanecing with S=otembe* 30, '1973.. Underx the operaticn

of the Ccmozeheqsxve Aajusbment Clause, ?PUC would have the
oppor*uni*y to examine actual audited operating rssults of

New Jersey Bell for a twelve month pa:iod in a retrospective

and cemparative mannex,  The Ope~at;on of CAC would appear

to enable the Vew Je*bey Board of Public Wtility Commissioners

to make a partial: determination of the just and reasonable

nature of four categories .of op=rating expesnses prioy to recapture
by flow through to custcmers.

As suggested by ths parties to this causa, adjuﬂtment
clauses have been utilized by regulatory Cowmmissicns, including
this Commission, for many y=ars. The cost of fuels and natural
gas, certain taxes, and recently the cost of certain environmental
expenditures incurred by some utilities have been the basis
for autonntlc rate au]ustmcnt tlauses in this state

The Commission is of the opinion that tbe Supreme Court
of Illinois has settled the issue relsting to the pcwer and
atthority of the Illinols Cormerce Commission -under Seciion
36 of the Public Utilities Act ¢f Illinois, to authorize a
public utility to place on file and allew tn heccma effactive,
a tarifsg, conuaiqzng arn autcmatic rate adjustment clause.
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In the Citvy of Chicago vs. the Iliinois Ccmmerce Commission,
et al, 13 ILl. 2d uv07. (L332) at page oll, tne court sctaced:

"The city of Chicago contends that the authorization
of the autcmatic adjustment clause contravenes seciion
36 and permits changes in rates without the filing
of rate schedules and censtitutes an abuse of the
exercise of the Commission's discretion. We. cannot
agree. As commonly used, "rate" is defired as a
"price or amount stated or fixed on an wthing with
relation to a standard; a fiwed ratio; a settled
proportion.” (Webster's New Twentieth Century, chtlonarv,
28 ed., p. 1496.) Under the statute, "'Rate'’ includes
every individual or joint rate, fare, tolls, charges,
. rental or other compensation of any public utility
or any schedule or tariff thereof, and any rules,
regulahlon, charge, practice, or contract relating
thereto,"” (Ill. Rewv, Stat. 1937. chap. 111 2/3,
par. 10.16)  Under the common, as well as the statutory
) defipnition, it is clear that che statutory authority
to approve rate schedules embraces more than the
authority to approve rates fixed in terms of dollars
and cents. -

o

At page 614, et sequel, after discussing a decision of
the Supreme Court of Abpeals of Virginia in a matter entitled,.’
-City of lorfolk v, Virginia Electric & Power Co 90 SE 24, 140,
the Supreme Court of Ill;npls concludecd that

*We find the foregoing decision in poin%t, and while
not binding upon us, its lcgic is sound and compelling.
We conclude that the Public Crilities Act of Illinois
vested in the Commission the power to authorize an

. automatic adjustment clause to bhe £ilad in a rate
schedule in the propex case.” (emphasis added) .

Certain intervenors suggest that the CZAC formula is unrsason~
zble and unlawful in that tha public is denr'veu of an opportunity
to par tlclpate in a hearing concerning the preopriety and reason- .
ableness of increased rates-as a result of the ogeration of
CEAC and that the burden of proving.the just and reasonable
nature of rates allowed to become effective is shifted fron
the Company to the public, - o .

Section 36 of the Public Utilities Act confers upon thi
Commission the power to determine the just and reasonable nature
of telephone ratss allowed to become effective in the various
areas provided televhone service by Bell., 2ates produce operating
revenues which, after deduction of operating exgenses, should
‘result in operating inceme determined by this Commission to
bes a fair and reasonable return on Bell's investment in plant
dedicated. to public use in Illinois. All such terms are specifically
defined by law, court lnbe*pretat-on or general order of this -
Commission. Of necessity the*eno-e, this Comrzission has the
power to determine the just and reasonable natyre of all.opexating
expenses, which are included as a deducticn £rom operating
revenues. in arriving at operating incecme of the Company. Bell
has substantial control over the amount, nature and timing
of the expenses incurrad in fulfilling its obligations as a
public utility. This Commission has power and the obligation
to inquire into and determine the just and reasopable nature '
of "such expenses. The question of whether or not to mzke a
given expenditure on a day-to-day or month-tc~nmonth basis is
avmanagerial decision, to be made by the Company within th
confines of sound business judgment, aoolicable law and judicial
interpretation thereof and the standards established by this:

’ Cormission. The Commission dees have tha pewer and obligation

to inquire. into the ]LSC and reasonable nature of all cperating
expenses of 3ell in order to properly determine the rates for
telephone service allowed to becoms efiective.
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In Antioch Milling Co. vs. Public Service Co. 4 Ill. 24
200, the Court stated at page 210:

"The Commission is not just an umpire. It has been
given active functions of policy making and supervision.
It may initiate hearings on its own rotion, and it

has a wide discretion in shaping proceedings bzought

by others. The act provides that rates shall be
reasonable; but it entrusts the enforcement of that .
obligation in the first instance to the Commission.”

The‘Commissidn is of the opinlon that the power to establish

policy and supervise utilitysoperations does not justify intervention
‘In each and every managerial decision at the tlne same are :

required to be made.

At the present time, the reasonableness of operating expenses
can best be determined by the Comnission in retrospect and
after .a reasonable oppertunity to examlne individual items
of expense on an accunulated basis' in comparison with other
periods of time., The Commission is of the opinion that at
the present time and under present economic conditions the
determination of the just and reasonable nature of operating
expenses incurred by Bell is best accomplished by hearings
concerning the propriety and reasonableness of proposed rates
or other charges under tha provisions of Saction 36 of_ the
Public Utilities Act of Illincis and not by an automatic revenue
adjustment clause such as _proposed herein.

While it may be true that the Company does not have sole
control over the increases in costs during a period of inflation
OrX severe econcmic stress, nor' the ability %to overcome the
effect of such inflation or stress solely through productivity
or managerial decision, it cannot be concluded that the Company .
has no control whatscever. The Company does have substantial -
control over its operating exgenses. The Commission is of
the cpinion that Rell's management has the obligation to make
decisions which most effectively reduce or keep at a minimum,
the cost of providing efficient, reliable, safe and adeguate
utility service to the public. It is the obligation of this

‘Comnission to pass judgment upon the just and reasonable nature

of operating expenses incurred by the Cowmpany and the obligation
of the Company to exercise proper judgment when incurring such
expenses, It is the control of this Commission and that of
Respondent over such expenditures which distinguishes the CEAC
forrmula from the automatic rate adjLstnent clause approved

by the Supreme Court of Illinois in the case of the City of.

_Chicato vs. The Ill‘nols Ccmmerce Comnmission (id).

Traditional.rate maklng procedure would requlre Bell to
justify the reasonableness of operating expenses to be incurred
during a test year period, Under such procedure, this Commission
has an opportunity to deétermine the just and reasonable nature
of actual utility operations. prior to establishing rates for
the future which will allow Bell to offset proper operating
expenses and allow an opportunity to earn a fair and reasonable
return on the "value” of its used and useful properties dedicated
to public use,. —

In order to respond to the immediate needs of the public
and utility alike, this Commission has adepted the practice
of allowing interim rate relief, when justified, nendlng public
hearing and decision on the £ull request of a utility for rate !
relief, In Cenktral Illinois Public Service Czmpoany, Docket No.
57300, this Commission entered an corder on Marca 13, 1273, which
in effect has eliminated the expense and time formerly raquired by -
major utilities to prepare and present reprocduction ¢obt evidence
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in a gensral rate case proceeding. These efforts on the part
of this Commission, as well as other innovations, will tend
to eliminate to some extent the so called "regulatory lag"

- and permit reascnable time for the fulfillment of regulatory

obligations., This Commission is able to exercise its duties
in a manner consistent with the requirements of the utility
and its rate payers. ' . :

The evidence in this proceeding cdemonstrates that under.
the present method of rate making, Bell's charges are approximately
the same as they would have been had -the CEAC ‘formula been
in operation durxing the past several years. , Therefore the
Commnission concludes that the traditional method of entering
upon public hearing %o inguire into and examine the factual
bases for requested rate relief as p*OV‘ded in Section 36 of
the Public Utilities Act is in the public interest and in compli-
ance with legislative intent. The operation of the proposed
CEAC fermula would allow a very substantial portion of any

" increase in operating expense experienced by Bell to be recaptured

by flow through to its customers without providing this Commission
with an opportunity to f£ulfill its regulatory obligations by
examination of such expenses in a retrospective and comparative
manner and determine the reasonableness %thereof. The implementation
of the CEAC formula would be tantamount to an abdication of
regulatory responsibilities.’ The Commission is of the opinion

that the automatic rate_ adjustment clause, CEAC, proposed by Bell in
the tariff filing of March 29, 1974, consisting of Schedules Ill,
C.C. No. 1, Section 1, lst Revised Sheet 29 and Original Sheet

.30 of the General Local Exchange Tariff; Ill. C.C. Yo. 3, 4th

Revised Sheet 1 and lst ‘Revised Sheet 13 of the Domestic Public
Land Mobile Telephone Service Tariff; and Ill. C.C. Vo, 1,

' Qriginal Sheet 8.50 of the Signaling Service Tariff and including

the proposed medernization and suggested language contained in

. Company Exhibit 9, should be permanently cancelled and annulled.

The Commission, having considered the entire record herein
and now being fully advised in the premises, is of the opinion
and finds that: X

(1) , Illinois Bell Telephone Company is an Illinois

. corporatiocn engaged in the business of supplying
“telephone and communication service to the public
throughout various parts of Illinois, and, as such,
is a public utility within the meaning of an Act
entitled, "An Act concerning public utilities,"
as anended and now in force in the State of Illinois;

{2) on March 29, 1974, Respondent filed with this
Cormmission a certain tariff providing for a new
cost and efficiency revenue. adjustment clause which
would constitute a change in rates and other charges
applicable to telephone service furnished to its’
customers in Illinois, to becone e:fectlve April 29,

-1974;
\‘-

(3) on April 3, 1974, tl> Commission issued a Suspension
Order suspending the filed tariff to and including
August 27, 1974, pending hearing thereon, and there-
after by Resuspension Order, entered on August 21, '
1974, resuspended the said tariff £iling until, to
and including. February 27, 1975; i

(4) notices of the initial hearing held in this cause
were mailed by the Secretary of the Ccrmmission to
Respondent, the mayor or attorney and the clerk of
all cormunities as shown by the docket sheets
maintained by the Secretary of the Commission for
purposes of this case, in addition to other persons
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nd entlu*es shown thersbv, all in accordance with
the rules and regulations cf- this Cermission;

{3) Respondent has ccrmplied with the requirements of
General Order 137 and the law, rules ard rsgulations
applicable to the Ccmmaission relating to neticé and
publication of a legal notice in newspapers of general
circulaticn in the area serviced by Respcndent and
affected by these proceedings;

(6) the Commission has jurisdiction of Respondent and
of the subject matter of this proceeding; ,

{7) statements of fact and conclusions reached in the

' prefatory part of this crder by the Commission are
supported by the evldence ané record and are hereby
adopted as findings of fact;

(8) cperat*ﬁg expenses are incurred as a result of the
exXercise of nanage*ial decisicn and respensibilicy
and, as such, are subject to the control in whole
or substantial part by Respondent;

(9) the determinaticn of the just and reasonazble nature
of all operating exbenses of Bell by this Commission,
: on a day~to~day or month-to-month basis, would be
required under the provisions of the CEaAC formula
.proposed by Rasnonde1 in the tariff filing of March
.29, 1974; ..

(10) public interest does not currently require that this
Commission determine the just and reascnable nature
of all operating expenses, incurred by Respondent,
on a day~to-day or montha~to-month basis as n:ooosed
by Respondent;

(11) operating expenses incurred by Respondent are subject
to the lnqulry, approval, sugervision and po’mﬂyﬁaklng
control of this Commission under the provisions of
the Public Utilities Act of Illinois;

(12) approval of the cost and ef‘ic1encyﬁrevn1ue adjustment
« _clause (CEAC) vproposed by Bell in the taviff f£iling

"of Maren 29, 1974, consisting of Schedules Ili, C.C.
"No. 1, Section 1, lst Revised Sheet 29 and Original
Sheet 30 of the General Local Exchange Tariff; ILll.
C.C. No. 3, 4th Revised Sheet 1 and lst Revised Sheet
13 of the Domestic Public Land Mobile Telephone Service
Tariff; and Ill. C.C. ¥o. l, Criginal Sneet 8.30
of the Signaling Service Tariff and ipcluding the
proposed mccdernization and suggested language contained
in Ccmpany =xhibit 9, is net curreantly in the Q}b’lc
interest or just and reasonsble at the prasent time.

and the schedules contained in said tazifs filing

should be permanently cancelled and annu‘led~

(13) any objections and motions made during the course
of these procebd;ngs that remain und‘sncsea of should
be disposed of in a manner consistent with the ultimate
conclusions contained herein. -

_IT IS THEREFORE ORDERED by the Illinois Cemmerce Commission
that the tariff f£iling made on tehalf of Illinois 2ell Telephone
Company on March 23, 1974, consisting of Schedules Ill. C.C.

No. 1, Section 1, lst Revised Sheet 29 and,Original Sheet 30

of the General Local EZxchangs Tarifg; Ill. C.C. Yo. 3, 4th
Revised Sheet 1 and lst Revised Shset 13 of the Cemestic Public
Land Mobile. Telephcna Sorvice Tariff; and Ill. C.C. lo. 1,
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Original Sheet 8.50 of the Sigraling Service Tariff, tcgether
with and including the wroposed modernitation and suggested
language contzined in Company Exhibit 2, be and the same are

_hereby, rermanently cancelled and annulled.

IT IS FURTHER ORDERED that any and all objections and
motions made during the course of these proceedings that remain
undisposad of, be, and the same are hereby, dispcsed of consistent

‘with the ultimate conclusions contained herein.

By Order of the Commission this 26th day of February,
1975,

v - " Chairman

REB/nns
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The Rationale for a Telephone Utility
- Cost and Efficiency Adjustment Tariff Clause

public utilities, such as the electric and telephone industries; have long
been characterized by efficient performance and high productivity achieve-
ments. As a result, the quality and reliability of utility services have
steadily improved and the prices to consumers for such services in real terms
have declined substantially over the past several decades. Since 1940, for
example, inflation has raised the consumer price index more than 215%, while
I11inois Bell's rates, on average, have increased only some 50%. ~

However, in recent years the rapid pace of inflation has outrun the still
commendable achievements. in public utility efficiency and productivity. As

a result, every state regulatory commission in the country has been deluged
with urgent public utility petitions for. rate relief and with the associated,
almost endless and frequently redundant public hearings. Such almost continuous
rate cases involve substantial costs to both the commission and to the company
which, In turn, must eventually be paid for by the consumer. In addition, to
the extent the utilities' earnings have not been adequate enough to attract

new investor funds, the quality of service to consumers may well be impaired.

If this experience of the last few years could be characterized as unusual
and unlikely to occur in the future, the issue might end there. But this
optimistic possibility is remote indeed. Un the contrary, there is clearly

- no end in sight for the present 4%+ pattern of inflation now solidly bullt-

in to the economy by the federal government and its ''full employment'' manipulation
of prices in the economy. = < ‘ -

The Prob]ém

- . . . - ——— ..

The heart of the problem is simply that under.the current pattern of cont fnuous
government ;built-in inflation in the nation's econcmy, utilities Tind it almost
impossible; in spite of rigid cost control measures and well above ‘average
productivity achievements, to even earn at. the 'floor!! level authorized by .

the regulatory authority.. As a result, there is no end in sight for the
utilities' need for continuing, year after year, rate relief. -

A proper range for a utility's rate of return is a matter of ‘reasoned judg- -
ment and reasonzble men can and will differ on precise figures. . So, it is not
surprising that most utilities will argue convincingly and honestly that today's
returns allowed by most regulatory commissions are far tw low. And they may
well be right. But .this is really not the problem here. The crucial problem

is that the pace of inflation and utility earnings attrition have been so

fast that public utilities have found it almost impossible to even earn the
minimal rate of return authorized by the regulatory agencies.

1t is alsc imPortént to note that, vihile inflation is at the root of this issue,

the utilities problem of rising (unit) costs would not be solved even if inflation



t were somehow completely eliminated. This is because their inherent capital
( - ‘intensiveness and their relatively long-lived capital facilities guarantee
. that as facilities purchased in the past wear out in the future, they will

“have to-be replaced.with today's higher cost facilities; and service growth, .

too, will also have to be provided with today's higher cost facilities. As a
_ consequence, depreciation, ad valorum taxes and interest costs per unit of out-
(a} . put will continue to rise for many years as a result-of past inflation. Thus,
‘1" the utility's earnings level will continuc to erode as a result of this 'attrition'
effect, even in the absence of future inflation (a highly unlikely possibility).

However, this problem of inflation, past or present, and its severe impact on
public utilities, making it almost impossible for them to earn the rate of
return allowed by the regulatory authorities, has not gone unnoticed by the
state regulatory commissions. In a variety of ways these commissions are
either experimenting with ways to somewhat. automatically allow utility revenue
adjustments to be made as needed, within the constraints set down in the pre-
ceding formal rate order, or are attempting to speed-up the processing of rate
increase applications, or both. ' . '

@

Solution Attempts - . | s

The Pennsylvania commission has been especially active in this area. |[n 1970, and

without a public hearing, the commission authorized the public utilities in its juris-

diction to pass-on to their customers,- through an appropriate surcharge, the impact .

of certain new and future state. taxes. . (The order was supported by the press and

- upheld in the courts.) In 1971, after study by the commission staff, again without

(’ public hearings, the commission authorized the gas and electric utilities under its
) jursidction to promptly add automatic fuel adjustment and automatic purchased ges
adjustment clauses to their filed tariffs., During this period; the commission also
suggested to the utilities in its jurisdiction that they prepare their future rate

. cases in two parts, the first. part to be limited to a rate increase application con-

“sistent with the rate of return and other findings in the commission's prior order.
This part, in effect, merely updates the commission's prior order and, as such, can te
ruled on without the need for extensive hearings, if any. The second part of the-case
is devoted to new issues or the possibility of changes in the findings of the prior
order and,.as such, will appropriately be set for full public hearings. 'In noting
these actions, Chairman Bloom points out that: ‘ PR ’

"(The Pennsylvania) commission is neither pro-utility nor anti-utility. It is pro-

public in that it recognizes the paramount interest of the people in having ample

utility services; and it intends to Protect that paramount -interest by whatever
_measures the circumstances require.!'2 ’ '

- s - - .. . esem —- Lo !

In a somewhat related step the Massachusetts commission recently ordered a pubtic
utility rate increase without hearings, following a court remand of an earlier |
case decision. In its order, the commission noted that: , '
B ", ..The issues which were so vigorously contested in the prior case have
» " now been settled by the court, and thesc are the same issues which are pre-
. sented in the Company's présent proposal. Thus, additional public hearings
( ’ could not materially affect the result. They would merely impose a financial
> burden on the public...(and) the users.'

o

- - .- c e ety e e

.

'For an example of an iinterim rate increase without public hearings, sec Pennsylvaniz
Public Utilities Commission Docket #29, re: Philadelphia Electric Co., order dated
. October 3, 1972. ‘ ‘

i -
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~consistent with the rate of return found in a prior case. The stipulation listed
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(nablc the Company to get on with the business of raising the neccessary

capltal it is consistent with this emphasis. Clearly, improvement of the

service will continuc to demand substantial c>pcnd|tures for construction of

added capacity and modernization, for which, in turn, capital must be available.' -

some commissions have grantéd utilities earnings attrition allowances cbove the
normal rate case increase allowance in an effort to ensure that the utility will .
actuvally be able to earn the allowed rate of return in the year ahead. Most

. recently the Oregon commission granted such an allowance to the Pacific

Northwest Bell Cempany with the provision that if the compeny's rate of -

return excecded that specified in the order (8.93%), the amount above such return
would be placed in a reserve, subject to the future order of the commission, &

Interim rate increases are a device used by the New York and other commissions to
help speed-up the regqlatory proceqs and reduce reou]atory lag. As Chatrman

'Swldler has noted:

“lt is important that prompt steps be taken to counteract (uti]ity earnings)
erosion. We have, therefore, been realistic in granting interim increases,.
subject to refund, to companies with a poor earnings picture.” In 1972 we
prescribed higher permanent rates in 19 caseS....ln 11 of these cases, interim
increases...had already been granted. . Another seven interim Increases were
approved in 1972, for which the pernanen; rate applications are still pending....
Our willingness to grant substantial interim increases when conditions warrant...
is evidence of our concern for the financial health of the_utslxtaes....For
companies whose earnings may not be critically low, but which are not reaching -
the level anticipated in our rate decisions... we have an abreviated procedure
which enables us to redch a decision in a2bout three months (on rate increases

up to 2%%)..9.Aut0uutic adJustnent clauses are designed for somewhat the same
purpose as (this) minor increase procedure.''5 .

To further sPeed up the normal regulatory process, others have suggested the
greater usz of issue stipulations to eliminate the redundant debate, year after
year, of either non-pertinent issues or opinion issues that have not changed. A
complete reargument of the same issues year after year can’t help but involve an
inefficient use of everyone's time, money and other resources. And service to
consumers undoubtedly suffers as the utilities must wait months, if not years,
for .the revenue relief they so badly need. = Such use of stipulations is merely .
a prehearing agreemnnt between the utility, key intervenors, and the commission .
that each party's testimony will speak to only certain key points. From this it
can be quickly agreed that other .points either involve no controversy or reflect
positions or views no different from those expressed in ah earlier.case. As an
illustration, the Public Service Commission of Indiana in its 1972 rate case decisic]
awarding intrastate toll increases for all 69 telephone companies in the state,
accepted a -rate of return stipulation between the Public Counselor and theutilities

different positions on rate of return, but the lengthy test:mony of witnesses, sub-
sequent cross-examination and tebutta] was not requlred.G

‘No. 32552, dated July 2, 1972,

b oot

Massachusetts Department of Public Utilities, Docket No. 17150, Re: New England
Telephone Co.; order dated Jan. 31, 1972, .

Orcgon Public Utility Commissioner, Docket UF-2955, Re: Pacific Norfhwest Béll,
order dated July 14, 1973, e '

""Regulation of Utility Rates by the New York State Public Service Commission,"

a talk by Joscph C. Swidler, Chairman, NY PSC, at NY Society of Security Analysts,
Jan. 31, 1973. . S IR
Public Service Commission of Inanana : Couse No. 32816, Re: Indiana Bell Telephone
Co., ct. al., order dated Aug. &4, 1972 - based on rate of recturn decision in Cause

e e ee | s e a6 emetim van A8 C e = g g St e . . . -
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”7g;q}dvnnfaq0 Mo, 1 —=.Present ARACs take too narrow a view of expenses, By

Tooking only at changcs-in the prfce of fuel or purcha§cd gas, the formg]a
pay be ignoring offsctting cconomics of managcment effxci?ncy or changing
technology elsevhere in the business. Thus, in the best interest of the
consumer, the rcport appears to tacitly endorse an ARAC formula thet more
rcarly includés all cost categories.. : ' '

plsadvantaae No, 2 ~~ Prescnt ARACs have no incentive element to stimulate

- management efficiency and productivity. As such, the utility '‘has no need
to be efficient since the costs of inefficiency can be passed on to the

- consumer quickly and without regulatory interference.'' Here the tacit
conclusion is that a sound ARAC must utilize a formula that on the one
hand rewards management efficiency and productivity increases and, on the
other hand, penalizes the utility for inefficiency or a fall-off in pro-
ductivity increases. e ‘ . .

pisodvantage No. 3 =~ Present ARACs may be illegal., Sincere though it may
_be, this observation is almost completely-without-merit. Inspite of pre~
dictable court challenges at the time of their inception, the author is .
unaware of any ARAC case that has not received the ‘endorsement of the courts.
Further, to the extent that future ARACs are designed to avoid the first two dis-
advantages above, the possibility of illegality seems remote indeed.

A rather impoftant point not mentioned in the MARUC study, but undoubtedly
understood, is the basic premise that'a sound ARAC for any utility must operate’
within the rate of return and other possible constraints set down in .the '

‘utility’s last formal rate case. This is really the heart of the ARAC concept.

it is, in effect, merely a periodic updating of the last rate case. There are,
basically, no new points at issue. The utility, in an ARAC adjustment, is
sccepting Lhe iegulatory commission's decision on rate of return, rate base

and all other matters, as set down in the last rate case where intervenors have
had almost unlimited opportunity to present their views and their expert wit-
nesses and have had equal opportunity to cross examine on the record all other
participants in the case. Similarly, commission and court appeal channels were
available to everyone and in some cases were used. So, there would. appear to be

nothing left to discuss.

The only conceivable point left to discuss is whether or not the regulatory
comission has the authority to authorize an ARAC. And to the author's
knowledge, this authority has never been successfully challenged in the
courts. The [CC in Docket 43173 (Peoples Gas ARAC, 3/16/56), noted at length

that a recent Virginia Supreme Court ‘'decision, construing provisions of the

Virgfnia Code similar to the pertinent and controling provisions of the Illinois
Public Utilities Act, agrees with this Commission's construction of its statutory’

~poviers under the 11linois Act. We have consistently taken the position that our

powers under the Public Utilities Act clearly include the authorization . of such
sdjustment clauses.'! -7 ' ‘
And further, '"This Commission's powers are sufficiently broad to allow the
approval of an automatic Purchased Gas Adjustment Clause without the necessity

of prescribing any additional requirements for subsequent formal filings to
reflect each change in rates which may occur pursuant to the terms of the adjust-
ment clause. This broad power has in fact been exercised by this Commission in
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the promulgation of our General Order 157 which prescribes rules and reguial jong
pertaining to notice and publication of changes in rates or charges for service
furnished by gas and other utilities," | ‘

Where possible changes from the last rate case order become appropriate, of
course, a formal rate case inquiry can bc set. However, the frequently
lengthy processing of this formal rate case should not affect the orderly
_operation of the ARAC until the formal decision is received and Tinalized.
N Then, of course, the provisions of the new order set the future constraints
for the ARAC. o

An 111inois Bell Productivity Oriented ARAC

With continuing inflation at the 4% 2 year level, and possibly substantially
more, it is almost certain that 11linois Bell will find it necessary to petlilon
the 11linois Commerce Commission for higher service rates on at least a bicyial,
and possibly a more frequent, basis during the decade or so ahead. :

Substantial savings of time and money, of course, could accrue to both the Company
and the commission, and customers could receive better service if seme kind oy
automatic revenue adjustment clause was included in the company's tariff, tharg-
by minimizing regulatory lag and reducing the frequency of necessary formal (.te
cases. To the extent that a management.efficiency incentive or reward coulil g
incorporated, consumers could potentially benefit to an even greater extent and
formal rate cases might be even further deferred.

An eqguitable ARAL, of course, must first roamove all cost increases asseciatany
with growth. The remaining cost increases are, in effect, inflation caused fp- .
creases in unit costs. (For example, if costs increase 10%.and output increasag

7%, the 3% difference represents the increase in cost per unit of output.) 1his

is the typical concept-behind the electric fuel adjustment and purchased gas. .
.adjustment clauses widely used in Illinois. However, as noted, such ARACs hluva
sometimes been criticized because they contain no incentive for efficient peityrmance
as apparent in the negatively sloped ARAC formula plot in Attachment 3.

/Unlike a formal rate case, where management efficiency can be explored at lengeh,
/@ sound ARAC should ensure consumers and the regulatory commission, without a-
public hearing, that the utility is operating efficiently at all times and I
therefore deserving of the periodic automatic revenue adjustment called for hy
an ARAC in the utility's tariff. ' )

A telephone ARAC could overcome nearly all the objections to electric and ga~ ARACs,
if it introduced the incentive concept of & reward for efficiency and productivity
improvements (and a penalty for productivity declines). (To distinguish'a prinluctivit
oriented ARAC from the conventional non-productivity orientéd ARAC, as chara.ieijzed
by the fuel adjustment and purchésed gas adjustment clauses dating back to the {urn o
the century, a more-distinctive or descriptive terminology would be helpful. uych en
ARAC might more appropriately be called a 'cost-efficiency adjustment clause.") such
formula would take thec general form: ) . - o o
Rev. Adj. in §$ = a x (chg. in unit costs) + b x (productivity savings) =~

In this formula, which all ARACS or CEACs ultimately narrow down to, the chame in un
costs is equal to the aggregate difference between total costs and those total costs
associated with changes: in output. (The logical measure of output.in the taelephone i
dustry is dollars of revenue, after removing the revenue effect of all rate (hanges &
pass-on taxes. This adjustment to 'constant'' dollars of revepue, in effect, ylelds ¢
composite output measure in physical terms.) ‘ _
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« productivity here refers to the universally accepted concept of total factor
productivity. As such, it includes the aggrcgate effect of capital, labor and
other factor productivity changes. 1In simplest terms, it is a comparison of
the utility's rates of output to input for two consecutive time periods. In
the formula, this relationship is applied to the total level of costs to reflect
the dollar savings that consuners realized from product]vity improvements.

Terms a ‘and b can havc just about any valuc fran 1% to 100% except zero. (An
.mportant condition of the forwula, however, is that it yield enough of a revenue
adjustment to meet the uts!rty s nceds or a basic purpose of the CEAC, to reduce
the frequency of formal rate cases, will not be aehnevcd ) If b is zero, pro-

‘ductivity is eliminated and what remains is: the gas and electrnc type ARAC,

with its shortcomings. If a is zero, unit cost changes are removed from the
formula and the customer may be denied the rate reduc;ion that might be possible
due to declining unit costs. Equally:important, durlng periods of severe in-
‘flation, the productivity element of the CEAC formula is not large enough to
offset the spiraling cost increases and the resulting sharp drop in rate of re-
turn. In short, if the a term is zero, the formula will tend to yield a grossly
inadequate revenue adjustment at the very (inflationary) time it is designed
(and should be expected) to yield an adequate revenue adjustment. Thus, the.-
formula would large]y fail in its basic ObJGCtIVE. - '

These observations suggest that a sound CEAC formula should include both terms.
And because of the concept's emphasis on stimulating management efficiency and
higher productivity, the b factor weighting should be as high as possible.
This objective, along with the fact that the productivity term (during perlods
of high inflation) is the smaller of the two, suggests that the b term .be
100%, or.something close to that value. The a term then should be desxgned

" to make the formula yield the CEAC results desired. Such a formula, be l'

was used to plot the CEAC curves on Attachment 3.

Rev. Adj. = 50%x (chg. in unit costs) + 100% X (PrOdUCLIVItY savxngs)

"Note that this formu]a unlike the gas and electric ARACs, nncorporates the two
key NARUC suggestions to ref!ect management eff:cnency or productlv»ty and all’
unit cost changes.

The two CEAC plots on Attachment 3 (at either the top or bottom of the. page)
illustrate the basic difference between a productivity oriented CEAC and the
typical gas and electric (non-productivity oriented) ARAC: At low productivity
or efficiency levels, authorized revenue adjustments under a productivity oriented
CEAC are reduced as a penalty measure; at high levels of productivity they are ‘
increased as a reward or incentive to efficiency. On the other hand, while there
is nothing here to suggest that gas and electric utilities are inefficient, it is
true that less efficient performance under a non-productivity oriented ARAC yields
a significantly greater revenue adjustment than a more efficjent performance.
Thus the incentive or penalty effect, if any, is the reverse of the case for a.
productivity oriented CEAC. : _ ) . ' : C

The downward bend in the CEAC curve is caused by the rate of return ceiling
constraint, to be discussed later. , : . ' ‘ .

The plots at the top of the page illustrate the average results that Illinois Be!l
-might have experienced had a CEAC .becen in effect for the 1971-72 period. As the
reader can sce, the average monthly revenue adjustment would have been about $.2
million. This would be acco.plxshcd by the appllcatlon of an average monthly

adjustment factor of about 1.0629 to the customers' intrastate bill. “(Tariff rates

-are not changed under a CEAC concept.) For this ‘inflation ridden _2h-month’pcriod,

the




aggregate revenue adJustment would have totaled about $59 m|1110n, or an
qncicase in the customers’® bill of some 7%. {(These results, of course,

relate only to current expense reimbursement within the rate of return and

" other constraints set down by the ICC in its prior formal order and, as

E - such, cannot be directly compared to the company's current rate applications.)

e
13

| The actual calculation worksheet format for these results is shown in Attachment 4.

The plots at- the bottom of Attachment 3 are an attempt to show what the pattern

of results would have been with a CEAC if the 1971-72 period had been deflatlonary,
rather than inflationary. The slope of the CEAC plot is about the same as before.
However, average monthly revenue reductions are called for. And to the extent =
the deflation effect were greater, the correspondlng revenue reductlons would be

larger.
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in Attachmen 3, reflecting today's level ‘of total factor productivity increase, the
revenue adjustment to the company, by coincidence, is the seme under either formula.
However, with increasing productivity, the incentive CEAC begins to pay off; and-
conversely, at lower levels of productivity the penalty feature sets in. (It is
important to recognize the above formula as nothing more than a rational arithmetic
.device to recover inflation caused unit cost increases for a prior period of - '
operation, as would be the approach in a formal rate case. During such prior
period, both employees and customers have received the full benefit of these prior
productivity |mprovements. The formula use of productivity is merely a way for the
Commission to say, in effect, 'We will permit you to automatically recover your
[. inflation cauied expenses to the. extent you can prove you have been operating
cefficiently.” ~

Costs or cost increases as used in this study, and as noted in Attachment 4, re-
fer to intrastate operating expenses (including wages, depreciation expense, ‘
materials, rents and supplies), taxes (less FIT) and interest expense. '

Not surprisingly, & key point in a productivity oriented CEAC. is rate of return
Unlike the gos and electric ARAC formulas, which simply recover unit cost in-
creases and, at best, tend to hold rate of return at or just below a prior level,
'the'incentive feature of a productivity oriented CEAC may permit efficient f:rns~
to modestly raise their rates of return. However, such associated automatic
revenue adjustments would, obviously, not be permitted to raise a company's proc-
forma return above the ceiling level set by the regulatory commission in its
last order covering the company's return. (The actual calculation worksheet
format for this ceiling rate of return test is shown in Attachment 5.) This

- automatic commission surveillance, which holds CEAC revenue adjustments to no more th:
than a ''reasonable' amount, adds a thlrd dlmenSlon to the CEAC formu]a which now
in effect becomes: :

e , (unit) (product-)  (Rate of)
;;} - "Rev. Adj. = a% x (cost) + b (ivity) ~ (Return)
N ' . . (chg.) (saving) (€eiling)

- . . . e 5 -“.'""3":':":".-":':"{"‘-.'- ) .. - . (adj .) .
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|t is this rate of return ceiling constraint that causes the "kink'' in the
ceac plot in Attachment 3. The pattern of that portion of the CEAC plot

to the right of the “kink' will vary with circumstances. But the pattern
in Attachment 3 is representative. Also note the two-way operation of the
CEAC as suggested in the plot at the bottom of Attachment 3. VWhen rate of
return is high, rate decrcases to customers can occur if rate of return ex-
cceds the ceiling set by the regulatory commission or if costs decline by
virtue of reduced inflation. '

vhere the utility's rate of return is below the ''floor't level rate of returh'.
set by the commission, the rather unusual possibility of a revenue decrease
being called for by a CEAC is remotely possible, but should not be permitted.:
Note here that there is no CEAC provision for raising the utility's return

back to the reasonable range. This downside constraint merely prevents revenue

reductions from being made when the utility is-already in financial difficulty.
in such a situation, a formal rate case is undoubtedly called for. ' S

Under reasonably normal inflationary or non-inflationary circumstances, a properly
developed productivity oriented CEAC would clearly tend to reduce the frequency
of the typical lengthy and costly formal rate case. But, it would not eliminate

" the need for them. At least every five years or so a formal rate case would un-

Joubtedly be required to rule on new circumstances that may have developed and
to restructure tariff rates, as necessary, to bring the CEAC factor {on the
customer's bill) back to 1.0, ' o : : D

The producti
number of po )
of this CEAC concept perm
basis, into almost any ki

vity orie
ssible wva ions and applications. [n addition, the flekibiiity.
its it to "'fit'', on either a temporary or a permanent

!
nd of economic stabilization program that can be devised.

. t
Therefore, in view of the outlook for continued inflatfon, the company's increasing

need% for huge amounts of capital to meet Consumer demand in the decade or so
ahead, and the increasingly competitive market for investors' capital, the pos-

sible prompt addition of a sound cost-efficiency adjustment clause to .the company's-

intrastate tariff should be considered.

10-1-73 - " - o l '
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Section 1.
APPEND_ILE. . Original Sheat 30
. TLLINOIS BELL TELEPHONE CCMPANY \
GEKERAL LO u. EXCUANGE TARIFF
TELETHRONE SAnvVICE
GENERAL REGULATIONS
34. COST AED EFFICIENGY ADJUSTMENT FACTOR (Cont 'd) )

C. Cslculating the Cost and Efficiency Adjustment Factor .

The method for calculating the Cost end Efficiency Adjustment Factor
(CEAF) to be applied each month is shown below. -

CEAF = C + E, but not wmoze than RRC

Hhere:

'R

.C = half of the dollar valye of change in unit

costs = ,5 (8§ - T) U .

S = rate of change in total Illinois intrastate operating
expenses (including interest and taxes, ekclucivg
federal income tax) ~ ~

T = rate of chenge in output (total Illinois intrastate
revenue, expréssed in constant dollars, in sccordance
with conventional productivity meaaurement usage)

U = total intrastate operating expenses (anluding
interest and taxes, excluding federal income tax)

E = dol]ar value of the efficiency factor = 1 5 %“%“g

V= total payments to labor, capital and other factor
;.npu\_s ' .

W = rate of change in total factor prqductivity

RRC = the rate of return constraint, i.e. the revenue change

" necessary to meet a rate of return. ceiling of 9.07,

computed by the methods used in the Commissien's orderof

December 21, 1973 in Cases 57903-6 and 58033

R = total billed intrestate revenue (excluding thos2 tariffs
and items to which the CEAF does not apnly &8 specified
in Paragraph 34.B., preceding). o 4

- Notes: Variables S and T are the quotiénts of the current

12 month moving total divided by the 12 month
moving total for the preceding month -

Variables U, V, RRC and R are 12 month moving totals

Variable W is a 5 year movingAaverage

Dollar amounts used in this formula are the Illinois
intrastate figures computed to the nearest thousand

Each CEAF is computed to five decimal places

)

Issued

. By H. A, Latimer, Vice President and Treasurer
225 West Randolph Street, Chicago, Illinois 60606

~
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APPENDIX 2

Estimated Honth]y [11inois Bell Revenue Changes with a CEAC
For Simulated Changes In {llinois Intrastate Productivity

1971-1972
$.50 A

Avg. Proc. Incr.
for period

o Productivity oriented
— = CEAC (a=50%;p=100%)

.25-

< CEAC Rate of Return -
Ceiling Effect )

Electric & Gas Type”f‘

-o ' P ' V ARAC (2=100%;b=0%
) 1 B . T .
-2 o . - 2 4 6.7 8

Annual Percent Increase In lntrastafe-TotaI Factor Productivity

. .

‘A Simulated Deflationary Period
With Ceiling Rate of Return

$.25 o | | _ . !

Produétiv7t§ Or Tefited™™

.Electric & Gas Type
ARAC (a=1003b-0%)

1
8




Efficiency and Telecommunications Policy

In this section, we wish to consider the broad types of policies
that will be the source of substantial political controversy during the
next decade. It is not possible to focus narrowly on the role of.efficiency
without discussing some aspects of the broader issues. However, this
discussion should not be construed as a complete ana1ysi$ of these issues
since there are many considerations not analyzed adequately. |

Historically, there has been substantial but incomp]ete.separation
of various communications media. Postal sy;tems-had a monopoly in deliver-
ing something called mail but there existed competition of a variety of
types from slower te]ecommunication§ services such as telegrams as wé]]
as from delivery systems which handled packages 1in competitionlWith the
postal service. Broadcasting was controlled but faced competition both
internally between radio and television and. externally from the print
media and other entertainment sources; plays, movies, etc. Telecommunica-
tions provided predominantly voice service although it has been clear for
many decades that a wide variety of non-voice services were teéhnica]ly.
feasible but ruled out by costs. Certainly voice communication combeted
with the postal service. The advances in solid state physics and elec-
trical engineering have provided the possibility of further competition
across these communications industries.

It is helpful to remember what is telecommunications' primary
activity. Information represented in various visual, auditory or physical
form is encoded at the sending end, transmitted over some media and recon-
structed into a desired form at a receiving eﬁd. What is important is

the variety of original representations of information that can be encoded,
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the speed at which it can be transmitted and the variety of final forms
that can be reconstructed. Crucially important is the quality of the
latter relative to the original. Overriding all of the technical dreams
are the costs involved. Given the costs and consequently the prices what
demand exists for an enormous variety of products at these cost determined
prices.

The technical revolution in telecommunications involved, predomin-
antly, the possibilities of reducing enormous]yvthe costs of providing these
typs of services. Although this description is adequate it is worthwhile
noting that this includes a wide variéty of-services that were not avail-
able previously due to cost constraints imp]icit_in existing technical
knowledge. That is, new technical capabilities are translated jnto reduced
service costs. |

Before plunging into the complexities of policy, how is productivity
related to these broad issues? At one level, the re]ationship s direct
and compelling. Productivity, the TFP variety, is simp]y‘a meaéure of
efficiency and efficiency is a very general social goal whose importance
needs no defence; The difficult task is to weigh the achievement of
efficient production against other desired goals. This must be followed
by the design of a policy to promote efficiency and to measure the efficiency

of the industry in order to monitor the achievement of that goal.

" 'Broadcasting - A Special Casé?.

Attention has been focussed on the content of broadcasting particularly
in regard to the production and distribution of Canadian material. Moreover

some policies have been concerned with the possibilities of receiving foreign,



predominantly American, broadcast signals. Broadcasting will be 1mperfect1y
defined as one way communication for mass reception. To the extent that
content policies for broadcasting continue then this is a separate policy
whose intent is not to affect efficiency directly. However this type of
policy may alter efficiency. We will not discuss policies that deal with
content excep to the extent that these policies alter efficiency. Broad-
casting is a special case because the thrust of.po1icy has been so strongly
directed towards.content control. The emerging technology may present
difficulties for this type of policy because the range of available . informa-
tion at Tow cost is going to be increésed dfamatica]]y. Attempting to
promote or insist on Canadian conteht in this type of technical énvironment
will be very difficult in the mass markets. On the other handf.specialized
Canadian programs for limited audiences may bé more readily available. The
major danger for efficiency is that content bontro1 policies will strongly
reduce efficiency through a refusal to permit the use of technology that
appears to limit content control. Some of the sate]]ité and the pay-T.V.
policies appear to at least have the possibilities of these negative con-

sequences.
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Whither the Electronic Highway?

The thrust of the new technologies is to permit the provision of
large capacity at re]ativeTy lTow cost for a very wide variety of tele-
communications services. Any sharp separation between postal, broadcast
(radio and television), data and voice services in any number of directions,
e.g., two-way television, will bé steadily reduced. The efficient provision
of commﬁnications'services will require the restruéturing of industries.
Attempts to maintain current boundaries will certainly result in welfare
losses through inefficient production structures. It is easy to see some

of the problems using a number of specific policy choices.

a) Electronic Mail | 1 . |

Canada Post has developed a Timited form of electronic majl. At
the moment this sytem uses the transmission féciiities of CNCP Telecommunica-
tions. Individuals and companies-with access td computer networks can and
do duplicate (rough]y)'e]ectronic mail systems all the time. There is
no sensible method for defining 'mail' in such a way that Canada Post
can eliminate close substitutes. If there'is to be a monopoly in the
post office, it should reside only in the non-electric collection and |
distribution of 'mail'. Even this may become increasingly inefficient.
The alternatives of receiving 'mail' through video diép]ays with storage
facilities and of sending using- simple terminals will become attractive.
For hard copy material, the technology of printing does not suggest that
delivery and.c011ection will be eliminated. However, the pricing of hard
copy mail needs to be re-evaluated. There are serious pkob]ems'with a

continuance of the current type of price structure. Once a local delivery



and collection system is organized the marginal cost of an extra piece of
mail is vefy Tow. Current prices are well above that marginal cost. If
electronic mail is priced closer to marginal cost which is quite Tikely,
then the relative prices of electronic versus non-electronic mail will be
wrong and the difficulties of operating a non-electronic mail system will

be increased.

\.’-‘\\



IV.  MANAGEMENT USES

(a) TFP in a Post-Mortem and Planning Framework



I. Introduction-

The quest1on in most firms is not whether there is any preoccupat1on
w1th productivity but rather the level at and the degree to which it is
applied. There has, over the past 60 years, been considerable effort in
the direction of first measuking, then improving, and u]timate]y, monitor-
ing productivity. The sequence is probably repeated to different ]eQe]s
of sophistication in most'debartments'or areas of activity. It is certainly
- highly pervasive within the actual bperating areas, such as the p]aht f]bor,
work sites and so on. Briefly an inquiry about produbtivity, ih almost any
firm, would not be met by.a blank stare. HoWéver, ihquiring és to the signi-
ficance of these micro-applications of partial productivity measures to
overall corporate performance would almost certain}y not elicit an informed
}fesponse. Further,_inquiring about the role of all the micro-measures in
the corporate planning exercise would elicit even less of é response. Given
the.partia] nature of all thg diverse productivity and duasi-productivity mea-
sures -in use at the detailed activity 1eveis of the firm, it would be almost
impossible to. make any meaningful connection with sbme global type of mea-
sure. This is not to imply that these micro-measures are in some sense
unimportaﬁt when, on the contrary, they are probably an excellent cost
control tool for section, division or department managers. Thé bn]y.point
of contention 1ies rather with the inability to string them tdgether for
ultimate use in corporate/budgetary planning. To draw together the diverse

inputs and odtputs of any large firm requires a somewhat more global measure




of productivity. The theme of this paper centres on the analytical and
planning ﬁode]s that are integrated into the planning process on the basis
of a Total Factor Productivity (TFP) measure.

A series of related productivity models for management will be
introduced. We will start with the by-now standard NIPA (Net Income Pro-
ductivity Analysis) model which is a purely descriptive and passive manage-
ment tool, and then present the UNIPA (Unconstrained NIPA) model which enables
the firm to compare its rate of return to the capital market. Third we
will show how the UNIPA model can be used for a post-mortem analysis,
through which the firm can eva1ﬁate {ts éuccess in meeting its planned
budget. Finally we wi1i introduce'the PAP (Productivity Analysis for
Planning) model which the firm can use as a tpp—down guide]ing and control
in its corporate budgeting and planning. |

The first, NIPA, is a model developéd to analyse the impact bf
productivity both historica]ﬂy and within the context of a fully developed
financial plan. It .is oriented, in particular, towards explaining the
growth in Net Income, which, for the management of the firm, is the most
important sing]e.statistic which they monitor. For them, it is the complex
which most clearly mirrors performance. It is for this reason that the pro-
ductivity model has peen designed around Net Income growth as its reference
point. From a purely economic ‘perspective there is nothing unnatural about
this approach. While the accountant views Net Income as a residual return
to invested capital, fhe econoﬁisf sees it as both a cost of and a return
to invested capital. Considering net income, as the value of some quantity
of capital that is supplied to the enterprise at a fixed price per unit,

along with the trade-off between quantity and productivity (as dictated



by price movements) the model will be seen as just another more elaborate
view of tHe basic profit statement. In that it is merely a decomposition
and subsequent rearrangement of the basic price and quantity 1n¢ome state-
ment compbnents; many different presentations of thé same data are
possible. Clearly, each of the various presentations W11T.emphasizé'differ—
ent aspecté. We will examine them béTow. We will begin by a summary and .
brief commentary of thé version developed independently at AT&T and'Te1e-‘
globe Canada;] Following that overview of the NIPA, we wijl introduce, as
a tool to compare the firm's earnings performance to whét it can expect
on the cabita] market, the UNIPA mode1;~ Fun&amenta]]y, we will remove the
identity between revenue and cost wﬁich in the NIPA analysis is used to
define residually the cost of capital, and.wevwiT] allow for Rrofits or-
losses.

In particular, our versioh resembles a combination of the
analytical models at E]ectricité de. France (Reimeringer (1980)),wh1ch do
not constrain the return to capital to a]ways equal its cost, and NIPA,
which does not admit the possibility that planned and actual costs and
revenues may notAalways be equal. Fina]fy, we shall show how fhe UNIPA
models can be used as a post-mortem and quasi-planning model. It can
analyse historical performance and, as wel), review future p]ansAwith a
view to identifying the implicit productivity gains (or Tosses) and their
impact on Net Income growth. In their present form NIPA and UNIPA.mode]s
do not, in contrast to the PAP ﬁode]_also presented below, actually generate
the plan.

The PAP is a pure planning model designed to develop a complete
budgetary/corporate p}an; at a fairly aggrégafe,level, where the components

of the various financial/accounting summaries all embody certain key



management.and corporate targets. More succinctly we may view this as
something'of a pure or guidelfne theoretical budget generated for fop
management so that they can more intelligently guide the Tonger more tedioué
development of a full-blown, bottom-up corpdrate budgetary plan. With the
results of the ﬁ]anning model the process becomes far less arbitrary. A
The‘planneré are in'a position to prescribe uﬁique upper limits for a11

the key financial statement items including labour and other.expenses and

the size of the capital budget. They are armed with the knowledge that-

any overshooting of these benchmark eXpense and expenditure Figures will
ensure that some or all of the presef targéts will not be attained. While
there are a whole array of possib]e.targets, our model is built around whét
we believe to be the most 1mportant"of these:_ the required rgturn to invested
capital (r) , the forecast demand for the firm's production and, the desired

growth in productivity.

IT. NIPA

a) Introduction

Productivity gains or losses play an essential role in the degree
to which a firm will succeed. It is productivity that allows the firm
to weather the ravages of input price inflation without resorting to exces-
sive output prfce increases Which could damage market share in a competi-
tive environment or not be'permissib1e'by the regulator énd thus harm capi-
tal market operations. Although these are facts acknowledged by any entre-
preneur, there are not many who, if they even measure it, effectively

tie productivity information into the overall management of the firm. It



~is unfortunate because, once the measurement problem (which is probably
the major'stumb1ing block) is resolved, productivity results canAbe inte-
grated directly into a quasi-financial accounting framework for use by
decision-makers. This is apparent when we look at the basic accounting
idenfity.

Revenues =. Costs

where costs account for all payments including those required capital
payments such as interest, taxes and return to equity holders. By looking
directly at the price and quantity components, the accounting identity

becomes

(Price of Outputs) x (Quantity of Outputs) | ‘

= (Price of Inputs) x (Quantity of Inputs)

and with the definition:

- Quahti;y of Outputs

Total Factor Productivity Quantity of Inputs

it follows that:

(Price of Outputs) = (Price of Inputs) + Total Factor Productivity

In other words; the basic rule, embedded in the accounting identity says
that theiprice of output should be such as to cover that part of the price
of inputs which is not offset by gains in Total Factor Productivity (TFP).
Although this is somewhat of an ovérsimp]ification, it nevertheless demon-

strates the essential role of TFP, as an offset (either partial or complete)



to input price inflation. While most firms will try to price‘at.what they
believe the market will béar, and thus maximize the residual, net income,
the basic pricing rule embedded in the accounting identity does provide
an excellent guideline for any market sftuétion, including the regulated
sectof.

Accepting the premise of the pricing rule is not very difficult.
The major source -of inhibiti@n lies rather with the practical aspects of
implementation. These include (i) the index numberyprob1em;:(ii) the data
definition problem and (iii) the difficulty of re]atingvthe individual
price and quantity elements of Revenués andVCosts directly to a management
decision designed to affect the botfom line of the firm's income statement.
While issues (i) and (ii) are of paramount importance, they are given |
extensive treatment eTsewhere in Denny, de‘Fontenay and Werner. (1980) and
de Fontenay (1980) and will be assumed away leaving us to deal only with the
last difficulty. Given that economic theory already provides a very exten-
sive coverage of this aspect, with -pricing éhd production rules for any -
number of market/optimization-objectives combinations, it may seem redun-
dant to write‘yef another on the subject. However, while economic theory
may tell the entrepreneur what'1eve1 of output should be produced and at
which price it should be sold, given his production function, cost retation-
ships and market organization, it does not provide any Tink with the reali-
ties of his income statement, balance sheet or funds flow statistics. In
this paper we propose to do jugt that. Section I will examine current
applied work at AT&T and Teleglobe Canada. Specifically it will Took at
the Net Income Productivity Analysis (NIPA) model, a version of which is.

also presently in use at Electricité de France. In addition a more powerful




version of NIPA will be presented in the second part of Section 1. As an
exteénsion of these purely post-mortem quasi-planning type of management
TFP models, Section II introduces a pure planning model W1th explicit .
consideration given to targeted productivity and financial variables.

It is partially based on work by Werner (1979) for Teleglobe Canada.

b)  The Model

The final question, after deriving the basic NIPA relationship,
concerns the best approximation to its sét of continuous variables. As
part of the development of this management too] it will be useful to
examine two approaches: (1) beginning with TFP growth as the difference
between the Togarithmic differentials of output and input it will be seen

that the final diécrete approximation is arbitrary and (2) by déve1oping
| the NIPA statement through the application of Diewert's Quadratic Lemma
(Diewert (1976)) we show that the final discrete accounting statemént is
exactly derived. |

The traditional NiPA assumptions are based on pnoduct exnaustion
and factor prices equal to the value of their marginal products. If, in
addition, revenues are equal to costs in every period, where costs include
a required return to-invested capital then this implies that the entire
process is bharacterized by constant returns to scale. Thus, given the

definition of Total Factor Productivity
TFP= G- X | (1)

where Q = Q(q],...,qnlp],...,pn) is an index of output

X = X(x]f.;.,xmlw],...,wm) is an index of input



where 9; and Pj denote respectively the quantity and price of the i-th
output and xj and wj that of the j-th input. A dot over the symbol
indicates a Togarithmic differential (i.e., a proportional rate of change).’

The above assumptions state that if and only if,.
R = é. then  TFP . W-P (2

where R = é + é and CC=W X
and W and P are price indices of input and output, either of

Q and P and of X and W being implicit, respectively.

Combining (1) and (2) we have
Q-X = W-P - (3)

which is the point of departure of the standard NIPA model. Each of the

terms is a weighted aggregate where
Q = % FUP X = § OX5 b W = § SFUM P = ; S:P;

If we Tet the Xj’ Jj=11t03 represent K, L and M respectively and
wj, j =1t 3 represent the prices of K, L and M, denoted as r,

w and m, respectively, then (3) can be rewritten as

TFP, + Py = o W, +0 M, +o0, r \ (4)
t t t
which tells us that the changés in input prices will be exactly 6ffset, in
any period by some combination of TFP gaﬁns and output price changes. By
adding Oy kt” a term commonly referred to as "Capital Growth", to both

t
sides of (4) we have the new expression




TFPy + Py # Grth = (owtwt + cmtmt) + (Orf din rk,) (5)

The Tast term on the RHS, o, dln rK , is the proportional change in
. ) t i ' .
capital costs which is composed of a price and quantity component, O Tt
‘ . . ) t
and - o K, respectively. The Capital Growth term o K, can be more
ry t i t
easily understood by noting that if TFP, P, (. W, +0_m.) were all
Wy t my t
zero and if the firm could expand its capital stock while maintaining the

same rate of return on that stock, then it would then be able to increase
its net income by thé same proportion. The components of din rK are .
changes 1n depreciated expenses, debt service costs, taxes and the return
to invested capital. For each of the components, we can define ex post

ratios r 2 =1,..,4 as the ratio of the particular expense to the

R] L]
total stock of capital such that

)
rk = - r K
gE1 t
Then
' 4 L
dinr K = ] eyt 41N 1y Ky
=1
"ot
where €t = r’ ~~ is the share of each of the four components of the

t .
capital cost to total capital cost. We may now rewrite (5) as

TFP + Pt to, Kt = [gw W, + o mt] + crte]t(d1n ray LK) +0o (d1n r2,th)

€
i i & 1,t ¢ ry 2t

+ UrtEBt(d1n rBt’Kt) + Ort€4t(d]n r4’th)' (6)
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‘ The elements on the RHS of (6) are all identifiable components of .

the standard income statement (in terms of proportional changes), weighted |

by their share of the total cost, they represent:

Qt and ﬁt =  the price movements of labour and other operating
expenses
_dlIn r1,th = depréciation expenses
din PZ,th v» = debt service and other financial instrument
expenses |
din r3’th = relevant tax expenses
din ry, & - = net income

Expression (6) is nothing more than a decomposition of the bagic accounting

identify,

NI = R - C*

.

where C* ="C - NI ; 1.e. NI includes all capital costs

The discrete approximation of (6) takes account of the facts that

z=dlnz = gé.; for z representing any of the dotted variables
Pz
o, = ~§—- .3 for P_ representing any input price
t o5t P, t5% |
E,Q,,'t = _YT-EK_.':—— and O-Y‘,'te,Q,,'t = R.t where & = Teo.0,4
5. PQdP
t R P
TFP = % (PQdQ - WXdX) .

Multiplying (6) by R and cancelling all the common terms leaves,
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dTFR + QdP + rdK = [Ldw + Mdm] + [Kds + 6dK] + [Kdé + ¢dK]

+ [Kde + 8dK] + [Kdw + mdK] (6a)

where the.last term is, of course, the change in Net Income. While we
can.now fairly closely approximate dz 'by Az = z£‘— 2y 1 0 the choice
of t or t-1 as the subscript for the non~differenced variab]esvis
arbitrary. By convention the prices would carry a (t-1) subscript while
(t) would be used for the quantity. Naturally, there is no compelling
reason not to alter the convention.

Another method of deriving (6a) but this time with the time dimension

of the variables exactly specified is to begin with the technology

|

F(Q,X,t) = 0 5 z s a vector

~

where F is quadratic and by Diewert's Quadratic Lemma (Diewert (1976))

we get

4 Z(F_Qt *Fg,e-1)8Q = s (Fyy + Fy o )AX + ATFP

ATFP = TFPy - TFP, ¢ - (7)
From profit maximization
FQ = P and ~Fx = W

we can rewrite (7) as

5 D(Py = Pi_)Q = 3 J(wg - wy_,)AX + ATFP . L (8)
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. R =C implies that AR = AC , from the Quadratic Lemma
AR = 3 J(Py + Py _)AQ + 3 J(Q, + Qp_p)AP : (9)
AC = 3 J(wy +wy )AX 43 T(XL + X _q)aw - (10)

and substituting (9), (10) and AR = AC into (7) we get

ATFP = = J(Q, + Qu_1)aP + 3 (X, + X, _{)aw
\
|
|

Separating the inputs as per equation (6a) we can now write

T

1, 1 = 1 : 1. m1
ATFP + 12(Qt + QH)AP + 12(Tt + TH)AK [12(Lt+Lt_1)Aw + 2(Mt+Mt_1 )am]

+ [B(K, K )(Ar1t+Ar

£ - 2t+A“3t)

by q) F (nptry )

+rgetry pq)18K]

¥ LKy )Argy + gty ¢ 1)AK) (1)

The last expression, except for.the'form of the‘coefficiehts, whicﬁ are
now explicit, is identical to equation (6a). While (11) may be Tess arbi-
trary it is not entirely clear that it is superior for every choice of
coefficient variable in (6a).

While the above model provides an extremely useful disaggregation of
the financia1/accounting income statement, it must be noted that_nowhere

. ' in the model is.anything said about the adequacy of the NI , upon which
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the relative impact of all the other items is being measured. Given that
it is a résidual in the cost of capital after payments to depreciation,
debt service and taxes, we are led to believe that, within the context of
the model, the return to invested capital, i.e.,‘NI, is 1ﬁ fact also identi-
cally equal to its cost. Unti now, the cost of capital has been defined
residually, but this may not be useful in the long run, since it does not
reflect the option the firm has to invest its internal genérated fund in
the capital market. Nevertheless, despite that drawback, this type of
income statement presentation can only be a major improvement over the
standard format since above all, it iéo]ateé the impact of inflation. In
addition, while it presents the crucial information to be garnered from a
knowledge of the relative impacts of TFP and individual pricekmovements,
it preserves all the key information norma11y.fouhd on an income statement

including, of course, the critical net income results, now decomposed into

inflationary price movements and productivity increases.

III. UNIPA (Unconstrained NIPA)
i) the model

The corner stone of the NIP model is R = C . However, once the cost
of capital is defined exogenously, then it does not necessarily follow that
R ~eQUa1s C . The cost of capital in the NIPA, through rp s is whatever:
balances costs and revenues and . nothing in the NIPA analysis preVents ry
from being very high or very low or even'hegative, ref1ecfing a‘very good or'
a very poor performance on the part of the firm. Evidently a good or a poor

performance is a concept which has to be defined. This is not'a problem

since it has a common sense meaning which is formalized in economic
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-analysis as.the opportunity cost. To the extent the firm could dispose in
some a1tefnative way of its capital stock so as to receive at most a return
of pth » then any return below Py will be a poor performance since

the firm could reorganize its resources to earn CHp Similarly, a return
above Pt will be a good performance. . Now if we define the cost faced by.

the firm, whére pth is the opportunity cost of capital, such that

3

C(pt) = wl, +mM_ + 7}

K
R 2 S

.(12)

o
o+ -
i1l

o, tft T PRy
then

PL R~ C'

m

where PL is the profit or loss due to the unanticipated returns (posi-
tive or negative), and C' represents all incurred costs with the capital

cost portion including the required return to invested capital. NevertheTess,

since the definition of productivity still holds, given

° °

Q- X

TFP
then

TEP W= P

if, and only if PL = 0 . That is, PL is the repository of all deviations

from plan. Noting that the plan was based on PL =0 , i.e., R* = C* |

PL = (R-R*) - (C'-C*)
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where the asterisks denote desired or planned values. Considering
that R =PQ and C' = W'X' the complete revised NIPA expression can
now be derived from R = C' + ﬁL » Wwhich can be rewritten in terms of
proportional charges,

R = ol

R R PL-
From é = é + ﬁ H é' = k' + ﬁ' “and the expression for PL above,
as well as the fact that Q, P, X' and W' are indices of output quanti-
ties, output prices, input quantities and input prices, respectively, it

follows that

" ) 1 . - - . PL ',
Q+P = %—[x' so Mo 4o '] PL

. P . . i . . ! . y PL of
[% -.%— Xz} + P+ %'GrK' = %— [o ' +om'] + %—-[crr' + oKl * ﬁf‘PF (13)

where ﬁL = 1 and where we recognize [cré + orkl] s with one difference,
as the combination of depreciétion, tax and financial and Net Income growths
of the standard NIPA analysis. The difference is that the weights 01' are
based on C' which is equal to R 1if and only if PL =10 . |

Finally in order to make (13) operational it must be transformed.

We expand (13) to

PO do WX x|, PQp, €' rK' k' _ G W'l v, mNdn
R Q R X! _l R P R c! m'

K’ R cr w! C' m

1 oalpt i i
+ ClrK [:dﬂ & 15

RPL Y
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Multiplying through by R and cancelling all dthervdenominator terms and

replacing the continuous differential sign 'd' by 'A' , we get,

[PAQ - W'AX'] + QAP + r'AK' = [L'Aw' + M'Am'] + [K'Ar' + r'AK'] + APL  (15)

Expression (15) is now amenable to tabulation in dollar terms for mdnage—
ment. The only remaining question, as with the NIPA analysis above,
pertains to the choice of (t) or (t-1) as the éubscript for the
coefficient variables. We could of course have derived the same expression
using Diewert's Quadratic Lemma, except that then the coefficient variables

would have been exactly defined to give %(Z, + Z, ,)AY .

t t-1)

" 44)  post-mortem utilisation of UNIPA

The UNIPA model is here modified to do a post-mortem.analysis in
which we recognize that deviations.from plan are an unavoidable phenomena
which will generate positive or negative uhanticipated earnings (UE) .
Whereas ex ante fhe~fikm will plan to earn a "desired" return, ex post
realities will usually differ from anticipations. It should be noted
that when we refer to "desired" returns we mean those amounts required
to exactly offset a]i costs, including labour, capital and materials. As
before, the firm plans for revenues which, after'paying labour, inter-
mediate goods and services supb1iers, depreciation expenses, financial
obligations and taxes, will leave a residual to "adequately" compensate
the providers of equity capital. However, as is the nature with any

residual, in situations of uncertainty, it will equé] its planned 1eve1,»
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in the short run, only by coincidence. In this version of the NIPA
model we both account for as well as explain these deviations from plan.

The accounting identity R = C + PL is now replaced by
UE = (R - R*¥) - (C -~ C¥*) @

However the éxogenous retUrn on capital is now defined not in
terms of the opportunity cost the firm would reach were it to shift its

operation but rather in terms of the rate of return it was expected to

_reach when it developed its plan. This rate will be denoted by Yi o

such that

;
Z]~r£,t e Ky

L= Clyg) = wky rmM l %

For simplicity, let Et = tht' where wt and Xt are appropriate price
and quantity input indexes, then
dUE = RQ + RP - R¥Q* - R¥P* = CX = CW + C*K* + CHf*

Dividing through by R , we obtain the unanticipated earnings as

a ratio expressed in terms of the realized revenue:

dUE _ : R¥* A R*
= arp- (R - (F

oo .
S—r
><
1
—
Dln
S
=

) Px - (
Oy e e ()

where we used R* = C* through which Y, was defined.



Denoting the inverse of the realized revenue as a ratio of the
planned revenue by vy , i.e., vy = R*/R , and regrouping terms to isolate
the TFP components, we obtain, noting that UE* =0 ,

UE E

BE = [TFP - y TFPX] + [P - y P¥] - [ - v W¥] + 3=

where we have used C = X + W

Finally

= (1 - E)7VTFP - v TFP*] + [P - v P*] = [W - v W]}

v
™

i.e., the unanticipated earning as a ratio of revenue is a weighted sum
of the difference between the planned and the realized values. .
The first term in brackets is that proportion of the unanticipated earn-
ings due to the difference between planned and actual productivity growth
while the second and third terms reflect the degrees to which planned and-
actual price recovery differs. It is to be noted that the planned rates
of gréwth are corrected for the error in revenue forecast, 7y . The entire
expression of course refiects the degree to which.the productivity diver-
gence and price recovery divekgence offset each other. These can of
course be broken down into all the same elements as the actual UNIPA state-
ment.

The bost-mortem analysis adds a new dimension to analysis of the
net income in that it enables dne to study the impact of the various fore-
caSting errors, be they of exogenous variables such as Wy mt; s OF

of endogenous terms such as L through costs and revenues on

_tg P_tg "o
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the income statement. For instance the impact of a strike which might

significantly Tower L, but which may be associated with an unforeseen

t

wage settlement which, in turn, might increase significantly Wy -can now
be traced, ...
| By decomposing as in the NIPA and UNIPA analysis [w - th*] s

we obtain

e . 7 L
[Wy = vgWgd = Loy gy - vyof it + Lo ymy - vpor mi

3

y - * ok gk
Q,Z] [O‘rstgzatrgs.t ’thr:tgzstr’q”_t]

+

- * * *
t Lo e, 1 (dIn v Ky) = veof peq o (d Ty K]
= Loy 80, 1K - Yoy 18 K¢
and substituting in the previous equation, we have

UE - _ ’:'. —-l a . . . _ . ’ .. _ .
(F=) = (0 - O L(LTFP - v TFP¥] + [P - vP*] + [Gr’t§4,th S

) - ~ . :
(Lo, gty = v g%+ Do gy Y9, o

3
F

»‘_**.*’
. 1[Gr,t€z,t“z,t YtOr,tgz,trz,t])

= ([0, 18q ¢ (dTn (KD = vioh ef 1 (din v, K3)])}

The three terms -on the RHS are respective]y the positive NIPA factors of

productivity, output price and capital growth, the negative NIPA factors
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. of errors in forecasting in wages, price of materials, depreciation, taxes
and finanéia] charges, and finai]y the weighted impact on net income of
an error in.the construction program.
In expanding the elements of (3 ) as we did for the standard UNIPA.
analysis, each individual item from the NIPA statement can be matched with

its own unique variance. In essence we would have something resembling:

Plan Actual ' ' Variance
Positive Factors

TFP ) " TFP Due to TFP

+ Qutput Price Changes.| + Output Price Changes |Due to Output Price Changes
+ Capital Growth + Capital Growth Due to Capital Growth
' )
Negative Factors
. - Input Price Changes - Input Price Changes Due to Input Price Changes

Capital Cost Changes
(excluding NI)

NI - = NI UE

Capital Cost Changes |Due to Capital Cost Changes

1l

UE

il
(e}
(s

= NI plan - NI actual
7 0 "

IV. 1Integrated Planning Model

a) Introduction

The two versions of NIPA, presented abové, while providing a good
analytical framework for the intelligent evaluation of bugetary plans, are

. essentially ex post models. NIPA intervenes in the budgetary process in a




21

sequential manner, taking an active role only after the laborious planning
exercise broduces its game plan. At that juncture NIPA analyses the budget's
implicit productivity performance, which may or may not.juétify another
round of the planning process. Given the scope of the bugetary process in
any large firh, it is unlikely that a bad productivity picture, along with
good built-in financial results, will move the planners to modify an a]ready
overly complex structure. The most natural solution to this dilemma woqu
be to ensure that NIPA resu]té are always favourable. This can be done
by including productivity as an explicit consideration during the planning
process. Such a model is the subjecf of tﬁis section. We will present a
model which can be used to develop é complete, theoretical, corporate plan
(budgetary and otherwise), explicitly incorporating all essen?ia] physical
and financial targets such as return to investment and productivity. In
this way, top management, who ultimately have to approve any budget,
will have available'a set of guidelines, 1nc0%porating'a11 essential
corporate objectives, through whiéh to more closely guide the development
of the actual budgetary process. They will be in a position to set spending
guidelines that,.if exceeded, will ensure that some or all of the target
constraints are not fulfilled.
It s a mixed model, using econometrics only when the constraints of

a pure accounting apﬁroach detract significaht]y from its ability to mirror
the real world. In particular, as well be seen below, econometrics are
used to estimate the re]ative_{nput factor cost shares which u]tihate]y
translate into.the basic technological ratios of the production process.

The major advantage of the following model Ties in its simultaneous

approach to the planning problem. In most purely financial planning models
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the distinct identifiable input sector is, tQ a large extent, independently
sized and‘then fitted into the framework of certain corporate constrainfs,
which include the financial rate of return. It is of course only by |
coincidence that such a process will end with a perfect fit after a first
attempt. Some of the items will be recycled and returned for a new found‘
of integration. We do not mean to imply that there is no prior interaction
between the various sectors or thgt productivity‘isAnot'an important con-
sideration, only that the interactions and pfoductivity considerations are
partial in nature. _ | .

If we look at Figure 1, which assumes a capital intensive firm, thus .
placing a large importance on the éapita] budgetary process, we can trace
the evolution (in very general terms) of a corporate budgetarx plan. The
most important driving forces are prior and present period demand forecasts.
The former creates a requirement for ongoing capital projects, bretty well
divorced from present demand conditions, while the latter deterhines present
and Tonger term capital projects as well as, to a certain extent, replacement
requirements. "cher" reasons for increasing the capital budget vary from
industry to industry. In telecommunications, for examp1e,(internationa]
standards and interface exigencies would play significant roles. Regulated -
industries, 1in gener§1, would find their capital budgets subject to pressures
other than market demand. Ultimately, all the capital requirements are
evaluated at current asset prices and a capital budget is derived.

The technological characteristics of the capital budget create part
of the demand for the other input factor. These include fhe general cate-
gories of labour and other expenses (henceforth to be referred to as ”matgria]sﬁ).

They comprise such items as maintenance, direct operating labour, rental of
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facilities, etc. 1In addition,.the various components of the capita] budget,
as well a§ embedded capital, determine the value of capital.costs. These
include depreciation expenses, interest payments, taxes and, ultimately,

the value of earnings applicable for dividend payments to equity holders.
This is the residual, after payment to all factors, including debt capital,
that ultimately compensates the owners of the firm. When calculated as a
percentage of total invested catpial, then it is known as the rate of return.

It is within this Qapita]/other factor interaction that "quasi"
partial productivity considerations make their first appearance. Quasi,
because these are really measures of.workef efficiency rather than true
overall productivity méasurements.. They are industrial engineering:measures
such as "work units" which compare performance against estab]ished standards.
They take no account of the negative contribution to overall productivity
when capital isvused.to increase work units per unit of time. Naturally,
the Tink between these measures. and overall corporate performance.is difficult
to establish.

The other determinants of total expenses are only indirectly re]aﬁed
to capital bﬁdgefing and are determined more as a result of overall business
size and prosﬁerity; These include all those 1uxufy factors such as market-
ing, training, speci§1 studies, etc. That is, the entire set of indirect,
non-operating expenses.

Total revenues, including forecast demand at given prices and other,
non-operating income, are comb%ned with the total value of current input to
determine the residual and, ultimately, the rate of return. If the RIR is
inadequate, in that it either fails to compensate existﬁng capital at a fair

rate or does not cover all capital expenditures without excessive external
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financing requirements then there occurs a budgetary recycling process where
all or paft of the plan is altered. Usually it is the latter, concentrating
on the expense rather than capital budget items. Corrective action may
include labour cuts, material cuts, output price changes and, as a last
resort, capital budget cuts.

Significant by their absence are the aspects of simﬁltaneity and
some overall explicit recognftion of productivity. The advantage of
simultaneously calculating all the unknowns are obvious, but what are the
advantages of including productivity? Simply that the implied techno1ogi¢a1
relationship of a produétion function? as eﬁbodied in the eXp]icit]y
reocgnized productivity number a]]oWs for a combination of inputs, given
the output, that is in some sense optimum. This optimum provjdes an addi-
tional constraint to the general planning problem which serves to-ﬁarrow the

choice between the various input options to more manageable proportions.

b) The Model

The model postulates the existence of some cost function .

C = g(w,m,r,Q,t) : (1)
where w = the price of labour
m = the price of materials (0r»1ntermed1ate expense items)
r = the periodic (say, annual) cost of using the capital

stock. It includes:
§ = depreciation rate
o= the rate of taxation
6 = the return to outstanding debt

~m = the return to equity
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the volume of output produced

q
t

“the technology indicator.
From (Denny, Fuss & Everson (1979)) and (Denny, de Fontenay & Werner (1980))

we tota]1y'differentfateithe cost function with respect to time to yield:

d_C_=§_g§\g+§g_§nl+3i§[+§_gﬂ+3_g_ (2)
dt ow ot om ot or ot 0Q ot ot

Rearranging through division by C and from Sheppard's Lemma setting

%%—-= Xi 594 = w,m,t and Xﬁ =L, M and K respeétive]y, we get
i

1dC _ odwl dm 1 drl , 39031y, , 123g
Cdt = %wdtw T %matwm T rdtr t agc e t o O
-
9% |
where o; = C ;  for Qi =W, M, and Xi = L,M,K .

which are the cost shares of each input and

L = manhours of input
M = materials inputs
K = .the stock of physical capital .

From the definition of costs

C = wL+mM+ rK

By totally differentiating with respect to time and rearranging we get -

or
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If we assume that the cost elasticity, %%—%—, is-approximately

equal to 1 over the period under consideration, then

dX; .

% 7w - LolE )
1

_1la3g _
C ot ot

o —

where the right hand side is the shift in the production function due to
technology, and, by definition, is equal to the change in total factor

productivity, TEP and
. ' dX. .
Q1 il |
TPo= g - Lolg xi) : 8
We may rewrite (4) in discrete form:
TP = (In Qy-1Tn Qg) - ] %(ogq + 03o)(In Xip = 1n X30)  (5)

where o; = g(oi] + 510) . We can now rearrange equation (5) so that it

can be solved for any one of the Xi » say K , then:
. _Q] )
In K = 1n(66) + o In Ly +oy In My + oy n Ko

o K1_} : . |
+ (1-0K) [En(t~) - GM.[En(——{} - TFP (6)

1

=
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‘ Equation (6) has several unknowns and is at present not so]ub]e.: From
the cost function ¢ as a translog we can derive equations for each of

the cost shares 9i1 .5‘

o4 = o FopInwg Fope Inmg o Inrg uLQ.]n-Ql ot

il

Oy oy * oo Tn Wy o In my oy In ry * dMQ In Q] + tht

Op1 = O toy In Wyt oy Tn M] * oy In r +(OLKQ In Q + OLKtt

In the above system since ) i1 = 1., we need only estimate any two and

then solve for the third set of coefficients from the following conditions

For our model we assume that w], my and t are known and r is unknown.

Therefore, in order to get estimates for the o and a.. , we estimate

1]
the equation only to period O . Then the iy = h(r) .
Furthér, from the definition:
o2 Yk
il C
we can find the ratios:
El. = .‘ﬁ[_]_.o‘ﬁ and .le.l. = .‘,_J..-I_.i[ﬂ ‘ (7)
Ly 1oL Ly mypopy

where the ratios are each functions, by virtue of the share equations,

. only of r . We now have two unknoWns, r and K and one equation, (6).
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Given that our aim is to integrate our model directly into the corporaie
planning routine, the cost of capital r , Which has economic meaning must

be related.to the financial cost of capital, r* where
r* = §+ 20+ (1-2)(1-¢)7 - (8)

where A is the proportion of total financial capital in the form of

debt. The relation then can be postulated as:

B

where K° = the net original value of physical capital which, by definition

equals_fhe value of financial capital. In addition we also have, by defini- -

i

tion:
_ B B _ = B _ v _ex
Ay = Ky = Ky + Ry(Ry-RY) = K = (Ky-K¥)
Ay = gy (Ky=Kg) + R¥
where .A] = the value of gross additions to the plant
R? = the value of retirements that are actually replaced
Ry = the value of retirements .

1

We can now derive the following relation:
(K{=Kqy) = (rq-r¥ )']{-r Ky + ra[KE - (Ry-R¥) 1}
17%0 17119 10 ™ Mt% 1™

Of cdurse, if all retired plants are ultimately replaced, either by exact

reproductions or new technology then (R]-RT) A 0 and
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(K;-Kq) = (rrq«q])“[-r]KO + rTKg] Qo)

Equations (6) and (10) now form a system of two equations in the two. unknowns
™ and K] . A1l the other unknowns of the general planning problem

can now be derived from the solution to the system (6) and‘(8). Given a
value for r1,‘ the share variable giq assume values whfch, from (7),
produce soiutions for L] and M] . This, along with the prices Wy

my and ry s puts a va]Qe on total cost which of course implies a total
revenue requirement. Thus, we can see, that given the key constraints of
demand forecasts, rate of return requirements and desired productivity

growth we have calculated a cost equation whose components all embody the

constraints:
C = r]K1 + w1L1 + m]M]

Further, taking account of the accounting identity whereby total revenues

should be identically equal to total costs,

iy
o

PQ

then we have a required price level for output as well. For all the other
details of a full-blown financiaiiplan we can use equations (8) and (9)
to calculate depreciation expenses,. taxes, interest payments, the various

balance sheet items, source and uses statements and so on.
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V. Conclusion

The notion that productivity is an important part of business
success, as stated at the outset, may not be a new concept, but to incor-
porate it explictly into an overall corporate/budgetary plan is. In this

paper we have demonstrated two ways of going about this integration. The

- first, involve more of a static budgetary ana]ysis in the form of NIPA

and UNIPA. They take, as given, the financial/accounting information in
any plan, and cbmbute the relative impact of?productivity, among other
variables, on the growth in Net.Income, which, after all, is the firm;s
u]timaté mea§ure of management success. While NIPA imposes the constraint
that all returns to factor are always identically equal to their costs,
UNIPA does not. | ‘ | : oy

The other method of introducing productivity into the corporaté/
budgetary planning exercise involves a direct intervention in the proceés.
TFP itse]f becomes a target variable énd thus a parameter in the actual
derivation of a complete guideline plan. Based on the desired levels of
productivity, financial return and production (to meet anticipatéd demand) ,
the planning model simultaneously calculates a11‘the relevant variables

of an entire plan which includes tHe income stafement; balance sheet and

funds flow information. While it does provide all the pertinent operating

information the-kesu1ts of the model are not meant to replace the normal
bottom-up planning process. Instead they offef a complete set of guide-
Tines for upper management on the values of key operating indicators such
as emp]oyee expenses, manhours, capital budgeting, etc. which, if not
attained, will imply the untenability of management's key task targets,
including financial return to 1nvestmént, production Tevel and productivity

gains.
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Footnotes

The original work on the management use of TFP by a firm must be
credited to the Electricité de France (EDF), and its surplus analysis
(Reimeringer, 1980) is the forerunner of all NIPA models. Certain
&u1tinationa1 corporations, such as IBM, Xerox, ... are known to use
TFP measufeshas general guidelines and DRI is in the process of formaliz-
ing such an idea. In 1977, Teleglobe Canada and the British Cotumbia
Telephone Company organized two symposia at which a number of Canadian

- telecommunicationscarriers came together to discuss.the concept and
.measurement of TFP. Nevertheless, tﬁe active and systemétic use of

TFP as a managemenf tool, introduced'analytica11y in the management
process, but for EDF, appears to have been pioneered by telecommunica-
tions carriers, with Teleglobe Canada and AT&T in the process of incor-
porating.it in the formal budgeting and planning process and with

Bell Canada developing similar internal uses. In addition, two other
Canadian telecommunications carriers have on-going producti?ity studies,
British Co1umbia'Te1ephone Cohpany.and Alberta Government Telephone.
Fiﬁa]]y, nine Canadian te]ecomﬁunications carriers are participating
with the Canadian Department of Communications in a major productivity
project, which has, as one of its goals the development of management

uses of TFP analysis.
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IV.  MANAGEMENT USES

(b) Management Uses of Productivity: Disaggregation and
Control ~ '




Management Uses of Productjvity:

Disaggregation and Control

It has sometimes been g]aimed that TFP is useful only as an aggre-
gate measure of the performance of the company. A similar criticism has
often been directed at profits. ‘While there is a kernel of truth in these
suggestions they ére misleading and.incorrect in general. As we have
argued before (Denny, de Fontenay and Werner, 1980a), the measurement of
costs and revenues in current and constant‘do11ars at the boundary of
the firm is relatively easy because. there are market transactions. ‘Inter-
nal operations of the firm do not require these transactions by definition.
However transactions occur continuously between sub-groups within the firm
and management must control ahd evaluate these internal transactions to
ensure efficient,i.e., productive and profitable, operations for the firm.

| A]thoggh not explored here, the history.of the development of cost
accounting as a management tool 1sidirect1y related to our work. One might
recall the state.of the Ford Motor Co. before the Department of Defense
'whiz kids' entered after WWII to save it from bankruptcy through improvéd
evaluation and control of internal operations.

In the relatively brief development of disaggregated prdducfivity
presented here, we will explore some general possibilities. It must be
remembered that use of any management tool requires efféctive application
in the concrete context of a firm's operation? An overview such as ours |

cannot provide all the detailed possibilities.
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Efficiency Centers: An Introduction

For many years it has been recognized that it would be desirable
to be able to evaluate and provide incentives for sub-groups within a firm.
Two basic problems -exist. First, it may be difficult to define sub-groups
which have control over their inputs, outputs, costs and revenues. Given
these problems an incentive systém for a sub-group may not be optimg}:fqr
the firm as a whole. This has slowed down but not halted the growt; of
management practices that incorporate cost and or profit centers. We are
going to discuss efficiency'centers but the difficulties and possibilities -
of these centers are similar to those of profit and cost centers. The
growth of re]ativé1y-sophist1cated cost accounting procedures makes é11
these tasks feasible. For a useful application of the efficiency center
concept, the éost accounting system will have to include the required
information. It is extremely important that the data systems are integrated;

Suppose the firm is divided into a number of centers. How would one
evaluate1their efficfency? First, one must have information on the prices
and quantities of inputs used and outputs produced. Due to the internal
nature of transactions in many of the inputs and outputs this data probably
is not available. Some firms have altered their record-keeping systems in
order to reduce these problems but there are some difficulties which are
not easily eliminated. Remember that to the extent that these problems
persist, management's capabilities of runn{ng the firm successfully are _
also reduced.

For manj centers, the measurement of the quantities of outputs and
their prices are particularly difficult. This is due to the lack of any mar-

kets to evaluate the demand price for the output compounded by the qualita-
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tive nature of the outputs.v Problems on the input side.often seem less

severe buf this may be an illusion. Inputs for one center may be the out-
puts of another center which are difficult to measure. . A]ternatiQe]y,

inputs may be shared by several centers and the allocation of the input pricés
and quantities amount centers may be difficuTt.

We will proceed to discuss a variety of possibilities below. The
alternatives attempt slightly different approaches to the underlying pro-
b]emé of missing information. For any particular center one is not likely
to have adequate price and quantity data for all outputs and inputs. Were
this not a problem, one could direct]& app1y the notion of an efficiency
or profit center at any level of diéaggregation. The alternative approxi-
mations are attempts to utilize the véry Iargg quantities of dﬁsaggregated
information avai]ab]é while recognizing the importance of what is missing.

Firms without some approximation to efficiency and profit centers
cannot be well managed. If managers do not know the effiéiency and profit
implications of decisions they will be unable to choose policies that are

in the shareholders' interests.

Real Input Control

This is the simplest version of efficiency control and provides a

simple link between aggregate efficiency and the disaggregdted centers.

Assume that all the centers have a budget in dollars. The costs Cit of

center i during period t may be written
- iy
Cit § Withse

where th and -th .are the price of and quantity of input j during

time period t . The proportional rate of change of costs, C% will be,



C, = ) shil 4 ¥ shil
1 EIRUR j JJ
where Sj is the cost share of input j 1in center 1 . Changes in costs

have been broken down into changes in the quantity of real inputs X' and

changes in aggregate input prices w'.

o= v iy
A §SJJ

These rates of changes in price andhquantity can be converted into indexes

or constant dollar measures of the levels of jnput quantities,‘ Xi » and

prices wi in center i

For each center, there will be an index of the prices and real

quantities of inputs that are used. How do we relate the disaggregated
measUres'to the overall level of firm efficiency? The rate of growth of
total factor productiQTty (TFP) equals the rate of growth‘of‘aggregate
output (Q) -minus<the rate of growth of aggregate 1npﬁt (F). The rate of
growth of aggregate input F s defined by,

where Xj is the rate of growth of input j and sj is the cost share

of input Jj . Alternatively define the rate of growth of aggregate input
(F), |

F= s.X
S



where ki is the rate of growth of real input in centre i and s{ is
the share.of centre 1 in the total costs of the firm. This states that
the overall rate of growth of the firms aggregate input equals the weighted
sum of the rates of growth of real inputs in each centre 1 . The weights
are the budget shares for each centre. There are two alternative ways
of disaggregating the aggregate input growth. The more familiar method in
TFP'ana]ysis is by type of input. The alternative proposed here is by
centre. It would be easy to simultaneously do both disaggregations for
at least seme centers and some inputs. The important point is that one
can identify centers in which real iﬁput grewth is rapid or siow.

This provides a direct Tink between the overall measurement of
efficiency and the use of real inputs in each centre.  For anx given rate
of growth of output, real input control provides the mechanism for the

achievement of efficiency growth.




Valuation and measurement is easiest at the time when market trans-
actions are undertaken. This suggests that one version of disaggregated
productivity might have a quite specialized form. Define the short run

production function
Q = F(L,M:K)
where K 1is a qiven fixed quantity of capital. Define short run total

factor productivity,

TFPSR =Q - WLL - wMM

where W and wy are the shares of labour and materials expenditures in
variable costs. These are the costs of purchased inputs excluding any capi-
tal costs, i.e. depreciation and the purchase of new assets. This efficiency
measures attempts to isolate the improvements in efficinecy that are asso-
ciated with the use of the existing capital stock. Since the latter changes'
every period one cannbt prqduce an index through time. Rather, the rate of
growth of short run efficiency in year t will indicate the efficiency of
using the beginning of years capital stock.’ Tﬁis reference capital stock
will change every year.

One of the prjmafy purposes of using this short run measure is to
attempt to align the measurement of efficiency with the budgetary process.
For example, suppose budgeting is divided between a capital budget and
an non-capital operating concerned with all expenditurés ofher than capi-
tal. Two specific real input control measures may be used.

From the definition of short run productivity, we may define a short

run real input measure for any centre. That is define VX » the rate of



‘ growth of the variable input quantity index for centre 1
VXi = § ijij

The index, VXi » provides an indication of the Tevel of real variable
inputs being used in a particular unit. - If progress in improving efficiency
is to be achijeved ‘VXi must fall for many units relative to the growth
in outputs. Improvements in VXi may be the result of better methods
of using the existing capital stock or they may be the result of additional
capital. |
To incorporate the change in the capital stock exp]fcit]y one can
measure the real input quantity to include the change in the capital. This
will permit the normal budgetary processes to be Tinked with ef%iciency
‘ measures. Budgets will normally provide information on the variable
| inputs for each centre and the capital budget will provide 1nf0rmation.on
any changes in the centre's capital stock. These latter changes will pro;
bably imply changes in the variable input quantities. To the eXtent that
explicit information is available the changes in the cap%ta] stock and

associated variable inputs can be analyzed separately. .



Inputs and Qutputsin Market and Non-Market Transactions

If one desires to measure efficiency in segments of the firm, one
must be able to find adequate indicators of the quantitiés of inputs and
outputs. In this section we will consider the possibilities of moving
beydnd input control to the measurement of efficiency.

In many pfoduction proceﬁses and certainly in telecommunications
there are a very large number of work standards. These specify a standard
time for the completion of a task. The task itself is not an output that
is sold on the market. One may presume that the task is required as an
intermediate input into a servicé that is marketedl The work standard
is used'as a control device and also as part of an incentive scheme. There
are cerfain difficulties with work standards. Focus is p]aced on only one
input, labour time, ignoring the possibility that the task is not done at
minimum cost because the cost of other inputs are ignored. Firms must
continuously re-evaluate standard practices for this pbssibi]ity. The
primary control purﬁose of work-tihe standards is valid but possibilities
of perverse incentives cannot be ignored.

Detailed work standards are most useful when a task must be done
many times within a firm. This may involve many repetitions by.a.single
employee or a few repetitions by many employees. In telecommunications
firms, many of the tasks performed by operators and plant craftsmen are
highly suited for work sténdérds.

The design of work standards should explicitly takes into account
the other inpufs involved in the task. That is, the work norm should be
based on a cost evaluation of all the inputs used for the task. It is at

this Tevel that some important decisions are made concerning.efficiency.
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If correct total cost evaluations are not made then the wrong work

standard will be chosen and the employee incentives schemes may be perverse.




